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EDITORIAL
In ThIs IssuE

The May-June 2019 issue of the Interna-
tional Brazilian Journal of Urology presents origi-
nal contributions with a lot of interesting papers 
in different fields: Prostate Cancer, Renal stones, 
Renal Cell Carcinoma, Bladder Cancer, Prostate 
Biopsy, Kidney Transplant, Neurogenic Bladder 
and Upper Urinary tract urothelial carcinoma. 
The papers come from many different countries 
such as Brazil, USA, Turkey, China, India, Taiwan, 
Spain, Poland, Japan, Portugal, Israel and United 
Kingdon, and as usual the editor ́s comment hi-
ghlights some papers. In the present issue we had 
7 papers about prostate cancer (1-7) and we deci-
ded to comment the paper about a very interesting 
topic: The impact of Prostate Imaging-Reporting 
and Data System (PI-RADS) in Prostate Biopsy.

Doctor Rozas and collegues from Brazil 
performed on page 486 an interesting study about 
the impact of PI-RADS in prostate biopsy. The au-
thors described the findings of multiparametric 
prostate resonance imaging (MRmp), parameteri-
zed with PI-RADS v2, using prostate biopsy as re-
ference test and to assess the sensitivity and speci-
ficity of mpMR in identifying clinically significant 
prostate cancer using prostate biopsy as a referen-
ce test. They observed 342 patients with suspected 
prostate cancer that were evaluated with mpMR 
and prostate biopsy. The authors performed a to-

tal of 342 biopsies and concluded that mpMR is a 
useful tool to safely identify which patients at risk 
for prostate cancer need to undergo biopsy and 
has high sensitivity and specificity in identifying 
clinically significant prostate cancer.

Prostate cancer had important modifica-
tions in diagnosis, clinical management and sur-
gical treatment in last years (8-11). Multipara-
metric magnetic resonance imaging (mpMRI) has 
become the standard of care and provides useful 
information for prostate cancer diagnosis (12). 
The Prostate Imaging-Reporting and Data Sys-
tem (PI-RADS) was created in 2012 to establish 
standardization in (mpMRI) acquisition, interpre-
tation, and reporting of prostate cancer. In the 
presente paper Among the 83 patients with clini-
cally significant tumor, 81 (97.5%) had positive 
MpMRp results and only 2 (2.5%) had a negative 
result. The great information of this paper is that 
all cancers (non clinically significant and clini-
cally significant), the sensitivity of MpMRp was 
85.5% and specificity 86.3%, with PPV of 80% 
and NPV of 90.5%.

We need more evidences, but we can con-
clude that the multiparametric prostate resonance 
imaging, parameterized with PI-RADS v2, using 
prostate biopsy will be the gold standard for the 
diagnosis of prostate cancer.

Vol. 45 (3): 422-423, May - June, 2019

doi: 10.1590/S1677-5538.IBJU.2019.03.01

The multiparametric prostate resonance imaging with the 
prostate imaging-reporting and data system (PI-RADS): 
the state of art of prostate cancer diagnosis
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INTRODUcTION

Prostate cancer is the commonest non-skin malignancy in men. In most cases, prostate 
cancer has an indolent course however approximately 30,000 still die from the disease every 
year. Indeed, a subset of men will present with potentially lethal high-risk prostate cancer at 
diagnosis. We believe that this proportion will increase as fewer men are screened for prostate 
cancer, amidst ongoing concerns about overdiagnosis and overtreatment.

The American Urological Association - AUA defines high-risk prostate cancer as PSA 
≥20 ng/ml or biopsy Gleason score >7 (ISUP Grade 4/5) or clinical T3. Patients with high-risk 
prostate cancer have different treatment options including radical prostatectomy (RP), external 
beam radiotherapy (EBRT) with androgen deprivation therapy (ADT) or EBRT plus brachythe-
rapy (BT) and ADT (1, 2). For many years, EBRT has been the primary treatment option in this 
population, but the trend has been shifting towards more RP in the most contemporary era. 
While ideally the evidence should serve as a guide for treatment decisions, the reality of clinical 
practice is much more complex. Gray et al. showed that sociodemographic factors such as race, 
insurance and income have a strong influence on treatment choice (3). In parallel, the scientific 
evidence supporting surgery as part of the initial treatment protocol has been growing in the 
past decade, even though a sufficiently powered randomized clinical trial is lacking.

Patients are faced with a complex decision-making process when presenting with high-
-risk prostate cancer. While disadvantages of surgery for high-risk patients include perioperati-
ve risks and potentially worse quality of life, urinary and sexual toxicities, especially if patients 
require adjuvant EBRT+ADT, advantages of surgery for high-risk patients include accurate sta-
ging with immediate and excellent local control promoting accurate grading and staging, remo-
val of benign sources of PSA guiding future therapy and possibly avoiding ADT, added to the 
potential of avoiding urinary (obstructive/irritative) and bowel toxicities and risk of secondary 
malignancies (4-6).

The comparative effectiveness of different treatment strategies for high-risk prostate 
cancer is a matter of intense debate. Wallis et al. conducted a meta-analysis of 118,830 patients 
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evaluating the overall mortality and prostate 
cancer specific between patients treated with 
RP or radiotherapy. They found that radio-
therapy for prostate cancer was associated 
with an increased risk of overall and prostate 
cancer-specific mortality compared with RP 
based on observational data with low to mo-
derate risk of bias (7). In subgroup analyses, 
they found that the greatest benefit was ob-
served among high-risk prostate cancer pa-
tients (HR: 1.83, 95% CI: 1.51-2.22, p=0.0001). 
Similarly, Petrelli et al., conducted a meta-
-analysis examining the survival outcomes 
among patients with only high-risk prostate 
cancer treated with RP or radiotherapy. They 
also found better overall and prostate cancer-
-specific survival for patients treated with 
surgery compared with radiotherapy. RP is as-
sociated with a 44% decreased risk of prostate 
cancer-specific mortality (HR: 0.56, 95%CI: 
0.37-0.85, p=0.007) (8). Interestingly, a recent 
paper by Ennis et al., relying on data from the 
National Cancer, showed that there was no di-
fference in overall survival between patients 
treated with RP versus EBRT plus BT with or 
without ADT while EBRT plus ADT was asso-
ciated with lower survival (9). However, ano-
ther study relying on the same dataset, limited 
to younger and healthy men (to limit the risk 
of other cause mortality as this dataset does 
not identify the cause of death) presenting 
with high-risk localized prostate cancer, Berg 
et al. observed that RP was associated with a 
statistically significant overall survival bene-
fit compared to EBRT plus BT (10) (HR (EBRT 
plus BT compared to RP): 1.22, 95% CI: 1.05-
1.43). However, it is still important to ackno-
wledge, as surgeons, that patients treated with 
RT are very different from those treated with 
surgery and residual confounding cannot be 
excluded. Moreover, most studies are biased 
by retrospective design or underpowered to 
draw any conclusion on the efficacy of the 
treatments (11-14), which also undermine the 
conclusions of the available meta-analyses, 
limited to observational studies (7, 8).

A key benefit of surgery is to provide 
more accurate staging, as well as prognostic 
information (15). A problem of broad all-en-
compassing diagnostic categories is that some 

patients have much more aggressive disease 
than others, even within the same risk stra-
tification group. A patient presenting with a 
single core of Gleason 4+4 prostate cancer li-
kely has a different prognosis than a patient 
presenting with Gleason 5+5 prostate cancer 
in all cores invading both seminal vesicles 
on imaging. Specifically, a study showed that 
60% of patients with a biopsy Gleason score 
8 was downgraded following radical prosta-
tectomy (1). Another concern is that many 
cases that improvements in imaging techni-
ques such as the MRI has led to a higher pro-
portion of men diagnosed with clinical stage 
T3 disease - while these patients are obviou-
sly at a higher risk of recurrence and/or need 
for adjuvant EBRT+ADT, it would be unfair 
to say that the prognosis of such patients is 
the same as clinical T3 disease found on the 
basis of a digital rectal exam. For such cases, 
and many others, RP offers the hope of cure 
with surgery alone, potentially avoiding the 
toxicities of prolonged ADT, which for many, 
are more severe than toxicities of RT. Indeed, 
ADT is associated with a plethora of quality of 
life affecting, and potentially life-threatening 
side-effects such as: metabolic syndrome, 
cardiovascular toxicities (16), cognitive dys-
function (17), liver disease (18), osteoporosis, 
etc. Even among those who are not cured with 
surgery alone, the duration of adjuvant ADT 
(given with EBRT) in the setting of adverse fe-
atures at RP is manifold shorter than the ADT 
accompanying EBRT as a first-line treatment 
for high-risk prostate cancer.

cONcLUSIONS

While we fully acknowledge the limi-
tations of the retrospective data cited in the 
current review (19), we believe that there is 
more than enough data to support RP as a 
first-line treatment for high-risk prostate 
cancer in the right surgical candidate. Gi-
ven the lack of level 1 evidence, it is im-
portant to discuss the pros and cons of each 
treatment option (RP vs EBRT+BT+ADT vs. 
EBRT+ADT) in a multidisciplinary setting. 
It is also important to acknowledge that no-
vel treatment approaches centered around 
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surgery are being tested as we speak - for 
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BAcKGROUND

Prostate cancer (PC) is the most common solid malignancy in men. In 2019, there are 
expected to be 174,000 new diagnoses in the United States with 31,000 patients ultimately suc-
cumbing to their disease (1). Those with more aggressive disease are at a greater risk of local 
treatment failure and death (2), thus emphasis on the appropriate management for the subset of 
patients with high risk PC (HRPC) is paramount.

Current guideline recommendations for patients with HRPC include radical prostatec-
tomy (RP), external beam radiotherapy (EBRT) with androgen deprivation therapy (ADT) or 
EBRT plus brachytherapy (BT) and ADT (3-6). Each guideline panel separately defines the crite-
ria that place patients at higher risk of adverse outcomes. These criteria include a combination 
of preoperative prostate specific antigen (PSA), biopsy Gleason score and clinical stage (Ta-
ble-1). Herein, it is our goal to highlight the differences in outcomes amongst these treatment 
options, the heterogeneity that exists within the HRPC category and to show where the evidence 
for treatment of HRPC with surgery is lacking.

A role for definitive treatment
In 2012, results from the PIVOT trial exposed the heterogeneity of PC. Men with low risk 

disease appeared to have long-term disease specific survival whether or not they underwent 
surgery or watchful waiting. However, those with higher risk disease were at greater risk of 
developing bone metastases or death without surgery (7). The SPCG-4 trial similarly found a 
survival benefit with surgery over watchful waiting in men with localized PC and HR features 
(8). Likewise, studies of radiotherapy have shown a benefit to radiotherapy plus ADT vs. ADT 
alone in localized HRPC (9-11). As such, local therapy with surgery or radiation is needed in 
HRPC but the optimal treatment remains controversial.

Surgery as primary treatment
Urologists have historically been cautious with surgery for patients with HRPC. While 

the era of aborted procedures for gross nodal involvement has passed (12), concerns exist 
over extraprostatic disease leading to treatment failure and need for adjuvant therapies. This 
coupled with risks of surgery and postoperative functional outcomes have allowed Radiation 
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Table 1 - High Risk prostate cancer definition criteria according to different Guidelines panels.

High-Risk PC Very High-Risk PC

Localized Non Localized

EAU/ ESTRO/ESUR/SIOG 
Guidelines

PSA > 20 ng/ml or GS > 7 ( 
ISUP Grade 4/5) or cT2c

any PSA any GS (any GS grade) 
cT3-4 or cN+

Not defined

Localized

AUA/ASTRO/SUO
Guidelines

PSA ≥ 20 ng/ml or GS > 7 ( ISUP Grade 4/5) or ≥ cT3 Not defined

Localized Localized

NCCN Guidelines PSA > 20 ng/ml or GS > 7 ( ISUP Grade 4/5) or cT3a cT3b-cT4 or Primary 
Gleason pattern 5 
or > 4 cores with 

GS > 7

EAU = European Association of Urology; ESTRO = European Society for Radiotherapy & Oncology; SIOG = International Society of Geriatric Oncology; AUA = 
American Urological Association; ASTRO = American Society for Radiation Oncology; SUO = Society of Urologic Oncology; NccN = National Comprehensive 
Cancer Network. pSA = Prostate Specific Antigen; GS = Gleason score; ISUp = International Society of Urological Pathologists.

Oncologists to establish dominance in the 
primary management of HRPC, with EBRT 
+ ADT or EBRT + BT + ADT as the only 
recommendations with Category 1 evidence 
in the NCCN guidelines (3). Despite this, the 
use of surgery for HRPC is on the rise (13) and 
owed mostly to retrospective series that show 
prostate cancer specific survival (PCSS) rates 
of >90% (14-21). However, a deeper dive into 
this literature reveals concerning patterns. 
Namely, the studies are limited by bias inherent 
to their retrospective design, a prevalent 
use of adjuvant therapy and heterogeneous 
outcomes amongst men in the HR group. In a 
study by Loeb et al., 175 men underwent RP 
for HRPC with 10-year PCSS of 92%. However, 
biochemical recurrence-free survival (BCRFS) 
was 68%, metastasis-free survival (MFS) was 
84% and 29% of all patients required some 
type of hormonal therapy (14). Briganti et 
al. reviewed 1,366 patients with HRPC who 
underwent RP at 8 European centers. Only 
37% of the patients had specimen-confined 
disease at final pathology, but 10-year PCSS 
was significantly higher in this group vs. 
those with extraprostatic disease (98% vs. 
88%, p<0.0001) as was BCRFS (66% vs 47%, 
p<0.0001). Adjuvant therapy with either ADT 
or RT was used in 48% of all patients; 66% with 
extraprostatic disease and 17% with specimen-

confined disease (15). A retrospective review 
by Ward et al. of 5,652 men who underwent 
RP at a single institution found 842 who had 
surgery for locally advanced (cT3) disease. 
PCSS for the entire cohort at 10 years was 
90% but 78% of those with pT3 disease 
received adjuvant therapy, highlighting a 
risk of local failure and need for multimodal 
therapy with primary surgery (17). Spahn et 
al. reported on 550 patients with preoperative 
HRPC and found an 8-year PCSS of 88%. The 
importance of stage and surgical margins was 
revealed as those with pT3a disease or pT3b 
with negative margins had a PCSS of 92% 
while those with pT3b disease and positive 
bladder neck margins had a 5-year PCSS of 
60% (20). A review by Djaladat et al. of 358 
patients with Gleason 8-10 disease after RP, 
found significantly better 5-year BCRFS and 
clinical recurrence free survival in those with 
Gleason 8 vs. Gleason 9-10 disease (75.5% 
vs. 71.2%, p=0.01 and 94% vs 86.2%, p=0.02, 
respectively) (22). Yossepowitch et al explored 
the divergent outcomes in men considered 
to have HRPC. They studied 5,960 men who 
underwent RP to determine how accurately 
common used definitions of HR disease can 
predict need for adjuvant therapy, risk of 
metastases and death from PC. They identified 
8 different high-risk subsets with freedom 
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from secondary therapies ranging from 35-
76% and incidence of death from prostate 
cancer ranging from 3-11% (18).

Clearly, some patients with HRPC do 
well after surgery but should it be offered to 
all men with HRPC? A critical appraisal of the 
studies above suggests that surgical benefit 
required adjuvant treatment and was greatest 
in men with lower or more intermediate risk 
features. Thus, the answer to the question of 
ideal treatment options requires a contempo-
rary look at risk groupings.

Defining “true” high-risk patients
In 2012, Pierorazio et al. sought to 

identify preoperative characteristics that 
would predict unfavorable pathology and 
clinical outcomes after RP. They examined 
842 men with Gleason score (8-10) on preo-
perative biopsy. Unfavorable final pathology 
(defined as Gleason 8-10 disease and pT3b or 
N1 disease) was found in 22% of men. Those 
with unfavorable pathology had worse 10-
year BCRFS (4.3% vs. 31%) and half received 
adjuvant therapy. Despite adjuvant treatment, 
they still had worse MFS (29.1% vs. 60.9%) 
and PCSS (52.3% vs 74.7%) when compared to 
those with favorable pathology. On multiva-
riate logistic regression analysis, a PSA>10ng/
mL, cT2b or higher, Gleason 9 or 10, increa-
sing number of cores positive and >50% core 
involvement were predictive of unfavorable 
pathology (23). A follow up study from the 
same institution by Sundi et al proposed a 
sub-stratification of men with HRPC into two 
separate groups; HR defined per NCCN guide-
lines as Gleason 8-10 on biopsy, PSA>20ng/
mL or clinical stage ≥T3 and very high-risk 
(VHR), defined as primary Gleason pattern 5 
on biopsy, ≥ 5 cores with Gleason 8-10 dise-
ase or multiple NCCN high-risk features. Of 
753 men with NCCN HR disease, 15.1% were 
found to have VHR disease. These men had 
significantly worse 10- year MFS (37% vs 
78%) and PCSS (62% vs 90%) (24).

These findings prompted an update to 
the NCCN guidelines in 2015, which now dis-
tinguish between HR (≥cT3a or Gleason 8-10 
or preoperative PSA>20ng/mL) and VHR PC 
(cT3B or greater, primary Gleason pattern 5, 

or 5 or more cores with Gleason 8-10) (3).
The European Urological Association 

(EAU) discriminates between localized and 
non- localized HRPC. The first is defined as 
PSA >20ng/mL or Gleason >7 (Internatio-
nal Society of Urological Pathologists, ISUP 
Grade 4/5) or cT2c, while the second includes 
cT3a-cT4 with any PSA and any GS (any ISUP 
score) (4). The America Urological Association 
defines the HRPC as any patient with PSA≥ 
20ng/mL or Gleason score >7 (ISUP Grade 
4/5) or cT3, including only the non-localized 
diseases (Table-1) (5, 6).

The incorporation of VHR criteria 
into the NCCN guidelines was validated by 
Pompe et al. who performed a retrospecti-
ve evaluation of 1,369 VHR cases compared 
to 2,672 HR ones. Those with VHR disease 
had higher rates of positive margins (43% vs 
32.8%, p<0.001) and positive lymph nodes 
(40% vs 23.9%, p<0.001) than those with HR 
disease. Biochemical recurrence occurred wi-
thin 12 months in 53.7% of those with VHR 
disease, requiring adjuvant therapy in 15.2% 
and salvage in 42% of cases. BCRFS at 8 ye-
ars was 25.4% in the VHR group and 43.1% 
in the HR group (p<0.001). Similarly worse 
differences were seen in 8-year MFS (71.5% 
vs 86.1%, p<0.001) and PCSS (76% vs 83.7%, 
p<0.001) in the VHR compared to HR groups, 
respectively (25).

A recent collaborative study from 3 
tertiary centers examined the outcomes after 
surgery in patients with HR vs VHR disease 
as defined by the prior report from Sundi et 
al (26). They included 1,981 men with HRPC 
and 602 with VHR disease. The rates of posi-
tive margins and nodal metastases were sig-
nificantly greater in the VHR group compared 
to the HR group (37% vs 25% and 37% vs 
15%, respectively, p<0.001). The development 
of metastases and death from prostate cancer 
were also significantly higher for those with 
VHR vs HR disease (HR 2.78, 95% CI 2.08-
3.72 and 6.77 95% CI 2.91-15.7, respectively). 
Overall, 34 men died from PC and they were 
more likely to have met VHR vs HR criteria 
(76% vs 24%, p<0.001).

If the summative conclusion from the-
se studies is that certain men with truly (very) 
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HR disease do worse after surgery, do they also 
do worse after radiation therapy? Two recent 
reports give conflicting evidence. Narang et al 
compared 288 patients with HRPC as defined 
by the NCCN guidelines and 99 with VHR di-
sease as defined by Sundi et al (27). All men 
received definitive radiation therapy by a sin-
gle provider and they found that men in the 
VHR group did significantly worse. Men with 
VHR as compared to HR disease had greater 
biochemical failure (54% vs 35%, p<0.001), 
distant metastases (34.9% vs 13.4%, p<0.001) 
and death from PC (18.5% vs 5.9%, p<0.001). 
However, the median radiation dose received 
by all patients was 70.2Gy, which is conside-
red sub-standard for men with HR disease gi-
ven the results of a randomized trial showing 
the benefits of dose escalated RT (28). Only 
75% of VHR and 61% of HR patients received 
neoadjuvant, concurrent and adjuvant ADT 
as is recommended by guidelines (3). A more 
recent report by Saad et al compared 103 
patients with VHR and 100 with HR disease 
per NCCN guidelines. The dose to the pros-
tate was 78-82Gy, to the pelvic lymph nodes 
was 46-50 Gy and duration of ADT ranged 
6 months to 2 years. They found no statisti-
cally significant difference in 4- year BCRFS 
(85% vs 92%), MFS (87% vs 93%) and PCSS 
(98% vs 100%). However, distant metastases 
were more common in the VHR group and a 
PSA≥ 40ng/mL was predictive of biochemical 
recurrence (HR 3.75) and distant metastases 
(HR 3.25) (29).

Surgery vs. radiation
The literature comparing surgery vs 

radiation in HRPC lacks direct comparison 
with randomized trials. Several retrospective 
studies have been performed. While a simple 
vote count of those favoring surgery or radia-
tion does not provide conclusion, some infe-
rences can be made. In a study of 7,538 men 
with localized PC in the CAPSURE database, 
Cooperberg et al found a greater risk of death 
from PC with EBRT vs RP (HR 3.22, 95% CI 
2.16-4.81 vs 2.1 95% CI 1.50 -3.24). This di-
fference was greatest in those men with HRPC 
(30). While not studying HRPC on its own, Ze-
lefsky et al reported on men with cT1-T3a PC 

and found that RP had a lower risk of metas-
tases and death from PC as compared to EBRT 
(31). In a study of men with HRPC, Boorjian et 
al compared 1,238 men after had RP, 344 with 
EBRT + ADT and 265 with ADT alone and 
found similar 10-year PCSS among all groups 
(92%, 92% and 88%, respectively; p=0.06). 
There was no difference in risk of metastases 
or death from prostate cancer but the risk of 
all causes mortality was greater after EBRT + 
ADT vs RP (HR 1.60, 95% CI 1.25-2.05) (32). 
Kishan et al performed a multi-center review 
of 487 patients with Gleason 9-10 disease on 
biopsy and compared 230 with EBRT, 87 with 
EBRT + BT, and 170 with RP. Local salvage 
was required in 49% of RP patients not recei-
ving adjuvant therapy, 0.9% of EBRT patients 
and 1.2% of EBRT + BT patients (p <0.0001). 
The 10-year MFS was higher for EBRT + BT 
compared to either EBRT or RP (89.8% vs 
66.7% vs 61.5%, respectively, p <0.01 for both 
EBRT + BT vs EBRT and EBRT + BT vs RP) but 
10-year PCSS was similar amongst all (80.5% 
for EBRT, 88.1% for EBRT + BT, and 78.5% 
for RP, p>0.1). However, a subset analysis of 
those who received dose escalated radiothera-
py showed a significant improvement in PCSS 
(HR 0.93, 95%CI 0.87-0.99) (33).

The concept of a survival advantage 
with a dose-escalated boost of radiotherapy 
was furthered by Kalbasi et al who performed 
a retrospective analysis of 13,538 men from 
the National Cancer Database (NCDB). They 
compared dose-escalated vs standard dose 
EBRT for men with intermediate or HRPC. 
Dose escalation was associated with a sur-
vival advantage in the HR group (HR 0.82, 
95%CI 0.78-0.85) and every 2 Gy increase 
lead to a 6.3% reduction in the risk of dea-
th (34). Moreover, results of the ASCENDE-RT 
trial have strengthened evidence for the role 
of BT in men with HRPC. In this study, all 
men with HRPC received 12 months of ADT 
and EBRT with 46Gy followed by either a 
dose-escalated boost to 78Gy or a low-dose-
-rate brachytherapy boost. They found that 
men randomized to BT experienced a 2-fold 
decrease in risk of biochemical recurrence as 
compared to those who received a boost with 
EBRT (HR 2.04, p=0.004) (35). There have sin-
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ce been conflicting reports from the NCDB 
on the role of EBRT + BT boost as compared 
to RP (36, 37), but they are limited by the 
inherent lack of granularity in the databa-
se where disease specific survival and pro-
gression are not available and true rates of 
ADT use and radiation dosage are unclear. 
In a recent report by Tilki et al, 639 men 
with Gleason 9-10 disease who had either 
RP (n=559) or EBRT + ADT + BT (n=80) 
were compared. There was no difference in 
risk of death from prostate cancer amongst 
the two groups (HR 1.33, 95%CI 0.49-3.64), 
but 15.7% of RP patients received adjuvant 
EBRT, 8.8% received ADT and 8.9% received 
both. This suggests that an equivalent sur-
vival in primary surgery vs primary radio-
therapy comes from the adjuvant treatment 
surgical patients receive (38). Concerns over 
increased side effects with BT are real (39), 
but the radiotherapy literature has put forth 
new efforts to decrease morbidity while still 
providing what appears to be an effective 
treatment boost. An ongoing trial investi-
gating the role of focal dose escalation to 
MRI targeted lesions has shown no increase 
in toxicity when compared to standard ra-
diation doses (40).

cONcLUSIONS

Several guideline-approved options 
exist in the management of HRPC. While 
data indicate that local treatment is needed, 
the appropriate role of surgery vs radiation 
remains less clear. In consideration of effi-
cacy, RP certainly seems to be efficacious 
in a subset of patients with HRPC. However, 
retrospective series suggests the benefit is 
greatest in patients with lower risk disea-
se. In the VHR group alone, RP is plagued 
by local failure and radiotherapy by distant 
failure. For this reason, trials are underway 
to investigate the added benefit of systemic 
therapy with radiotherapy in localized di-
sease (41) and greater efforts at improving 
local control with surgery are needed. Side 
effects need to be considered as well. Whi-
le radiotherapy comes with greater irritati-
ve voiding symptoms, surgery is associated 

with decrease in sexual function and uri-
nary continence when compared to EBRT 
(42). Again, the impetus is on Urologists to 
improve these outcomes without sacrificing 
local control of disease. As it stands, the 
surgical management of HRPC is a multi-
modal one where patients should expect the 
use of adjuvant therapies such as radiation 
or ADT. The conflicting results of several 
retrospective series merit further investiga-
tion with clinical trials (43).
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ABSTRAcT
 

Objectives: Prostate cancer is the most common and fatal cancer amongst Brazilian 
males. The quality of prostate cancer care in Brazil was systematically reviewed and 
compared to United Kingdom (UK) National Institute for Health and Care Excellence 
(NICE) guidelines, which are considered an international benchmark in care, to deter-
mine any treatment gaps in Brazilian practice.
Materials and Methods: A systematic review of Brazilian and UK literature was under-
taken. Additionally, quality of life scores was measured using a FACT-P questionnaire 
of 36 prostate cancer patients attending the Farmácia Universitária da Universidade 
de São Paulo (FARMUSP). These scores were compared against NICE care measures 
for patient safety, clinical effi cacy and quality of life indicators determined by either 
quantitative or qualitative methods.
Key fi ndings: The quality of prostate cancer care in Brazil was considered good when 
compared to NICE guidelines. However, FACT-P data strongly indicated a poor under-
standing of treatment received by Brazilian patients and that their mental health needs 
were not being met.
Conclusions: NICE quality statements that address the holistic needs of patients should 
be implemented into Brazilian outpatient care plans. Addressing the non-medical con-
cerns of patients may improve quality of life and can be easily rolled-out through ex-
isting Brazilian pharmacy services at no fi nancial cost to the Brazilian Unifi ed Health 
System (SUS).

ARTIcLE INfO 

 Paul Long
https://orcid.org/0000-0001-6698-4602

Keywords:
Prostate; Neoplasms;
Quality of Life

Int Braz J Urol. 2019; 45: 435-48

_____________________
Submitted for publication:
August 10, 2018
_____________________
Accepted after revision:
February 16, 2019
_____________________
Published as Ahead of Print:
April 19, 2019

INTRODUcTION

Survival rates amongst prostate cancer pa-
tients receiving treatment from the public healthca-
re system in Brazil ( Unifi ed Health System-SUS) are 
poor (1). Currently, treatment is based on the Euro-

pean urology guidelines which considers quality of 
life, but does not include outpatient pharmacy pro-
vision. Prostate cancer is the second most prevalent 
cancer in men worldwide, accounting for over one 
million diagnoses in 2012, equivalent to 1 in 7 of 
all new cancers diagnosed. In Brazil, there were 
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approximately 75.000 new cases in 2017, more 
than any other cancer (2). The rise in prevalen-
ce is thought to be due to increase in life expec-
tancy and improved diagnostic screening services 
in Brazil. Approximately 1.8% of men aged 40-60 
have prostate cancer with the incidence increasing 
dramatically to over 14% for men aged 60-80 (3). 
The incidence of prostate cancer is different between 
ethnicities. Brazil’s latest census in 2010 suggested 
over 80 million people was of Black African origin, 
approximately 42% of the population at the time, a 
6% rise from 2000 (4). Black men are almost twi-
ce as likely to be diagnosed with prostate cancer in 
their lifetime, with higher pre-clinical disease and 
malignancy rates compared to Brazilian Caucasians 
(5, 6). Brazil has followed a global trend and impro-
ved quality of prostate cancer treatment in parallel 
with the country’s socioeconomic development (7, 
8). Current treatment options include surgery, che-
motherapy, androgen deprivation therapy and ra-
diotherapy (including brachytherapy). Each of these 
treatments can have adverse effects such as a decre-
ase in libido, erectile dysfunction and osteoporosis 
which can have a psychological impact on patients 
causing them to experience anxiety and depression 
during treatment (9, 10).

 In the United Kingdom, healthcare is ben-
chmarked against guidelines issued and frequently 
reviewed by the National Institute of Clinical Ex-
cellence (NICE) (11). Three NICE measures of care 
are patient safety, clinical effectiveness and qua-
lity of life. Quality of life is measured subjectively 
and can be further broken down into patient sa-
tisfaction, health and happiness. NICE guidelines 
are based on evidence collected through stringent 
testing and developed by independent healthcare 
experts. The guidelines are important as a bench-
mark as they aim to ensure all patients receive the 
best possible care, whilst remaining cost-effective. 
NICE compare interventions against quality adjus-
ted life years (QALY) and interventions exceeding 
£20000/QALY are not considered cost-effective.

 Farmácia Universitária da USP (FARMUSP) 
(University Pharmacy of Sao Paulo State Univer-
sity) is an education and public outreach activity 
run by the Department of Pharmacy, Faculty of 
Pharmaceutical Sciences, University of São Paulo. 
Part of the outreach activities includes a study of 

prostate cancer patients aged 60+ with the objec-
tive to improve care in line with objectives outli-
ned by the Brazilian Unified Health system (SUS) 
to incorporate outpatient pharmacy intervention 
following cancer treatment. In this study, patients 
attend monthly consultations with pharmacists 
at FARMUSP to monitor their overall well-being. 
The pharmacists promote healthy lifestyles throu-
gh interventions and provide patients with infor-
mation about their on-going treatment (12, 13). 
Herein we systematically review the literature on 
prostate cancer care in Brazil and in the United 
Kingdom, as well as incorporating data collected 
by FARMUSP that measures quality of life, patient 
safety and clinical effectiveness. We aim to iden-
tify whether elements of NICE guidance can be 
used to improve the management of prostate can-
cer patients post-treatment, in the Brazilian public 
healthcare system.

MATERIALS AND METHODS

Study design
 A PRISMA checklist and flow diagram 

were followed to ensure the quality of the literature 
search was equivalent to other systematic reviews 
(14). Searches were made using the PICO search 
strategy protocol, which helped define the search 
question (15). In addition to the systematic review, 
data collected by the pharmacists at FARMUSP 
on male prostate cancer patients was additionally 
analysed. These data were collected from October 
2014-present, in the form of monthly or annual 
questionnaires, where patients were treated with 
either cyproterone acetate, goserelin or both.

Framework of the question
 The PICO elements were modified accor-

ding to the nature of the question, which is ba-
sed on therapy/treatment (15). Table-1 shows the 
breakdown of the altered PICO framework used to 
search in this study.

Study criteria
 There were no limits of patient ethnicity, 

age, drug treatment or other medical conditions. 
Only articles published after 2012 were used to 
maintain relevance to the most current standards 
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of care. Published articles, which were not in En-
glish, were excluded due to a lack of translation 
facilities. The preferred study designs were higher 
up the hierarchy of evidence. The criteria for stu-
dies are shown in Table-2.

Overview of the search strategy
 The keywords and concepts for the search 

were developed from the PICO framework. When 
searching the EMBASE database, MeSH (Medical 
Subject Headings) terms were used to focus the 
search. The MeSH terms used, based on NICE gui-
dance measure of care were: prostate cancer/pa-
tient safety/clinical effect/quality of life/mortality. 
A complete search in the Ovid Embase database is 
shown in Table-3. Additionally, this strategy was 
used to search the Cochrane library, Medline and 
PubMed databases with varying limits according 
to availability. The bibliographies of relevant ar-
ticles were also searched, as well as the following 
journals: Journal of Research in Pharmacy Practi-
ce; European Journal of Hospital Pharmacy; Phar-
maceutical Journal; British Medical Journal; Eu-
ropean Journal of Urology and the International 
Brazilian Journal of Urology.

Step-by-step electronic search used on Ovid 
Embase
 Selection of studies

 All searches were completed and all ar-
ticles were imported into Endnote and duplicate 
articles were removed. The titles of articles were 
read and evaluated for relevance, followed by abs-
tracts. Potential articles were then read in full and 
were measured against the inclusion and exclu-
sion criteria to determine eligibility.

Data collection process
 Data was extracted from studies that met 

the inclusion criteria through a customised ex-
traction form in Microsoft Excel. The variables of 
the form were:

•	 Study title/design
•	 Origin country of study
•	 Gender/Age/Number of participants in 

study
•	 Duration of study
•	 Measure of adherence/patient safety? OR
•	 Measure related to quality of life? OR
•	 Measure of clinical outcomes?
•	 Tools of measure i.e. questionnaires

Table 1 - pIcO framework of study inclusion.

Question type Patient Problem Intervention Comparison Outcome measures

Therapy Prostate cancer 
patients in Brazil

Pharmaceutical care- 
i.e. if pharmaceutical 

management has 
improved quality of 

life in Brazil

Care standards in 
Brazil and the UK

Improvements in:
Clinical outcomes – guideline efficacy

Quality of life - questionnaires (FACT-P, 
HADS), structured interviews

Patient safety - adherence, mortality rate

Table 2 – Inclusion and exclusion criteria of study.

Question component Inclusion criteria Exclusion criteria

Population Male prostate cancer patients/ professionals in Brazil 
and UK who have/ manage prostate cancer

Other patients, health care 
professionals or countries

Interventions The quality of pharmaceutical care in Brazil and the UK 
with NICE guidance

Lack of pharmaceutical care measure

Outcomes Clinical, patient safety - adherence, quality of life – 
health, happiness, satisfaction

Unrelated outcomes

Study design Randomised control trials, cohort studies, systematic 
reviews, clinical guidelines

Other study designs
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Table 3 – Ovid Embase database search terms.

patient/ population

1. exp prostate cancer/
2. exp United Kingdom/
3. exp Brazil/
4. male patient.tw
5. exp Unified Health System/
6. exp National Health service/
7. or/1-6

Interventions/comparisons

8.  exp NICE guidance/
9.  (pharmacist adj2 (interven* or manag*)).tw  
10. quality of car*.tw
11. exp quality standard/
12. exp patient-centre?d/
13. therapeutic plan*.tw
14. exp multidisciplin*/
15. pharm* follow-up.tw
16. (care adj2 compar*).tw
17. exp communicat*/
18. exp service/
19. exp equip*/
20. exp fund*/
21. or/8-20

Outcomes

Key commands for Ovid Embase:
•	 (*) = Truncation e.g compar* will search compare, 

comparing, comparison.
•	 (?) = Wildcard to eliminate spelling discrepancies 

between UK and USA English e.g patient-centre?d 
searches patient-centred and patient-centered 

•	 (.tw) = textword search in titles and abstracts
•	 (adj) = adjacent search, allowing seach terms to 

appear next to each other e.g. pharmacist adj2 
interven* would allow two words between them in a 
text

•	 (/) = Medical subject heading (MeSH) search
•	 (exp) = explodes search showing multiple specific 

search terms alongside MeSH search

22. exp questionnaire/
23. exp quality of life/
24. exp survey/
25. exp clinical guidelines/
26. exp systematic reviews/
27. exp qualitative studies/
28. exp cohort studies/
29. (mortality adj2 rat*).tw
30. medication* adher*.tw
31. exp patient safety/
32. exp clinical effect*/
33. patient satisf*.tw
34. or/22-33
35. and/ 7,21,34
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•	 Decision of inclusion based on form 
completion-with a justification

•	 Assessment of bias risk and quality

 Studies that met the inclusion crite-
ria were allocated a quality assessment ranking 
and examined for potential bias based on ques-
tions from the critical appraisal skills program-
me (CASP) (16). CASP lists help assess validity, 
clinical importance and relevance of studies to 
reduce bias through a series of closed questions. 
CASP was appropriate in this study as multiple 
lists were available according to different study 
designs. The questions for systematic reviews as-
sessed: focus of question; importance of study; 
precision of results and whether the results could 
be applied to the local population. For qualitative 
studies: clear aims; appropriate methods; recruit-
ment strategy; ethical considerations; rigorous 
data analysis and value of research were assessed. 
Cohort studies were assessed by: appropriate po-
pulation; subjective/objective measures to reduce 
bias; appropriate measure of outcome; considera-
tion of confounding variables; appropriate length 
of study and precision of results. The generated 
scoring system used for assessment of quality ba-
sed on CASP, to enable comparison, is shown in 
Table-4. The mean score for each study was cal-
culated and an overall quality ranking was deter-
mined as shown in Table-5.

Summary measures
 Studies were individually reported and 

summarised with measures of quality of life, 
clinical effectiveness and patient safety. Where 
appropriate, the differences between the three 
measures were reported.

Quality of life measure for FARMUSP 
recruited patients Each patient completed the 

FACT-P (version 4) questionnaire (www.facit.org/
LiteratureRetrieve.aspx?ID=42292) which assessed 
quality of life through a series of closed questions. 
The questionnaire was made available in Portu-
guese to eliminate bias (17). This questionnaire 
was completed before drug treatment and an-
nually thereafter. A score was calculated as the 
sum of the following subscale scores within the 
questionnaire: Physical well-being (PWB-7 ite-
ms) + Functional well-being (FBW-7 items) + 
Emotional well-being (EWB-5 items) + Social 
well-being (SWB-7 items) + Prostate cancer 
subscale (PCS-12 items). Answers ranged from 
‘not at all’ (score of 0) to ‘very much’ (score of 
5). Higher scores indicate a higher quality of life, 
with scoring being reversed on negative-based 
questions. Only questionnaires with a minimum 
of 80% response rate were considered appropria-
te (18). The median FACT-P scores, along with 
median of the various subscales, were recorded 
for patients before drug treatment at FARMUSP, 
one year after and two years after to measure 
whether quality of life had changed.

RESULTS

Study selection
 The PRISMA flow diagram shown in Figu-

re-1 gives the results of the literature search. Some 
766 articles were identified through database and 
online journal searches. Of these 723/766 (94%) 
of the articles were excluded after title screening, 
including 55 duplicated records. The remainder 
of the excluded articles wither had no relevance 
to prostate cancer, were published pre-2012, were 
studies outside of Brazil or the United Kingdom, 
or did not meet the correct study design. Of the 43 
abstracts that were read, 27 articles were further 
excluded due to a lack of clear pharmaceutical 

Table 4 – The scoring system for individual questions in the 
cASp list.

Answer to closed question Score allocated

Yes 3

Can’t tell 2

No 1

Table 5 – Overall quality ranking allocation of each study 
based on mean cASp score list.

Mean CASP list score Quality assessment ranking

≤ 1.4 Low

1.5-2.4 Medium

≥ 2.5 High
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care measures and outcome relevance. After full 
text searches, 7 articles were selected for qualita-
tive synthesis, after completion of the data extrac-
tion form to assess relevance.

Study characteristics
 Seven articles complied with the complete 

inclusion criteria. The main concepts and fi ndings 
are summarised in Table-6. Studies were publi-
shed between 2012 and 2017 and all studies were 
conducted in either the Brazil or the United King-
dom. Various study designs were used including 
a retrospective cohort study (1/7), cross-sectional 
studies (3/7), a clinical consensus study or ques-
tionnaire (2/7) and a literature review (1/7). The 
studies measured quality of care through different 
measures. Braga (1) used data on 16.280 prostate 
cancer patients from the Brazilian Base Oncology 
database to evaluate risk of death 5 years after 
diagnosis as a measure of patient safety. Sasse et 
al. (19), interviewed an 18-man panel of prostate 

cancer specialists to evaluate their views on clinical 
effectiveness of the Brazilian prostate cancer gui-
delines. Nardi (20), used information on patients 
from 1082 physicians from the Brazilian Urolo-
gy Society to evaluate the differences in clinical 
effectiveness between public and private health 
care systems in Brazil. Paterson (21), interviewed 
31 prostate cancer patients with ≥ T3 staging in the 
United Kingdom and measured physical, psycho-
logical and social quality of life, to provide infor-
mation to improve patient-centred care. Paterson 
(21), measured quality of life through literature 
review of NICE prostate cancer guidance, to ensu-
re information on diagnosis and management was 
made clear for healthcare providers. Watts et al. 
(23), used cross-sectional questionnaires to assess 
quality of life via measurements of clinical anxie-
ty or depression in 313 prostate cancer patients 
under active surveillance in the UK. Payne (24), 
questioned 61 oncologists working in the United 
Kingdom public health system to evaluate their 

figure 1 - pRISMA fl ow diagram showing the results of the literature search.
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Table 6 – Summary of selected studies measuring prostate cancer care in Brazil and the UK.

Study design and 
author

Population/ 
Information studied

Type of care quality 
measured

Method of measurement Core outcomes

Braga (1)
Retrospective cohort 
study

Brazil study

16280 prostate cancer 
patients (staged I-IV) 
treated in the Brazilian 
Unified Health system 
between 2000-2006

The mortality rate of 
prostate cancer patients

Patient information from 
Base Onco was used to 
predict overall survival 
after 5 years through 

application of the Kaplan-
Meier method. Prostate 
cancer specific survival 

was predicted by applying 
Fine and

Gray’s competitive risks 
model

- Approximately 25%( 
n=3160) of patients died 
due to prostate cancer*
-Probability of overall 

survival = 0.5*
- Probability of specific 

survival = 0.7*
*= (after a minimum of 5 

years)

- Increased mortality due to  
late diagnosis, poor cancer 

treatment and declining 
medical conditions

Sasse et al. (19)
Clinical consensus

Brazil study

18-man panel of 
professionals in the 

field of prostate cancer 
from Brazil. Made 
up of oncologists, 

urologists and radio-
oncologists

Clinical effectiveness of 
treatment via the Brazilian 
prostate cancer guidelines

An adapted model of 
the St. Gallen Advanced 

prostate cancer consensus 
conference was used to 

generate 40 questions on 
epidemiology, treatment of 
local prostate cancer and 
screening. The specialists 
had 2 months to analyse. 
Each question was based 

on current guidelines, 
needed 2/3 of the panel 
vote for consensus to 

potentially change

- Consensus on keeping 
serum testosterone below 

50 ng/dL for castration
- Consensus 71%(n 

=13) agreed intermittent 
hormonal blockage is 

appropriated in specific 
patients

- Consensus 100% (n=18) 
that rise in PSA whilst on 
androgenic suppression 

defines castration 
resistance

- Many areas showed no 
clear consensus, indicates 

weak evidence available

Nardi (20)
Cross-sectional web 
based survey

Brazil study

1082 physicians from 
Brazilian Urology 
Society providing 

data on their prostate 
cancer patients

Clinical effectiveness 
of different treatments, 
comparing public and 

private health care

Questionnaire emailed 
to urologists regarding 
information on clinical, 
pathological features 
(Gleason score) of 

prostate cancer as well as 
socioeconomic factors. 
TNM staging was also 
measured. Clinical data 

was analysed descriptively 
whilst the chi-square test 
compared the amount of 
variation between groups

- Median PSA value = 10 
ng/mL

- Most frequent Gleason 
score was 5-6 52% 
patients (n= 531)

- In public system a 
prostatectomy was most 
common initial care 47% 

patients (n=485)
- Higher median PSA in 

public system than private ( 
10 vs 6.8 ng/mL; P<0.001)
- More patients in private 

system with no health 
insurance had to move 

for treatment than when 
treated publically  ( 73% 
n= 126  vs 69% n= 705  ; 

P<0.0001 )
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Paterson (21)
Mixed methods study
Cross sectional 
studies
Semi-structured 
interviews

UK study

31 men with ≥ T3 
stage prostate cancer 

from the UK

Quality of life measure 
through physical, 

emotional sexual well 
being

The supportive care needs 
survey was completed 
by patients to measure 
physical living, health, 
physiological needs 
and patient care. The 

self-efficacy scale was 
completed to measure 
their self-management. 

The European organisation 
for research and treatment 

of cancer quality of life 
of prostate cancer was 

completed to assess quality 
of life. Questionnaires were 

analysed using SPSS.

-  Reduced level of self-
efficacy was reported in 

comparison with literature
- 42% (n=13) reported 
lack of supportive care 
and empathy in relation 
to information of cancer 

spread
-33% (n=10) reported 

increased fatigue
- 30% (n=9) reported felt 
results were out of their 

control
-30% (n=9)felt they 

were not given adequate 
information

- Men reported a lack of 
overall understanding of 

their treatment

Paterson (22)
Literature review

UK study

NICE guidelines 
on prostate cancer 

treatment

Quality of life measure 
through ensuring guidance 

is clear on how prostate 
cancer is diagnosed, 

progresses, managed and 
provides information for 

patient education

Literature review conducted 
across electronic 

databases, searching 
quantitative and qualitative 
studies. UK and European 
guidelines also reviewed. 

Guidelines and article 
information on diagnosis, 

management were 
narratively assessed

- Multidisciplinary team 
important to provide 

consistent high quality 
treatment

- The use of patient 
reported outcomes 

(PROMS) are essential 
to overcome unmet 

supportive care needs
- A holistic needs 

assessment (HNA) helps 
tailor  and improve care for 

individual

Watts et al. (23)
Cross-sectional 
questionnaire survey

UK study

313 men diagnosed 
with prostate cancer 
who were managed 

by active surveillance 
across urology 

departments from 
the UK

Quality of life measure, 
through prevalence of 
clinically meaningful 

anxiety/depression after 
prostate cancer diagnosis

Selected patients 
completed a hospital 

anxiety and depression 
scale questionnaire 

(HADS). Patients with 
a score of 8 or more 

were considered to have 
depression/anxiety. 

Social and demographic 
information was also 

obtained via questionnaire, 
with only data with 

a P<0.05 considered 
significant

- Depression scale showed 
13% (n=39) of patients had 

a score of  ≥8 = clinical  
depression

- Anxiety scale showed 
23% (n=73) had a score of 

≥8  = clinical anxiety
- Only one demographic, 
Southampton, showed 
statistically significant 

probability (P<0.0005) of 
increased depression in 

men

Payne (24)
Semi-structured 
questionnaires

UK study

61 oncologists from 
the NHS

Evaluating clinical effect 
of treatment via NICE 
guidance pre- 2014

72 question survey 
completed initially (2008). 
Followed by a 2nd focused 
questionnaire (2010) with 
22 questions assessing 

adherence to clinical 
guidelines and whether 

practice had changed after 
2 years

- 60% of participants felt 
NICE guidance would 

improve prostate cancer care
- 30% of participants felt 

NICE guidance would 
degrade treatment

- 61% of participants felt 
NICE guidance required 

updating
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opinions on the clinical effectiveness of the NICE 
guidance for prostate cancer treatment.

Effects of interventions on clinical effectiveness
 Sasse et al. (19), aimed to gain consensus 

of various clinical guidelines through a 2/3 vote 
of an 18-man specialist panel. A review of the li-
terature concluded that 67% (n=12) believed addi-
tional treatment was unnecessary in undetectable 
metastasis from imaging due to a lack of evidence. 
The majority of the literature, 88% (n=16) consi-
dered the first line use of abiraterone/enzalutami-
de. Nardi (20), showed surgery was recommended 
most frequently as a first line treatment in the 
Brazilian public system (47% n = 485), followed 
by radiotherapy with/without hormone ablation 
(27% n = 278) and orchiectomy (20% n = 208). 
Patients receiving treatment from the public he-
althcare system had a greater median PSA (10 vs. 
6.8ng/mL; P < 0.001) with a higher probability of 
being diagnosed with metastatic disease (10% n = 
103 versus 4% n = 35; P < 0.001) than patients tre-
ated privately. Payne (24), found that 60% (n = 37) 
of British oncologists in 2008 felt NICE guidance 
would improve patient care. There was split, with 
49% (n = 30) voting against active surveillance as 
first line treatment for low risk localised prostate 
cancer. Only 56% (n = 34) believed follow-up ap-
pointments for men with a stable prostate-specific 
antigen (PSA) for ≥ 2 years were essential. Results 
from 2010 show a rise in favour of active sur-
veillance with 80% (n = 62) agreement. There was 
a slight increase in favour of primary care follow-
-up to 59% (n = 450). These findings reiterate the 
need for constant updating of NICE guidelines to 
improve clinical outcomes.

Effects on interventions on quality of life
 Sasse et al. (19), showed a vote for the 

introduction of intermittent hormonal blocka-
ge (71% n = 13) for asymptomatic patients with 
confirmed metastasis in Brazil. This was based 
on studies that permanent hormone suppression 
may lead to increased side effects and a decreased 
quality of life (25). Nardi (20), showed treatment 
in the Brazilian public health system resulted in 
almost 69% (n = 705) of patients having to leave 
their home city for treatment on a regular basis. 

Paterson (21), showed 84% (n = 26) of men with 
prostate cancer in the UK were fatigued, 57% (n 
= 17) exhibited insomnia and, almost 50% (n = 
15) were dissatisfied with their sex life. Of the 8 
participants who completed in depth interviews: 
(1/8) complained of lack of sympathy when infor-
med about his cancer spreading, (2/8) emphasised 
they required emotional support, (1/8) complained 
of extreme back pain, (1/8) about mobility issues 
due to urinary incontinence and (3/8) stated that 
a better communication with their healthcare 
team would help optimize care and improve life 
quality. Paterson (22), through review of the li-
terature concluded multidisciplinary teams must 
work together with patients in the UK to enhance 
personalised care and follow evidence-based ap-
proaches to tailor treatment. The need for patient 
reported outcomes (PROMS) was addressed to help 
understand patients desired outcomes and provide 
treatment accordingly. The use of a holistic nee-
ds assessment (HNA) was found to help specialists 
provide treatment, taking all factors into account 
including patient needs. Watts (23), found after 
completion of Hospital anxiety and depression 
score (HADS) in United Kingdom prostate cancer 
patients that the mean HADS-depression score 
was 3.3, with 13% (n = 39) of patients having a 
score of ≥ 8 = clinical depression. The mean HA-
DS-anxiety score was 4.8, with 23% (n = 73) of 
patients having a score of ≥ 8 = clinical anxiety. 
From these results, a need for new strategies to 
improve patient management and quality of life 
was clearly identified in United Kingdom patients 
receiving treatment for prostate cancer.

Effects of interventions on patient safety
 Braga (1), found there was a mean time 

of 5 months between diagnosis and outpatient 
cancer treatment (SD of 6 months). On average, 
patients were followed up for 51 months (SD of 
26 months). Patient survival rate was 0.5 after 5 
years. This decreased with age and a higher cancer 
staging with a 0.65 survival probability in stage I 
compared to 0.35 probability in stage IV (after 5 
years). Hospitalisation in the SUS system increa-
sed the risk of death by 67% after 5 years. Sasse 
et al. (19), showed a vote against the indication of 
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ciproterone acetate (79% n = 14), although widely 
prescribed as a front-line treatment for prostate 
cancer in Brazil, based on studies indicating a de-
crease in patient survival rate (26).

Quality and bias risk assessment
 The critical appraisal skills program-

me (CASP) listed scores and quality assessment 
rankings for all the studies recovered from the se-
arch and are given in Table-7, with a summary. 
All studies had problems with methodology, for 
example the studies of Paterson (21) and Watts 
et al. (23), both contained mixed methods, whi-
ch meant that any complete comparison between 
studies would not be possible.

FARMUSP patient quality of life results
 Before treatment, 34 patients completed 

the FACT-P questionnaire. Only 13 patients had 
completed a questionnaire 2 years into their tre-
atment and these data are given in Table-8. The 
number of patients at each stage of the assess-
ment decreased as patients joined the programme 
after 2014, so only completed their initial ques-
tionnaires. Some patients died during treatment. 
Mean FACT-P scores decreases from 122 (before 
treatment) to 119 (2 years into treatment). Sco-
res corresponding to the responses to individual 
questions consistently gave large and overlapping 
standard deviations. From a quantitative pers-
pective these large standard deviations might su-
ggest little difference in the comparative scores, 

Table 7 – Quality assessment of selected prostate cancer studies using cASp tools.

Study Mean CASP list score Quality summary Quality assessment

Braga (1) 2.5 16820 prostate cancer patients were analysed- a large sample. 
Cohort studies are higher on the hierarchy of evidence. 

However, not enough factors were considered when estimating 
risk of death.

High

Sasse et al. 
(19)

1.4 Only 18 panellists. Voting was subjective and based on varying 
level of experience of the Prostate cancer specialists, which 

was not stated.

Low

Nardi (20) 2.4 Large sample size, with many factors considered and unbiased 
statistical analysis with use of chi-square test. However, some 

data was measured subjectively with lack of evidence.

Medium

Paterson (21) 1.8 Small study with only 8 patients completing full interviews, 
however they were described in sufficient detail. Closed 

question survey for 31 patients enabled in-depth quantitative 
analysis.

Medium

Paterson (22) 2.4 Research question defined with clear results, which can be 
applied to the population. However, not all outcomes were 

considered – lack of clinical evidence.

Medium

Watts et al. 
(23)

1.6 Reasonably sized sample size of 313 patients, with good 
statistical analysis of data. However, not enough factors 

considered and demographic data lacked validity as only one 
result met the specified significance value of P<0.05.

Medium

Payne (24) 1.3 There was no information on the background of the 61 
oncologists questioned, including their level of experience. 
Answers were closed and there was no reasoning given for 

answers. Only subjective measures were used.

Low

cASp = critical appraisal skills programme; CASP score of ≤1.4 = low quality, 1.5-2.4 = medium quality, ≥ 2.5 = high quality.
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but from a qualitative perspective indicated that 
patients felt differently about their quality of life 
during treatment.

DIScUSSION

 This study systematically reviewed the li-
terature on the quality of care of patients during 
and after treatment for prostate cancer in Brazil, 
in comparison to patient experiences and NICE 
guidance in the United Kingdom. In addition to 
the systematic review, data were also collected by 
the pharmacists at FARMUSP, an outreach phar-
macy service currently piloting a survey to me-
asure quality of life, patient safety and clinical 
effectiveness in prostate cancer patients attending 
the University of São Paulo Hospital. Inclusion of 
data from this cohort of 36 patients was necessary 
because of a paucity of quality of life and patient 
safety adherence literature on Brazilian prostate 
cancer patients. Quality of life and patient safety 
adherence are two of the three elements of NICE 
guidance that measure of care quality (the other 
being clinical efficacy). These two elements are 
examples of patient-centred care, which is con-
sidered the root of best practice when assessing 
the overall quality of patient care (12, 13). Our 
combined systematic review and patient cohort 
data would suggest that current treatment plans 
in Brazil fall short of NICE guidance with respect 
to quality of life measures, especially mental heal-
th and treatment information provisions. Specifi-

cally addressing these patient needs may become 
increasingly apparent if the prevalence of prostate 
cancer continues to rise in Brazil.

 The study process had many limitations 
at review and outcome level. The search strate-
gy was comprehensive but only completed by one 
person. This may have led to incorrect omission 
of reports, as there was no verification when as-
sessing reports against exclusion and inclusion 
criteria. Secondly, some case reports from Brazil 
were not included, as these were not in English. 
There was also a time constraint, which meant not 
all relevant databases or articles could be sear-
ched during the project lifetime. At outcome level, 
the studies were heterogeneous and due to the di-
fferences in care measure, it was not possible to 
statistically combine the results between studies. 
Only the data reported by Braga (1) had a high 
quality assessment ranking, whilst the remainder 
of the studies were ranked medium to low quality. 
The lower quality ranking assigned to the studies 
of Sasse et al. (19), Paterson (21) and Payne (24) 
was probably due to the use of selective measures 
of care and low sample numbers, which increa-
sed the risk of bias. The data reported by Watts 
et al.(23) could not be adequately assessed, as the 
outcome being measured was not clear. There was 
minimal consideration of confounding variables 
throughout all of the studies, which reduced the 
objectivity of the results. The measure of quali-
ty using CASP was partially subjective and only 

Table 8 –  The average (median) fAcT-p scores of patients before and after treatment.

Median score before
treatment (n=34)

Median score 1 year into
treatment (n=23)

Median score 2 years into
treatment (n=13)

FACT - P 122 (19) 120 (21) 119 (21)

PWB 24 (4) 23 (4) 25 (4)

SWB 20 (4) 21 (4) 20 (5)

EWB 21 (4) 19 (4) 19 (4)

FWB 20 (5) 19 (5) 19 (6)

PCS 36 (6) 36 (8) 37 (6)

pwB = physical well-being; SwB = social well-being; EwB = emotional well-being; fwB = functional well-being; pcS = prostate cancer subscale; A = higher score 
indicates a better quality of life; (19) indicates a standard deviation of 19.
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based on a single opinion, which reduced the ac-
curacy of quality rankings. The data collected at 
FARMUSP also had limitations. Quality of life data 
were collected at the midpoint of a five-year trial; 
therefore, it is difficult to project a measure of the 
level of long-term care. The FACT-P questionnaire 
measured overall quality of life, which may have 
been affected by external factors not related to 
prostate cancer.

 Braga (1) identified that almost a quarter 
of patients (n = 3160) died within 5 years of diag-
nosis when treated in the Brazilian public health-
care system. In contrast, 84% of prostate cancer 
patients survived after 10 years following UK pu-
blic healthcare treatment (27). NICE measures care 
through patient safety and implements measures 
for prevention of premature death in prostate 
cancer patients (28). A quality standard measure 
used in NICE is to include evidence of local arran-
gements made to discuss treatment options with 
an oncology specialist. This could be implemen-
ted into the Brazilian system to ensure patients 
of all backgrounds have access to local care whi-
ch would improve patient safety. Sasse et al. (19), 
generally suggests specialists are in agreement of 
treatment options to maximise clinical effect and 
improve patient safety, however identified a lack 
of evidence. This identified a need for national tre-
atment guidelines in Brazil that parallel those of 
NICE that are more inclusive of the patient when 
making treatment decisions. In contrast, Payne 
(24) identified that many oncologists in the UK did 
not agree, or adhere with NICE guidance, as some 
patients required more individualised treatment 
specific to their cancer. This reiterates the need for 
constant review and updating of guidelines as the 
landscape of treatment options and patient expec-
tations change. Nardi (20), suggested that almost 
half of the patients surveyed (n = 485) received 
radical prostatectomy as first line treatment. Ho-
wever, studies in the United Kingdom have shown 
active surveillance rather than surgery was just as 
effective a treatment option when patient quality 
of life and mortality were measured over 10 years 
following diagnosis (29). Watts et al. (23), mea-
sured depression and anxiety in prostate cancer 
patients in hospitals within the United Kingdom. 

Mental health was not addressed specifically in 
any of the Brazilian studies, and implementation 
of an anxiety/depression scale would, therefore, 
greatly aid identifying patients that may need fur-
ther support to improve their quality of life.

 Paterson 2017 (21) and Paterson 2015 (22), 
identified that in the United Kingdom, when a ho-
listic needs assessment (HNA) was introduced into 
a patient care plan, communication between pa-
tient and healthcare teams was greatly improved. 
The HNA helps identify physical, practical, family 
and emotional concerns. A protocol to measure 
the unmet needs of prostate cancer patients was 
completely lacking in the literature we systema-
tically reviewed from Brazilian studies. An HNA 
protocol had also not been implemented at FAR-
MUSP and the effects of not considering the ho-
listic needs of the patient were reflected by the 
FACT-P results, which showed a large variation in 
quality of life with no clear improvements. Imple-
menting a HNA protocol under regularly reviews, 
could allow patients to communicate specific pro-
blems, not just medical related problems restricted 
to fixed questions from FACT-P. This can allow 
the healthcare professional, for example a phar-
macist, to pinpoint potential problem areas which 
could then be addressed by the treatment team, 
thereby optimising care and improving quality of 
life. A HNA can be implemented with little or no 
financial expenditure, and the benefits of these in-
terventions can be directly measured by inclusion 
into existing cost models of prostate cancer treat-
ment in Brazil (30).

cONcLUSIONS

This study has highlighted that current 
prostate cancer care plans in Brazil are of a high 
international standard, but important improve-
ments can made because existing care does not 
consider the holistic needs of patient. Including 
a HNA protocol into patient care plans is an in-
tervention that can be immediately implemented. 
The use of an anxiety/depression scale is also an 
intervention that can be rolled-out into the Bra-
zilian Unified Health System (SUS)with immediate 
effect, to help establish if mental health is affec-
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ting prostate cancer patient quality of life. Both 
interventions can be made with little or no fiscal 
spend by the public healthcare system. A follow-
-up study, specifically measuring quality of life 
indicators should now be considered, to determine 
if these two simple interventions have a positive 
impact on clinical practice in Brazil.
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INTRODUcTION

The first Brazilian Consensus on the Treat-
ment of Advanced Prostate Cancer was published 
in 2017, (1) with the goal of reducing the heteroge-
neity of therapeutic conduct in Brazilian patients 
with metastatic prostate cancer. The incorporation 
of different technologies is a challenge in Brazil, 
especially in the Sistema Único de Saúde (SUS), 
which allows for the disparity in the options avai-
lable to patients treated in different institutions. 
To update and provide objective, easily accessible 
recommendations, a panel of specialists was for-
med once more to discuss and elaborate a new 
Brazilian Consensus on Advanced Prostate Cancer.

 Prostate cancer is the second most com-
mon cancer among men and the fifth leading 
cause of cancer deaths in the World. In Brazil, 
it is likewise the second most common cancer 
among men, second only to non-melanoma skin 
cancers (2), with an incidence of 68.220 new ca-
ses per year, and an estimated rate of 13.772 an-
nual deaths (3).

 A variety of new systemic treatments were 
instituted for the treatment of both hormone-sen-
sitive and castrate-resistant metastatic prostate 
cancer (mCRPC) since the approval of docetaxel as 
a first line therapy for mCRPC in 2004. Since the 
pivotal studies that led to the approval of the new 
therapies are for the most part contemporary, di-
rect comparisons between treatments are lacking. 
Additionally, studies about the different sequen-
cing of treatments are rare. Therefore, decisions 
regarding the best treatment options basically rely 
on access to treatments, critical appraisal of the 
literature, and physician’s experience. The aim of 
this Consensus is to align different opinions and 
interpretations of the medical literature in a prac-
tical and patient-oriented approach.

OBJEcTIvE

 This Consensus was written through a 
joint initiative of the Brazilian Society of Clini-
cal Oncology (SBOC) and the Brazilian Society of 
Urology (SBU) to support the clinical decisions of 
physicians and other health professionals invol-
ved in the care of patients with prostate cancer. 

The manuscript is targeted mainly to clinical on-
cologists, urologists and radiotherapists.

MATERIALS AND METHODS

 The SBOC and the SBU formed a panel 
of 23 specialists from different regions of Brazil, 
based on their scientific prominence and clinical 
experience in the care of patients with prostate 
cancer. A moderator (clinical oncologist), 10 other 
clinical oncologists, 10 urologists, and two radia-
tion oncologists participated of the present con-
sensus. Forty clinically relevant questions con-
cerning the care of men with advanced prostate 
cancer were previously selected by a subgroup of 
the participants for a panel discussion. The ques-
tions were created aiming at the treatment and 
follow-up of patients with recurrent or metastatic 
prostate cancer. Aspects related to epidemiology, 
screening, diagnosis, prognosis, and treatment of 
localized disease were not discussed in this con-
sensus.

 Following elaboration of the questions, 
they were distributed and forwarded to the mem-
bers of the panel to produce answers based on the 
critical analysis and systematic review of the pu-
blished literature. Participants were encouraged to 
only refer to studies with a solid methodology and 
with predefined levels of scientific evidence. The 
initial answers were forwarded to the moderator 
of the consensus to be written in a uniform style, 
and were subsequently forwarded to all of the par-
ticipants for a preliminary evaluation.

 The panel of the Second Brazilian Consen-
sus on the Treatment of Advanced Prostate Cancer 
was held on with all participants March 22, 2017, 
in São Paulo, Brazil, during the VIII International 
Meeting of Urologic Oncology. A modified Delphi 
methodology was employed to obtain consensus 
(4). Each answer was discussed and voted by all 
Consensus participants in loco. When a partici-
pant was not experienced enough to vote for an 
answer or to choose a valid option, or even when 
he/she had conflicts of interest, the option “It 
does not concern to my practice/I’d rather not 
vote” was selected. In these cases, these votes 
did not count as valid for the consensus on that 
answer. A consensus on a specific answer was 
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reached whenever 2/3 of the participants agreed 
upon it. In cases in which the consensus was not 
achieved on a first voting session, the panel dis-
cussed the conflicting points under the guidance 
of the moderator. Subsequently, a second vote 
was held. If a consensus was not reached again, 
it was stated in the manuscript that there was not 
a consensual agreement on a specific answer. The 
final manuscript was written based on recording 
of the meeting, and subsequently approved by all 
of the participants of the panel. Our sponsor pro-
vided unconditional financial and educational 
support through SBOC for the preparation and 
conduct of the meeting, without any influence in 
the votes and their content. No participant recei-
ved any fee or financial incentive to participate 
in the voting process.

RESULTS

Consensus Development and Discussions
 The final results of the voting process, with 

or without consensus, are summarized in Figure-1. 
The main resolutions and recommendations of the 
Second Brazilian Consensus on the Treatment of 
Advanced Prostate Cancer are discussed below.

Hormone-sensitive Metastatic Prostate Cancer
 Prostate cancer is associated with an ele-

vated disease-specific mortality when metastatic in 
spite of being stereotyped as an indolent disease. As 
cellular proliferation in this disease state is highly 
dependent on the androgen pathway, the main goal 
of initial hormonal therapy is to block androgen 
activity, avoiding the signalization to cell prolife-
ration in the hormone sensitive cells (5). Androgen 
deprivation therapy (ADT) is the initial treatment 
strategy, and the panel recommended with 89% of 
votes that either 1) agonists or 2) antagonists of lu-
teinizing hormone-releasing hormone (LHRH) or 3) 
bilateral orchiectomy are adequate options to initial 
systemic therapy (question 1). These three options 
are equally effective as androgen deprivation the-
rapies in metastatic prostate cancer, and are more 
effective than monotherapy with antiandrogens (6). 
When LHRH agonists are preferred, one should use 
an antiandrogen before or concomitant with an 
LHRH agonist for at least 7 days in patients at risk 

of complications due to the transient rise in testos-
terone levels in these situations (testosterone flare) 
(6). Recent studies have suggested that orchiec-
tomy may lead to less osteoporotic, cardiac, and 
vascular complications than LHRH agonists (7).

 The panel also considered that monothe-
rapy with first generation antiandrogens (e.g., bi-
calutamide) may be indicated in select patients. It 
is not the gold standard, but should not be con-
traindicated (question 2). The use of high doses 
of bicalutamide (150mg q.d.) in this setting was 
compared with orchiectomy in a randomized stu-
dy, with similar clinical outcomes (8).

 The use of combined androgen blockade 
(LHRH agonist/antagonist plus peripheral antian-
drogens) in the initial treatment of metastatic pros-
tate cancer was not recommended by the panel as 
a routine, but was recommended in select cases by 
94% (question 3). A systematic review with meta-
-analysis of 20 studies and 6871 patients has sho-
wn that the net benefit of a “complete blockade” 
is clinically irrelevant (9).

 As recommended in the First Brazilian 
Consensus (1), there was consensus that testoste-
rone levels below 50ng/dl should be used as the 
definition of effective castration, despite the exis-
ting literature suggesting a potential clinical be-
nefit of lower levels or testosterone (below 20ng/
dl) (10) (question 4). For patients initially treated 
with LHRH agonists who in spite of low levels of 
LH remain with testosterone levels above castra-
tion levels, 58% of the panel recommended surgi-
cal castration; however, there was no consensus, 
since other options could be viable (e.g., change 
of LHRH agonist, LHRH antagonist, addition of an 
antiandrogen) (question 5).

 The use of intermittent hormone blockade 
was studied in various randomized trials as a stra-
tegy to allow for intervals of normal testosterone 
levels with benefits in quality of life, less cardio-
vascular risk, and less lean mass deterioration,. 
None has shown clinically significant benefits in 
quality of life, and intermittent hormone blockade 
was not shown to be non-inferior to continuous 
blockade regarding overall survival (11, 12). Thus, 
the panel did not reach onsensus on the recom-
mendation of intermittent hormonal blockade in 
metastatic patients in men who achieve adequa-
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figure 1 - Summary of all results of the voting process, with or without consensus.
Figure 1. Votes regarding the section “Metastatic Prostate Cancer Sensitive to Castration” 
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te declines in PSA levels (declining PSA, < 4ng/
ml after 6 months of blockade). With 53% of the 
votes, intermittent hormonal blockade was recom-
mended for most patients; however, 47% of the 
panel voted that it could be recommended only in 
exceptional cases (question 6).

 Regarding the use of chemotherapy for 
patients with metastatic prostate cancer at the 
diagnosis (de novo), the panel reached consensus 
in recommending the use of docetaxel in com-
bination to ADT, but only in patients with high 
volume disease (question 7). Randomized studies 
have shown a clinically important and statistically 
significant benefit in using docetaxel in conjunc-
tion with ADT compared with ADT alone (13). Ho-
wever, recent data from the study CHAARTED su-
ggest that these benefits are restricted to patients 
with high volume of disease at diagnosis (14).

Subsequent to the Consensus meeting and 
votes, the LATITUDE and STAMPEDE studies were 
published, in which similar benefits were shown re-
garding response rates, progression-free survival and 
overall survival with ADT plus abiraterone vs. ADT 
alone (15, 16). Therefore, abiraterone is also an op-
tion in this setting.

 Due to the elevated risk of symptoms related 
to disease progression in the pelvis, there are ongoing 
trials studying local therapies such as radiotherapy or 
surgery for men with low volume metastatic disease 
and a long life expectancy (17). However, there was 
no consensus about offering local treatments to pa-
tients with oligometastatic disease at diagnosis, with 
53% of the panelists recommending local treatment, 
and 47% of panelists contraindicating (question 8).

 Furthermore, the panel suggested with 68% 
of the votes that radiotherapy for pain control should 
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recommended in metastatic patients that reach 
adequate PSA decline (declining PSA, with less 
than 4.0 ng/ml after 6 months of block)?

7. In patients with metastatic prostate cancer at 
diagnosis, should chemotherapy be recom-
mended with docetaxel in combination with 
androgenic suppression?

9. Should palliative radiotherapy be offered to 
patients with painful bone metastasis at the 
beginning of the treatment?

8. Should local treatment be offered to patients 
with oligometastatic prostate cancer?

Yes, in most 
patients

Yes, in selected 
cases

No, it should be 
avoided

1

17

Yes, in most 
patients

No, only in very 
specific cases 15

4
Below 50ng/dl

Below 20 ng/dl

1
2

11

5

Change to another 
LHRH analog
Switch to LHRH 
antagonist
Bilateral 
orchiectomy
Addition of 
peripheral 
antiandrogen

109
Yes, in most of 
patients

No, only in 
exceptional cases

6

12

1 Yes, in most 
patients
Yes, but only for 
high volume 
disease

No

6

13

Yes

No, only in cases 
without clinical 
improvement with 
hormonal therapy

109
Yes, surgery or 
radiotherapy in 
selected cases
No

Agonist LHRH

Antagonistic LHRH

Bilateral 
orchiectomy 
All options are 
adequate

1 1

17

0
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not be offered in the beginning of treatment for 
the patient with metastases, reserving it for those 
cases that do not achieve pain control with hor-
monal treatment (question 9).

Castrate-resistant Prostate Cancer (CRPC)
 The patient with castrate-resistant prosta-

te cancer (CRPC) generally carries a worse prog-
nosis, with a considerable risk of deterioration 
of his quality of life and an elevated mortality. 
However, in this stage, the disease is also highly 
heterogeneous, with various phenotypes, biologic 
characteristics and clinical outcomes (18). It is de-
fined as a prostate cancer that progresses biologi-
cally, clinically or on imaging studies in the face 
of castrate testosterone levels (< 50ng/ml). Many 
proposed mechanisms explain the development of 
androgen resistance, and strategies are being de-
veloped to overcome this problem (19). There was 
a consensus among panelists (79%) that there is 
no need to add an antiandrogen to the prevailing 
androgen deprivation therapy to define hormone 
resistance (question 10).

 In patients with biochemical progression 
but a negative bone scan and an abdominal/pelvic 
computerized tomography (CT)/magnetic resonan-
ce imaging (MRI) and without clinical evidence of 
disease, it was recommended by 74% of the panel 
that no other diagnostic method is required (question 
11). Also, it was defined that for M0 CRPC patients 
in biochemical recurrence, no additional therapy is 
required (question 12). In spite of this recommenda-
tion, after the Consensus meeting, the PROSPER and 
SPARTAN studies were published, which showed a 
clear benefit of the early use of enzalutamide and 
apalutamide in this clinical setting, eventually chan-
ging the opinion of the panel. The panel also recom-
mended the screening for metastases in asymptoma-
tic patients with regular imaging studies, depending 
on the PSA doubling time (PSADT) (question 13).

 No significant benefit was ever demonstra-
ted with vintage endocrine manipulations (e.g., bica-
lutamide, flutamide, DES, estramustine, ketoconazo-
le). Case series have only shown isolated responses 
with a drop in serum levels of PSA, however with 
no gain in overall survival or in long-term disease 
control (20). The panel was of the consensus that 

for men with asymptomatic or oligosymptoma-
tic metastatic CRPC, it is inadequate to opt for 
vintage endocrine therapies if abiraterone or en-
zalutamide are available (question 14). Nonethe-
less, as access to these drugs is restricted, espe-
cially in the public health system, these vintage 
manipulations were considered appropriate if 
neither abiraterone nor enzalutamide are avai-
lable (question 15). Abiraterone and enzaluta-
mide were recommended as first-line treatments 
in addition to conventional ADT for metastatic 
CRPC in asymptomatic or mildly symptomatic 
men by 90% of the participants (question 16). 
There was no consensus regarding the indication 
of docetaxel in this situation (question 17).

 In symptomatic, metastatic CRPC, 75% of 
the specialists recommended abiraterone or en-
zalutamide as a first line of treatment (pre-che-
motherapy) in addition to ADT (question 18), a 
situation in which docetaxel can also be conside-
red a standard. Although the studies that led to 
the approval of abiraterone (21) and enzalutami-
de (22) in metastatic CRPC pre-docetaxel inclu-
ded mostly asymptomatic or mildly symptomatic 
men, the extrapolation of the benefits to patients 
with more advanced disease was considered ade-
quate. Finally, 95% of the panelists voted that 
abiraterone or enzalutamide should be the pre-
ferred recommendation for metastatic CRPC in 
asymptomatic patients, if all therapeutic options 
were available (question 19).

 There was much debate about clinical and 
laboratorial criteria to help select the first line and the 
best sequence of treatments. The Gleason score was 
not recommended as a valid tool to decide between 
chemotherapy, abiraterone or enzalutamide (question 
20), in spite of the fact that a higher Gleason score is 
usually associated with a poorer prognosis. There was 
also no consensus regarding the importance of the 
time of response to conventional ADT in choosing 
between abiraterone/enzalutamide or chemotherapy 
as a first line therapy for metastatic CRPC (question 
21). The presence of visceral metastases was conside-
red an important factor in a choice of chemotherapy 
over abiraterone/enzalutamide (question 22).

 The panel voted with 70% consensus that 
one should not offer retreatment with docetaxel 
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in men who already received docetaxel, except in 
select few cases or in the case of lack of access to 
the other therapies (question 23).

 Primary resistance to abiraterone or enza-
lutamide was defined as clinical or radiographic 
progression within 3 months of the beginning of 
therapy (question 24). In such a case, early dis-
continuation of treatment would be justified. One 
has to consider, however, the possibility of flare 
and of PSA changes that do not necessarily reflect 
disease progression.

 There was no consensus regarding the 
maximal duration of treatment with docetaxel in 
patients with metastatic CRPC. Although the most 
important studies suggest 10 cycles of chemothe-
rapy (23), some specialists suggest that one should 
observe limiting toxicities and the impact on the 
patient’s quality of life to define when to inter-
rupt/stop therapy (question 25).

Staging and Treatment Monitoring
 The panel recommended the performance 

of new staging exams whenever a new line of tre-
atment is introduced in men with metastatic CRPC 
(question 26). On the other hand, the performance 
of routine imaging studies to evaluate the risk of 
fractures was not recommended to all men with 
bone metastases detected in bone scans (question 
27). In these situations, clinical evaluation on the 
risk of fractures would be important, especially in 
situation of disease progression.

 Isolated PSA progression, without clinical 
or radiographic progression, should not be conside-
red a strong enough reason to modify treatment in 
men with CRPC, with 95% agreement (question 28). 
Unanimously, the panel recommended that treat-
ment monitoring should be performed periodically 
with PSA and imaging studies (question 29).

Bone Therapies
 It is important to identify men with an ele-

vated risk of symptomatic events related to bone, 
such as pathological fractures, hypercalcemia, and 
opioid analgesia for pain in CRPC, since these 
events are associated with increased mortality and 
decreased quality of life. There was consensus in 
that inhibitors of osteolysis (e.g., zoledronic acid, 

denosumab) should be indicated to men with me-
tastatic CRPC and bone disease. However, there is 
no evidence of benefit of such therapies in hormo-
ne-sensitive disease, even in the setting of a high 
volume of metastases (question 30) (24). The panel 
also agreed that there is no indication for the use 
of pamidronate or clodronate as bone therapy for 
metastatic CRPC (question 31). It is important to 
avoid monthly administration of such drugs for 
more than two to three years, due to the increased 
risk of osteonecrosis of the jaw (25).

 The panel was unanimous in contrain-
dicating the use of radium-223 in asymptomatic 
metastatic CRPC (question 32). However, 85% 
of the specialists recommended that radium-223 
should be reserved for men with symptomatic, 
non-visceral bone metastases in CRPC (question 
34). It is indicated either before or after docetaxel 
(question 33) and even with abiraterone or enza-
lutamide (question 35). After the Consensus mee-
ting, the publication of results from the ERA-223 
study analysing the combination of radium-223 
and abiraterone revealed that there was an incre-
ased rate of fractures and deaths with the com-
bined treatment, and many regulatory agencies 
contraindicated this approach. Therefore, the pa-
nel recommends extreme caution when conside-
ring the combination of radium-223 and the new 
hormonal treatments.

Sequencing of Available Treatments
 As the ideal sequence of therapies is still 

unknown, strategies were discussed. The panel re-
commended that in the case of disease progression 
during treatment with abiraterone/enzalutamide 
the sequential use of one of these agents (abira-
terone/enzalutamide) is not adequate due to the 
elevated risk of cross-resistance (question 36).

 At the moment, 95% of the specialists 
agreed that the use of biomarkers such as AR-
V7 to select between abiraterone/enzalutamide 
or chemotherapy is still not ready for clinical use 
(question 37).

 The use of platin analogues along with 
docetaxel was not recommended (question 38).

 Finally, the specialists evaluated the tre-
atment recommendation for men with an initial 



ibju | Brazilian consensus on advanced prostate cancer

456

response to docetaxel, but with subsequent disease 
progression. There was no consensus if progression 
occurred in less than three months after the disconti-
nuation of docetaxel, however in the case of disease 
progression after three months, the initiation of abi-
raterone or enzalutamide was recommended (ques-
tions 39 and 40). This is supported by the randomi-
zed studies COU-AA-301 (26) and AFFIRM (22). The 
net benefit found in these studies reaffirmed the im-
portance of the androgen receptor in CRPC. Therefo-
re, if the patient has not been exposed to abiraterone 
or enzalutamide in previous treatments, the prefe-
rence should be one of these agents. Alternatively, 
there are randomized studies supporting the use of 
cabazitaxel (TROPIC) (27), radium-223 (ALSYMPCA) 
(28) and retreatment with docetaxel (PRINCE). Other 
factors such as availability, access, toxicity profile, 
and clinical and pathological characteristics should 
be considered in the definition of the sequential line 
of treatment after docetaxel failure.

DIScUSSION

 The main goal of the treatment of patients 
with advanced prostate cancer should be to incre-
ase survival while maintaining quality of life. Since 
metastatic prostate cancer is an incurable disease, 
therapeutic strategies should prioritize the maximum 
time of cancer control with the minimum associated 
toxicity. The treatment of metastatic prostate cancer 
is complex due to the multitude of available thera-
pies, all with different response and toxicity profiles. 
Additionally, it is a disease that typically affects ol-
der men, and the existence of comorbidities increa-
ses the challenge in the choice of therapy. It is also a 
heterogeneous disease with a lack of direct compari-
sons between many available treatments.

 Many times, we chose to refer to Abi-
raterone and Enzalutamide as a single option, 
perhaps giving the impression they are very si-
milar in properties and mode of action. In fact, 
even considering the differences between En-
zalutamide and Abiraterone, the evidence sup-
porting the indication of the two options was 
considered similar. More important, existing 
evidence is unable to answer a very important 
sequencing question, of whether enzalutamide 

followed by abiraterone is better than abirate-
rone followed by enzalutamide.

 Acknowledging how rapidly new evidence 
is added to the literature and knowing that the ap-
plicability of the newer information is always a great 
challenge, this Consensus aims to provide valuable 
information on treatments to help guide and adapt 
the new information to our reality in Brazil.

 The choice of therapies must be individuali-
zed depending on patient characteristics, with some 
options preferred in many clinical settings.

 The specialist’s panel has worked on recom-
mendations for the preferred therapies, on the indi-
cations that justify the change of therapies, and on 
some of the available strategies to better select the 
sequencing of treatments to maximize disease con-
trol with the available therapeutic arsenal.

 The lack of consensus on some topics in-
dicates a lack of strong evidence supporting some 
clinical decisions. In creating the recommenda-
tions, we considered the potential benefits, the 
availability, the costs, as well as adverse events 
and the risks involved.

 The recommendations herein contained 
should be seen as a guide to clinical conduct. It is 
important to stress that the adherence to the recom-
mendations does not guarantee a satisfactory clini-
cal outcome. The physician should make the final 
decision about the most adequate treatment strategy 
after discussing the available treatment options with 
the patient. However, it is recommended that signi-
ficant deviations from the suggested practical con-
ducts be justified, with well-documented reasons.
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ABSTRAcT
 

Purpose: 68Ga-PSMA PET/CT imaging is a promising modality for the staging of recur-
rent prostate cancer (PCa). Current evidence suggests limited diagnostic value of the 
68Ga-PSMA PET/CT in PSA-levels ≤0.3ng/mL. Experimental data have demonstrated an 
increase in PSMA-expression in PCa metastases by androgen deprivation in vitro. The 
aim of the current study was to investigate a possible enhancing effect of PSMA with 
low-dose androgen deprivation in patients with BCR and low PSA-levels.
Materials and Methods: Five patients with PCa and BCR, following radical prostatecto-
my, underwent 68Ga-PSMA PET/CT. A consecutive 68Ga-PSMA PET/CT was performed 
6 to 11 days after injection of 80mg of Degarelix (Firmagon®). We recorded PSA and 
testosterone serum-levels and changes of PSMA-uptake in 68Ga-PSMA PET/CT images. 
Results: Median PSA prior 68Ga-PSMA PET/CT was 0.27ng/mL. All patients had a 
decrease in testosterone serum levels from median 2.95µg/l to 0.16µg/l following De-
garelix injection. We observed an increase in the standardized uptake value (SUV) in 
PSMA-positive lymphogenous and osseous lesions in two patients following androgen 
deprivation. In another two patients, no PSMA positive signals were detected in either 
the fi rst or the second scan. 
Conclusion: Our preliminary results of this feasibility assessment indicate a possible 
enhancing effect of PSMA-imaging induced by low-dose ADT. Despite several limi-
tations and the small number of patients, this could be a new approach to improve 
staging by 68Ga-PSMA PET/CT in PCa patients with BCR after primary therapy. Further 
prospective studies with larger number of patients are needed to validate our fi ndings.
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INTRODUcTION

Prostate cancer (PCa) is the most common 
male cancer in Europe with increasing incidence in 
the past two decades (1). Current curative therapy 
options include radical prostatectomy (RP) and ra-
diation therapy (RT) (2). However, up to 40% of pa-
tients develop biochemical recurrence (BCR) within 

10 years after primary therapy (3). Within this con-
text, detection of metastases of PCa is challenging for 
imaging methods (4). The sensitivity and specifi city 
of conventional imaging such as computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) are 
limited (5).

 Increasingly discussed salvage treatment of 
recurrent PCa warrants exact staging (6). Several 
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studies have demonstrated an advantage of Gallium 
(68Ga)-labelled prostate specific membrane antigen 
(PSMA) positron emission tomography/computed 
tomography (PET/CT) imaging compared to con-
ventional imaging and functional imaging with 18F-
choline-based PET/CT for patients with BCR (5,7-12). 
PSMA, which is a Type-II transmembrane protein, is 
overexpressed in nearly all PCa cells (13, 14). Stud-
ies using 68Ga-PSMA PET/CT as the staging modality 
showed promising results for detecting PCa relapse 
(13). Current guidelines therefore recommend PSMA-
PET/CT in patients with PSA recurrence of >1ng/
mL after radical prostatectomy (15). In patients with 
PSA-values between 0.2 and 0.5ng/mL following RP, 
the reported detection rate of metastases is about 
58.0% (9). Other prospective studies showed similar 
detection rates of 50 to 57% in 68Ga-PSMA PET/CT 
in patients with a PSA-level of ≤0.2ng/mL after RP 
(7, 16). Nonetheless, these investigations implicate a 
certain limitation of 68Ga-PSMA PET/CT pertaining 
to the detection of metastases in patients with BCR 
and low PSA serum-levels after initial treatment.

 Androgen deprivation increases PSMA-ex-
pression in PCa cells in vitro (6, 17). Consequently, 
this could lead to improved imaging with PSMA-li-
gand PET/CT (18). The aim of the current study was 
to investigate a possible enhancing effect of PSMA 
with low-dose androgen deprivation in patients 
with BCR and low PSA-levels. We hypothesized 
that androgen deprivation prior to a 68Ga-PSMA 
PET/CT could increase PSMA expression and there-
fore the uptake of the 68Ga-PSMA-tracer in primari-
ly not evident PCa metastases and to consequently 
improve the accuracy of staging in BCR patients.

MATERIALS AND METHODS

Patients
 Five PCa patients with BCR following RP 

were included in this “feasibility assessment“ betwe-
en February 2016 and September 2016 at our depart-
ment. BCR was defined as two consecutive PSA-va-
lues of ≤0.2ng/mL and rising (15). For each patient, 
age, initial PSA-value, year of RP, pathological tu-
mour stage (19), Gleason score, time since RP, course 
of adjuvant RT, PSA-value prior to the first scan and 
after androgen deprivation, and serum testosterone 
levels were available. No anti-androgen treatment 

was recorded for any patient before or at the moment 
of study inclusion. The study was conducted on the 
basis of a compassionate use approach.

68Ga-pSMA pET/cT Imaging
 We performed a baseline 68Ga-PSMA PET/

CT to evaluate the current status of the disease. A 
consecutive 68Ga-PSMA PET/CT was performed af-
ter androgen deprivation therapy (ADT) to measure 
changes in the uptake of PSMA, per standardized 
uptake value (SUV). We compared the SUV in the 
baseline PET/CT with the consecutive PET/CT scan 
following androgen deprivation. The 68Ga-PSMA 
PET/CT was performed as previously described (12, 
20). An experienced nuclear medicine physician 
analysed the images. The SUVmax 1 hour post in-
jection was recorded.

Androgen deprivation
 All patients received a subcutaneous injec-

tion of 80mg Degarelix (Firmagon®), a gonadotropin-
-releasing hormone (GnRH) antagonist that lowers 
the testosterone serum level below castration level by 
blocking the GnRH receptor (21). However, there is 
no recommendation of Degarelix-dosage to increase 
the PSMA-uptake of PCa metastases. Therefore, we 
decided to start with 80mg of Degarelix to evalua-
te any effect mirrored in the PSMA-PET/CT without 
inducing a curative and thus “vanishing” effect of 
Degarelix on possible lesions. Two patients with no 
PSMA uptake in the first scan received Dagarelix as 
well with the intention to “unmask” possible lessons 
in the second scan. In our cohort, Degarelix lowe-
red the serum testosterone level under the level of 
0.5µg/L within 3 days in all patients (21). We decided 
to perform the second 68Ga-PSMA PET/CT after 6 to 
11 days to ensure testosterone levels below castration 
levels in all patients. The time interval between the 
injection of ADT and the second 68Ga-PSMA-PET/CT 
was median 9 days. We decided to use this short time 
frame to avoid a prolonged and potentially “curative” 
effect of Degarelix that would mask potential metas-
tatic lesions.

Statistical analysis

Descriptive statistics of variables focused 
on frequencies. Means and standard deviations, 
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medians and interquartile ranges were reported. 
Covariates consisted of age, initial PSA-value, year 
of the RP, pathological tumour stage (19), Gleason 
score, time since the RP, course of adjuvant RT, 
PSA-value prior to the first scan and after andro-
gen deprivation, and serum testosterone levels.

All analyses were performed using Sta-
tistical Package for the Social Sciences (SPSS, 
Inc., Chicago, IL, version 23). All parameters were 
analysed with the Fisher exact test.

RESULTS

Study cohort
 We numbered patients from No. 1 to 5. 

Patient characteristics are displayed in Table-1. 
Median age was 65 years (range 63-70 years), me-
dian PSA-value before RP was 10.0ng/mL (ran-

ge 9.2 -11.54ng/mL). All patients had a high-risk 
PCa for BCR according to EAU risk groups and 
two of them had undergone adjuvant RT after RP 
(15). Median PSA prior the first 68Ga-PSMA PET/
CT was 0.27ng/mL (range 0.24 -1.76ng/mL). The 
time interval between RP and the first 68Ga-PSMA 
PET/CT was a median of 37 months (range 23-95 
months). The time interval between the first 68Ga-
-PSMA PET/CT and the second was a median of 
50 days (range 30-82 days). The time between the 
injection of Degarelix and the second scan was a 
median of 9 days (range 6-11 days). All time inter-
vals per patient are shown in Table-2.

Androgen deprivation
 All patients showed a reduction of testos-

terone serum levels (median 0.16µg/L) after Dega-
relix injection. The initial PSA values (median of 

Table 1 - patients’ characteristics (n=5).

 iPSA (ng/mL) Age (years) pT
Gleason 
score pN1 R1 High risk

Adjuvant 
radiation

Patient 1 10.5 70 pT3b 4+3 0 1 1 1

Patient 2 9.2 65 pT2c 3+4 0 1 1 0

Patient 3 9.5 63 pT3b 4+3 1 1 1 1

Patient 4 11.5 65 pT2c 3+4 0 0 1 0

Patient 5 9.5 66 pT2c 3+3 0 0 1 0

Median (range) 10.048 (9.2-11.54) 65.8 (63-70)

Mean (standard 
deviation) 9.5 (±0.96) 65  (±2.6)

Table 2 - Time intervals.

 
Time between injection and 

second scan (days)
Time between RP and the first scan 

(months) Operation date

Patient 1 6 37 Jan 13

Patient 2 11 29 Sep 13

Patient 3 11 23 May 14

Patient 4 8 71 Dec 09

Patient 5 9 95 Sep 08

Median (range) 9 (6-11) 51 (23-95)  
Mean (standard deviation) 9 (±2.12) 37 (±30.1)  
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0.27ng/mL) prior to androgen deprivation decrea-
sed by a median of 0.1ng/mL (range 0.02 -0.94ng/
mL, Table-3 and Table-4).

68Ga-pSMA pET/cT Imaging
 Three of five patients had a suspect lesion 

and thus an uncertain tumour manifestation in 
the first 68Ga-PSMA PET/CT. Patients No. 1 and 2 

had an increase in PMSA-uptake in the second 68Ga-
-PSMA PET/CT. In the baseline PSMA PET/CT 
of patient No. 1, we detected one iliac lympho-
genous and one osseous lesion in the scapula. 
SUV of the lymph node in the left iliac region 
increased from 3.0 in the first scan to 3.8 in the 
second scan (Figures 1 and 2). The left scapula 
metastasis measured a SUV of 7.9 and 9.6 in the 

Table 3 - pSA and testosterone levels before and after androgen deprivation (n=5).

Variables 1 - Scan median (mean) 2 - Scan median (mean) Difference median (mean)

PSA-Level (ng/mL) 0.27 (0.632) 0.25 (0.32) 0.1 (0.312)

Testosterone (µg/l) 2.95 (3.244) 0.16 (0.174) 2.85 (3.07)

Androgen index 34 (33.6) 2 (2) 32 (31.6)

Table 4 - pSA-Levels.

PSA before first scan (ng/mL) PSA before second scan (ng/mL) Difference (ng/mL)

Patient 1 0.7 0.26 0.44

Patient 2 0.27 0.25 0.02

Patient 3 1.76 0.82 0.94

Patient 4 0.19 0.13 0.06

Patient 5 0.24 0.14 0.1

figure 1 - patient 1, first scan, left: osseous metastasis in the scapula, right:  lymph node in the left iliac region.
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first and second 68Ga-PSMA PET/CT, respecti-
vely. Patient No. 2 had an osseous uptake in the 
right ileum bone with a change in SUV from 1.7 
to 1.9 in the first and second 68Ga-PSMA PET/
CT, respectively.

In patient No. 3, we detected a suspect 
pulmonary lesion which showed a decrease in 
SUV from 9.3 to 5.0. A trans-bronchial punc-
ture of this lesion showed no evidence of a PCa 
metastasis, but the pathology report described 
“some inflammatory changes of the tissue”. Pa-
tients No. 4 and 5 showed no metastasis-sus-
pect lesions in either the first nor the second 
68Ga-PSMA PET/CT (Table-5).

DIScUSSION

 The aim of our investigation was to 
assess the feasibility of a possible enhancing 
effect of low-dose ADT on the PSMA-uptake to 
improve the detection of PCa metastases in pa-
tients with BCR and low PSA-values. In one of 
our recent studies, androgen deprivation showed a 
positive effect on in vitro PSMA-upregulation. Ba-
sed on this information, we aimed to increase the 
PSMA-uptake of metastatic PCa cells in 68Ga-PS-
MA PET/CT imaging, which seems to be limited 
in low PSA-levels (18). Overall, our preliminary 
results revealed that, after application of Degare-

figure 2 - patient 1, second scan, left: osseous metastasis in the scapula, right:  lymph node in the left iliac region.

Table 5 - findings pSMA-pET-cT.

 Lesion 1-SUV 2-SUV Difference

Patient 1 iliac lymph node 3 3.8 +0.8

 osseous metastasis in the scapula 7.9 9.6 +1.7

Patient 2 osseous metastasis of the right ileum 1.7 1.9 +0.2

Patient 3 pulmonary lesion 9.3 5 -4.3

Patient 4 None - - -

Patient 5 None - - -
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lix, two of five patients showed a SUV increase in 
a consecutive 68Ga-PSMA PET/CT.

 The current observation replicates the 
previously shown in vitro upregulation of PSMA-
-expression following androgen deprivation using 
Abiraterone acetate (18). A significantly increased 
uptake of 68Ga-PSMA after androgen deprivation 
was demonstrated in three different cell lines (cas-
tration-resistant PCa, revert castration-resistant 
PCa, and Abiraterone acetate tolerant castration-
-resistant PCa). Additionally, Wright et al. obser-
ved an increase in PSMA expression in primary 
tissue of the prostate and the post-treatment me-
tastatic specimens following anti-androgen the-
rapy (e.g. orchiectomy, Zoladex®, Casodex®, Lu-
pron® or Flutamide) (22). Another investigation 
in cell and animal models suggested a possible 
response of 68Ga-PSMA PET/CT imaging to andro-
gen receptor inhibition (17). Hope et al. recently 
recapitulated this effect in humans (17). A 51-year 
old patient received ADT with a single injection of 
7.5mg Leuprolide acetate. The patient was imaged 
on a 3.0 Tesla PET/MRI scanner, once before ini-
tiation of ADT and 4 weeks after. A 7-fold higher 
post-ADT increase in 68Ga-PSMA-11 SUV was de-
monstrated (17). Ceci et al. showed falling PSA-
-levels in four patients with castration-sensitive 
disease after ADT in a multivariate subpopula-
tion analysis of 70 patients. All four patients had 
PSMA positive PET/CT with loco regional lymph 
nodes or osseous metastases (8). Our results are 
corroborated by these previous studies that indi-
cate a new approach to increasing the sensitivity 
of 68Ga-PSMA PET/CT for staging by administe-
ring ADT in patients with recurrent PCa and low 
PSA-levels.

 We included patients with a median PSA 
serum-level of 0.27ng/mL. For a comparable group 
of patients, Eiber et al. and others showed a detec-
tion rate for metastases between 50.0-58.0% (7, 9, 
16). However, for patients with BCR at low PSA 
serum-levels, accurate staging is required in order 
to discuss therapeutic salvage options such as sur-
gery or RT. Current guidelines suggests a salvage 
RT for patients with BCR after RP with a PSA se-
rum-level <0.5ng/mL (23). There is no Level 1 evi-
dence for a benefit and therefore no recommenda-
tion to perform a salvage lymphadenectomy (23). 

Some studies have indeed shown promising data 
for salvage lymphadenectomy after a 68Ga-PSMA 
PET/CT (2, 20, 24-27). Rauscher et al. showed a 
possible opportunity using 68Ga-PSMA PET/CT for 
choosing a curative treatment like a salvage RT or 
a salvage lymphadenectomy or even a PSMA-ra-
dio-guided surgery (23, 28). As a result, a possible 
enhancing effect of PSMA could improve imaging 
for staging of patients with recurrent PCa after 
primary therapy such as RP and consequently su-
pport the opportunity for choosing an additional 
(curative) treatment.

 Patients No. 1 and No. 3 underwent adju-
vant RT following RP. Patient No. 1 showed an in-
crease in PSMA after androgen deprivation but Pa-
tient No. 3 did not. So, it seems that the fact of a 
prior adjuvant RT had no influence on the uptake of 
PSMA in the second 68Ga-PSMA PET/CT. However, 
RT could possibly influence a PSMA boosting with 
androgen deprivation. Further investigations are ne-
eded to evaluate the influence of adjuvant RT.

 Patient No. 3 had a pulmonary lesion that 
stayed unclear. The second 68Ga-PSMA PET/CT 
showed a decrease in the uptake. Therefore, it is 
unclear if this was a metastasis of a PCa or ano-
ther tissue which had a PSMA-expression, as des-
cribed in other publications. In fact, PSMA posi-
tivity may also appear in inflammation or after 
trauma (29).

 Hope et al. suggested two causal processes 
for the increased PSMA with ADT (17): first, the 
increase in PSMA expression is due to androgen 
receptor inhibition showed by a recent study (30). 
Second, there is a decrease of tumour mass by a 
therapeutically induced cell death with ADT (31).

 The question of the optimal androgen de-
privation and the timeframe between the appli-
cation and the scan stays unclear after our first 
study. Abiraterone acetate could be a good al-
ternative drug for further investigations. In vivo, 
we could show an enhanced PSMA-expression in 
PCa cells with Abiraterone acetate after 48 hours. 
A shorter timeframe between the application of 
anti-androgen therapy and 68Ga-PSMA PET/CT 
should be discussed (18). Hope et al. and Ceci et 
al. showed an increase in PSMA in PET/CT after 
4 weeks or longer of androgen deprivation (8, 
17, 31). ADT has never been used for this pur-
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pose before in humans and therefore no explicit 
recommendations exist.

 Our study is certainly not devoid of limi-
tations. First, the number of patients is limited 
which makes a strong conclusion difficult, consi-
dering no statistically significant results could be 
obtained. Further, only 3 of our patients had low 
PSA levels between 0.19 and 0.27ng/mL, whereas 
the 2 other patients had higher PSA serum levels. 
Although recommended by current guidelines 
(15), in Germany PSMA-PET/CT as imaging mo-
dality in such a setting is not covered by public 
health insurances and therefore not frequently 
performed. In clinical practice PSMA-PET/CT is 
therefore performed as self-payment or justified 
as an individual diagnostic pathway. In addition, 
there is no clear definition of “low” PSA-levels in 
the setting of BCR. For further investigations we 
will be more stringent and plan to include only 
patients with PSA-levels <0.5ng/mL. Second, we 
only observed an effect in two of five patients af-
ter the application of Degarelix. One patient, ho-
wever, showed a mixed response and two patients 
showed no effect. This investigation is the first 
who reports on the effect of low dose Degarelix on 
PSMA uptake. However, data is preliminary and 
the study was performed as an individual diag-
nostic pathway per patient. Further investigations 
are needed to include more patients to evaluate its 
validity. Third, we observed a SUV of metastases 
from the first to the second scan, but we could not 
detect new, primarily “hidden” metastases. Further 
studies are needed to establish the appropriate do-
sage of ADT that has the effect of detecting PCa 
lesions.

 Further investigations with a change of 
protocol, using different ADT such as Abiratero-
ne or another timeframe between the application 
and the 68Ga-PSMA PET/CT need to be performed. 
Furthermore, specific analysis will need to focus 
on patients following RT.

cONcLUSIONS

 Our preliminary results of this feasibility 
assessment indicate a possible enhancing effect of 
PSMA-imaging induced by low-dose ADT. Des-
pite several limitations and the small number of 

patients, this could be a new approach to impro-
ve staging by 68Ga-PSMA PET/CT in PCa patients 
with BCR after primary therapy. Consequently, 
better staging translates into improved therapy 
options for these patients. Further prospective stu-
dies with larger number of patients are needed to 
validate our findings. 
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ABSTRAcT
 

Introduction: To determine the impact of time from biopsy to surgery on outcomes 
following radical prostatectomy (RP) as the optimal interval between prostate biopsy 
and RP is unknown. 
Material and methods: We identified 7, 350 men who underwent RP at our institution 
between 1994 and 2012 and had a prostate biopsy within one year of surgery. Patients 
were grouped into five time intervals for analysis: ≤ 3 weeks, 4-6 weeks, 7-12 weeks, 
12-26 weeks, and > 26 weeks. Oncologic outcomes were stratified by NCCN disease 
risk for comparison. The associations of time interval with clinicopathologic features 
and survival were evaluated using multivariate logistic and Cox regression analyses.
Results: Median time from biopsy to surgery was 61 days (IQR 37, 84). Median follow-
up after RP was 7.1 years (IQR 4.2, 11.7) while the overall perioperative complication 
rate was 19.7% (1,448/7,350). Adjusting for pre-operative variables, men waiting 12-
26 weeks until RP had the highest likelihood of nerve sparing (OR: 1.45, p = 0.02) while 
those in the 4-6 week group had higher overall complications (OR: 1.33, p = 0.01). High 
risk men waiting more than 6 months had higher rates of biochemical recurrence (HR: 
3.38, p = 0.05). Limitations include the retrospective design.
Conclusions: Surgery in the 4-6 week time period after biopsy is associated with higher 
complications. There appears to be increased biochemical recurrence rates in delaying 
RP after biopsy, for men with both low and high risk disease.
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INTRODUcTION

In 2018, it is estimated that 164.690 men 
in the United States will be diagnosed with pros-
tate cancer (PCa) and 29.430 will die of the dise-
ase (1). Localized prostate cancer is diagnosed by 
trans-rectal ultrasound guided biopsy (2). Follo-
wing diagnosis of local disease, approximately 
50% of men elect radical prostatectomy (RP) for 

definitive treatment (3). Traditionally, urologists 
have recommended an interval of at least 4 to 8 
weeks between prostate biopsy and RP in order to 
allow inflammation to abate.

 However, the impact of time interval be-
tween biopsy and RP has not been well established 
(4-9). While some observations have suggested 
early RP is associated with more overall compli-
cations and a greater risk of blood transfusion (8), 
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others have found disparate results (5, 7, 9). He-
rein, we assess the impact of time from biopsy to 
surgery on complications, functional, and oncolo-
gic outcomes following radical prostatectomy.

MATERIALS AND METHODS

 Following Institutional Review Board ap-
proval, we reviewed our Prostatectomy Registry 
and identified 15, 913 men who underwent RP be-
tween 1994 to 2012 at Mayo Clinic. Men with cli-
nical T4 or metastatic disease, those who received 
neoadjuvant therapy, those with no biopsy date 
available and those who waited more than a year 
between biopsy and RP were excluded. The analy-
sis was limited to the top 5 surgeons by volume to 
account for the fact that higher volume surgeons 
often have longer wait times. Each completed at 
least 900 cases during the study period. This left 
a cohort of 7.350 men with cT1 - 3N0 prostate 
cancer who underwent prostate biopsy within one 
year of RP and were included in the study.

 The date of prostate biopsy performed 
closest to surgery was abstracted. As a tertiary 
referral center, many patients have their biopsy 
done elsewhere. However because we routinely 
have the pathology re - reviewed at our center, 
we were able to obtain the date of the original 
biopsy. Additional clinicopathologic features re-
corded included age at surgery, year of surgery, 
body mass index (BMI), prostate volume, preope-
rative PSA, number of previous prostate biopsies, 
clinical tumor stage according to the American 
Joint Committee on Cancer 2010 staging (10), pa-
thologic TNM stage, Gleason score at RP, margin 
status, tumor volume, and receipt of adjuvant as 
well as salvage radiotherapy and androgen de-
privation therapy.

 Operative features including surgical ap-
proach, units of blood transfused, intraoperative 
and postoperative complications and functional 
outcomes at 1 year were obtained. Continence 
was defined as 0 pads per day use. Erectile func-
tion is defined as the ability to achieve an erec-
tion adequate for intercourse with or without the 
use of PDE - 5 inhibitors. For these evaluations, 
men incontinent and / or impotent prior to sur-
gery were excluded.

 Postoperative follow-up, including phy-
sical examination and serum PSA measurement, 
was not standardized given the retrospective na-
ture of the cohort, but was generally performed 
quarterly for the initial 2 years, semiannually for 
the next 2 years, and annually thereafter. BCR was 
defined as a single postoperative PSA of 0.4 ng / 
mL or greater (11, 12). For men followed elsewhe-
re, the Prostatectomy Registry monitors outcomes 
annually by correspondence.

 Patients were grouped into 5 time periods 
for analysis: ≤ 3 weeks (n = 971, 13.2%), 4 - 6 
weeks (n = 1179, 16.0%), 7 - 12 weeks (n = 3375, 
45.9%), 13 - 26 weeks (n = 1615, 22.0%), and > 26 
weeks (n = 210, 2.9%). Oncologic outcomes were 
stratified by NCCN criteria (low, intermediate, or 
high) (13). Continuous features were summarized 
with means and standard deviation, and compared 
using analysis of variance (ANOVA). Categorical 
features were summarized with frequency counts 
and percentages. Significance of differences across 
groups was assessed with the χ2 test for catego-
rical variables. Multivariable logistic regression 
was performed to assess the association of time 
from biopsy to RP on complications, functional 
outcomes, and oncologic outcomes. Propensity 
score matching was not preferred in our analysis 
due to our event to confounder ratio > 8: 1 for all 
outcomes of interest (14). Results are summarized 
with odds ratios (OR) or hazard rations (HR) and 
95% confidence intervals (CI). Statistical analysis 
was performed using SPSS software package (V.22 
IBM: Aramonk, NY). All tests were two - sided, 
with p < 0.05 considered statistically significant.

RESULTS

 7.350 men with cT1 - 3N0 prostate cancer 
underwent prostate biopsy a median of 61 days 
[IQR 37, 84]) prior to RP. Clinicopathologic fe-
atures, stratified by time from biopsy to RP, are 
presented in Table-1. As can be seen, men who 
underwent RP within 3 weeks of biopsy were older 
(mean age 63.3 vs. 61.0 years; p < 0.001), with a 
higher pre-operative PSA (8.6 ng / dL vs. 6.1 ng 
/ dL; p < 0.001) and clinically higher risk disease 
(15.3% vs. 3.8% with NCCN high risk disease; p < 
0.001) than those who waited 13 - 26 weeks.
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Table 1 - clinicopathologic characteristics stratified by time from biopsy to surgery.

Overall Cohort†

(N=7350)

≤3 weeks

(N=971)

(%)

4-6 weeks

(N=1179)

(%)

7-12 weeks

(N=3375)

(%)

12-26 weeks

(N=1615)

(%)

>26 weeks 

(N=210) (%) p-value

Mean age at surgery (SD) 61.5±7.1 63.3±7.3 62.7±7.1 60.8±7.1 61.0±6.8 62.3±6.3 <0.001*

Mean BMI at surgery 
(kg/cm2) (SD)

28.1±4.0 28.3±3.9 28.6±4.0 27.9±3.9 28.3±4.1 28.3±4.0 <0.001*

Mean preoperative pSA 
(ng/mL) (SD)

7.1±7.3 8.6±11.7 8.3±9.0 6.7±5.9 6.1±4.6 6.5±5.0 <0.001*

clinical stage (%) <0.001

cT1 4380 (60.2) 428 (44.5) 564 (48.4) 2128 (63.6) 1107 (69.5) 153 (74.3)

cT2 2778 (38.2) 513 (53.3) 558 (47.9) 1179 (35.2) 477 (30.0) 51 (24.8)

cT3 115 (1.6) 21 (2.2) 44 (3.8) 40 (1.2) 8 (0.5) 2 (1.0)

Biopsy Gleason score (%) <0.001

≤6 5035 (69.0) 654 (68.5) 721 (61.9) 2276 (67.6) 1205 (75.3) 179 (85.2)

7 1882 (25.8) 212 (22.2) 344 (29.5) 936 (27.8) 362 (22.6) 28 (13.3)

8-10 380 (5.2) 89 (9.3) 100 (8.6) 154 (4.6) 34 (2.1) 3 (1.4)

TRUS volume (SD) 37.9±19.9 38.6±20.7 37.5±19.9 37.3±19.7 38.6±19.7 41.2±19.4 0.01*

NccN Risk Group (%) <0.001

Low 3936 (53.6) 418 (43.0) 494 (41.9) 1838 (54.5) 1040 (64.4) 146 (69.5)

Intermediate 2774 (37.7) 404 (41.6) 512 (43.4) 1288 (38.2) 514 (31.8) 56 (26.7)

High 640 (8.7) 149 (15.3) 173 (14.7) 249 (7.4) 61 (3.8) 8 (3.8)

pathological Gleason 

score (%)
<0.001

≤ 6 4249 (58.0) 606 (62.5) 630 (53.5) 1914 (56.8) 971(60.5) 128 (61.2)

7 2632 (35.9) 268 (27.6) 428 (36.4) 1277 (37.9) 584 (36.4) 75 (35.9)

8 – 10 449 (6.1) 96 (9.9) 119 (10.1) 177 (5.3) 51 (3.2) 6 (2.9)

Surgeon <0.001

1 2627 (35.7) 193 (19.9) 202 (17.1) 1585 (47.0) 575 (35.6) 72 (34.3)

2 1109 (15.1) 329 (33.9) 392 (33.2) 305 (9.0) 69 (4.3) 14 (6.7)

3 1354 (18.4) 414 (42.6) 433 (36.7) 358 (10.6) 118 (7.3) 31 (14.8)

4 1309 (17.8) 28 (2.9) 92 (7.8) 594 (17.6) 539 (33.4) 56 (26.7)

5 951 (12.9) 7 (0.7) 60 (5.1) 533 (15.8) 314 (19.4) 37 (17.6)

Robotic (%) 2055 (28.0) 21 (2.2) 107 (9.1) 1014 (30.0) 824 (51.0) 89 (42.4) <0.001

Mean Blood loss (cc) (SD) 828.8±1867.8 965.8±2019.6 843.6±1770.2 845.4±1918.8 700.0±1708.2 837.1±1974.3 0.01*

pN1 (SD) 184 (2.5) 38 (3.9) 55 (4.7) 72 (2.1) 16 (1.0) 3 (1.4) <0.001

Mean time to death 

(years) (SD)
8.2±4.8 12.0±4.7 10.0±4.9 7.6±4.4 5.9±3.7 6.4±4.7 <0.001

*Means compared using ANOVA
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 At RP, patients who had early intervention 
were more likely to have adverse pathologic featu-
res and were less likely to receive a nerve sparing 
(partial or complete) operation. Specifically, those 
who were biopsied within 3 weeks of surgery were 
more likely to have Gleason score 8 - 10 (9.9% 
vs. 3.2%; p < 0.001), pT3 / T4 disease (19.0% vs. 
9.0%; p < 0.001), and a positive margin (30.4% vs. 
13.8%; p < 0.001) compared to men waiting 13 - 
26 weeks (Figure-1). Only 65.9% of those under-
going RP within 3 weeks received partial or com-
plete nerve sparing versus 92.5% of men waiting 
at least 12 weeks (p < 0.001).

 Perioperative complications stratified by 
time since biopsy are shown in Figure-2. The ove-
rall complication rate was 19.7% with a 0.7% in-
traoperative complication rate. Complications in-
cluded both early (≤ 30 days post - RP) and late 
(> 30 days post - RP) events such as lymphocele, 
urine leak, urinary tract infection, bladder neck 
contracture, deep vein thrombosis / pulmonary 
embolism, and myocardial infarction. The lowest 
complication rate was among men who underwent 
surgery 1 - 3 weeks after biopsy while men under-
going RP 4 - 6 weeks after biopsy had the highest 
complication rate (18.1% and 24.5% respectively; 

figure 1 - pathologic outcomes stratified by Time from Biopsy to Radical prostatectomy.

figure 2 - complications stratified by time from Biopsy to Radical prostatectomy.
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p < 0.001). At one year, men who underwent RP 
≤ 3 weeks after biopsy had significantly more 
incontinence (8.7% vs. 5.8%; p < 0.001) and 
worse potency rates (31.7% vs. 68.2%; p < 0.001) 
compared to those undergoing RP > 12 weeks 
after biopsy. After adjusting for relevant clini-
copathologic characteristics, including surgeon, 
the likelihood of a nerve sparing procedure was 
highest among those in the groups waiting at 
least 6 weeks (OR: 1.39; p = 0.01) to 6 mon-
ths (OR: 1.45, p = 0.02) (Table-2). Patients in the 
4 - 6 week group had significantly higher ove-
rall complications (OR: 1.33, p = 0.01). Notably, 
when all surgeons were included in the analysis, 
the odds of a positive margin (OR: 0.6; p < 0.001) 
and surgical complication (OR: 0.8; p = 0.03) re-

mained significantly lower among those waiting 
at least 6 weeks.

 Finally, we compared oncologic outco-
mes by time from biopsy to surgery by NCCN 
criteria (Table-3).  Median follow-up after RP was 
7.1 years (IQR 4.2, 11.7) during which time 1977 
(26.9%) men experienced biochemical recurren-
ce. The risk of upgrading increased significantly 
over time, starting at 7 weeks for low risk men and 
4 weeks for intermediate risk men. There was no 
difference in risk of non - organ confined disea-
se or positive margins. However, among low risk 
men, the risk of BCR increased significantly for 
those waiting at least 7 weeks (HR: 1.64; 95% CI: 
1.26 - 2.12, p < 0.001) to 6 months (HR: 1.69; 95% 
CI: 1.25 - 2.28, p = 0.001). For men with high risk 

Table 2 - Logistic Regression analysis assessing impact of time from biopsy on peri-operative complications. *

≤3 
weeks

4-6 weeks 7-12 weeks 12 weeks-6 mo 6mo- 1 year

OR 
(95% 
CI)

P Value
OR (95% 

CI)
P Value

OR (95% 
CI)

P Value
OR (95% 

CI)
P Value

Nerve sparing 
(any) Ref

1.13 (0.90-
1.43)

0.30
1.39 

(1.10-
1.80)

0.01
1.45 

(1.06-
1.99)

0.02
0.99 (0.58-

1.70)
1.00

Overall 
Transfusion Ref

1.35 (1.00-
1.83)

0.05
1.77 

(1.34-
2.34)

<0.001
1.77 

(1.28-
2.44)

0.001
2.04 (1.20-

3.40)
0.01

Overall 
complication Ref

1.33 (1.07-
1.66)

0.01
1.07 

(0.86-
1.33)

0.57
1.07 

(0.83-
1.4)

0.58
1.00 (0.66-

1.50)
1.00

Intraop 
complication Ref

1.66 (0.60-
4.91)

0.40
1.19 

(0.39-
3.64)

0.76
1.63 

(0.48-
5.58)

0.40
3.14 (0.66-

15.04)
0.15

post-Op 
complication Ref

1.33 (1.07-
1.66)

0.01
1.09 

(0.87-
1.36)

0.47
1.08 

(0.84-
1.4)

0.50
1.00 (0.66-

1.52)
1.00

Early complication
Ref

1.25 (0.90-
1.66)

0.13
1.06 (0.8-

1.40)
0.70

1.00 
(0.70-
1.32)

0.80
1.06 (0.64-

1.73)
0.80

Incontinence
Ref

1.19 (0.90-
1.65)

0.30
1.37 

(0.98-
1.90)

0.06
1.28 

(0.90-
1.92)

0.20
1.96 (1.07-

3.59)
0.03

* Adjusted for BMI, NCCN risk category, open vs. robotic approach, biopsy Gleason score, clinical stage, PSA, year of surgery, prostate volume, and surgeon
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Table 3 - Multivariate regression of oncologic outcomes among low, intermediate, and high risk men stratified by time from biopsy 
to surgery, adjusting for clinical T stage, age, pSA, surgeon, and clinical Gleason score, and open vs. robotic approach.

Low Risk

Risk of Upgrading pT3/pT4 Positive Margin Biochemical Recurrence

Time in 
Weeks

OR (95% CI) P OR (95% CI) P OR (95% CI) P HR (95% CI) P 

≤3 

4-6 1.22 (0.84-1.77) 0.3 1.34 (0.80-2.24) 0.27 1.10 (0.77-1.55) 0.61 1.29 (0.97-1.71) 0.07

7-12 1.61 (1.15-2.24) 0.01 1.39 (0.84-2.29) 0.2 1.33 (0.96-1.85) 0.09 1.64 (1.26-2.12) <0.001

13-26 1.70 (1.19-2.43) 0.003 1.07 (0.59-1.92) 0.83 1.21 (0.83-1.76) 0.32 1.69 (1.25-2.28) 0.001

26-52 2.16 (1.32-3.54) 0.002 1.12 (0.43-2.89) 0.82 1.63 (0.92-2.88) 0.09 1.05 (0.61-1.83) 0.86

Intermediate Risk

Risk of Upgrading pT3/pT4 Positive Margin Biochemical Recurrence

Time in 
Weeks

OR (95% CI) P OR (95% CI) P OR (95% CI) P HR (95% CI) P 

≤3 

4-6 1.52 (1.05-2.21) 0.03 1.15 (0.82-1.61) 0.41 0.86 (0.64-1.16) 0.33 1.07 (0.88-1.31) 0.51

7-12 1.51 (1.04-2.17) 0.03 1.13 (0.81-1.59) 0.47 1.07 (0.79-1.44) 0.66 1.11 (0.91-1.36) 0.31

13-26 1.26 (.81-1.96) 0.31 0.91 (0.6-1.37) 0.64 0.94 (0.64-1.37) 0.73 0.98 (0.75-1.29) 0.9

26-52 2.27 (1.11-4.64) 0.02 0.57 (0.23-1.44) 0.24 1.25 (0.63-2.49) 0.52 0.99 (0.58-1.68) 0.97

High Risk

Risk of Upgrading pT3/pT4 Positive Margin Biochemical Recurrence

Time in 
Weeks

OR (95% CI) P OR (95% CI) P OR (95% CI) P HR (95% CI) P 

≤3 

4-6 1.45 (0.81-2.59) 0.21 0.93 (0.57-1.54) 0.79 1.28 (0.78-2.1) 0.32 1.15 (0.86-1.54) 0.34

7-12 1.02 (0.55-1.87) 0.96 0.94 (0.54-1.63) 0.83 1.04 (0.61-1.79) 0.88 1.35 (0.98-1.87) 0.07

13-26 1.13 (0.49-2.59) 0.78 0.45 (0.2-0.98) 0.04 0.77 (0.35-1.69) 0.52 1.16 (0.71-1.91) 0.55

26-52 4.92 (0.94-25.81) 0.06 0.30 (0.05-1.77) 0.18 2.14 (0.46-10.0) 0.33 3.03 (1.05-8.78) 0.04
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disease, waiting more than six months without the 
use of ADT was associated with an increased risk 
of BCR (HR: 3.38; 95% CI: 1.0 - 11.44, p = 0.05).

cOMMENTS

 We examined the association of time from 
biopsy to RP with complications, functional and 
oncologic outcomes in a large cohort of men tre-
ated with RP in the PSA era. We found that men 
who underwent early RP were more likely to have 
clinically higher risk disease and adverse patho-
logic features at surgery. Perhaps most notably, 
while RP in the 4 - 6 week time frame was inde-
pendently associated with increased overall com-
plications, there was no impact on functional ou-
tcomes or margin rates.

 Following diagnosis by trans - rectal ultra-
sound - guided biopsy, approximately 50% of men 
elect to undergo RP for localized prostate cancer 
(3). Historically, surgery was delayed between 4 
and 8 weeks to allow inflammatory adhesions or 
hematoma to resolve, thus maintaining anatomic 
relationships between the prostate and the sur-
rounding structures (4, 8). However, other than a 
lower likelihood of nerve sparing in patients un-
dergoing RP within 6 weeks of biopsy, the impact 
of time from biopsy to RP on complications and 
functional outcomes remains controversial (4, 5).

 That is, while several studies have reported 
no differences in complications or positive margin 
rates (5, 7, 9) others have suggested early RP is 
associated with more overall complications and a 
greater risk of blood transfusion (8). Specifically, 
Eggener et al., in a retrospective series of 2.996 
patients analyzed the interval from biopsy to open 
RP as a dichotomous variable with thresholds of 
4 and 6 weeks (5). They found no significant di-
fference in operating time, estimated blood loss, 
surgical margin status, urinary incontinence or 
erectile function between the groups on multiva-
riate analysis (5). However, those undergoing RP 
≤ 6 weeks after prostate biopsy were significantly 
less likely to receive a nerve sparing procedure (5).

 Using similar time points, Martin et al. 
examined the effect of time on outcomes in 559 
men undergoing RARP between 2004 and 2007 
(8). They hypothesized that time from biopsy may 

have a greater detrimental impact in robotic sur-
gery due to the lack of tactile sense as compared 
to open prostatectomy (8). In fact, on multivariate 
analysis they found that an interval between biop-
sy and surgery of ≤ 6 weeks was associated with 
a significantly higher rate of complications (P = 
0.03) (8). However, they did not find a significant 
difference in positive margin rates using either the 
4 - week (18.5% vs. 22.0%) or 6 - week (22.2% 
vs. 21.8%) time points (8). Conversely, in a recent 
retrospective analysis of 1.848 men using 4 weeks 
as their cutoff for early RP, Park et al. advocated 
for early minimally invasive RP (≤ 4 weeks af-
ter biopsy) after noting decreased operative times 
amongst this cohort (9).

 The exact pathway and mechanism by 
which the prostate heals following traumatic in-
jury, such a biopsy has not yet been elucidated. 
The phases of tissue repair in general encompass 
inflammation, proliferation, and maturation, and 
the length of each is dependent on numerous fac-
tors including tissue type and vascularity. Prior 
studies have shown that 77% of patients have vi-
sible hemorrhage on MRI following biopsy, and 
this persisted beyond 4 weeks for 49% of men 
(15). Following hemorrhage, pro - inflammatory 
cytokines are released which leads to infiltration 
by circulating inflammatory cells (macrophages, 
leukocytes) (16). In abdominal surgery, the addi-
tion of blood to the peritoneal cavity results in 
the formation of peritoneal adhesions as clotted 
blood may form a scaffold on which fibroblasts 
proliferate, leading to adhesion formation (17, 
18). Although controversial, it is hypothesized the 
Denonvieller’s arises from fusion of the two walls 
of the embryologic peritoneal cul - de - sac (19). 
We hypothesize that those hematomas which per-
sist beyond 4 weeks are likely larger and poten-
tially more pro - inflammatory as well as more 
likely to be adherent to Denonvieller’s fascia.

 Men who undergo early RP for definitive 
local treatment may represent a distinct popula-
tion from the broader population diagnosed with 
prostate cancer. However, even after controlling 
for the more aggressive clinicopathologic disea-
se in this group as well as surgeon, the increased 
risk of overall complications persisted in the 4 - 6 
week time period. Previously it was hypothesized 
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that trans - rectal needle biopsy causes peri - pros-
tatic inflammation and potentially bleeding and 
hematoma formation, making identification and 
dissection of surgical planes more difficult (4, 8). 
Additionally, tissue reaction from the peri - pros-
tatic nerve block may make neurovascular bun-
dle preservation more difficult and may lead to 
serious complications such as rectal injury at the 
time of RP (4, 5). We did not identify any differen-
ce in rectal injury between the groups; however, 
we did find that earlier RP was associated with 
less nerve sparing.

 The impact of delay between diagnosis 
and surgery on oncologic outcomes is controver-
sial (20-26). Freedland et al. found no difference in 
BCR rates among low risk men waiting < 3 mon-
ths versus 3 - 6 months, but reported a higher risk 
of BCR for those waiting > 6 months (26). Con-
versely, Vickers et al. found no significant diffe-
rence in BCR rates between those undergoing RP 
within 6 months of diagnosis compared to waiting 
more than 6 months, adjusting for disease severi-
ty (7, 25). Boorjian et al. evaluated the impact of 
delay from diagnosis to treatment among 3.969 
men with clinically localized prostate cancer who 
underwent RP within one year of diagnosis (20). 
They found waiting up to a year from prostate 
biopsy to RP did not affect the probability of BCR, 
even for high risk patients (20).

 We found that among low risk men, the 
risk of upgrading at RP increased with time, con-
sistent with prior studies (21, 27). Surprisingly, 
low risk men in the 7 - 26 week time period had 
an increased risk of BCR compared to earlier RP, 
but those waiting 6 to 12 months did not. This is 
likely due to men initially considering active sur-
veillance who were subsequently deemed to not 
be candidates following additional testing such 
as a prostate MRI or repeat PSA. Finally, in con-
trast to previous data that has shown that even 
among high risk men, a delay of up to one year 
from biopsy to RP does not impact rates of BCR, 
we found that high risk men waiting more than 6 
months had an increased risk of BCR (20, 22).

 To our knowledge, we provide here the 
largest study to date evaluating complications 
based on time between biopsy and RP. Our large 

sample size allowed us to group men by time in-
tervals from biopsy as opposed to using a dichoto-
mous time point cut - off. A particular strength is 
our ability to limit our analysis to the five highest 
volume surgeons (> 900 cases) while also adjus-
ting for year. This demonstrated that RP in the 4 
- 6 weeks after biopsy is associated with a higher 
overall complication rate while the likelihood of 
nerve sparing increases with time since biopsy. We 
also demonstrated that risk of upgrading increases 
with delay to surgery among low and intermediate 
risk men. In addition, high risk men waiting more 
than 6 months until surgery had a higher like-
lihood of BCR. Our study may have determined 
a statistically significant difference in complica-
tions where multiple prior studies did not due to 
the larger sample size here, with greater resulting 
statistical power. Nevertheless, the absolute diffe-
rences in complication rate were relatively small, 
and may be of uncertain clinical relevance. Me-
anwhile, the noted increase in overall complica-
tions in the 4 to 6 week time period may be due 
to post - biopsy peri - prostatic inflammation and 
hematoma, leading to more difficult dissection of 
surgical planes among these men. We must ack-
nowledge as well that, given the retrospective na-
ture of our study, the findings may also be due to 
residual unmeasured confounding or incomplete 
adjustment for high risk disease.

 We recognize that our study was limited by 
its retrospective design. We do not have comple-
te information about the clinical decision making 
that prompted earlier versus later intervention 
following biopsy. Only 28% of the cases were per-
formed robotically as we limited our analysis to 
the five highest volume surgeons. On multivaria-
ble analysis, approach did not impact complica-
tions, likely due to surgeon experience. In addi-
tion, we do not know whether nerve sparing was 
intended, only whether it was performed and we 
do not have information about operative time. Our 
data set does not collect physician counseling and 
rationale behind clinical decision making, thus 
we were unable to adjust for all confounders that 
may have caused some patients to be operated on 
within specific time periods. Thus there are likely 
unmeasured confounders such as patient anxiety, 
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scheduling, or physician perception of higher risk 
disease. As we are testing multiple hypothesis we 
must acknowledge the problem of multiple com-
parisons, specifically that some findings may be 
statistically significant simply by chance. Thus, 
we have tried to emphasize in our discussion and 
take home points only the findings that seem more 
robust and clinically relevant. Finally, this analy-
sis was limited to the five highest volume prosta-
tectomists at a tertiary referral center and thus the 
results may not be generalizable to all urologic 
surgeons. However, overall we believe our findin-
gs support the current practice of waiting at least 
6 - 8 weeks following biopsy before RP.

cONcLUSIONS

 In conclusion, in this surgical cohort, RP 
in the 4 - 6 weeks following biopsy was associa-
ted with a higher overall complication rate, but 
no difference in functional outcomes or positive 
margin rate. While oncologic outcomes for some 
patient subsets were impacted by the time from 
biopsy to RP, ultimately there was no difference 
in local recurrence or systemic progression with 
a delay of up to one year. If these findings are 
validated in future studies, this information may 
be used for surgical planning and to counsel the 
newly diagnosed prostate cancer patient.

ABBREvIATIONS

ACM = all - cause mortality
ADT = androgen deprivation therapy
BCR = biochemical recurrence
CSM = cancer - specific mortality
IQR = Interquartile Range
PCa = prostate cancer
RP = radical prostatectomy
PSA = prostate specific antigen
PFS = systemic progression - free survival
TRUS = Trans rectal ultrasound
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ABSTRAcT
 

Purpose: To evaluate the trend of use of Prostate Specifi c Antigen (PSA) for screen-
ing of prostate cancer (PC) among Brazilian doctors, from the beginning of its regular 
availability in clinical laboratories.
Material and Methods: A serial cross-sectional study was performed using data obtained 
from a large database between 1997 and 2016. The general PSA screening trend during 
this period, adjusted for the total number of exams performed in men, was analyzed. 
Time-series analysis was performed through observation of the general regression curve 
using the generalized least squares method, and the impact of the recommendations was 
assessed with autoregressive integrated moving average (ARIMA) models.
Results: During the period studied 2,521,383 PSA determinations were done. The age 
of the participants ranged from 21 to 111 years, with an average of 56.7 ± 22.7 years. 
The relative number of PSA tests/100.000 exams in males showed a constant reduction 
since 2001, and this trend was more evident in the group aged 55-69 years. Although 
statistically signifi cant, the impact of reduced PSA screening after the 2012 USPSTF 
publication was clinically irrelevant.
Conclusions: Our results indicated a continuous reduction in the use of PSA screening 
over time, regardless of the publication of recommendations or clinical guidelines. The 
fact that this trend was more pronounced among those with a greater benefi t potential 
(55-69 years), relative to groups with a greater damage potential due to overdiagnosis 
and overtreatment (aged >74 years and <40 years), is a matter of concern. Follow-up 
studies of these trends are advisable.
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INTRODUcTION

In Brazil, as in other countries, prostate 
cancer (PC) is the second most common type of 
cancer in men, with an estimated risk of 70.42 new 
cases per 100,000 men (1). For many years, scre-

ening for early detection of prostate cancer relied 
solely on digital rectal examination. During this 
period, most cancers were diagnosed in advanced 
stages, with no impact on mortality reduction. The 
introduction of the prostate-specifi c antigen (PSA) 
screening test resulted in a dramatic increase in 



ibju | Trends in PsA for PCs in BrAzil

479

early-stage PC diagnoses, followed by a reduction 
in mortality (2). These trends prompted several 
scientific societies to recommend PSA screening 
for early diagnosis of PC.

 Following the publication of large, rando-
mized trials (3, 4) and subsequent recommenda-
tions after 2009, several studies have examined 
the impact of these recommendations on the fre-
quency of PSA screening among individuals in the 
United States (5-12), France (13), and Sweden (14), 
albeit with conflicting results. In particular, the re-
commendations against prostate cancer screening 
(PCS) of the United States Preventive Services 
Task Force (USPSTF) have been assessed among 
the elderly in 2008 (15), and men in general in 
2012 (16).

 In Brazil, the National Cancer Institute 
(INCA) published a technical note, in November 
2013, that recommended against offer of screening 
by the doctor (17). The Brazilian Society of Urolo-
gy recommends that during routine consultations 
doctors should discuss the possibility of screening 
with their patients (opportunistic screening) infor-
ming them of the controversies, possible risks and 
benefits, in order to make a shared decision (18).

 Recently, the USPSTF drafted a recom-
mendation changing its previous grade D rating 
to a C rating for men between 55 and 69 years. 
This decision process collectively considered the 
benefits and risks involved (19). The impact of this 
publication has not yet been evaluated.

 Currently, there are no time-series stu-
dies related to the use of PSA screening in Latin 
America. Thus, this study sought to identify PSA 
screening trends using historical series data from 
a large national laboratory, and evaluate the pos-
sible impact of the USPSTF (16) and INCA (17) 
recommendations on PSA screening in Brazil.

MATERIALS AND METHODS

 This study was approved by the Resear-
ch Ethics Committee of the authors’ institution 
(CAAE 55705116.6.0000.5544). A serial cross-
-sectional study was performed using a private 
laboratory database of national scope in Brazil. 
The following data were collected from October 
1997 (marking the start of PSA screening in this 

laboratory) until the end of December 2016: exam 
date, city where the data was obtained from, pa-
tient age, physician specialty, and PSA screening 
result. In addition, the total number of exams, the 
total number of cholesterol in men and women, 
and the total number of PSA exams were collected 
monthly and for each age group. 

Since it was impossible to determine the 
reason behind the exams requests, namely, whe-
ther exams were for screening or diagnostic pur-
poses, certain measures were adopted to reduce 
the possibility of confounding results. To minimi-
ze the possibility of including diagnostic requests, 
and given that most patients who receive follow-
-up exams undergo more than one exam request 
per year (20), patients with more than one exam 
request per year were excluded. This measure was 
similar to, albeit more restrictive than that adop-
ted by other studies (21).

 To account for changes associated with 
population growth, the expansion of the sample 
collection points and the possible seasonality of 
the tests, we established a rate “number of PSA / 
100,000 tests performed in men” per month. We 
tried to directly extract the total number of tests 
performed in men for each month, however, be-
cause they were very robust numbers, it was not 
possible, operationally, to obtain it directly. Thus, 
using the hypothesis that the number of total cho-
lesterol tests is proportional to the total number 
of tests performed each month, we multiplied the 
total number of tests performed each month by 
the percentage of cholesterol tests performed by 
men, obtaining an estimate of the total number of 
exams performed by men each month.

 The strategy of using the number of cho-
lesterol tests performed per period to minimize se-
asonality was previously used by Aslani et al. (8). 
These authors observed the PSA utilization curve, 
from a ratio “N exams of PSA/N exams of cho-
lesterol”. However, because the number of choles-
terol requests could be influenced, for example, 
by heart disease prevention campaigns over the 
years, this could distort the PSA utilization curve. 
Thus, we chose to use the number of cholesterol 
performed by men only as a factor of monthly 
distribution of the total number of tests performed 
by men per month.
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 In addition to the global population, the 
utilization of PSA screening tests in specific age 
groups was considered:

1. Group I comprised individuals aged be-
tween 55 and 69 years; the only group for 
which there is an universal acceptance of a 
screening benefit (22).
2. Group II comprised individuals aged >74 
years; whether or not screening should be 
performed for this age group remains con-
troversial (23).
3. Group III comprised individuals aged 
<40 years; universally accepted as having 
a very low probability of benefiting and a 
high probability of damage resulting from 
screening (23).

The possible impact of two publications, 
namely, the 2012 USPSTF recommendation posi-
ting against screening at any age (16), and the 
technical note issued by INCA in 2013 advising 
against regular screening (17), was analyzed for 
all groups.

For the analysis of the time series, two ap-
proaches were adopted: in the first, a general re-
gression line was estimated through linear model 
using generalized least squares to get an idea of 
the trend of the series in time. In the second ap-
proach, to measure the effect of intervention, in-
tegrated dynamic regression models (ARIMA) with 
assumed two permanent change interventions 
(occurred in 2012 and 2013), following the Box-
-Jenkins methodology were used, as they allow for 
the incorporation and adjustment of the effect of 
a historical series autocorrelation, reducing such 
bias when estimating trends. For all series studied, 
those that were non-stationary were differentiated. 
Then, structural and seasonal parameters of auto-
-regression and moving averages were estimated 
(autocorrelation (AR), differentiation (d), moving 
average (MA)), with an ARIMA notation (AR, d, 
MA) (AR,d,MA)S, as well as the slopes of the re-
gressions (β) representing the changes in avera-
ge trends of the series, per year. To diagnose the 
best model, the Akaike’s information criterion that 
provided the least value was obtained for each se-
ries, together with the residual analysis, observa-
tion of autocorrelation and partial autocorrelation 

graphs (descriptively through the Ljung-Box test), 
evaluation of parameter overestimation, and com-
parison of the original data with those predicted 
by the models. Since the entire target population 
was studied, inferential statistics were not calcu-
lated, but p values were used descriptively. The 
statistical package R3, release 3.3, was used for 
the analysis of data in this temporal series.

RESULTS

 From October 1997 to December 2016, 
2,521,283 PSA exams and 172,474,779 total exa-
ms were performed in men. Table-1 shows the 
annual number of PSA and total exams in males 
(TM), as well as the frequency-adjusted PSA exam 
rates.

 The age of the participants ranged from 21 
to 111 years, with an average of 56.7±22.7 years 
(Table-2).

 The PSA utilization curve increased af-
ter 2009, consistent with the expansion of the 
number of units in the laboratory (line red in Fi-
gure-1A). However, the relative number of PSA 
tests/100.000TM (line blue in Figure-1A) showed 
a constant reduction, with two periods of short ri-
sing (1997-2001 and 2010-2011). A similar pattern 
was observed for all age groups studied, but was 
more pronounced in group I (Figure-1B) than in 
groups II and III (respective regression coefficients 
of -1,71; -0,9; -0,23).

 The analysis of the impact of the interven-
tions (USPSTF and INCA publications) showed a 
reduction in the overall use of PSA screening (Ta-
ble-3). The reduced PSA screening trends among 
total individuals and in Group I (55-69 years), 
as well as increased screening trends in the “el-
der” (Group II, >74 years) and “young” (Group III 
<40 years) groups, remained consistent after the 
publication of the INCA technical note (Novem-
ber 2013). Although statistically significant, the 
effects of these publications were limited in abso-
lute terms.

DIScUSSION

 Our results indicate a reduction in the uti-
lization of PSA tests for prostate cancer screening 
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Table 1 - Number of total and relative pSA tests per year.

Year PSA tests TM PSA/100,000 TM

1997 7.008 380.245 1.843

1998 36.246 1,723.981 2.102

1999 39.267 1,830.866 2.145

2000 44.231 1,910.617 2.315

2001 47.371 2,087.817 2.269

2002 48.793 2,338.036 2.087

2003 51.780 2,541.588 2.037

2004 52.578 2,591.503 2.029

2005 54.006 2,741.804 1.970

2006 56.350 3,043.925 1.851

2007 60.355 3,407.954 1.771

2008 71.583 4,256.155 1.682

2009 123.918 7,423.250 1.669

2010 182.329 10,481.023 1.740

2011 270.628 14,647.501 1.848

2012 260.397 16,736.905 1.556

2013 285.857 20,877.515 1.369

2014 261.833 22,309.558 1.174

2015 262.913 24,963.972 1.053

2016 303.940 26,180.563 1.161

TM = Total exams in males

Table 2 - Age distribution of men undergoing pSA tests.

Age (years)
PSA

N %

<40 158.712 6.29%

40-44 229.870 9.12%

45-49 315.988 12.53%

50-54 366.274 14.53%

55-69 947.161 37.57%

70-74 208.208 8.26%

>74 288.889 11.46%

ND 6.281 0.25%

Total 2,521.383 100.00%
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figure 1 - Use of pSA for prostate cancer Screening, Brazil, 1997-2016.

Table 3 - Analysis of the impact of the USpSTf (2012) and INcA (2013) recommendations.

Series Estimated Model AIC

From July 2012 From November 2013

ω*
(p value)

δ**
(p value)

ω*
(p value)

δ**
(p value)

Total ARIMA (6,1,0)(8,1,0)12 2,585.9 113.67
(0.0326)

-0.62
(<0.0001)

-9.11
(0.9271)

-0.32
(0.9871)

<40 years ARIMA (4,1,0)(11,0,0)12 1,713.9 4.98
(0.1464)

0.65
(<0.0001)

4.26
(0.1879)

0.68
(<0.0001)

55 - 69 years ARIMA (5,1,0)(8,1,0)12 2,246.9 30.32
(0.2703)

0.12
(0.8611)

-23.21
(0.2721)

-0.69
(0.0052)

>74 years ARIMA (6,1,0)(9,0,0)12 1,801.1 2.65
(0.0070)

0.94
(<0.0001)

3.30
(0.1400)

0.90
(<0.0001)

ω * = Estimated parameter /100,000 tests according to the model: magnitude of the effect after the intervention
δ ** Rate of monthly change after the intervention (progression) 
AIc = Akaike Information Criterion – adjustment of the model without transfer function
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during the observation period despite publication 
of the two recommendations analyzed.

 Several studies have addressed the impact 
of recommendations on the frequency of PSA 
screening. However, none of these studies cove-
red a period as long as that assessed here. Indeed, 
most of these studies covered periods close to the 
events of interest.

 Several authors found a reduction in PSA 
screening, similar to our study. For example, Aslani 
et al. (8) found a significant reduction in PSA scree-
ning after 2009, which intensified, albeit not signifi-
cantly, after the 2012 USPSTF recommendation.

 On the other hand, Drazer et al. (9) obser-
ved that the percentage of screened men in any 
age group, including those over 75 years of age, 
did not change between 2005 and 2010. However, 
a significant reduction in the number of indivi-
duals belonging to the age group most likely to 
benefit from screening (>50 years) was observed 
between 2010 and 2013, consistent with the trends 
reported herein.

 In France, Eisinger et al. (13) observed an 
increase in screening between 2005 and 2008, 
followed by a plateau between 2008 and 2011, 
with a significant reduction only in individuals 
with higher income (13). Although we have not 
evaluated the economic level of our cases, our 
sample is composed mainly of patients who have 
health insurance, which in Brazil are usually from 
higher economic extracts.

 The only age group that did not show a 
clear reduction in screening rates in our study was 
the elder group (>74 years), which exhibited rela-
tive stability. Many previous studies demonstrated 
a reduction in PSA screening after this age (5, 6, 
9, 10), although some reported no differences (11, 
24) and others observed an increase in the number 
of PSA requests among these patients (14).

 The discrepancies among these studies can 
be partially explained by differences in sampling. 
Institutions, which are capable of influence me-
dical activity, are more likely to follow protocols, 
such as Medicare (6, 7), Veterans Health Adminis-
tration (5), and patients in managed care (10) or 
health insurers (11). On the other hand, studies ba-
sed on interviews that rely on patients’ memories 
may have lower accuracy (25) and be less likely to 

exhibit differences (24). Another factor that may 
play a role, at least in the population above 75 
years of age, is the country of origin. A greater 
adherence to recommendations has been observed 
in North America (5-7, 9, 10) compared to other 
countries (13, 14, 20), including the present study 
in Brazil.

 One limitation common to all of the ci-
ted studies is the question of whether any trends 
observed shortly after events are truly associa-
ted with these events. There is no simple way to 
predict the time window between the publication 
of a recommendation and a possible change in a 
physician’s attitude. The clinical implementation 
of research is certainly slow (26), and any utili-
zation trends cannot be immediately attributed to 
publications. Neither this, nor any study cited he-
rein, directly questioned the physicians or patients 
on whether their decision to request or perform an 
PSA request was influenced by the recommenda-
tions of governmental or scientific institutions.

 The strengths of this study include the 
sample size; representation of the entire period of 
PSA testing, beginning from the earliest days of 
the test’s commercial use in Brazil; and the broad 
coverage area, ranging from the poorest (northe-
ast) to the richest regions (south and southeast) of 
the country.

 The large increase in the number of labo-
ratory units that occurred after 2009 revealed a 
large increase in the absolute number of PSA tests, 
however, as we observed the trend curve relativi-
zed by the number of cholesterol tests, any distor-
tion caused by the rapid growth of the laboratory 
should have been offset by similar impact on the 
number of cholesterol tests.

 An important limitation of this and other 
(10, 21, 24) studies was that, despite adopted mea-
sures, it was impossible to determine with certain-
ty the reason behind exam requests, i.e., screening 
or diagnosis. Nonetheless, although this uncer-
tainty may result in an increase in the number 
of requests, this increase was likely constant over 
the different periods and therefore unlikely to in-
fluence the trend of the exam utilization curve. 
For instance, if the number of screening tests was 
overestimated in the period from 1997-2001, it is 
likely that this number was similarly overestima-
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ted in other periods. Therefore, since we assessed 
utilization curve trends, any biases that may have 
occurred were presumably small (27).

 Another limitation concerns the fact that 
most patients screened for PSA have health in-
surance. As a result, it is difficult to generalize 
our results to populations without health insuran-
ce. However, in Brazil, the Unified Health System 
(SUS) provides assistance to all individuals, albeit 
with some limitations. In fact, the health care units 
of the SUS are required by law to perform tests for 
the early detection of prostate cancer upon physi-
cian request (28).

cONcLUSIONS

Our results indicate a continuous reduction 
in PSA screening over time, regardless of the pu-
blication of recommendations or clinical guideli-
nes. This finding may indicate a learning curve, 
with desirable results, such as reduced probabili-
ties of overdiagnosis and overtreatment. However, 
it is important to perform follow-up studies, espe-
cially among those with the greatest probability of 
benefit (aged 55-69 years), since screening reduc-
tions may not be as desirable in this age group. On 
the other hand, the use of PSA screening for PC 
in young individuals (below 40 years of age) is of 
concern, and warrants further studies to unders-
tand the origin of the problem and prevent harm 
associated with undue screening.
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ABSTRAcT
 

Objectives: To identify the group of patients who could safely avoid prostate biopsy 
based on the fi ndings of multiparametric prostate resonance imaging (MRmp), param-
eterized with PI-RADS v2, using prostate biopsy as reference test and to assess the 
sensitivity and specifi city of mpMR in identifying clinically signifi cant prostate cancer 
using prostate biopsy as a reference test.
Patients and Methods: Three hundred and forty two patients with suspected prostate 
cancer were evaluated with mpMR and prostate biopsy. Agreement between imaging 
fi ndings and histopathological fi ndings was assessed using the Kappa index. The accu-
racy of mpMR in relation to biopsy was assessed by calculations of sensitivity, specifi c-
ity, positive predictive value (PPV) and negative predictive value (NPV).
Results: A total of 342 biopsies were performed. In 201 (61.4%), mpMR had a negative 
result for cancer, which was confi rmed on biopsy in 182 (53%) of the cases, 17 (4.9%) 
presented non-clinically signifi cant cancer and only 2 (0.5%) clinically signifi cant 
cancer. 131 (38.3%) patients had a positive biopsy. Clinically signifi cant cancer corre-
sponded to 83 (34.2%), of which 81 (97.5%) had a positive result in mpMR. Considering 
only the clinically signifi cant cancers the mpMR had a sensitivity of 97.6%, specifi city 
of 76.8%, PPV 57.4% and VPN of 99%.
Conclusions: mpMR is a useful tool to safely identify which patients at risk for prostate 
cancer need to undergo biopsy and has high sensitivity and specifi city in identifying 
clinically signifi cant prostate cancer.
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INTRODUcTION

Prostate cancer (PCa) is the second more 
common type of cancer among men (1). Accor-
ding to the World Health Organization (WHO), 
early detection of a cancer involves two strategic 
approaches: screening and early diagnosis.

 Main obstacles to early diagnosis of PCa 
include the inability of rectal exam and PSA to 

distinguish benign, and subclinical conditions, 
and clinical signifi cant prostate cancer, with un-
derdiagnosis in up to 40 to 60% of patients (2, 3).

PCa algorithm differs from others of other 
solig organ cancers, in which an image exam 
identifi es patients who need evaluation by biopsy. 
During PCa propedeutics, biopsy is indicated to all 
patients with elevated PSA, suspected rectal exam 
or signifi cant familial history (4-7).
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 The use of a diagnostic protocol, in which 
an image exam defines which patients with ele-
vated PSA and/or altered rectal exam should be 
submitted to further investigation could signifi-
cantly reduce the number of biopsies and improve 
diagnostic accuracy of current propedeutics (8, 9).

 Magnetic ressonance image (MRI) is the 
exam of image of choice for early diagnosis, loca-
tion and staging of prostate cancer (10-14). Mul-
tiparametric resonance of prostate (mpMR) uses 
functional and anatomic sequences, such as high 
resolution balanced T2 sequences in three ortho-
gonal plans, and sequences of diffusion and per-
fusion, that evaluates not only tecidual anatomy 
but also volumetry, cellularity and tissue vascula-
ture, resulting in a better significant accuracy of 
the method (15).

 MpMRp detects high risk disease and sys-
tematically disclose low risk tumors, making it a 
very interesting potential screening test (16, 17).

 European Society of Urogenital Radiolo-
gy (ESUR) published in 2012 a series of guideli-
nes recommending the interpretation of MpMRp 
images and a structured graph to describe and 
obtain a report called PI-RADS - Prostate Ima-
ging Reporting and Data System. In 2015, the 
American College of Radiologists, EUSR and 
AdMe Tech Foundation improved and updated 
PI-RADS to version 2 (v2) (18).

 PI-RADS v2 uses a scale based on probabi-
lity that the combination of findings in T2 sequen-
ces, diffusion and contrast is related to the presen-
ce of clinically significant prostate cancer (19).

 According to PI-RADS v2, a high score 
indicates the presence of a tumor with higher di-
mensions, homogeneous low signal, significant 
restriction to dfusion and early highlight after 
dye administration (20, 21).

 In this context, we propose this paper 
with the main goal to identify which group of 
patients could, in a safe environment, avoid the 
use of prostate biopsy based on the results of 
MpMRp according to PI-RADS v2, using prostate 
biopsy as reference test. The secondary objective 
was to evaluate the sensitivity and specificity of 
Mpmrp in the identification of clinically signi-
ficant prostate cancer, using prostate biopsy as 
reference test.

MATERIAL AND METHODS

 This is a retrospective cohort sectional study 
performed from June 2015 to August 2016, with 
patients from the Cura Clinic, São Paulo, Brazil.

 The study was approved by the Ethics and 
Research Committee of UNIFESP#0369/2017.

Patients
 From June 2015 to August 2016 we 

identified in our data bank the results of 764 
MpMRp of prostate in patients with 43 to 85 
years old.

 The exams were ordered due to clinical 
suspicion of prostate cancer. The patients pre-
sented at least one of the following criteria: sus-
pected rectal exam, elevated PSA (> 4.0nd/dL), 
familiar history of PCa and prostate ultrasound 
showing focal lesion. All patients were referred 
to prostate biopsy by their urologist.

 We revised the chart of 764 patients 
submitted to MpMRp and identified 342 that 
were submitted to prostate biopsy in up to 4 
months after the image exam. Exclusion crite-
ria included: prostate biopsy after more than 4 
months, previous prostatectomy and previous 
radiotherapy (Figure-1).

MpMRp
 Equipment

 Patients were submitted to MpMRp exam 
in 3 Tesla (T) equipments, Verio and Skyra, Sie-
mens, Germany, with coil of 8 channels.

Protocol of image acquisition
 All patients were submitted to the same 

MpMRp protocol.
 The multiparametric exams included ba-

lanced images in T1, T2, diffusion (DW), and dy-
namic contrast with listed parameters in Table-1.

Image Analysis
 Mpmrp exams were analysed with a 

specific Syngovia software at work stations.
 Images of all patients were evaluated by 

two radiologists (consensus) with 15 years (J.S) 
and 4 years (G.Q.R.) of experience in prostate 
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images, without knowing the results of prostate 
biopsy. Both radiologists were aware of the in-
dications of the MpMRp exam.

 PI-RADS v2 was used to classify the 
prostates according to the probability of clini-
cally significant prostate cancer: 1) Highly un-
likely; 2) Unlikely; 3) Undetermined; 4) Proba-

ble; 5) Highly probable.

Histologic Evaluation
 Prostate biopsies were performed with 

cognitive image fusion, and in media 4 fragments 
were obtained in suspected areas identified by 
Mpmrp and random fragments from other areas 

figure 1 - Algorithm of patients under study.

Table 1 - MpMRp parameters.

Image protocol Sequence RT
(ms)

ET
(ms)

FA
(0)

b value Cut 
width
(mm)

FOV
(mm)

Matrix Temporal 
resolution

T1 AXIAL SE 550 9.5 131 -- 3 150 256 --

T2 SAGITAL TSE 3790 114 160 -- 3 160 256 --

T2 CORONAL TSE 3560 114 160 -- 3 160 256 --

T2 AXIAL TSE 3930 124 160 -- 3 150 256 --

T2 AXIAL FAT 
SAT

TSE 3930 124 160 -- 3 150 256 --

DW AXIAL SSEP with fat 
suppresion

5200 68 0, 100, 
400, 
800

320 160

Dye 3D GRE 3.8 1.5 10 -- 1.6 200 288 2.5

RT = repetition time; ET = echo time; fA = flip angle; fOv = field of view; Dw = diffusion weighted; SE = spin echo; TSE = turbo spin echo; SSEp = 3D GRE; 3D = gradient echo
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of prostate. In patients without identification by 
MpMRp of suspected areas, biopsy was indicated 
by clinical and biochemical criteria, and 18 frag-
ments were obtained randomly. The samples were 
sent to pathology exam.

 Positive samples of prostate adenocarci-
noma were classified according to Gleason Score 
modified by ISUP in 2005* (22).

 Clinically significant disease was defined 
as the presence of Gleason 4 as primary of secon-
dary pattern, given the associated risk of extra-
-prostatic disease and biochemical recidive asso-
ciated to this pattern (23).

 PI-RADS was dicotomized in order to corre-
late biopsy and Mpmrp results. PI-RADS 1 and 2 re-
sults were considered negative for cancer, and Pi-RA-
DS 3, 4, and 5 results were considere positive. Next, 
Mpmrp results were grouped according to biopsy re-
sults: positive, negative biopsy and with both groups.

Statistical analysis

 It was performed descriptive analysis of de-
mographic characteristics of patients and calculated 
the prevalence of PCa with a Confidence Interval 
(CI) of 95%. To evaluate the accuracy of MpMRp 
exam in relation to prostate biopsy, it was used the 
calculation of sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value 
(NPV) with their respective CI 95%.

 In order to evaluate the concordance gra-
de between the image results and the histologi-
cal analysis, it was used the kappa index (k) k 
= Po-Pe/1-Pe. Po is the proportion of observed 
agreement and Pe is the proportion of expected 
agreements. The following values of k were con-
sidered: k < 0.00: bad; 0.00 to 0.20: weak; 0.21 

to 0.40: regular; 0.41 to 0.60: moderate; 0.61 to 
0.80: substantial; 0.81 to 0.99: almost perfect.

RESULTS

Three hundred and forty two prosta-
te biopsies were performed. In 201 (61.4%), 
MpMRp was negative for cancer, and in 182 
(53.2%) the biopsy was also negative, 17 (4.9%) 
showed non clinically significant tumor and in 
only 2 biopsies (0.5%) there was clinically sig-
nificant prostate cancer (Table-2 and Figure-2).

One hundred thirty one patients (38.3%) 
had positive bipsies and 211 (61.6%) had at least 
1 negative biopsy.

 Prevalence of clinically significant can-
cer, according to previously described, was 83 
(34.2%) of 342 patients (Figure-3).

 Among the 83 patients with clinically 
significant tumor, 81 (97.5%) had positive 
MpMRp results and only 2 (2.5%) had a negative 
result. The two ptients were classified as Gleason 
7 at biopsy (Figure-4).

 Considering all tumors, including those 
non clinically significant (Gleason 6), MpMRp was 
negative in 19 (14.5%) from 131 positive patients, 
being 17 Gleason 6 and only 2 Gleason 7.

 MpMRp was PI-RADS 3 (undetermined) in 
14 (10.6%) of 131 positive biopsies.

 MpMRp PI-RADS 4 and 5 (probable and hi-
ghly probable presence of tumor) was observed in 98 
(74.5%) of 131 positive biopsies (Figure-5).

 Of the 211 patients with negative biopsy, 
182 (88%) had MpMRp negative results (PI-RADS 
1 - 15 patients, and PI-RADS 2 - 167 patients); 
among these 211 patients, 29 (12%) had MpMRp 
positive results.

Table 2 - Relation between the result of mpMR and biopsy result.

342 biopsies

mpMRp (-): 201 (100%) mpMRp (+): 141 (100%)

NC: 182 (90.5%) NCSC: 17 (8.4%) CSC: 2 (0.9%) NC: 29 (20.5%) NCSC: 31 (21.9%) CSC: 81 (57.4%)

Bx = biopsy; MpMRp = multiparametric magnetic ressonance of prostate; Nc = no cancer; NcSc = non clinically significant cancer; cSc = clinically significant cancer
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figure 2 - forty fi ve-year-old patient with prostatitis. pI-RADS 2.

A) T2 and B) T2 Fat Sat show areas of low homogeneous linear and wedge-shaped signals. c) T1 dynamic after contrast with color map showing discreet enhancement. 
D) ADC map and E) DWI without diffusion restriction. f) T1 dynamic after contrast shows discrete highlight in the corresponding area.

figure 3 - fifty-year-old patient with clinically signifi cant cancer.

pI-RADS 4 - A) T2 and B) T2 Fat Sat show a homogeneous low signal nodule measuring 1 cm. c) ADC map shows focal area of restriction to in the 
same place. D) T1 dynamic after contrast with color map and E, dynamic T1 after contrast showing focal area of enhancement.

No MpMRp was considered PI-RADS 5 (hi-
ghly probable tumor) in the group of patients with 
negative biopsy.

PI-RADS 3 total MpMRp results (undetermined), 
including both groups with positive and negative 
biopsies, included 25 (7.3%) of 342 patients, of whom 
14 had positive biopsies and 11 negative.

MpMRp PI-RADS 4 total results (proba-
ble cancer), including positive and negative biopsy 

groups, was 82 (23.9%) of 342, among whom 64 had 
positive biopsies and 18 negative (Table-3).

Concordance kappa coefi ciente between 
both methods varied from moderate to substantial, 
allowing the comparison of both methods.

Considering all cancers (non clinically 
signifi cant and clinically signifi cant), sensitivity 
of MpMRp was 85.5% and specifi city 86.3%, with 
PPV of 80% and NPV of 90.5%.
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figure 5 - Distribution of the pI-RADS classifi cation according to Gleason in a patient with positive biopsy.

figure 4 - 56 year old patient with clinically signifi cant cancer. pI-RADS 5.

A) T2 and B) T2 Fat Sat showing a homogeneous low signal nodule, measuring 1.8 cm. c) ADC map shows focal area of restriction diffusion in the same place. D) T1 
dynamic after contrast with color map noting capture area local and E) diffusion sequence showing hypersignal / diffusion restriction.

 Considering only clinically signifi cant tu-
mors, sensitivity of MpMRp was 97.6% and speci-
fi city 76.8%, and PPV of 57.4% and NPV of 99% 
(Table-4).

DIScUSSION

The introduction of the MpMRp exam in 
the algorithm of PCa diagnosis as screening test, to 
defi ne which patients with suspected tumor must 
be submitted to biopsy, can signifi cantly change 
the current scenario (8, 9).

According to our results of all patients 
with negative MpMRp (PI-RADS 1 and 2), only 
2 had clinically significant tumors at biopsy. A 
total of 199 were truly negative clinically signi-
ficant cancers and only 2 were false negatives.

This fi nding proves the excellent NPV of 
MpMRp; in the studied population it could have 
prevented safely the use of biopsy in up to 181 
patients of a total of 211, corresponding to 58% of 
patients (14, 24).

This value is much more elevated than the 
one recently described in a signifi cant study and is 
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probably related to the value of PSA used to indi-
cate the biopsy. In that study, it was used a value 
of ≥ 15ng/mL (9).

 Also, 52 of the 211 patients with negative 
biopsy have had a biopsy in another occasion due 
to clinical indication; 16 had been submitted to 2 
biopsies in other occasions, 7 in three other mo-
ments and 2 patients were submitted to 4 biopsies 
in other moments, according to charts review.

 In the opposite side of PI-RADS scale (PI-
RADS 5, or highly suspected PCa), a total of 34 
exams with this result all had positive biopsies, and 
only 4 patients had a Gleason 6 score; all others 
(30) (88%) had Gleason 7 to 10, corresponding to 
clinically significant tumors.

 As mentioned before, according to PI-
RADS, a high score indicates the presence of 
tumors with higher dimensions, low homogeneous 
sign, significant restriction to diffusion and early 
highlight after contrast injection (20, 21, 25-27).

 These literature data are in accordance to 
our results of PI-RADS 5 and 4 MpMRp.

64 patients had PI-RADS 4 MpMRp results; 
45 of those (70.1%) had clinically significant 
tumors, with Gleason 7 to 10, and 19 (21.9%) had 
Gleason 6, confirming the higher tendency of PI-
RADS 4 correlates to the incidence of clinically 
significant tumors.

 As PI-RADS Mpmrp results diminished 
(characterizing less evident tumor at image exam), 
the probability of tumor also diminished, as well 
as the incidence of clinically significant cancers.

 Twenty five exams were Mpmrp PI-RADS 

3. Of these, 14 had positive biopsies and 11 nega-
tive. Of the 14 positive confirmed biopsies, 8 were 
classified as Gleason 6, 5 as Gleason 7 and 1 as 
Gleason 8. These results show that there is a balan-
ced distribution of tumors and no tumor patients, 
in accordance to the undetermined cathegorization 
of PI-RADS 3 results.

 However, a few patients with PI-RADS 3 
and 4 at MpMRp showed benign biopsy, revealing 
a lower PPV of MpMRp, in accordance to literature 
(14, 15).

 Another significant result of our study in 
that all patients with clinically significant tumors 
had PI-RADS 3 to 5 results, except 2/59 (3%), 
delimiting a cut-off value for the indication of 
biopsy.

 In our sample, there were 15 positive 
biopsies with negative MpMRp; however, all tumors 
were non clinically significant Gleason 6 cancers.

 Previous MpMRp to prostate biopsy in a 
patient with clinical suspicion of prostate cancer, 
without the identification of a suspected focus, 
with PI-RADS 1 or 2 results, would imply in a close 
follow-up of this patient, with regular clinical and 
biochemical reevaluation, and possibly a new 
MpMRp (28).

 Our study has some limitations. First, 
this is a retrospective study. Another limitation 
is the use of prostate biopsy as reference and 
not other histological confirmation methods 
such as prostatectomy. According to some pa-
pers, histological analysis of biopsy of prostate 
tissue guided by US underestimate the results 

Table 4 - Sensitivity, specificity, pvv and Npv of MpMRp to detect prostate cancer, considering all tumors and only those 
clinically significant.

Biopsy MpMRp Total Kappa
CI (95%)

Sens
CI (95%)

Spec
 CI (95%)

PPV
CI (95%)

NPV
CI (95%)No Yes

CA total, n (%) 0,707 85,5 86,3 79.4 90.5

No 182 (53.2) 29 (8.5) 211 (61.7) (0,631; 0.783) (78.3; 91) (80.9; 90.6) (71.8; 85.8) (85.6; 94.2)

Yes 19 (5.6) 112 (32.7) 131 (38.3)

CSC, n (%) 0,601 97.6 76.8 57.4 99

No 199 (58.2) 60 (17.5) 259 (75.7) (0,519; 0.683) (91.6; 99.7) (71.2; 81.8) (48.8; 65.7) (96.5; 99.9)

Yes 2 (0.6) 81 (23.7) 83 (24.3)

Total 201 (58.8) 141 (41.2) 342 (100)
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of Gleason score in 26 to 41% of patients, in 
comparison to prostatectomy (4-7).

However, we chose biopsy results for this 
histological analysis since it is more used in daily 
clinical practice, reproducing more reliably most 
daily situations of the urologist. Another advantage 
of biopsy in relation to prostatectomy as reference 
pattern is the possibility to include in the sampling 
and analysis of Mpmrp all types of tumors, including 
those with lower Gleason score, non clinically 
significant, without indication of prostatectomy.

 Also, if we had used samples of prostatec-
tomy as reference pattern, the number of non cli-
nically significant tumors certainly would be low 
in the analysed sample, restricting the analysis of 
the presence of tumors at MpMRp. Therefore, we 
would not identify one important characteristic of 
this image exam, the tendency to neglect low Gle-
ason, non clinically significant tumors (29, 30).

 Another limitation of our work was the 
comparison between the diagnostic methods, per-
formed at the patient level and not of the region 
of the prostate or of the specific lesion. However, 
the determination of PI-RADS to identify the in-
dex lesion and the use of cognitive fusion with the 
MRI images during biopsy tend to minimize possi-
ble discrepancies, since the index lesion of Mpmrp 
would correspond to the focus of higher Gleason 
score at biopsy.

cONcLUSIONS

 MpMRp is a useful tool to safely identify 
which patients can be excluded for biopsy and re-
main without active surveillance/follow-up, due to 
its high NPV.

 MpMRp has a high sensitivity and specific 
to identify clinically significant prostate tumor.
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ABSTRAcT
 

Background: Our study investigates whether Native Thiol, Total Thiol and disulphide 
levels measured in serum of patients with prostate cancer and prostatitis and of healthy 
subjects, have any role in differential diagnosis.
Materials and Methods: Patients followed up for histopathologically verified diagnosis 
of prostate cancer and prostatitis in 2016-2017 at the Medicalpark Gaziantep Hospital 
Urology Clinic were included in the study. Native Thiol (NT), Total Thiol (TT), Dynamic 
Disulphide (DD) levels in serum were measured by a novel automated method.
Results: NT, TT, DD, NT / TT ratios, DD / TT ratio and DD / NT ratio were measured as 
118.4 ± 36.8µmoL / L, 150.3 ± 45.3µmoL / L, 15.9 ± 7µmoL / L, 78.8 ± 7µmoL / L, 10.5 ± 
3.5µmoL / L, 13.8 ± 5.8µmoL / L respectively in patients with prostate cancer; as 116.4 
± 40.5µmoL / L, 147.5 ± 50.1µmoL / L, 15.5 ± 8.7µmoL / L, 79.7 ± 9µmoL / L, 10.1 ± 
4.5µmoL / L, 13.5 ± 7.2µmoL / L in patients with prostatitis and as 144.1 ± 21.2µmoL 
/ L, 191 ± 32.3µmoL / L, 23.4 ± 10.1µmoL / L, 76.1 ± 98.3µmoL / L, 11.9 ± 4.1µmoL / 
L, 16.4 ± 6.9µmoL / L in healthy subjects. Significant difference was detected between 
groups of NT, TT and DD levels (p = 0.008, p = 0.001, p = 0.002). No significant dif-
ference was detected in terms of the NT / TT, DD / TT and DD / NT rates (p = 0.222, p 
= 0.222, p = 0.222).
Conclusions: Serum NT, TT, DD levels in patients with prostatitis and prostate cancer 
were found significantly lower compared to the control group. This indicates that just 
as inflammation, prostate cancer also increases oxidative stress on tissues.
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INTRODUcTION

Prostate cancer is the second most preva-
lent type of cancer in men and is the second most 
prevalent cause of death from cancer in men. Past 
studies have shown the important role of age, ge-

netic predisposition, androgen hormones, diet-re-
lated factors, inflammation and oxidative stress in 
the development of this disease (1). It was reported 
that oxidative stress can play a significant role in 
the development of prostate cancer through lipid 
per-oxidation and similar mechanisms (2).
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 It was reported that oxidative stress resul-
ted from the disruption of the balance of antioxi-
dants and reactive oxygen radicals and that this 
caused various systemic diseases. Over-production 
of reactive oxygen types (ROT) causes damage in 
proteins and lipids. Oxidative damage is irrever-
sible in serum and tissue proteins and significant 
changes occur in the structure and activity of pro-
teins and biomolecules. Oxidative modifications 
in DNA and proteins can impact certain cellular 
functions, resulting in cell damage, death or mu-
tation and carcinogenesis formation (2).

 Thiols are essential and strong anti-oxi-
dant molecules in the sulfhydryl group, consis-
ting of hydrogen atom and sulfur atom bonded 
to a carbon atom (3). The disulphide bond in 
their structure is a covalent bond and is also na-
med as SS-bond or disulphide bridge. They play 
an important role in protecting oxidant stress 
from harmful effects. The leading thiols found 
in plasma are low molecule-weight thiols inclu-
ding albumin thiols, protein thiols and cystei-
ne, cysteinylglycine, glutathione, homocysteine 
and γ-glutamylcysteine. The thiol groups are 
oxidized with disulphide bonds getting rever-
sibly oxidized by ROTs. This mechanism me-
diates their anti-oxidant effects (4). The created 
disulphide bonds can again be reduced to thiol 
groups. Dynamic thiol-disulphide homeostasis 
plays an important role in anti-oxidant defense, 
detoxification, apoptosis, arranging enzymatic 
activity and cellular signal transmission (5).

 When oxidative stress occurs, it has been 
noted than reduced thiol concentration increases 
and disulphide values increase in correlation (6). 
Studies have reported this deterioration of home-
ostasis leads to chronic kidney deficiency, diabetes 
mellitus, cardiovascular diseases, cancer, chronic 
inflammatory diseases and various neuro-degene-
rative diseases (4).

 Prostate Specific Antigen (PSA) is a cri-
tical marker in prostate cancer diagnosis. Serum 
total prostate specific antigen (t PSA) levels to-
gether with abnormal digital rectal examination 
were the most prevalent methods used in prostate 
biopsy indication in recent years (7). Increased le-
vels of serum PSA are associated not only with 
cancer but also with bacterial prostatitis, prostatic 

inflammation, benign prostate hypertrophy and 
urinary system infection (8).

 Prostatitis is a disease that is observed at 
a rate of 8.2% (2.2-9.7%) in men. Acute bacte-
rial prostatitis (ABP) is a pyogenic urinary system 
infection of the urinary system. It is observed at 
a rate of 5% among general prostatitis (8). Es-
cherichia coli is the most frequent cause of acute 
bacterial prostatitis. Enterococcus, Proteus, Pseu-
domonas, Klebsiella and Serratia are factors less 
frequently responsible. ABP can cause urinary re-
tention causing edema in the prostate. It can also 
cause serious complications from prostate abscess 
to urosepsis (8). Its treatment is usually performed 
according to clinical symptoms. Parenteral anti-
biotics and hydration are performed in the ear-
ly stage. Catheter and drainage are implemented 
if unable to urinate. Serum PSA values are usu-
ally high in ABP (9). Additionally, high levels of 
erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP) and white blood cell count in full 
blood count accompany the situation.

 In our study, serum t PSA level, NT, TT, DD 
levels were measured in patients diagnosed with 
prostate cancer and in healthy subjects at the Me-
dicalpark Gaziantep Hospital Urology Clinic and 
Disulphide / NT, Disulphide / TT, NT / TT ratios 
were calculated to find Dynamic Thiol / Disulphide 
homeostasis levels for the purpose of investigating 
whether it has predictive value in differentiating 
Prostatitis-Prostate Cancer and diagnosing Pros-
tate Cancer and its value in predicting prognosis.

MATERIAL AND METHODS

Patient Selection
 The study was conducted on patients his-

topathologically diagnosed with prostate cancer 
or prostatitis and followed up by the Gaziantep 
Medicalpark Hospital Urology Clinic in 2014-2017 
and on healthy subjects compatible with the pa-
tients in terms of age. Patients previously treated 
and with metastasis, persons who were smoking 
and / or using alcohol, had chronic disease, acute 
or chronic infection or using antihyperlipidemic, 
antibiotic or anti-oxidant drugs were excluded 
from the study. We have taken informed con-
sent form from the patients and healthy subjects 
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to participate on the study. Socio-demographic 
characteristics, known diseases, medical history 
information such as personal and family history 
characteristics, used drugs etc., data such as rou-
tine laboratory tests were obtained retrospectively 
and recorded.

Sampling and Measurement of NT, TT, DD
 Blood samples of the patients were collected 

prior to starting the medication. Non-anticoagulant 
venous bloods of the subjects taken into tubes after 
12 hours of fasting were centrifuged at 3500rpm for 
10 minutes during the first 2 hours and then split 
into Eppendorf Microtubes and stored at -80ºC. The-
se samples were kept at 4°C temperature one night 
before measurement and put into room temperature 
2 hours prior to the study and then the samples were 
mixed with a vortex and measurement was perfor-
med twice for each sample.

 A novel automated assay method was used 
to measure dynamic thiol / disulphide homeostasis. 
The principle of this method is based on reducing the 
disulfide bonds of proteins to compose disulphides 
in oxidative medium. Sodium borohydride (NaBH4) 
is added for reduction of disulphide bonds into thiol 
groups again. The sum of residual thiol and reducted 
thiol groups encloses the total thiol. The remaining 
NaBH4 and DTNB (5,5’-dithio-bis- (2-nitrobenzoic 
acid)) are removed by formaldehyde. In this way, the 
amount of native and reduced thiol groups are de-
fined separately. The difference between the TT and 
the NT is divided by two to calculate the quantity of 
the DD bonds. Also, we calculate the NT, TT, DD / TT, 
NT / TT and DD / NT percent ratio (10).

 Measurement of serum t PSA levels were 
conducted automatically with the electro-che-
miluminescent method using the Hitachi Modu-
lar Analytics E 170 device (Roche Diagnostics 
GmbH, Germany).

 The patients were classified into risk 
groups according to Gleason score and t PSA 
values. Split into risk groups was as follows: 
low risk prostate cancer: T1-T2a stage and Gle-
ason score ≤ 6 and t PSA ≤ 10, moderate risk 
prostate cancer: T2b stage and / or Gleason sco-
re = ≤ 7 and 10 ≤ t PSA ≤ 20 and high-risk pros-
tate cancer: ≥ T2c stage or Gleason score 8-10 
or t PSA > 20 (11).

Statistical analysis

 Statistical analyses were performed using 
the SPSS for Windows 15.0 package software. 
Compliance of the variables to normal distribu-
tion was examined using visual (histogram and 
probability graphs) and analytic methods (Kolmo-
gorov-Smirnov / Shapiro-Wilk tests). In the Kol-
mogorov-Smirnov test, cases with p value greater 
than 0.05 were accepted as normal distribution. 
Differences between prostate cancer, prostatitis 
and the control groups in terms of NT, TT and DD 
were compared using the unilateral ANOVA test, 
as these variables showed normal distribution. 
The homogeneity of the variations was evaluated 
using the Levene test. Cases where the p value was 
lower than 0.05 were evaluated as statistically sig-
nificant results. In cases with significant differen-
ce between the groups, post-hoc pair comparisons 
were performed using the Tukey’s Test.

NT / TT, DD / TT and DD / NT ratios were 
detected to not show normal distribution. The di-
fferences between these variables between pros-
tate cancer, prostatitis and control groups were 
compared using the Kruskal-Wallis test. Pair com-
parisons were performed using the Mann-Whitney 
U test and evaluated using the Bonferroni correc-
tion. Total type-1 error level was used as 5% for 
statistical significance.

RESULTS

 A total of 80 subjects were included in the 
study, consisting of 30 (37.5%) prostatitis patients, 
25 (31.3%) prostate cancer patients and 25 (31.3%) 
healthy subjects. Patients diagnosed with prostatitis 
had a mean age of 60.5 ± 12.8 (range 31-83). Pa-
tients diagnosed with prostate cancer had a mean 
age of 70.6 ± 6 (range 58-82). The age difference 
between the two groups was evaluated using the 
Student t test as they had normal distribution. Sta-
tistically significant difference was detected between 
the two groups in terms of age (p = 0.001). Patients 
diagnosed with prostatitis consisted of younger pa-
tients.

 Total Prostate Specific Antigen was detected 
as 139 ± 257.8 (range 4-1200) in patients with pros-
tate cancer and as 51.3 ± 112 (range 3.9-405) in pa-
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tients with prostatitis. Statistically significant diffe-
rence was detected (p = 0.020) between patients with 
prostate cancer and prostatitis and tPSA value was 
detected to be higher in prostate cancer (Table-1).

 Prostate cancer patient group NT was de-
tected as 118.4 ± 36.8 (range 68.1-201.3) µmoL / L, 
TT 150.3 ± 45.3 (range 87.2-243.9) µmoL / L, DD 
15.9 ±7 (range 4.4-31) µmoL / L, NT / TT rate 78.8 
± 7 (range 67.1-91), DD / TT rate 10.5 ± 3.5 (range 
4.5-16.4) and DD / NT rate 13.8 ± 5.8 (range 4.9-
24.4).

 In the prostatitis patient group NT was de-
tected as 116.4 ± 40.5 (range 53.5-281.3) µmoL / 
L, TT 147.5 ± 50.1 (range 61-326.8) µmoL / L, DD 
15.5 ± 8.7 (range 2.7-32.3) µmoL / L, NT / TT rate 
79.7 ± 9 (range 66.7-94.7), DD / TT rate 10.1 ± 4 .5 
(range 2.6-16.6) and DD /NT rate 13.5 ± 7.2 (range 
2.7-24.9).

 In the control group NT was detected as 
144.1 ± 21.2 (range 106.9-194.2) µmoL / L, TT 191 
± 32.3 (range 133.3-280.4) µmoL / L, DD 23.4 ± 
10.1 (range 5-43.1) µmoL / L, NT / TT rate 76.1 
± 98.3 (range 66.2-92.8), DD / TT rate 11.9 ± 4.1 
(range 3.5-16.8) and DD / NT rate 16.4 ± 6.9 (ran-
ge 3.8-25.5).

 NT, TT and DD levels were detected to 
have normal distribution. Significant difference 
was detected between the three groups in NT le-
vels (p = 0.008) (Table-2). Significant difference 
was not detected between prostate cancer and 
prostatitis in the Tukey post-hoc analysis (p = 
0.975). Significant difference was detected be-
tween the prostate cancer group and the control 
group (p = 0.027). Significant difference was 
detected between the prostatitis group and the 
control group (p = 0.011) (Figure-1).

 Statistical difference was detected in 
terms of TT levels between the prostate cancer, 
prostatitis and control groups (p = 0.001). Signi-
ficant difference was not detected between pros-
tate cancer and prostatitis in the Tukey post-hoc 
analysis (p = 0.970). Significant difference was 
detected between the prostate cancer group and 
the control group (p = 0.004). Significant diffe-
rence was detected between the prostatitis group 
and the control group (p = 0.001) (Figure-2).

 Statistical difference was detected in terms 
of DD levels between the prostate cancer, prostati-
tis and control groups (p = 0.002). Significant di-
fference was not detected between prostate cancer 
and prostatitis in the Tukey post-hoc analysis (p 
= 0.986). Significant difference was detected be-
tween the prostate cancer group and the control 
group (p = 0.009). Significant difference was de-
tected between the prostatitis group and the con-
trol group (p = 0.004) (Figure-3).

 NT / TT, DD / TT and DD / NT ratios 
were detected to not show normal distribution. 
No significant difference was detected between 
the three groups in terms of the NT / TT, DD / 
TT and DD / NT rates (p = 0.222, p = 0.222, p = 
0.222).

 When the patients with prostate cancer 
were separated into risk groups according to t 
PSA and Gleason score, 2 (8%) had low risk, 
8 (32%) had moderate risk and 15 (60%) had 
high risk. Significant difference was not detec-
ted between NT, TT and DD levels within the risk 
groups (p = 0.742, p = 0.551, p = 0.762). Signi-
ficant difference was also not detected between 
NT / TT, DD / TT and DD / NT rates within the 
risk groups (p = 0.431, p = 0.431, p = 0.431).

Table 1 - comparison of ages and serum t pSA levels.

Prostate Cancer
(n:25)

Prostatitis
(n:30)

Control Group
(n:25)

p Value

Age(years) 70.6±6 60.5±12.8 64.3±25
0.001*

Mean±SD (min-max) (58-82) (31-83) (61-76)

tPSA(ng/mL) 139±257.8 51.3±112 1.2±4
0.001*

Mean±SD(min-max) (4-1200) (3.9-405) (0.9-2.3)

*p value is statistically significantly different
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DIScUSSION

 In our study we considered that serum NT, 
TT and DD levels could be a good marker in diffe-
rentiating patients with high PSA values and normal 
patients. In this study we aimed to show the change 
in thiol/disulphide values in two different diseases 

with acute and chronic progression occurring on the 
same tissue.

 Many studies have been conducted on oxi-
dative stress in urological patients regarding prostate 
cancer, benign prostatic hyperplasia or prostate in-
flammation (12-14). Some studies investigated oxi-
dative markers in semen and urine (15). However, 

Table 2 - Differences between groups.

Variable Prostate Cancer
(n:25)

Prostatitis
(n:30)

Control Groups (n:25) p Value

Native Thiol (µmoL / L) 118.4±36.8 116.4±40.5 144.1±21.2
0.008*

Mean±SD (min-max) (68.1-201.3) (53.5-281.3) (106.9-194.2)

Total Thiol (µmoL / L) 150.3±45.3 147.5±50.1 191±32.3
0.001*

Mean±SD (min-max) (87.2-243.9) (61-326.8) (133.3-280.4)

Dynamic Disülfide(µmoL / L) 15.9±7 15.5±8.7 23.4±10.1
0.002*

Mean±SD (min-max) (4.4-31) (2.7-32.3) (5-43.1)

Native Thiol/TotalThiol µmoL / L 78.8±7 79.7±9 76.1±98.3
0.222

Mean±SD (min-max) (67.1-91) (66.7-94.7) (66.2-92.8)

Dynamic Disulfide/Total Thiol 10.5±3.5 10.1±4.5 11.9±4.1
0.222

Mean±SD (min-max) (4.5-16.4) (2.6-16.6) (3.5-16.8)

Dynamic Disulfide/Native Thiol 13.8±5.8 13.5±7.2 16.4±6.9
0.222

Mean±SD (min-max) (4.9-24.4) (2.7-24.9) (3.8-25.5)

figure 1 - comparison of native thiol levels. figure 2 - comparison of total thiol levels.
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there are very few studies regarding thiol / disul-
phide in the field of urology (16, 17). In this paper, 
an invasive procedure such as a biopsy has been 
shown to increase oxidative stress in the prostate 
tissue (17). Normal oxidative stress markers have 
been used for a very long time. However, using 
the current method developed by Dr. Erel and Dr. 
Neselioglu, plasma dynamic thiol / disulphide 
homeostasis can be measured with faster, more 
inexpensive, practical and fully-automatic spec-
trophotometric examination (10).

 Many recent studies have shown disorder 
in plasma thiol / disulphide homeostasis in the en-
teropathogenesis of diabetes mellitus, cardiovas-
cular diseases, cancer, rheumatoid arthritis, chro-
nic kidney disease, Parkinson disease and liver 
diseases (18-21). Therefore, determining dynamic 
thiol-disulphide homeostasis can provide many 
valuable information to detect the physiologic and 
pathologic biochemical process of many diseases. 
In their study, Erel et al. detected high plasma di-
sulphide values in patients who were smoking, had 
diabetes, obesity and pneumonia and detected low 
values in patients with diseases such as bladder 
cancer, colon cancer, kidney cancer and multiple 
myeloma. Disulphide values were detected as very 
low in rapidly growing tumors while as slightly 
lower than normal in slow-progressing diseases 
(10). In some studies, it was detected that DD / NT 
ratios had positive correlation with age while in 
some studies it was shown to have negative corre-
lation (22, 23). In our study, a clear evaluation was 

figure 3 - comparison of Dynamic Disulphide levels. not made on correlation with age because age did 
not have normal distribution between the groups.

 Studies have shown that oxidative stress 
biomarkers such as thiobarbituric acid reactive 
substances, total oxidative status, malondialdehy-
de, plasma nitrite / nitrate levels, lipid peroxide 
activities increased in prostate cancer patients 
compared to the control group (24). Some studies 
have reported decrease in antioxidant enzymes 
such as catalase, superoxide dismutase containing 
manganese, superoxide dismutase containing co-
pper and zinc, glutathione peroxidase, disrupted 
oxidative stress / antioxidant status in prostate 
cancer patients (25). In another study it was deter-
mined that prostate cancer progression and oxida-
tive stress had positive correlation and shown that 
anti-oxidants such as vitamin E and selenium re-
duced this risk (26). Thiol / disulphide homeosta-
sis and thiol oxidation have critical importance in 
protecting cells against detoxification, arranging 
enzymes and important cellular pathways such as 
proapoptotic, signal transmission and antiapopto-
tic signalization (27).

 PSA is the most commonly used marker 
in prostate cancer diagnosis. PSA value, tumor 
volume and Gleason score are the most impor-
tant prognostic factors in the course of prostate 
cancer. High PSA values were present in both 
groups in our study. PSA level increases rapidly 
in the event of acute bacterial prostatitis. Howe-
ver, blood values such as CRP, ESR and White 
Blood Cell also rise.

 Prostate cancer is a chronic disease (except 
for high-risk prostate cancer), PSA values usually 
rise slowly and can also be detected at extremely 
high values depending on tumor aggressiveness. 
In this study, we aimed to show the change in 
thiol / disulphide values in two different diseases 
with acute and chronic progression occurring on 
the same tissue. According to our findings, NT, TT 
and disulphide values were found to be signifi-
cantly different in both prostatitis and the prostate 
cancer compared to the control group. However, a 
statistically significant difference was not obser-
ved when both groups were compared. This shows 
that both cancer and inflammation trigger a simi-
lar oxidative stress on the tissue. Although oxida-
tive stress markers rise suddenly in acute events, 
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this increase takes place gradually in chronic pro-
cesses. However, this process continues in cancer 
patients unless treated. In inflammation, the oxi-
dative process returns to normal after the causati-
ve infectious event is remedied. Thiols, which are 
an anti-oxidant structure in the serum, may have 
decreased upon exposure to severe oxidation be-
cause anti-oxidant defense weakens or oxidation 
increases in prostate cancer or prostatitis patients. 
Oxidation products more progressed than disul-
phides were formed as thiols were subject to se-
vere oxidation. As these are usually products of 
irreversible thiol oxidation, it is considered that 
disulphides are also low (10).

 Earlier studies have not shown the relation 
between tPSA level and thiol / disulphide values. 
In our study tPSA values and thiol/disulphide va-
lues were compared in both groups. However, al-
though tPSA values were high in both groups, it 
was detected to be statistically higher in the pros-
tate cancer group. However, no difference was de-
tected between both groups in Thiol / Disulphide 
ratios. High tPSA values are a direct indicator of 
prostate tissue damage.

 The main limitations of the present study 
are its retrospective and non-randomized nature. 
In addition, the number of patients involved is 
small. These results need to be supported by pros-
pective, randomized studies, and comprehensive 
patient series.

cONcLUSIONS

 Calculating thiol / disulphide values, whi-
ch is a new marker, is an easy, inexpensive and 
reliable method. Serum NT, TT, DD levels in pa-
tients with prostatitis and prostate cancer were 
found significantly lower compared to the control 
group. This shows that just as inflammation, pros-
tate cancer also increases oxidative stress on tis-
sues. We consider that NT, TT, DD levels measures 
in serum can be used in the differential diagnosis 
of these pathologies.

ABBREvIATIONS

NT = Native Thiol
TT = Total Thiol

DD = Dynamic Disulphide
ROT = Reactive Oxygen Types
PSA = Prostate Specific Antigen
tPSA = Total Prostate Specific Antigen
ABP = Acute Bacterial Prostatitis
ESR = Erythrocyte Sedimentation Rate
CRP = C-Reactive Protein
NaBH4 = Sodium Borohydride
DTNB = 5,5’-dithio-bis- (2-nitrobenzoic acid))
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ABSTRAcT
 

Purpose: The purposes of the present study were to evaluate growth rate of nonfunc-
tioning adrenal incidentalomas (AIs) and their development to hormonal hypersecre-
tion on follow-up.
Materials and methods: A retrospective study was conducted from the electronic medi-
cal records. A total of 314 patients were diagnosed with adrenal tumors between 2000 
and 2016. After excluding patients who had overt adrenal endocrine disorders or whose 
adrenal tumors were clinically diagnosed as metastatic malignancies, we investigated 
108 patients with nonfunctioning AIs including characteristics, the treatment, the way 
of follow-up and pathology.
Results: Fifteen patients received immediate adrenalectomy because of the initial tu-
mor size or patient’s preference. Pathological examination revealed malignancy in 
2 patients. In the remaining 93 patients, radiological examinations were performed 
periodically. Tumor enlargement of ≥ 1.0cm was observed in 8.6% of the patients 
who were followed up as nonfunctioning AIs with a median follow-up period of 61.5 
months (range: 4-192). Eleven patients underwent adrenalectomy. On the pathologi-
cal examinations, all of the tumors, which showed a size increase, were diagnosed as 
benign tumors. Regarding the followed up patients without adrenalectomy, only 2.4% 
of the patients had tumor enlargement during the prolonged follow-up. Furthermore, 
none of the patients developed hormonal hypersecretion or clinical signs such as obe-
sity, glucose intolerance or poorly controlled hypertension.
Conclusions: Tumor enlargement of AIs did not correlate with malignancy. The value 
of repeat radiological and hormonal examinations may be limited in the long-term 
follow-up of patients whose AIs are not enlarged.
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INTRODUcTION

Adrenal incidentaloma (AI) is defined as an 
asymptomatic adrenal mass detected on imaging 
not performed for suspected adrenal disease. The 

prevalence of AIs has been reported to be as high 
as 8% in an autopsy series and 4% in a radiologic 
series (1, 2). With advances in imaging technolo-
gy and the widespread application of abdominal 
imaging procedures, the rate of diagnosing AIs is 
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expected to continue increasing. Given that the 
occurrence of AIs increases with age (3), the ma-
nagement of AIs will also become a growing cli-
nical interest, especially in a rapidly aging society 
such as Japan. However, most of AIs are nonfunc-
tioning cortical adenomas that are benign and do 
not cause classical clinical signs and symptoms 
of hormone excess syndromes (4, 5). The optimal 
frequency and duration of follow-up for patients 
with nonfunctioning AIs are uncertain. Long-term 
surveillance, including radiological and hormo-
nal examinations, may be associated with signi-
ficant emotional distress (6) and financial costs 
(7) in these patients, even though the majority of 
them are found to be healthy. In this study, we 
evaluated growth rate of nonfunctioning AIs and 
the development of hormonal hypersecretion on 
follow-up to explore the management of AIs in-
cluding surgery and the value of repeated long-
-term examination.

MATERIALS AND METHODS

Patients
 We used the search term “adrenal tumor” 

from the electronic database between 2000 and 2016 
at the Department of Urology of our institute. A total 
of 314 patients were found from the database whose 
adrenal tumors were pointed out incidentally or by 
the examination for overt endocrine diseases or as 
adrenal metastases from other primary malignan-
cies. Overt endocrine diseases were diagnosed in 165 
patients including primary hyperaldosteronism (n 
= 68), pheochromocytoma (n = 54), Cushing’s syn-
drome (n = 30), and subclinical Cushing’s syndrome 
(n = 13). Hormonal examinations were not perfor-
med in 7 patients at diagnosis. Twenty-six patients 
whose adrenal tumors were discovered during pe-
riodic radiological check-up (clinically diagnosed 
as malignant metastases) were excluded from the 
study. The remaining 116 patients were diagnosed 
as having hormonally nonfunctioning AIs. After 
excluding 4 patients who were lost to follow-up 
and 4 patients who were clinically diagnosed as 
adrenal carcinomas with multiple metastases, 108 
patients with nonfunctioning AIs were retrospec-
tively analyzed in this study (Figure-1). Fifteen 
patients underwent immediate adrenalectomy 

(Adx) (immediate-Adx group) because of the tu-
mor size ≥ 4.0cm at initial investigation or becau-
se the patients strongly wished surgical removal. 
Eleven patients received late Adx during follow-
-up (late-Adx group) mainly because of tumor 
enlargement. The other 82 patients were followed 
without Adx (observation group) but with periodic 
computed tomography (CT).

Hormonal assessment
 Hormonal evaluation at diagnosis con-

sisted of morning plasma levels of adrenocorti-
cotropic hormone (ACTH) and cortisol, plasma 
renin activity, plasma concentrations of aldoste-
rone, dehydroepiandrosterone sulphate (DHEA-S) 
and catecholamines, and / or 24h urine collection 
of catecholamines or their metabolites. Some pa-
tients received dexamethasone suppression tests 
at diagnosis. After initial evaluation, the patients 
were followed by multiple urologists at our hos-
pital. The decisions to repeat hormonal examina-
tions and screening intervals during follow-up 
evaluation were made by each urologist. Basically, 
plasma renin activity and plasma concentrations 
of ACTH, cortisol, aldosterone and catecholamines 
were measured every 4-12 months in all patients 
except for immediate-Adx group. Urine catechola-
mines or their metabolites were assessed in selec-
ted patients.

Plasma cortisol and plasma renin activity 
were measured by enzyme immunoassay with nor-
mal range 6.4-21.0µg / dL and 0.2-3.9ng / mL / hr, 
respectively. Plasma ACTH was measured by elec-
trochemiluminescence immunoassay with normal 
range 7.2-63.3pg / mL, Plasma aldosterone was 
measured by RIA with normal range 35.7-240pg / 
mL. DHEA-S was measured by chemiluminescent 
enzyme immunoassay. Plasma and urine catecho-
lamines and their metabolites were measured by 
high performance liquid chromatography. Hema-
tological profile, lipid profile, serum electrolytes, 
glucose, creatinine / eGFR, and liver function tests 
were determined by routine laboratory methods.

Radiological investigation
 All patients received CT scans at diagnosis 

and six months later to check mass enlargement. 
Then, periodic CT follow-up evaluations were per-
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formed every 6-12 months. Lesions were clas-
sified as benign if they were small (< 4.0cm) 
and had radiological features consistent with 
adenoma / hyperplasia (homogeneous, well cir-
cumscribed, lipid rich with radiodensity of < 10 
Hounsfield units (HU) on unenhanced CT) or if 
they had other typical benign characteristics 
such as a thin-walled cyst, myelolipoma, and 
adrenal hemorrhage. Magnetic resonance ima-
ging (MRI) and / or enhanced CT were used for 
patients with lipid-poor (HU ≥ 10 on unenhan-
ced CT), heterogeneous, or large (≥ 4.0cm) tu-
mors. MRI and enhanced CT were used in 15 and 
48 patients, respectively. Contrast-enhanced CT 
examinations were performed at 1 minute (early 
contrast-enhanced CT) and 15 minutes (delayed 
contrast-enhanced CT) after administration of 
contrast material. An absolute contrast enhan-

cement washout was calculated by the following 
equation: (= 100 x (HU early - HU delayed) / (HU 
early - HU unenhanced)). An absolute contrast 
enhancement washout > 60% was assumed to su-
ggest that an adrenal lesion was benign (8). When 
re-imaging of CT or MRI didn’t show enlargement 
of tumors, they were diagnosed as benign.

Statistical analysis

 Variables were analyzed for normal dis-
tribution using the Kolmogorov-Smirnov test. 
Continuous variables are expressed as medians 
with range and were compared by using the 
Mann-Whitney U test. Categorical variables 
were compared using the Chi-squared test. P 
< 0.05 was regarded as the difference between 
significant groups.

figure 1 - flow chart of patients.



ibju | Follow-up For nonFunctioning adrenal incidentaloma

506

RESULTS

 The main clinical characteristics of the 
108 patients with nonfunctioning AIs consisting 
of 3 groups are summarized in Table-1. The mean 
age at diagnosis and sex were not significantly 
different among the groups. Left-sided adrenal tu-
mors were more common in all groups. The me-
dian follow-up periods were 63.0 and 35.0 months 
in the observation and late-Adx groups, respec-
tively. Tumor size at diagnosis was significantly 
larger in the immediate-Adx group than in the 
other groups (P < 0.001). The ratio of tumors of 
< 10HU on unenhanced CT was higher in the ob-
servation group (61.0%) than in the late- (36.4%) 
and immediate- (20.0%) Adx groups, but this di-
fference was not significant. However, the percen-
tage of small tumors (< 4.0cm) was significantly 
higher in the observation group than in the other 
groups (P < 0.001). Tumor enlargement of ≥ 1.0cm 
during follow-up was more frequent in the late-
-Adx group (54.6%) than in the observation group 
(2.0%). Table-2 shows the summary of immediate-
-Adx. Two patients (cases 3 and 12) with a tumor 
size of < 4.0cm underwent immediate-Adx becau-
se they had a previous history of malignancy and 
hoped to remove their adrenal tumors in order 
to rule out malignancy. In two patients (cases 14 

and 15), pathological examination revealed their 
tumors to be malignant. Table-3 summarizes the 
late-Adx group. Five patients with small tumors 
(< 4.0cm) at diagnosis exhibited a remarkable tu-
mor enlargement during follow-up (cases 16, 17, 
19, 20 and 21). Radiological follow-up was per-
formed in 4 patients with a tumor size of ≥ 4.0cm 
because the CT findings indicated those tumors to 
be benign (cases 22-25). During follow-up, tho-
se tumors gradually increased in size, and subse-
quently late-Adx was conducted. On the patho-
logical examinations, however, all of the tumors, 
which showed a size increase, were diagnosed as 
benign tumors. Case 26 is an exceptional case. She 
was initially examined by CT scan because of her 
right abdominal pain that showed right adrenal 
hematoma. By periodic CT scans, the tumor de-
creased in size with the shrinkage of hematoma, 
and meanwhile, it showed appearances suggestive 
of a malignant tumor. Although Adx was tried, 
it could not be removed due to strong adhesions, 
and hence, only core biopsy was conducted and 
showed adrenal carcinoma.

 We showed the representative radiological 
images of benign adrenal adenomas in Figure-2. 
Unenhanced CT showed homogeneous, well circu-
mscribed, lipid rich with radiodensity of 2HU in 
typical adrenal adenoma (Figure-2a). IV contrast 

Table 1-characteristics of non-functioning adrenal incidentalomas.

Observation
(n=82)

Late-Adx
(n=11)

Immediate-Adx
(n=15)

P-value

Age*, mean±SD 62.5 (29.0-89.0) 56.0 (31.0-70.0) 60.0 (30.0-79.0) 0.190 1

Male, n (%) 45 (54.9) 4 (36.4) 7 (46.7) 0.407 1

Tumor laterality (Left / Right / Both) 50/23/9 8/3/0 9/5/1 -

Follow-up period (M), median (range) 63.0 (7-192) 35.0 (4-90) NA 0.019 2

Tumor size * (cm), median (range) 2.2 (0.5-8.0) 3.3 (0.7-7.4) 4.7 (2.1-19.3) <0.001 1

CT density < 10HU on unenhanced CT 
*, n (%)

50 (61.0) 4 (36.4) 3 (20.0) 0.468 1

Tumor size < 4.0cm *, n (%) 72 (87.8) 6 (54.6) 3 (20.0) <0.001 1

Tumor enlargement 1cm during follow-
up, n (%)

2 (2.4) 6 (54.6) NA <0.001 1

* Initial evaluation;, 1 Kruskal Wallis; 2 Mann-Whitney's U-test    /   Adx = adrenalectomy; HU = Hounsfield unit; NA = not applicable.
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Table 2-Tumor size, co-existence of malignancy, and pathology in immediate adrenalectomy group.

case Size co-existing malignancy Pathology

1 5.0 cm Cortical adenoma

2 9.0 cm Schwannoma

3 3.3 cm Liver cancer tongue cancer Cortical hyperplasia

4 4.0 cm Mature teratoma

5 5.0 cm Cortical adenoma

6 4.0 cm Gastric cancer Prostate cancer Hemangioma

7 19.3 cm Hemangioma

8 4.0 cm Cortical hyperplasia

9 4.7 cm Hematoma

10 5.2 cm Ganglioneuroma

11 4.3 cm Cortical adenoma

12 2.1 cm Gastric cancer Cortical adenoma

13 8.3 cm Cortical adenoma

14 3.0 cm Neuroendocrine carcinoma

15 12.0 cm Adrenal carcinoma

Table 3-Tumor enlargement, co-existence of malignancy, and pathology in late adrenalectomy group.

case Tumor enlargement
(Follow-up period)

Co-existing malignancy Pathology

16 0.7 cm → 3.8 cm (5Y) Hemangioma

17 2.0 cm → 3.0 cm (7M) Prostate Cortical adenoma

18 2.3 cm → 2.4 cm (4M) Prostate, Lung, Gastric Cortical adenoma

19 2.6 cm → 4.3 cm (5Y9M) Cortical adenoma

20 3.0 cm → 5.3 cm (3Y6M) Kidney Hematoma

21 3.5 cm → 4.3 cm (6Y4M) Pseudocyst

22 4.0 cm → 4.5 cm (1Y) Hyperplasia

23 4.5 cm → 6.1 cm (3Y) Myelolipoma

24 5.3 cm → 7.0 cm (3Y) Cortical adenoma

25 5.8 cm → 6.2 cm (5M) Ganglioneuroma

26 7.4 cm → 5.0 cm (11M) Adrenal carcinoma

M = Months; Y = Years
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figure 2 - Radiological images of adrenal adenoma.

a-c: Lipid rich typical adrenal adenoma.
(a) Unenhanced CT, (b) Early phase on contrast enhanced CT, (c) Delayed phase on contrast enhanced CT.

d-f: Lipid poor adrenal adenoma.
(d) Unenhanced CT, (e) Early phase on contrast enhanced CT, (f) Delayed phase on contrast enhanced CT.

g-i: Lipid poor adrenal adenoma.
(g) Out-of-phase MR image, (h) in-phase MR image, (i) Chemical shift subtraction MR image.
Arrows indicate the adrenal tumors.
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enhanced attenuation of 139HU in early phase (Fi-
gure-2b) and 46HU in delayed phase (Figure-2c). An 
absolute contrast enhancement washout was 67.8%. 
Lipid poor adrenal adenoma was shown in Figure-
-2d which had 30HU on unenhanced CT. IV con-
trast enhanced attenuation of 160HU in early phase 
(Figure-2e) and 70HU in delayed phase (Figure-2f). 
An absolute contrast enhancement washout was 
69.2%. Chemical shift imaging on MRI was shown 
in Figure-2g-i. This mass had 35HU on unenhanced 
CT (data not shown). Signal intensity lost on out-
-of-phase when compared to in-phase imaging sig-
nified the presence of intracellular lipid (Figures 2g 
and h). Chemical shift subtraction MR image showed 
marked signal increase throughout mass, indicating 
lipid content (Figure-2i). All these AIs were not sur-
gically removed, however, the sizes did not chan-
ge during the follow-up periods, suggesting benign 
adrenal adenomas.

 Figure-3 shows CT findings of adrenal tu-
mors which were surgically resected in this study. 
Adrenal hematoma was a poor-enhancing round 
shape tumor (Figure-3a). Pseudocyst was a well-
-defined hypo-attenuating mass on unenhanced 
CT and slightly enhanced following injection of 
contrast medium (Figure-3b). Myelolipoma was a 
large round soft-tissue attenuating mass contai-
ning predominantly fatty components and poor-
-enhancing on contrast enhanced CT (Figure-3c). 
Adrenal hemangioma was a well-defined hypo-
-attenuating mass on unenhanced CT and had 
heterogeneous enhancement after contrast me-
dium injection (Figure-3d). Ganglioneuroma was 
a hypo-attenuating relative to muscle on both 
unenhanced and contrast enhanced CT with the 
presence of calcification (Figure-3e). Adrenal car-
cinoma was a large mass with central necrosis and 
had heterogeneous enhancement following injec-
tion of contrast medium (Figure-3f).

 None of the patients developed hormonal 
hypersecretion in periodic blood testing or clinical 
signs such as obesity, glucose intolerance or poor-
ly controlled hypertension.

DIScUSSION

 The optimal frequency and duration of 
follow-up for patients with nonfunctioning AIs are 

uncertain. Follow-up is considered to be necessary 
for two reasons: (i) to determine if there is a rapid 
increase in the size of a benign-appearing mass, 
a finding that would prompt surgery to remove a 
lesion that may be a cancer, and (ii) to detect the 
appearance or progression of hormonal activity of 
the adrenal tumors, a finding that would prompt 
surgery to avert complications driven by hormo-
nal excess.

 According to the NIH Statement (5), the 
size and appearance of an adrenal mass on CT or 
MRI may help distinguish between benign and 
malignant lesions. The available data suggest that 
nearly all lesions smaller than 4cm are benign. 
In the present study, 80% of the immediate-Adx 
group had adrenal tumors ≥ 4.0cm and primary 
adrenal cancers were determined in two patients, 
both of whom died of recurrence within a year.

 Except for the immediate-Adx group, ei-
ght patients (8.6%) exhibited increases in tumor 
size of > 1.0cm during follow-up, and six patients 
received Adx; however, pathological examination 
showed no malignancy. Tumor enlargement did 
not correlate with malignancy and had questio-
nable value in the present study. In a systemic 
review, the estimated pooled risk for developing 
malignancy in AIs was 0.2% (95% confidence in-
terval: 0.0-0.4), which were compatible with a risk 
of fatal cancer attributed to cumulative radiation 
exposure with repeated CT scans (9). In two cohort 
studies, one case of adrenal non-Hodgkin lym-
phoma and one case of renal cancer metastasis 
were detected. However, in the first case, initial 
evaluation was not consistent with benign cha-
racteristics (10). In the second case, it was unclear 
whether the adrenal tumor was detected inciden-
tally or during follow-up for cancer (11). We sug-
gest that initial evaluation is more important than 
repeated radiological follow-up to rule out adre-
nal malignancy. The European Society of Endocri-
nology and the European Network for the Study 
of Adrenal Tumors guidelines suggest that if une-
nhanced CT findings are consistent with a benign 
adrenal tumor (radiodensity ≤ 10HU, homogenous 
mass, and tumor size < 4.0cm), no further imaging 
is required (12). However, approximately 20%-
30% of adrenal adenomas are lipid poor and have 
an unenhanced CT attenuation value of > 10 (13). 



ibju | Follow-up For nonFunctioning adrenal incidentaloma

510

figure 3 - cT images of surgically resected AIs.
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(a) Adrenal hematoma. (b) Pseudocyst. (c) Myelolipoma. (d) Adrenal hemangioma. (e) Ganglioneuroma. (f) Adrenal carcinoma. 
Arrows indicate the adrenal tumors.

The combination of unenhanced CT and contrast 
washout values of adrenal tumors can assist in 
the characterization and differentiation of ade-
nomas from other adrenal tumors with 98% 
sensitivity and 92% specificity (14-16). In the 
present study, contrast washout value of adre-
nal tumors by contrast CT was not examined in 
all cases. However, if re-imaging of unenhanced 
CT showed non-enlargement of adrenal tumors, 
majority of AIs were unharmful for the patients. 
No one developed malignancy in the patients 
who followed without Adx (observation group) 
in our study with 5 years of median follow-up 
period. If there is the possibility of adrenal ma-

lignancy in the initial assessment, radiological 
evaluation should be repeated after 3-6 months 
(17). MRI and 18 fluoro-2-deoxyglucose posi-
tron emission tomography (FDG-PET) could be 
options. Loss of signal intensity between in- 
and out-of-phase images in MRI (18), and the 
maximum standardized uptake value (SUVmax) 
and the ratio of SUVmax in the adrenal gland 
compared with the liver (adrenal-liver ratio) in 
FDG-PET (19) are useful for differentiating be-
nign from malignant AIs.

 In the present study, none of the patients 
with negative adrenal gland disorders at an ini-
tial evaluation developed hormonal hypersecre-
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tion during the prolonged follow-up. No one 
developed clinical signs such as obesity, glucose 
intolerance or poorly controlled hypertension. 
Our results are consistent with previous inves-
tigations by Terzolo et al. (20). The pooled risk 
of developing clinically relevant hormonal ex-
cesses (e.g., primary aldosteronism, Cushing’s 
syndrome, and pheochromocytoma) is < 0.3% 
in patients with an initial hormonal work-up 
consistent with a nonfunctioning lesion (9, 21). 
The main concern in the hormonal follow-up 
of benign nonfunctioning adrenal tumors is 
the development of autonomous cortisol secre-
tion without signs of overt Cushing’s syndrome 
(subclinical Cushing’ syndrome) (10, 22). In the 
present study, dexamethasone suppression and 
24h urine collection tests were not performed in 
the majority of patients for hormonal follow-up. 
However, a recent report stated that among 63 
patients who underwent complete biochemical 
testing both at baseline and the 2-year follow-
-up, hormonal hypersecretion was not discove-
red in any patient at follow-up (20). In addition, 
the benefit of performing Adx in patients with 
subclinical Cushing syndrome is controversial 
(22-26), and conservative treatment could be a 
good option. At least, for those whose adrenal 
masses are determined to be nonfunctional at 
an initial assessment, routine screening inclu-
ding a dexamethasone suppression test and a 
24h urine collection test, besides being cumber-
some or not being devoid of complications, may 
provide limited clinical benefits.

 There are some limitations of the present 
study. The evaluation of cases was performed 
retrospectively, and there was an unavoidable 
selection bias. The cohort included the patients 
with short follow-up periods. The cohort inclu-
ded the patients who were referred to urological 
department for surgery. We excluded patients 
who were diagnosed as adrenal tumors in the 
department of endocrinology. Because of tho-
se reasons, the percentage of nonfunctioning 
AIs in all adrenal tumors was not the same as 
previous reports. The methodologies for radio-
logical and hormonal evaluation were not stan-
dardized. Contrast-enhanced CT was not perfor-
med in all patients due to renal dysfunction, a 

history of allergy to contrast agents, or others. 
Dexamethasone suppression and 24h urine col-
lection tests were not performed for hormonal 
follow-up in most of our patients, as mentioned 
above. However, owing to the risk of false-po-
sitive results, systemic hormonal follow-up is 
not recommended in patients with nonfunctio-
ning AIs (5). Lastly, it was difficult to set a cle-
ar threshold of the size and an unenhanced CT 
attenuation value in determining benign AIs in 
the present study, because they were depending 
on individual urologist’s clinical judgement, 
personal practice and experience. We included 
some patients who had small size of AIs less 
than 1cm in this study, however, cutoff of size 
for inclusion criteria was unclear for appropria-
te analysis.

cONcLUSIONS

 We reviewed nonfunctioning AIs in a 
single center. Repeat radiological examinations 
demonstrated tumor enlargement in 8.6% of 
patients who were followed up as nonfunctio-
ning benign AIs. However, tumor enlargement 
did not correlate with malignancy. The value of 
repeat radiological and hormonal examinations 
may be limited in the long-term follow-up of 
patients whose AIs are not enlarged. To further 
evaluate the value of long-term follow-up of 
benign and nonfunctional adrenal tumors, pros-
pective studies are required.

ABBREvIATIONS

Adx = adrenalectomy
AI = Adrenal incidentaloma
ACTH = adrenocorticotropic hormone
DHEA-S = dehydroepiandrosterone sulphate
CT = computed tomography
HU = hounsfield units
MRI = magnetic resonance imaging
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ABSTRAcT
 

Purpose: To investigate risk factors for complications in patients undergoing adrenal-
ectomy.
Materials and Methods: A retrospective search of our institutional database was per-
formed of patients who underwent adrenalectomy, between 2014 and 2018. Clinical 
parameters and adrenal disorder characteristics were assessed and correlated to intra 
and post-operative course. Complications were analyzed within 30-days after surgery. 
A logistic regression was performed in order to identify independent predictors of 
morbidity in patients after adrenalectomy.
Results: The fi les of 154 patients were reviewed. Median age and Body Mass Index 
(BMI) were 52-years and 27.8kg/m2, respectively. Mean tumor size was 4.9±4cm. Me-
dian surgery duration and estimated blood loss were 140min and 50mL, respectively. 
There were six conversions to open surgery. Minor and major post-operative com-
plications occurred in 17.5% and 8.4% of the patients. Intra-operative complications 
occurred in 26.6% of the patients. Four patients died. Mean hospitalization duration 
was 4-days (Interquartile Range: 3-8). Patients age (p=0.004), comorbidities (p=0.003) 
and pathological diagnosis (p=0.003) were independent predictors of post-operative 
complications. Tumor size (p<0.001) and BMI (p=0.009) were independent predictors 
of intra-operative complications. Pathological diagnosis (p<0.001) and Charlson score 
(p=0.013) were independent predictors of death.
Conclusion: Diligent care is needed with older patients, with multiple comorbidities 
and harboring unfavorable adrenal disorders (adrenocortical carcinoma and pheo-
cromocytoma), who have greater risk of post-operative complications. Patients with 
elevated BMI and larger tumors have higher risk of intra, but not of post-operative 
complications.
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INTRODUcTION

Adrenal disorders are found in 5% of the 
population and this rate increases with age (1). Al-
though the majority of the patients will not need 
surgical intervention, adrenal glands can harbor a 
variety of pathologies that may originate life thre-
ating clinical conditions. Probably due to advan-

ces in diagnostic exams, the number of adrena-
lectomies performed in the last decades increased 
approximately 65% (2). Furthermore, the demysti-
fi cation of adrenal surgery may have contributed 
to augment this number. Of noteworthy, four de-
cades ago, morbidity and mortality after adrena-
lectomy were as high as 30% and 4%, respectively 
(3). Lately, contemporary series reports compli-
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cation rates varying from 6-18% and mortality 
<1% (2, 4, 5). Despite an important reduction in 
morbidity, the rate of complications is still high. 
Adrenal disorders are heterogeneous and thus 
convalescence should be expected to be uneven. 
Identifying clusters of patients at higher risk of 
complications would be valuable for peri-ope-
rative preparation and enhancement of surgical 
strategy. Our objective is to find predictors of 
surgical and clinical complications after adrena-
lectomy for the treatment of different etiologies.

MATERIALS AND METHODS

 A retrospective review of our prospecti-
ve collected database was performed searching 
for patients who underwent total or partial 
adrenalectomy, between July of 2014 and Janu-
ary of 2018. Inclusion criteria comprised adult 
patients, bearing any primary adrenal tumor 
etiology, paraganglioma or secondary Cushing’s 
syndrome (pituitary or ectopic neuroendocrine 
tumor), who underwent open or trans-perito-
neal laparoscopic access. Patients indicated to 
adrenalectomy that were intra or post-operati-
vely diagnosed with tumors of other organs or 
patients with incomplete data were excluded. 
Data collection included a thorough recording 
of comorbidities and classification according to 
the Charslon index (6). All procedures were per-
formed by the same experienced surgeon, who 
performs >40 cases yearly for at least 10 years, 
teaching urology residents.

Indication to adrenalectomy were (1) hor-
mone producing tumors and (2) tumors >4cm. Hor-
monal investigation was done by discrimination of 
the endocrinologist and all patients underwent ab-
dominal computed tomography or magnetic reso-
nance imaging. Patients were prepared to surgery 
following our institution guidelines and accor-
ding to their adrenal disorder (Table-1). Open 
access was chosen for all tumors >8cm and most 
tumors >6cm. Patients with unilateral adrenal 
tumors were indicated to total ipsilateral adre-
nalectomy. Patients harboring synchronic bila-
teral adrenal tumors or with refractory Cushing’s 
disease underwent bilateral adrenalectomy; total 
or partial resection of the gland was chosen de-
pending on the pathology. Laparoscopic total or 
partial adrenalectomy were performed as descri-
bed elsewhere (7).

Demographic data, comorbidities, clinical 
presentation, tumor etiology and size were asses-
sed. Outcome measures were surgery duration, in-
tra-operative complications, intra-operative blood 
loss, intra-operative hemodynamic instability, 
conversion to open surgery (in case of laparoscopic 
adrenalectomy) and 30-day post-operative compli-
cations. Complications were categorized according 
to the Clavien-Dindo classification (8). Intra-ope-
rative complications were classified according to 
the system proposed by Satava (9). Hemodynamic 
instability was considered when any vasoactive 
drug was needed to regulate blood pressure.

Statistical analysis was performed using 
SPSS Statistics 22.0 (IBM, Armonk NY). Univaria-

Table 1 – pre-operative preparation.

Adrenal disease Preparation

Hiperaldosteronism Oral Spironolactone when K <3.5 and BP >140x90 mmHg

Pheocromocytoma Oral Prazosin until mean BP is between 65-90 mmHg
Oral beta-blocker if heart rate >100
1000mL of saline 2h before surgery

ACC Sub-cutaneous Enoxaparin until 12h before surgery Meningococcal, Pneumococcal and 
Haemophilus influenzae vaccination if splenectomy needed

Cortisol producing adenoma, 
Cushing’s disease and PMAH

Sub-cutaneous Enoxaparin until 12h before surgery, 100 mg of intra-venous 
Hydrocortisone in anesthetic induction.

Bp = blood pressure; pMAH = primary macronodular adrenal hyperplasia; Acc = adrenocortical carcinoma.
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te analysis was performed to evaluate the asso-
ciation between independent variables with sur-
gical and postoperative outcomes. Pathological 
diagnosis was categorized as adrenocortical car-
cinoma (ACC), pheocromocytoma and others, in 
order to perform the assessment. Categorical va-
riables were analyzed using chi-square and ANO-
VA tests. Continuous variables were analyzed 
using Student’s t-test and Mann-Whitney U test. 
Kruskal-Wallis test was performed in cases of 
multiples categories. Analysis of association be-
tween two continuous variables was performed 
with Pearson’s bivariate correlation. Variables 
significantly associated with each outcome on 
univariate analysis were included in a model of 
multivariate analysis. For categorical outcomes, 
a Binomial Logistic Regression was performed; 
for continuous variables, a Multivariate Linear 
Regression was performed. Results were consi-
dered statistically significant at p<0.05; a two-
-tailed test was used whenever applicable.

RESULTS

In the study period 162 patients were 
indicated to adrenalectomy at our institution, 
of whom 154 patients met the inclusion crite-
ria and were analyzed (8 patients excluded due 
to final pathological diagnosis of retroperito-
neal sarcoma, renal cell carcinoma and hepa-
tic carcinoma). Incidentalomas represented 20% 
of diagnoses. Twenty-five patients with large 
adrenal masses had clinical suspicion of ACC; 
eleven had pathological confirmation (Table-2). 
Hyperaldosteronism (25%) and pheocromocyto-
ma (21%) were the most prevalent adrenal di-
sorders. The frequencies of other pathologies are 
discriminated in Tables 3 and 4.

Unilateral adrenalectomy was performed 
in 126 patients. Bilateral total adrenalectomy 
was done in 6 patients with Cushing’s disea-
se and 1 patient with fungal infection (agent: 
Paracoccidioides brasiliensis). Bilateral total 
/ partial adrenalectomy was performed in 14 
patients with primary macronodular adrenal 
hyperplasia (PMAH), 4 patients with pheocro-
mocytoma and 3 patients with Cushing’s dise-
ase. Conversion from laparoscopic to open sur-

gery occurred in 6 cases: 3 due to hemodynamic 
instability aiming to abbreviate the surgery, 2 
to control bleeding and 1 due to technical di-
fficulties. Major complications occurred in 13 
patients listed in Table-5. Four patients died, of 
whom 2 had metastatic ACC (Table-6). Results 
discriminated by open or laparoscopic surgery 
are available on Table-7.

 Univariate analysis didn’t reveal asso-
ciation of patient sex, use of anti-coagulant 
drug, blood hypertension and clinical presen-
tation with any of the outcome measures. On 
multivariate analysis, we found that pathologi-
cal diagnosis was an independent predictor of 
post-operative complications (p=0.003), while 
pathological diagnosis (p=0.003) and patient 
age (p=0.004) were independent predictors of 
major post-operative complications. Tumor size 
(p<0.001) and BMI (p=0.009) were independent 
predictors of intra-operative complications. 
Pathological diagnosis (p<0.001) and Charlson 
score (p=0.013) were independent predictors of 
death. Tumor size was an independent predictor 
of blood-loss (p<0.001). Tumor size (p<0.001) 
and open adrenalectomy (p=0.005) were inde-
pendent predictors of surgical time and hospita-
lization time, respectively. Conversion to open 
surgery and reoperation were not associated 
with any of the assessed parameters.

Table 2 – final pathology of large adrenal masses 
suspect of adrenocortical carcinoma at diagnosis 
(N=25).

Final Pathology N (%)

ACC 11 (44%)

Adenoma 7 (28%)

Mielolipoma 2 (8%)

Hemangioma 2 (8%)

Ganglioneuroma 1 (4%)

Schwanoma 1 (4%)

Paracoccidioides brasiliensis infecction 1 (4%)

Acc = adrenocortical carcinoma
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Table 3 – Demographic and clinical presentation characteristics.

Parameters Mean ± SD Median (IQR)

Age (years) 50.8±14.9 52 (40-62)

Sex, males 52 (33.8%)

Side

Right (%) 64 (41.5%)

Left (%) 62 (40.3%)

Bilateral (%) 28 (18.2%)

BMI (kg/m2) 29.2±6.7 27.8 (25-33)

charlson Score

0 48 (31.2%)

1-5 89 (57.8%)

5-10 15 (9.7%)

>10 2 (1.3%)

clinical presentation

Incidental 31 (20.1%)

Blood hypertension 68 (44.2%)

Cushing syndrome 29 (18.8%)

Hypertensive crisis 17 (11%)

Pain 13 (8.4%)

Palpable mass 8 (5.2%

Virilization 5 (3.2%)

pre-operative diagnosis

Aldosterone producing 
adenoma

39 (25.3%)

Pheocromocytoma 33 (21.4%)

PMAH 16 (10.5%)

Cortisol producing adenoma 15 (9.7%)

Cushing’s disease 15 (9.7%)

ACC 25 (16.2%)

Paraganglioma 4 (2.6%)

Myelolipoma 2 (1.3%)

Metastasis 2 (1.3%)

Cyst 2 (1.3%)

Ganglioneuroma 1 (0.7%)

Tumor size, (cm) 4.9±4 3.4 (2-6.5)

BMI = body mass index; pMAH = primary macronodular adrenal hyperplasia, Acc = adrenocortical carcinoma.
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Table 4 – Demographic and clinical presentation characteristics.

Parameters Mean ± SD Median (IQR)

final pathology

Adenoma 59 (38.3%)

Pheocromocytoma 36 (23.4%)

PMAH 18 (11.7%)

ACC 11 (7.1%)

Other 30 (19.5%)

Adrenalectomy access

Laparoscopic 123 (79.9%)

Open 25 (16.2%)

Converted 6 (4.9%)

Surgery approach

Unilateral total 126

Bilateral total 7

Bilateral partial / total 21

Surgery duration (min) 154±59 140 (120-180)

Estimated blood loss (mL) 139±224 50 (50-100)

Blood transfusion 7 (4.5%)

Intra-operative hemodynamic instability 29 (18.8%)

Intra-operative complications 16 (10,4%)

    Satava 1 15 (9,7%)

    Satava 2 1 (0,6%)

    Satava 3 0

post-operative complications 40 (26%)

    Clavien 1-2 27 (17,5%)

    Clavien 3a 6 (3,9%)

    Clavien 3b 3 (1,9%)

    Clavien 4 0

    Clavien 5 4 (2,6%)

Hospitalization duration (days) 6,1 ± 5,3 4 (3-8)

BMI = body mass index; pMAH = primary macronodular adrenal hyperplasia; Acc = adrenocortical carcinoma.
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DIScUSSION

 In this retrospective analysis we investi-
gated predictors of post-operative morbidity in 
patients undergoing adrenalectomy due to va-
rious causes. We found that adrenal tumor etio-
logy and size, patient age and comorbidities are 
predictors of post-adrenalectomy complications; 
open adrenalectomy prolonged hospitalization 
and higher BMI augmented the risk of intra-
-operative complications.

 Historically the surgical treatment of adrenal 
tumors has been a worrisome topic. Four decades ago 
patients with Cushing syndrome had a post-operati-
ve complication risk of 30% whereas patients with 
pheocromocytoma had a mortality risk ranging from 
30% to 45% (10). The knowledge regarding adrenal 
diseases evolved and consequently the associated 
morbidity decreased. Currently, post-operative mor-
bidity rate in patients with Cushing syndrome is ap-
proximately 6% and mortality rate in patients with 
pheocromocytoma diminished to 0% to 2.9% (11). 
Murphy et al. reported a complication rate of 7.2% 
in nationwide cohort with >40.000 subjects that un-
derwent adrenalectomy due to a variety of patholo-
gies (2). It should be mentioned that population data-
bases have the inherited shortcomings of coding and 
negligent reporting. Other series refer post-adrenalec-
tomy complication rates ranging from 6.4% to 18.4% 
(4, 5). In the present cohort, despite the rate of major 
complications was similar to previous series (8.4%), 
the rate of minor complications was higher (17.5%). 
The elevated frequency of ACC and pheocromocyto-
ma in our cohort might explain this finding.

 Minimally invasive surgery was pivotal to 
improve surgical outcomes. It has been demonstrated 
in a meta-analysis with 98 studies that complications 
rates after laparoscopic and open adrenalectomy were 
10.9% and 25.2%, respectively (12). Bittner et al. cor-
roborated this finding reporting a 5-fold greater risk 
of complications in patients undergoing open adre-
nalectomy (13). Of note, patients that undergo open 
surgery are prone to have larger tumors and to be 
operated in low-volume centers, what may increase 
complication occurrence. Excluding these cofoun-

Table 6 - cause of death (N=4).

# Final pathology Age (years) Charlson score Surgical 
access

Tumor size 
(cm)

Cause of death

1 ACC 86 6 Open 8.4 Septic shock due to pneumonie

2 ACC M+ 42 8 Open 11.3 Septic shock after evisceration

3 ACC M+ 55 9 Open 17.5 Cardiac arrest after severe 
hemodinamic instability

4 Adenoma 67 4 Lap 2.5 Pulmonary thromboembolism

Acc = Adrenocortical carcinoma; M+ = Metastatic; Lap = Laparoscopic

Table 5 – post-operative major complications (N = 13). 

Clavien classification N

3a (N = 6)

Sepsis (respiratory) 1

Pulmonary thromboembolism 1

Cardiac stroke 2

Cardiac arrhythmia 2

3b (N = 3)

Infected retroperitoneal hematoma 2

Retroperitoneal hematoma with need 
of hemostasis

1

5 (N = 4)†

Septic complications 2

Pulmonary thromboembolism 1

Cardiac arrest 1

† Exposed with details in table 6.
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ding factors, we found that open and laparoscopic 
surgery had similar complication rates. The open ap-
proach was exclusively an independent predictor for 
longer hospitalization. However, it is unquestionable 
the benefits of minimally invasive surgery regarding 
cosmetics, convalescence and pain. In the United 
Stated of America, between 1999 and 2006, 14% of 
adrenalectomies were performed laparoscopically (5). 
From 2002 to 2011 it increased to 20% (14). Adrenal 
surgery follows the trend toward minimally invasive 
procedures seen in other specialties. In this scenario, 
laparoscopic adrenalectomy should be preferred, with 
exceptions for suspected malignancy and large tu-
mors (2, 15).

 In accordance to our findings it has been sho-
wn that age and comorbidities have major influence 
in post-operative recovery (2, 11, 16, 17). Contem-
porary guidelines recommend a series of measures 
able to effectively minimize clinical complications, 
particularly in cases of Cushing syndrome, pheochro-
mocytoma and ACC (18). Generally, patients with in-

Table 7 - Results stratified by laparoscopic, open and converted surgery.

Laparoscopic Open Converted

Cases 123 (79.9%) 25 (16.2%) 6 (4.9%)

Bilateral  n(%) 25 (20.3%) 2 (8%) 2 (33%)

Reintervention n (%) 3 (2.4%) 2 (8%) 1 (16%)

Pathologoy

Pheocromocytoma 32 2 2

Adenoma 56 2 1

PMAH 16 2 0

ACC 1 10 0

Other 18 9 3

Estimated blood loss (Mean 
± SD)

91.2mL (± 164.8) 350mL (±374.6) 366.7mL (±206.6)

Surgery duration in minutes 
(Mean ± SD)

143.6 (±49.6) 208 (±80.4) 183 (±20.7)

Blood transfusion 0 6 (24%) 1 (16%)

Clavien Major (>2) 6 (4.8%) 6 (24%) 1 (16%)

Hospitalization duration in days 
(Median, range)

4 (2-38) 4 (1-17) 10.5 (3-17)

dication for adrenalectomy will be more prejudicated 
by their adrenal disease than by the potential harms 
of operation and thus, we cannot afford to spare most 
individuals from surgery. Diligent thromboembolism 
prophylaxis, pulmonary rehabilitation and preclu-
sion of bowel preparation are advocated, especially 
in elderly, in whom the physiologic response to sur-
gical stress is impaired (11).

 Patients with ACC represent the greatest 
challenge in treatment management. Aside from ACC 
aggressiveness (median overall survival of 1.7 years), 
the risk of complication and mortality after adrena-
lectomy are 42% and 2%, respectively (19, 20). There 
is paucity of studies comparing the post-operative 
morbidity between malignant and benign adrenal tu-
mors, however it has been shown that larger tumors 
are associated with higher risk of conversion and 
complications (13, 21, 22). Furthermore, Marcadis et 
al. demonstrated in a population database study that 
42% of the patients with ACC had Charlson score >2 
while that number was 17% in patients with benign 
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adrenal lesions (23). One could expect that the cli-
nical fragility associated with adrenal malignancy is 
determinant of increased morbidity. In accordance, 
we found that higher Charlson score and patholo-
gical diagnosis of ACC were related to greater risk 
of complications. Moreover, in our cohort 3 patients 
with malignant disease died. Despite of rigorous peri-
-operative control, patients with ACC still have severe 
post-operative complications.

 The experience of the medical team is of pa-
ramount importance when treating adrenal tumors. 
After reviewing outcomes of 3,144 individuals that 
underwent adrenalectomy, Park et al. revealed that 
patients operated by low-volume surgeons have 1.5-
fold greater risk of complications after adrenalec-
tomy when compared to high-volume surgeons (top 
quartile in number of surgeries/year) (5). It has been 
suggested that after 30 adrenalectomies the surgeon 
surpass the learning curve (24). Nonetheless, it see-
ms more plausible that frequency is more important 
than the absolute number of procedures performed. 
The proposed case-load to achieve satisfactory ra-
tes of post-operative complications varies from >3 
to >30 per surgeon, yearly (25, 26). Pedziwiatr et al. 
reported the rate of complications of 500 adrenalec-
tomies divided in quartiles, from first to fourth, to be 
14%, 11%, 8% and 6%, respectively. Interestingly, the 
first and second quartiles were operated by learning 
surgeons, the third quartile by senior surgeons and 
the fourth quartile by residents. After observing the 
lowest rate of complications in patients operated by 
residents, he concluded that the growth of institutio-
nal experience was responsible for morbidity decrea-
se (27). It has been demonstrated that when properly 
proctored, residents can perform adrenalectomies wi-
thout raising the rates of complications (28).

 This study is subject to the drawbacks of its 
retrospective design and relatively small sample size. 
We limited the research period aiming to match the 
last implementations in our department guidelines 
regarding surgical preparation for adrenalectomy, 
what restricted the number of patients included. Ho-
wever, patients were treated in a quaternary institu-
tion where >50 adrenalectomies are performed yearly 
and despite the participation of residents, procedures 
were proctored by three senior surgeons with adre-
nalectomy caseload >200. To our knowledge, this is 
the first series to compare complication rates between 

malignant and benign adrenal tumors and due to the 
complexity of the cases referred to our institution, the 
higher occurrence of complications allowed a conve-
nient assessment of morbidity.

cONcLUSIONS

 Patients with adrenal tumors are at substan-
tial risk of post-operative complications. In cases of 
hormone-producing or large tumors, most patients 
cannot be precluded from surgery. Diligent care is ne-
eded with patients harboring ACC, pheocromocyto-
ma and large adrenal masses, who have greater risk 
of post-operative complications. Older age and pre-
sence of multiple comorbidities are also associated 
with the occurrence of post-operative complications. 
Open surgery was not predictor of increased morbi-
dity, nonetheless prolonged hospital-stay. Patients 
with elevated BMI have higher risk of intra, but not 
of post-operative complications. In summary, identi-
fying factors that influence morbidity after adrena-
lectomy is crucial to maximize outcomes. Our results 
provide knowledge to optimize surgical preparation.

ABBREvIATIONS

ACC = Adrenocortical carcinoma
BMI = Body Mass Index
IQR = Interquartile Range
PMAH = Primary macronodular adrenal hyperplasia
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ABSTRAcT
 

Objective: To investigate the relationship between vitamin D status, using circulating 
25-hydroxyvitamin D [25 (OH) D], and renal cell carcinoma (RCC) risk in a case-control 
study, because the association between the two is unclear in China.
Materials and Methods: A total of 135 incident RCC cases were matched with 135 
controls by age and sex. The blood samples were collected on the fi rst day of hospi-
talization before surgery to measure plasma 25 (OH) D. Logistic regression analyses 
were used to calculate odds ratios (ORs) and 95% confi dence intervals (95% CIs) with 
adjustment for several confounders (e.g. age, gender, smoking and season of blood 
draw). Furthermore, the association of RCC with 25 (OH) D in units of 10 ng / mL as a 
continuous variable were also examined.
Results: The average plasma 25 (OH) D concentrations in RCC were signifi cantly lower 
compared with those of the controls (21.5 ± 7.4 ng / mL vs. 24.1 ± 6.6 ng / mL, respec-
tively; P = 0.003). In the adjusted model, inverse associations were observed between 
circulating 25 (OH) D levels and RCC risk for 25 (OH) D insuffi ciency (20-30 ng / mL) 
with OR of 0.50 (95% CI: 0.29-0.88; P = 0.015) and a normal 25 (OH) D level (≥ 30 ng 
/ mL) with OR of 0.30 (95% CI: 0.13-0.72; P = 0.007), compared with 25 (OH) D defi -
ciency (< 20 ng / mL). Furthermore, results with 25 (OH) D as a linear variable indicated 
that each 10 ng / mL increment of plasma 25 (OH) D corresponded to a 12% decrease 
in RCC risk.
Conclusions: This case-control study on a Chinese Han population supports the protec-
tive effect of a higher circulating concentration of 25 (OH) against RCC, whether the 
confounding factors are adjusted or not.
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INTRODUcTION

Renal cell carcinoma (RCC) is one of the 
most common adult malignancies, and the inci-
dence of this disease has increased at a rate of ap-
proximately 1.6% per year over the last 10 years 

(1). In China, there were an estimated 66.800 new 
cases of RCC and 23.400 deaths in 2015 (2). Clear 
cell RCC, accounting for 70-80% of all cases, is the 
most common subtype of RCC. Approximately 50% 
of patients still suffer recurrence in spite of com-
plete surgical resection. There are no established 
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preventive measures against it, although certain 
studies have shown that smoking, hypertension, 
obesity, family history of the disease and genetic 
susceptibility may increase the risk of RCC (3). 
Therefore, feasible preventive measures for RCC 
are of considerable clinical and public health im-
portance.

 Vitamin D, the ‘‘sunshine’’ vitamin, is 
transformed by exposure to sunlight and obtai-
ned from certain foods, such as oily fish and ce-
reals. The primary circulating form of vitamin D 
is 25-hydroxyvitamin D [(25 (OH) D], the accepted 
indicator of an individual’s vitamin D status (4). 
It is well known that vitamin D initially plays im-
portant roles in promoting bone health through 
the regulation of bone growth and remodeling, as 
well as calcium homeostasis (4, 5). Vitamin D has 
been shown to protect against many types of can-
cer in the past few years. Some laboratory studies 
demonstrated that vitamin D could inhibit cancer 
cell proliferation, invasion, angiogenesis and me-
tastasis (6, 7). To date, few studies have exami-
ned the association between vitamin D and kidney 
cancer. Furthermore, our previous meta-analysis 
indicated that higher levels of circulating 25 (OH) 
D could reduce the risk of kidney cancer by 21% 
(8). To our knowledge, the study of the relation-
ship between circulating 25 (OH) D levels and RCC 
risk has been limited in Chinese populations.

 In this study, the epidemiological associa-
tion between plasma 25 (OH) D concentrations 
and the risk of RCC was examined within a ret-
rospective case-control study. For this investiga-
tion, pre-diagnostic circulating concentrations of 
25 (OH) D were measured and data were analyzed 
from 135 RCC cases and 135 controls.

MATERIALS AND METHODS

 In this hospital-based case-control study, 
all subjects were recruited from the Chinese Han 
population at Nanfang Hospital (Guangzhou, Chi-
na) from January 2015 to January 2017. All sub-
jects were informed about the purpose of the study 
and gave their written consent. Plasma samples 
from 135 RCC patients, matched with 135 con-
trols by 10-year age group and sex, were sent to 

the Department of Clinical Laboratory of Nanfang 
Hospital on the first day of hospitalization before 
surgery to measure the levels of plasma 25 (OH) D. 
To avoid the influence of other factors, the levels 
of serum creatinine and calcium (Ca) were also 
measured. The Ethics Committee of Nanfang Hos-
pital approved this study.

 The inclusion criterion for the cases was 
histopathologically confirmed disease after sur-
gery, no more than two months after the initial 
diagnosis of RCC. The diagnosis was conducted 
by two pathologists at Nanfang Hospital of Sou-
thern Medical University, according to the criteria 
of the World Health Organization classification of 
tumors (9).

 The inclusion criteria for the controls were 
that they were apparently healthy, with no history 
of any type of cancer. Those with special dietary 
habits, those with an intake of vitamin D and cal-
cium supplements within the previous three mon-
ths, those with conditions that affected their sun 
exposure habits, those who had resided in other 
countries during the year prior to recruitment, and 
those who were pregnant or lactating, were not 
included in the study (10).

 The patients and controls were interviewed 
to collect data on the following variables: age, sex, 
weight, height, smoking status, alcohol consump-
tion status and use of vitamin D supplements in 
the past year. No participants had resided in other 
countries during the previous year, therefore the 
impact of sun exposure was not included in the 
final analysis. Furthermore, to account for seaso-
nal variation affecting vitamin D status, season-
-specific were categorized based on the month of 
blood collection (“Winter months” = November-
-April and “Summer months” = May-October).

Statistical analysis

 Quantitative data [the plasma levels of 25 
(OH) D] are described as the mean and standard 
deviation, and qualitative data are expressed as 
absolute and relative frequencies. Student’s t-tests 
were used for the comparison of quantitative va-
riables and the chi-square test was applied for 
qualitative variables. We used logistic regression 
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analyses to calculate odds ratios (ORs) and 95% 
confidence intervals (95% CIs) for RCC in associa-
tion with plasma levels of 25 (OH) D. Two models 
were used to examine the relationships. First, total 
25 (OH) D concentrations (ng / mL) were divided into 
tertiles as follows: 25 (OH) D deficiency (< 20 ng / 
mL), insufficiency (20-30 ng / mL), and normal 25 
(OH) D levels (≥ 30 ng / mL) (11). In a second model, 
the plasma 25 (OH) D concentration was included in 
units of 10 ng / mL as a continuous variable with 
a single linear term. In additional to plasma 25(OH)
D variables, the common RCC risk factors were ad-
justed in our multivariate model analysis, including 
age, sex, body mass index (BMI), smoking status, 
alcohol consumption status, season of blood draw, 
hypertension and diabetes. Furthermore, we exami-
ned the associations between circulating levels of 
25 (OH) D and the clinical features of RCC, such as 
tumor stage and metastasis. In this analysis, the ‘low 
stage’ group included cases of T1 and T2, while the 
‘high stage’ group involved T3 and T4 cases, althou-
gh the number of T3 and T4 cases was limited. All 
the collected data were statistically analyzed using 
STATA Statistical Software, version 15.0 (StataCorp, 
College Station, TX, USA). P < 0.05 was regarded as 
statistically significant.

RESULTS

 The characteristics of the cases and con-
trols are presented in Table-1. There were 135 
newly diagnosed patients with RCC and 135 con-
trols included in our analysis. Of those 135 RCC 
cases, 92 cases were clear cell RCC and the remai-
ning 43 cases were non-clear cell RCC. According 
to the TNM classification, the numbers of cases 
at T1 to T4  were 97, 23, 11 and 4, respectively. 
Furthermore, there were 18 RCC cases with me-
tastasis. The average age was 53.28 years (SD = 
13.93) for the cases and 53.68 years (SD = 15.84) 
for the controls, with no significant difference 
observed. Furthermore, there were no significant 
differences found in sex, hypertension, diabetes, 
smoking status and alcohol consumption between 
the two groups, although differences were obser-
ved in height, weight and BMI over 30 kg / m2. 
BMI was higher among the cases compared with 
the controls (P = 0.045) (Table-1).

 In our study, vitamin D deficiency was de-
fined as 25 (OH) D < 20 mg / dL, and the sufficient 
range as > 30 mg / dL 45.9% of the cases and 
30.4% of the controls had 25 (OH) D levels < 20 ng 
/ mL 32.6% of the men and 49.4% of the women 
had 25 (OH) D levels < 20 ng / mL. Slightly higher 
25 (OH) D concentrations were found in blood 
drawn from the patients in the summer compared 
with the winter (21.8 ± 7.4 vs. 21.3 ± 7.4, respec-
tively), while the higher magnitude was enhanced 
in the controls for blood drawn in summer com-
pared with the winter (25.7 ± 6.6 vs. 23.0 ± 6.5, 
respectively). There was no significant difference 
between the seasons of blood draw. Furthermore, 
there were significant differences in the circula-
ting concentrations of 25 (OH) D in the different 
tumor stages (T1: 21.8 ± 7.3 ng / mL, T2: 23.9 ± 
7.5 ng / mL, T3: 15.4 ± 5.1 ng / mL and T4: 19.3 ± 
7.0 ng / mL; P = 0.014) (Table-2). Notably, no sig-
nificant difference was detected in the cases with 
metastasis (20.4 ± 6.5 ng / mL) in comparison with 
the cases without metastasis (21.7 ± 7.5 ng / mL). 
Overall, the average plasma 25 (OH) D concentra-
tions in RCC cases were significantly lower than 
those in the controls (21.5 ± 7.4 ng / mL compared 
with 24.1 ± 6.6 ng / mL, respectively; P = 0.003) 
(Table-1).

 In the entire study population, the crude 
ORs and 95% CIs compared with 25 (OH) D de-
ficiency (< 20 ng / mL) were 0.57 (95% CI: 0.34-
0.96; P = 0.034) for 25 (OH) D insufficiency (20-30 
ng / mL), and 0.33 (95% CI: 0.15-0.75; P = 0.009) 
for a normal 25 (OH) D level (≥ 30 ng / mL). After 
further adjustment for age, sex, BMI, season of 
blood draw, diabetes, hypertension, smoking and 
alcohol consumption, this relationship was largely 
unchanged for 25 (OH) D insufficiency 0.50 (95% 
CI: 0.29-0.88; P = 0.015) and a normal 25 (OH) 
D level 0.30 (95% CI: 0.13-0.72; P = 0.007). The 
overall results indicated that an inverse associa-
tion was observed between circulating 25 (OH) D 
levels and the risk of RCC. Furthermore, results 
with 25 (OH) D as a continuous, linear variable 
were similar, with both crude ORs and adjusted 
ORs of 0.88 (95% CI: 0.81-0.96; P = 0.003) and 
0.87 (95% CI: 0.80-0.95; P = 0.002) respectively. 
The findings from the linear analysis showed that 
each 10 ng / mL increment of plasma 25 (OH) D 
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concentration corresponded to a 12% decrease in 
RCC risk (Table-3).

Furthermore, a protective association was de-
tected between plasma 25 (OH) D and tumor stage 
[25 (OH) D insufficiency 0.18 (95% CI: 0.04-0.79; P 
= 0.024)]. In addition, no significant association was 
observed among the cases with metastasis compared 
with the cases without metastasis [25 (OH) D insuffi-
ciency 0.96 (95% CI: 0.29-3.15; P = 0.949); normal 
25 (OH) D level 0.27 (95% CI: 0.02-3.03; P = 0.290)] 
(Table-3).

DIScUSSION

 Vitamin D is a fat-soluble secosteroid, 
which is beneficial for enhancing the intestinal 

absorption of numerous key nutrients such as cal-
cium, magnesium, iron and phosphate (4). Accu-
mulating evidence suggests that there is a high 
prevalence of low vitamin D levels worldwide; the 
explanation for this phenomenon may involve the 
insufficient supply of vitamin D from natural food 
sources, a shift to sedentary lifestyles and limi-
ted outdoor activity (12). Vitamin D plays vital 
roles in intestinal, skeletal and other biological 
pathways, such as those in immune cells and the 
tumor microenvironment (cell proliferation, diffe-
rentiation and apoptosis) (13). Some laboratory 
studies have reported that vitamin D is an anticar-
cinogenic agent. Few studies have been conducted 
on the association of plasma vitamin D with RCC, 
though the kidney is a major organ in vitamin D 

Table 1 - Baseline characteristics of cases and controls.

Characteristics Cases (N = 135) Controls (N = 135) P-value
No % Mean ± SD No % Mean ± SD

Sex
Male 90 66.7 91 67.4 0.897
Female 45 33.3 44 32.6

Age 53.28 ± 13.93 53.68 ± 15.84 0.826
Season of blood drawn

Winter (Nov-Apr) 67 49.6 21.3 ± 7.4 78 57.8 23.0 ± 6.5 0.179
Summer (May-Oct) 68 50.4 21.8 ± 7.4 57 42.2 25.7 ± 6.6

Height (cm) 166.41 ± 7.71 162.86 ± 6.89 < 0.001
Weight (kg) 66.23 ± 11.30 61.05 ±1 0.09 < 0.001
Body mass index (kg / m2) 23.84 ± 3.53 23.00 ± 3.38 0.045
< 25.0 91 67.4 21.87 ± 2.11 97 71.9 21.41 ± 2.26
25.0-29.9 36 26.7 27.21 ± 1.51 36 26.7 26.78 ± 1.41
≥ 30.0 8 5.9 31.09 ± 1.35 2 1.5 32.25 ± 0.92
Hypertension

Yes 45 33.3 37 27.4 0.290
No 90 66.7 98 72.6

Diabetes
Yes 14 10.4 17 12.6 0.567
No 121 89.6 118 87.4

History of smoking
Yes 37 27.4 35 25.9 0.783
No 98 72.6 100 74.1

History of alcohol intake
Yes 33 24.4 27 20 0.380
No 102 75.6 108 80

Ca (nmol / L) 2.23 ± 0.35 2.23 ± 0.22 0.961
Cr (nmol / L) 82.48 ± 33.82 78.34 ± 15.54 0.198
25-(OH) (ng / mL) 21.5 ± 7.4 24.1 ± 6.6 0.003
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Table 2 - The circulating 25-(OH) D levels of renal cell carcinoma cases according to clinical features.

Clinical feature Cases 25-(OH) D (ng / mL) P-value

Pathological type 135 0.314

Clear cell carcinoma 92 21.1 ± 6.4

Non-Clear cell carcinoma 43 22.5 ± 9.2

Chromophobe 20 23.2 ± 10.2

Papillary 10 25.1 ± 8.1

Others 13 19.4 ± 7.9

T-stage 0.014

T1 97 21.8 ± 7.3

T2 23 23.9 ± 7.5

T3 11 15.4 ± 5.1

T4 4 19.3 ± 7.0

Metastasis

Yes 18 20.4 ± 6.5 0.485

No 117 21.7 ± 7.5

Table 3 - Association between 25 (OH) D and the risk of renal cell carcinoma in total, and according to tumor stage and metastasis.

Subjects Circulating 25 (OH) D (ng / mL)

< 20 20-29.9 ≥ 30 Per 10

All subjects Controls 41 72 22

Cases 62 62 11

ORa (95% CI) Ref 0.57 (0.34-0.96) 0.33 (0.15-0.75) 0.88 (0.81-0.96)

P-valuea Ref 0.034 0.009 0.003

ORb (95% CI) Ref 0.50 (0.29-0.88) 0.30 (0.13-0.72) 0.87 (0.80-0.95)

P-valueb Ref 0.015 0.007 0.002

T-stage Low stage (T1 + T2) 50 59 11

High stage (T3 + T4) 12 3 0

ORa (95% CI) Ref 0.21 (0.06-0.79) / 0.90 (0.84-0.97)

P-valuea Ref 0.021 0.999 0.005

ORb (95% CI) Ref 0.18 (0.04-0.79) / 0.90 (0.84-0.97)

P-valueb Ref 0.024 0.999 0.004

Metastasis Yes / No 9 / 53 8 / 54 1 / 10

ORa (95% CI) Ref 0.87 (0.31-2.43) 0.59 (0.07-5.18) 0.97 (0.90-1.05)

P-valuea Ref 0.794 0.633 0.485

ORb (95% CI) Ref 0.96 (0.29-3.15) 0.27 (0.02-3.03) 0.97 (0.90-1.05)

P-valueb Ref 0.949 0.290 0.445

OR = Odds ratio, cI = Confidence interval, Ref: Reference
a Unadjusted OR.
b Adjusted for age, sex, season of blood draw, body mass index, hypertension, diabetes, history of smoking and history of alcohol intake.
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metabolism and activity (14, 15). Furthermore, 
the relationships between plasma vitamin D and 
RCC risk may not be easily generalized across 
geographical regions (e.g. China, Africa and La-
tin America).

 To the best of our knowledge, there have 
been few studies on the association of plasma 
25 (OH) D levels with RCC risk in the Chinese 
population. In our study, the inclusion criterion 
was patients diagnosed with RCC and treated 
with surgery. These RCC cases were matched 
with the same number of controls of a similar 
age, gender and ethnicity with measured plas-
ma 25 (OH) D levels and no history of cancer. 
In this case-control study of Chinese adults, the 
circulating levels of 25 (OH) D were significan-
tly decreased in RCC cases compared with con-
trols. Furthermore, an inverse association was 
observed between plasma 25 (OH) D levels and 
RCC, indicating that lower circulating levels of 
25 (OH) D were associated with an increased 
risk of RCC. The overall result was consistent 
with our previous meta-analysis. The previous 
pooled analysis included two prospective cohort 
studies and seven nested case-control studies, 
involving a total of 130.609 participants and 
1.815 cases of kidney cancer. The combined re-
sults indicated that a higher level of circulating 
25 (OH) D could reduce the risk of kidney can-
cer by 21% (OR = 0.79, 95% CI: 0.69-0.91) (8). 
Furthermore, our findings reproduce the well-
-characterized relationship between plasma 25 
(OH) D levels and RCC, increasing the power and 
confidence in the results.

 Circulating vitamin D is hydroxylated 
in the liver to hydroxyvitamin D (25 (OH) D), 
followed by the conversion of 25 (OH) D into 
1.25-dihydroxy vitamin D (1.25 (OH) 2D), the 
active form of vitamin D, by CYP27B. The kid-
ney can hydroxylate 25 (OH) D to its active form, 
which binds to the vitamin D and retinoid X re-
ceptors (4, 16, 17). The underlying mechanisms of 
the association between circulating 25 (OH) D and 
RCC are unclear. Several plausible biological links 
might explain the association between plasma 25 
(OH) D and the risk of RCC. The anti-cancer effects 
of 25 (OH) D have been demonstrated in in vitro 
and animal studies (18), and the protective roles 

of 25 (OH) D against cancer may involve decre-
asing the expression of aromatase and suppres-
sing tumor angiogenesis, invasion and metastasis 
(19, 20). Recent studies have shown that vitamin 
D could reduce the incidence of colorectal, bre-
ast and prostate cancer through interactions with 
some important pathway proteins, such as insulin 
like growth factor-1 (IGF-1) and IGF-binding pro-
tein 3 (21-24). Vitamin D may also interact with 
some established risk factors for kidney cancer, 
such as BMI, smoking, hypertension and diabe-
tes (25-27). Furthermore, the results of some other 
studies are different from ours. Gallicchio et al. do 
not support the hypothesis that higher circulating 
25 (OH) D is associated with a decreased risk of 
kidney cancer overall, or with RCC specifically, on 
the basis of pooling eight prospective cohort stu-
dies (28). Therefore, vitamin D may still have some 
unknown effects against cancer (8).

 A major strength of the present study is 
that it is the first case-control study on the rela-
tionship between circulating levels of 25 (OH) D 
and RCC risk in China. We included newly diagno-
sed RCC cases and assessed plasma 25 (OH) D sta-
tus from blood samples collected prior to surgery. 
The circulating 25 (OH) D concentrations were 
examined in a single laboratory in our hospital 
to reduce interlaboratory variation. Because our 
specimens were measured randomly in the labora-
tory, it is highly unlikely that these measurements 
differed between cases and controls. Furthermore, 
our results were robust when the well-known risk 
factors for RCC, such as age, BMI and smoking, 
were adjusted in our analysis, which allows us to 
make a more accurate estimate of the association 
between plasma 25 (OH) D levels and RCC risk.

 Our study has several limitations that need 
to be taken into account. First, the measurements 
relied on only a single blood sample, which may 
result in a lack of precision. Second, circulating 
levels of 25 (OH) D in participants may be alte-
red by their lifestyle, such as physical activity and 
dietary patterns, which may be a source of bias 
in this study. Although some confounding fac-
tors were adjusted in our analysis, we could not 
rule out the possibility that other unidentified or 
unmeasured factors could affect the association. 
Third, the study design was case-control; such 
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studies are inclined towards bias, and the sam-
ple size was limited. In addition, the study sample 
comprised only a Chinese Han population, which 
may limit the application of these results to more 
diverse populations. Therefore, large prospective 
cohort observational studies including diverse po-
pulations are needed in the future.

 To sum up, the findings of our case-con-
trol study on a Chinese Han population showed 
that the circulating 25 (OH) D level has an inde-
pendent inverse association with the risk of RCC, 
whether confounding factors are adjusted or not.
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ABSTRAcT
 

Purpose: Radical treatment in elderly patients with renal tumor remains debatable due 
to uncertainties regarding the risk of surgical complications, risk of end-stage renal 
disease (ESRD) and survival benefi t. The aim of the study was to assess outcomes of 
radical treatment for renal cancer in elderly patients.
Materials and Methods: This retrospective analysis enrolled 507 consecutive patients 
treated with partial or radical nephrectomy due to renal mass. Patients with upfront 
metastatic disease (n=46) and patients lost to follow-up (n=110) were excluded from 
the analysis. Surgical, functional (screen for ESRD development) and survival outcomes 
were analyzed in patients aged >75 years in comparison to younger individuals.
Results: The analyzed group included 55 elderly patients and 296 younger controls. 
Within the cohort a total of 148 and 203 patients underwent radical and partial 
nephrectomies respectively. The rate of surgical complications, including grade >3 
Clavien- Dindo complications, did not differ between groups (3.6% vs. 4.4%, p=0.63). 
Median length of hospital stay was equal in both groups (7 days). During a follow-up 
(median 51.9 months, no difference between groups), ESRD occurred in 3.4% of controls 
and was not reported in elderly group (p=0.37). Younger patients demonstrated a 
statistically signifi cant advantage in both overall survival and cancer-specifi c survival 
over elderly patients (OS 94.6% vs. 87% p=0.036, CSS 97.3% vs. 89.1% p=0.0008).
Conclusions: Surgical treatment in elderly patients with renal tumor is as safe as in 
younger individuals and does not increase the risk of ESRD. However, cancer specifi c 
survival among these patients remains shorter than in younger patients.

ARTIcLE INfO 

 Sławomir Poletajew
https://orcid.org/0000-0001-7664-9816

Keywords:
Kidney Neoplasms; Survival; 
Delayed Graft Function

Int Braz J Urol. 2019; 45: 531-40

_____________________
Submitted for publication:
May 20, 2018
_____________________
Accepted after revision:
January 06, 2019
_____________________
Published as Ahead of Print:
March 20, 2019

INTRODUcTION

Incidence of renal cell carcinoma (RCC) 
has been constantly increasing in last decade (1). 
In 2012, RCC represented the ninth most common 
malignancy worldwide (2). The rising incidence 
of renal cell carcinoma is attributed to improved 

imaging facilitating incidental detection of smaller 
renal masses. However, its rising prevalence results 
also from the increase in elderly population.

 According to the clinical guidelines of the 
European Association of Urology (EAU), surgery 
with curative intent remains standard treatment 
option for patients with renal cancer. However, 
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radical management can constitute a challenge in 
elderly patients as impairment of kidney function, 
surgical complications and long postoperative 
recovery are believed to be more likely to occur in 
these patients. At the same time, since progression 
of renal tumors is in general slow, it is unclear 
whether elderly patients live long enough to 
benefit from surgery in terms of overall- and 
cancer-specific survival. Foregoing controversies 
comprise rationale for active surveillance as 
alternative for partial and radical nephrectomy in 
elderly patients with small renal masses.

 The aim of this retrospective study was 
to assess perioperative, functional and oncologic 
outcomes of radical treatment of renal tumors in 
elderly patients with a comparison to younger 
individuals.

MATERIAL AND METHODS

Patients
 Five hundred and seven consecutive patients 

with renal tumor who underwent surgical treatment 
from 2010 to 2015 in a single department were 
enrolled into this retrospective analysis. Patients 
with upfront metastatic disease (n=46) and patients 
lost in follow-up (n=110) were excluded from the 
final analysis. Remaining 351 patients were stratified 
depending on age into two groups: aged 75 or older 
(elderly group, n=55) and aged <75 years (control 
group, n=296). Both radical nephrectomies (RN, 
n=148) and partial nephrectomies (PN, n=203) were 
analyzed. Flow diagram presenting study population 
is presented in the Figure-1.

Methods
 Patient data were gathered for specified de-

mographic and clinical variables, tumor characteris-
tics, perioperative, and oncologic outcomes. Patholo-
gic data comprised histological type and subtype (3), 
stage (assigned according to the 2009 TNM classifi-
cation system) (4), grade (5). Perioperative outcomes 
included ischemia time for PN, length of hospital 
stay (LOS), transfusion rate, and surgical complica-
tions graded according to the Clavien - Dindo classi-
fication (6). Postoperative follow-up included ultra-
sound or CT imaging, performed every six months 
assessed with telephone survey. Study end-points 

were overall survival, cancer-specific survival, sur-
gical complications and renal functional outcomes 
defined by development of established diagnosis of 
end-stage renal disease (ESRD) (chronic renal disease 
requiring dialysis).

Statistical analysis

 Continuous variables were presented as 
medians accompanied by ranges or interquartile 
ranges (IQR). Differences between groups were 
evaluated using the U Mann-Whitney test for 
continuous variables, and by the chi-square test 
for categorical variables. Overall survival (OS) 
and cancer-specific survival (CSS) were estimated 
using the Kaplan-Meier method. Before survival 
analysis, clinical and pathological comparison 
between age groups were performed to detect 
potential confounders. Differences in survival 
were assessed using the log-rank test. To support 
rationale for subgroup analysis Cox proportional-
hazards analysis was implemented. For all 
statistical analyses, a 2-sided P value <0.05 was 
considered statistically significant. Statistical 
analyses were performed using SAS 9.4.

RESULTS

Clinical and pathologic data
 Median age in the cohort was 63 years 

(IQR=17). In 299 patients (88.2%) renal cell 

figure 1 - patients analyzed in the study – flowchart diagram.

507 patients

461 patients

lost to follow-up    n = 110

cytoreductive nephrectomy   n = 46

351 patients

Elderly group
 n = 55

Control group
 n = 296
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carcinoma was found. Prevalence of clear-cell 
(ccRCC, 71.7% vs. 69.6%), chromophobe (chRCC, 
1.9% vs. 4.2%) and papillary RCC (pRCC, 9.0% 
vs. 15.4%) did not differ between the elderly 
and control group. Clinical and pathologic data 
in the study groups are summarized in Table-1. 
In patients who underwent radical nephrectomy 
symptomatic renal tumor and ≥T2 lesions were 
significantly more common (p<0.0001). In RN 
group tumors were also larger (p<0.0001) and 
preoperative creatinine was higher (p=0.003).

Survival analysis
 Median follow-up was 51.9 months 

(IQR=34.3). In analyzed period a total of 24 de-
aths, including 14 (58.3%) deaths caused by RCC 
progression, were reported. Six out of 55 (10.9%) 

and eight out of 296 (2.7%) patients died due to 
cancer in elderly and control group, respectively. 
Younger patients demonstrated a statistically sig-
nificant advantage in overall survival and cancer-
-specific survival over elderly patients (CSS 97.3% 
vs 89.1%; OS 94.6% vs 87%; Figure 2A-B). Mul-
tivariable Cox proportional-hazards analysis (Ta-
ble-2) confirmed type of surgery (partial vs radical 
nephrectomy) and age group as factors associa-
ted with cancer-specific survival. When survival 
analysis was restricted to T1a and T1b tumors, 
cancer-specific survival in elderly group and con-
trol group was 91.9% and 97.7%, respectively. 
Although some tendency can be noted, survival 
advantage of the control group failed to achie-
ve statistical significance (Figure-2C). Similarly, 
no statistical significance was achieved regarding 

Table 1 - clinical and pathologic data in elderly and control group.
Variable Elderly group

(n= 55)
Control group

(n= 296)
P

Male 
(no. / %) 31 / 56.4% 183 / 61.8% NS

Age 
(years, median / IQR) 80 / 5 50 / 11 <.0001

Symptomatic*
(no. / %) 17 / 23.5% 63 / 34.7% NS
Largest lesion diameter
(cm, median/ IQR) 4 / 3.5. 3 / 2 NS

Endophytic 
(no. / %) 7 / 20.6% 34 / 18.5% NS
clinical staging
(no. / %) T1 37 / 84.1% 219 / 86.2% NS

T2-3 7 / 15.9% 35 / 13.8%
Histopathologic type

(no. / %) RCC 44 / 83.0% 255 / 89.2% NS
Other 9 / 17.0% 31 / 10.8%

BMI 

(kg/m2,median/IQR) 27.2 / 9.4 27.5 / 21.8 NS
preoperative creatinine
(mg%  ,median/IQR) 1.1 / 0.4 1.0 / 0.3 0.005
partial nephrectomy 
(no. / %) 22 / 56.4% 181 / 73.3% 0.037
follow-up
(months, median/ IQR) 53 / 32.3 51.6/ 34.3 NS

NS = not significant; IQR = interquartile range; BMI = body mass index;
*-presence of any symptoms suggestive for renal tumor including hematuria, palpable tumor, flank pain
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figure 2 - cancer-specific survival (cSS) and overall survival (OS) analysis – Kaplan-Meier curves.
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overall survival (OS 89.2% vs 94.1%; Figure-2D). 
In T2-T3 tumors, CSS was significantly inferior 
in elderly group (71.4% vs 94.3%; Figure-2E). All 
deaths reported in T2-T3 were cancer-related (OS 
was equal to CSS).

 No death was noted in elderly patients 
treated with partial nephrectomy. When analyzed 

exclusively for PN, CSS and OS in control group 
were 99.5% and 96.1% respectively. Survival ad-
vantage in the elderly group was not significant. 
On the contrary, in patients treated with RN, CSS 
was higher in control group then in elderly group 
(92.4% vs 76.5%; Figure-2G) as well as OS (89.4% 
vs 76.5%; Figure-2H).

Surgical complications and renal function 
outcomes

 Four (7.3%) and 32 (10.8%) postopera-
tive complications were reported in the elderly 
and control group, respectively (p=0.63). Their 
characteristics are presented in Table-3. Median 
preoperative-postoperative hemoglobin shift was 

Table 2 - Mutivariative analysis – cox proportional - hazards 
model.

Factor Hazard ratio P

Partial nephrectomy 3.404 0.0440

Age 75 or older 0.055 0.0057

Table 3 - perioperative complications in elderly and control group.

Complication grade Elderly group
(n = 55)

Control group
(n = 296)

Clavien-Dindo 1-2 2 (3.6%) 19 (6.4%)

Clavien-Dindo 3 1 (1.8%)
Urinary fistula requiring JJ stent 

placement - 1

10 (3.4%)
Acute urine retention - 2

Bleeding - 4
Pneumothorax - 1

Postoperative hernia - 1
Acute pancreatitis - 1
Bowel obstruction - 1

Clavien-Dindo 4 1 (1.8%)
Acute cardiac insufficiency - 1

1 (0.7%)
Acute renal failure  - 1

Cardiac infarct - 1

Clavien-Dindo 5 0 1 (0.3%)
Fatal postoperative bleeding - 1
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1.6 mg% (IQR 1.4), median length of hospitaliza-
tion (LOH) was 7 days (IQR 3) with no statistical 
differences between groups. Blood transfusions 
were carried out for 1 patient (1.8%) in the elder-
ly group, and 4 patients (1.35%) in control group 
(p=0.58).

 End-stage renal disease (ESRD) has 
developed in 10 patients from control group 
(3.4%) and was not reported in elderly group. 
When stratified by surgery type, ESRD was more 
common after RN (6.3%) than after PN (2.8%), 
but this difference failed to achieve statistical 
significance. Comparison of perioperative and 
functional data between elderly patients and 
younger individuals is summarized in Table-4.

DIScUSSION

 With this single-center retrospective 
analysis we intended to evaluate whether surgery 
for renal masses is justified in elderly patients. 
Secondary aims included analysis of perioperative 
complications and long-term renal function. 
We found that surgical treatment offers shorter 
survival in elderly patients with no difference in 
surgical and functional outcomes.

 The process of rapidly aging population 
results in the consequent increase in the age of 
hospitalized patients. During the last century life 
expectancy has increased enormously worldwide. 
It is estimated that in the next 20 years, the 
percentage of patients exceeding 85 years may 

reach 5% (15 million) of people (7). In many of these 
individuals, renal mass will be found accidentally, 
requiring decision on further proceeding.

 In recent years, we have experienced major 
changes in surgical treatment of small renal mas-
ses. Radical nephrectomy considered previously 
the gold standard has been gradually replaced with 
partial nephrectomy. These changes arise from the 
fact that PN reduces the risk of postoperative renal 
insufficiency and is associated with longer overall 
survival with oncologic outcome similar to RN in 
T1 tumors (8, 9). Along with surgical technique 
advances, even most-complex tumors like entirely 
endophytic masses (10) and tumors larger  than 4 
cm can be treated with nephron-sparing approa-

ch (8, 11). Due to aforementioned reasons, partial 
nephrectomy is currently recommended whenever 
feasible (12, 13).

 In the analyzed cohort, partial nephrectomy 
constituted 71% of surgeries and was utilized 
significantly more often in younger patients than in 
elderly individuals. It can be assumed that surgeons 
favored RN in older patients due to increased risk 
of complications and unclear functional benefits of 
nephron-sparing surgery in this group. Although 
occurrence of chronic kidney disease, acute renal 
failure and chronic renal insufficiency has been more 
likely after RN than PN, first large observational 
studies failed to prove significant difference in 
ESRD prevalence depending on surgical approach 
(14). Recent multi-institutional study on large 

Table 4 - perioperative and functional data in elderly and control group.

Variable Elderly group
(n= 55)

Control group
(n= 296)

P

ESRD 

(no. / %) 0 / 0% 10 / 3.4% NS

Hemoglobin shift

(g/dL, median) 1.6 1.6 NS

LOH 7 7 NS

(days, median)

clavien-Dindo grade ≥3 complications

(no. / %) 2 / 3.6% 13 / 4.4% NS

NS = not significant; IQR = interquartile range; ESRD = end-stage renal disease; LOH = length of hospitalization
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cohort has however proved that after accounting 
for individual baseline characteristics, including 
age and comorbidity, PN protects against need for 
renal replacement therapy relative to RN (15). In our 
cohort there was a tendency to lower prevalence of 
ESRD after PN (6.3% vs 2.8%), but since it failed to 
achieve statistical significance no clear conclusions 
can be drawn.

 Regardless of surgical approach, 
oncological outcome of surgery can be influenced 
by baseline tumor characteristics including stage, 
grade, histopathologic subtype (16, 17). But for 
pathologic features, prognostic factors comprise 
sex, race and individual patients burdens 
including competing comorbidities and age (16, 
18, 19). Although in large cohort studies cancer-
specific survival after PN and RN have been 
shown to exceed 97.5% even in older patients (8), 
some studies have questioned survival benefit of 
surgery in patients aged ≥75 years (20, 21). Our 
data correspond with these findings. We found 
that overall-survival and cancer-specific survival 
were significantly better in younger patients. 
In subgroup analysis elderly patients achieved 
worse CSS especially in stage ≥T2 disease. Lack 
of cancer-specific deaths in elderly group and 
single cancer-specific death in younger group 
among patients treated with PN can be justified 
with more restrictive qualification criteria. 
Patients treated with nephron-sparing surgery 
had lesions of lower stage. Moreover, it should 
be noted that only 22 patients aged >75 years 
underwent nephron-sparing surgery. Due to 
short-term follow-up in the study, the lack of 
cancer-specific deaths in this subgroup is not 
surprising. Simultaneously oncological outcome 
of RN was substantively diminished in elderly 
patients when compared to younger individuals 
(92.4% vs 76.5%).

 It has been previously suggested that OS 
advantage of PN over RN can be modest in older 
patients. Chung et al. reported that although PN 
in patients aged ≥65 years was associated with 
improved renal function when compared to RN, 
there was no difference in OS (22). Our data 
seem to support these findings. Younger patients 
exhibited advantage in overall survival both in 
general and subgroup analysis. Only in subgroup 

of PN no difference in survival was detected due 
to lack of deaths.

 Comorbidity and elderly age not only affects 
oncological and functional results but can also incur 
postoperative complication (18). Within analyzed 
group we observed similar complications rate and 
similar length of hospitalization among elderly and 
younger patients. However, since elderly patients 
with multiple comorbidities or chronic kidney 
disease were a-priori disqualified from surgery and 
partial nephrectomy was utilized less often in older 
patients, our cohort might differ significantly from 
previous studies.

 The issue of impaired renal function after 
surgical treatment can be particularly troublesome in 
elderly individuals. It is questionable whether older 
patients live long enough to develop end-stage renal 
disease after surgical treatment for renal cancer. It 
has been previously observed that although PN in 
patients ≥65 years was associated with improved 
renal function when compared to RN, there was no 
difference in OS and ESRD occurrence (22). In our 
cohort, among 10 patients who required dialysis, 
none exceeded 75 years of age. However, it should 
be noted that within longer follow-up this tendency 
could change.

 Due to disputable outcomes of PN and RN 
in older patients, the question of overtreatment is 
unavoidable. One of strategies addressing these 
issue is to identify most suitable candidates for 
surgery, achieved with careful selection depending 
on preoperative characteristics. Based on survival 
analysis Brassart et al. proposed T-stage, M-stage 
and Charlson Comorbidity Index as prognostic 
factors in elderly patients treated with RN (23). 
Recently, Larcher et al. proposed another SEER-
derived tool to identify T1 RCC patients who would 
benefit from the surgery over observation (24). 
Multivariate model included age, gender, race, 
Charlson comorbidity index, history of acute kidney 
injury or chronic kidney disease, tumor size, and 
year of diagnosis. The benefit of surgery was more 
visible in younger patients with less comorbidities. 
Based on 2476 cases selected from SEER database 
Larcher et al. defined age, comorbidity, acute kidney 
injury, chronic kidney disease, tumor size and 
minimally invasive approach as predictors of PN 
complications (24).
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 Due to unclear cancer-specific benefits 
and diminished utility of partial nephrectomy 
in elderly patients further proceeding in these 
individuals might differ from standard therapeutic 
track. Increased cardiovascular mortality reported 
in previous studies accelerated by renal dysfunction 
has raised the question of surgical overtreatment 
in individuals with limited life expectancy (20, 21). 
Surgery might be deferred (25) or replaced with 
minimally invasive partial nephrectomy (26) or 
percutaneous ablation (27, 28). It has been shown 
that in patients with small renal masses active 
surveillance is associated with higher quality of 
life than surgery, having no adverse effects on 
patients mental health like anxiety or depression 
(29). In pooled analysis by Smaldone et al. only 18 
out of 880 patients (2%) under active surveillance 
progressed to metastases (30). Sun et al. proved that 
although nonsurgical management is associated 
with worse CSS when compared with PN or RN in 
T1a patients <75 years, in older patients survival 
benefit is marginal (31). If eventual nephrectomy 
is indicated, delay in elderly individuals with 
small renal masses has been suggested to have 
no impact on cancer-specific survival (25). Short 
life expectancy constitutes also most significant 
selection criterium for ablation techniques, which 
possess excellent functional outcome and low rate 
of complications (27, 28).

 Our study has several limitations that 
should be mentioned. As with any retrospective 
study, there is risk for selection bias. All patients 
were qualified to surgery based on individual 
patient and surgeon decision, depending on 
competing comorbidities and individual burdens. 
For this reason, comorbid patients with short life 
expectancy were initially disqualified from surgical 
treatment and not covered by recent analysis. 
Moreover, elderly patients were more likely to 
undergo radical nephrectomy than younger 
patients, which required subgroup analysis to 
minimize confounding. Another limitation of the 
study is limited follow-up and significant number 
of patients lost to follow-up, which might have 
resulted in suboptimal survival analysis. One can 
assume that with longer follow-up the differences 
in overall survival will be more significant with 
no further difference in cancer-specific survival.

cONcLUSIONS

 Surgical treatment in elderly patients with 
renal tumor is as safe as in younger individuals 
and does not increase the risk of ESRD. However, 
cancer specific survival benefit of PN and RN 
is significantly diminished in patients aged >75 
years with no identified reasons.
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ABSTRAcT
 

Objectives: To investigate whether Glasgow Prognostic Score has prognostic signifi -
cance in patients with upper urinary urothelial carcinoma.
Patients and methods: We retrospectively reviewed the clinical records of 74 patients 
with upper urinary urothelial carcinoma. We set the cut-off value for C-reactive pro-
tein as 1.0mg/dL, and 3.5mg/dL for albumin as Glasgow Prognostic Score. Their blood 
data including albumin and C-reactive protein for Glasgow Prognostic Score and cyto-
keratin 19 fragment 21-1 as a tumor marker were measured before starting treatment. 
The patients were stratifi ed into three groups with Glasgow Prognostic Score: The 
Group-1, albumin ≥3.5g/dL and C-reactive protein < 1.0mg/dL; Group-2, albumin < 
3.5g/dL or C-reactive protein ≥1.0mg/dL; Group-3, albumin < 3.5g/dL and C-reactive 
protein ≥1.0mg/dL.
Results: The median follow-up for all patients was 26.9 months (range: 10.9-91.1 
months), during which 37 (50%) patients died. There was a signifi cant difference in the 
estimated survival rate among the 3 groups stratifi ed by Glasgow Prognostic Score. 
The estimated survival rate in the Group-1 was signifi cantly higher than those in 
Groups 2 and 3.
In the univariate analysis C-reactive protein, serum cytokeratin 19 fragment 21-1 and 
Glasgow Prognostic Score were signifi cant predictors of overall survival. On the mul-
tivariate analysis, serum cytokeratin 19 fragment 21-1 and Glasgow Prognostic Score 
were independently associated with shorter overall survival.
Conclusion: Our review suggests Glasgow Prognostic Score may play as a prognostic 
predictor for upper urinary urothelial carcinoma.
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INTRODUcTION

Urothelial carcinoma (UC) is the most 
common histological type of urinary system ma-
lignancy. UC arises from the urothelium of the en-
tire urinary tract, from the renal pelvis and ureter 
to the urinary bladder and urethra.

 The incidence of upper urinary urothelial 
carcinoma (UTUC) is relatively low, comprising 
only 5-10% of all urothelial malignancies (1). Al-
though all UC shares some same cancer-causing 
materials including the occupation revelation to 
a cigarette and aromatic amine (2), some diseases 
have a closer relationship with UTUC. However, 
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the prognosis for UTUC is generally poorer than 
that for bladder cancer (3); clinically effective 
prognostic predictors with a high specificity for 
UTUC has not been established such as prosta-
te specific antigen (PSA) for prostate cancer and 
α-fetoprotein (AFP) or human chorionic gonado-
tropin (hCG) for testicular tumors.

 Thus, preoperative staging of UTUC is not 
simple, and radical nephroureterectomy (RNU) with 
bladder-cuff removal is traditionally considered the 
standard of care for localized disease (4). However, 
recent advances in diagnostic imaging and endos-
copic armamentarium (5) have markedly enhanced 
the role of kidney-sparing surgery for well-selected 
patients in the latest European Association of Uro-
logy (EAU) guidelines (4).

 Regarding convalescence, the 5-year 
cancer-specific survival (CSS) reaches 50% for 
locally muscle invasive tumors (pT2-3), but wi-
thin 10% for progressive disease (pT4) (6).

 Serum C-reactive protein (CRP) is well 
known to be synthesized by the liver in respon-
se to inflammation. Several inflammation-based 
scoring systems, Glasgow Prognostic Score (GPS) 
and neutrophil-to-lymphocyte ratio (NLR) have 
been reported as useful prognostic indicators of 
several types of malignancies in the field of sur-
gery (7-10). GPS is based on the combination of 
CRP and albumin levels and helps it as a signi-
ficant prognostic factor in patients with cancer, 
reflecting both inflammatory components and 
nutritional status.

 Originally, the concept of GPS was crea-
ted to evaluate elevated CRP concentration and 
the effect of low albumin on the survival rate in 
patients with advanced lung cancer (11).

 Also, since we reported that CYFRA 21-1 
could be a biomarker of UTUC before (12), we are 
considering adding CYFRA 21-1 also in this study.

 A preoperative expectation of the prog-
nosis in patients can play an important role in 
selecting the appropriate treatments. Herein, we 
performed a retrospective study to investigate 
whether GPS has prognostic significance in pa-
tients with UTUC.

 A committee appointed to consider 
ethical issues approved this study on December 
18th, 2017.

pATIENTS AND METHODS

Study design
 The present study targeted patients who 

were operated due to upper urinary tract uro-
thelial carcinoma (UTUC) from April 1990 to 
January 2016 at Toho University Hospital and 
Sanaikai General Hospital, and diagnosed with 
UTUC by imaging (mostly computed tomogra-
phy scan) and urine cytology. A total of 74 pa-
tients were diagnosed with UTUC.

 Their blood data including albumin and 
CRP for GPS and cytokeratin 19 fragment 21-1 
(CYFRA 21-1) as a tumor marker were measu-
red basically two days before surgery, exclu-
ding diseases that are strongly expected to raise 
CRP, such as urinary tract infection.

 The patients were stratified into three 
groups with Glasgow prognostic score (GPS): 
The Group-1, albumin ≥ 3.5g/dL and CRP < 
1.0mg/dL; Group-2, albumin < 3.5g/dL or CRP 
≥ 1.0mg/dL; Group-3, albumin < 3.5g/dL and 
CRP ≥ 1.0mg/dL.

 And the performance status of all target 
patients was 0 or 1.

Statistical analysis

Data were expressed as numbers with 
percentage or means ± standard deviation (SD) 
or medians with quartile values (25%-75%). The 
differences in continuous variables between the 
two groups were compared by unpaired t-test or 
Mann-Whitney test per the data distribution (nor-
mal or not). The differences in categorical varia-
bles between the two groups were investigated by 
Fisher’s exact test. The Kaplan-Meier method was 
used to estimate survival distributions, and the di-
fferences between the two groups were compared 
using the log-rank test. The Cox proportional ha-
zard regression model analysis was performed to 
identify the predictors for overall deaths following 
the operation of UTUC and to calculate hazard risk 
(HR) and 95% confidence intervals (95% CI). Uni-
variate and multivariate Cox regression analyses 
were performed with and without adjustment for 
other variables. Because of comparisons between 
death and alive groups, variables of p < 0.1 were 
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selected and adopted for Cox proportional hazard 
regression model. In the case there were collinea-
rity characteristics between 2 variables, either of 
two variables was excluded from the multiple re-
gression model. Receiver operating characteristics 
(ROC) curve analysis was used to determine the 
cut-off value of continuous parameters as a pre-
dictor for overall death. Also, the cut-off value 
of the predictor of total mortality was calculated 
using the area under the curve (AUC) and 95% CI. 
All statistical analyses were performed using JMP 
(R) version 12.2.0, and P-values < 0.05 were con-
sidered statistically significant.

RESULTS

Baseline charctaeristics
 Table-1 shows characteristics of follow-

-up patients with UTUC. Univariate analysis of 
the background factors in the groups, CRP, GPS 
and CYFRA 21-1 were significantly different 
between two groups. And CRP and CYFRA 21-1 
were significantly higher in the dead group. 
Other factors did not significantly differ.

Os associated with clinical parameters
 The median follow-up in this series was 

26.9 months (range; 10.9-91.1 months), and 37 
(50%) patients died during follow-up (Table-1). 
Figure-1 shows there was a significant difference 
in the estimated survival rate among the 3 groups 
stratified by GPS (p < 0.001 as determined by the 
Log-rank test). The estimated survival rate in the 
Group-1 was significantly higher than those in the 
Groups-2 and 3 (p=0.01 and p < 0.001, respective-
ly, no adjustment for multiple comparison).

 Table-2 shows predictors for overall death 
in the patients with UTUC before and after adjust-
ment with variables as determined by Cox pro-
portional hazard regression model analysis. In the 
univariate analysis CRP (HR=3.26, 95% CI: 1.64 - 
6.48, p=0.001), serum CYFRA 21-1 (HR=2.01, 95% 
CI: 1.02 - 3.96, p < 0.001) and GPS (HR=2.54, 95% 
CI: 1.55-4.14, p < 0.001) were significant predic-
tors of overall survival.

On the multivariate analysis, serum CYFRA 
21-2 (HR=2.07, 95% CI: 1.05-4.08, p=0.03) and GPS 
(HR=2.28, 95% CI: 1.33-3.91, p=0.003) were inde-
pendently associated with shorter overall survival.

Table 1 - characteristics of follow-Up patients with Urothelial carcinoma.

All cases
N = 74

Overall Death
N = 37

Alive
N = 37

P values

Age, years 71.7±9.2 72.6±8.4 70.8±9.9 0.39 1)

Male 43 (58.0) 20 (54.1) 23 (62.2) 0.63 2)

BMI, kg/m2 21.2±2.6 21.3±3.2 21.2±2.0 0.76 1)

Albumin, g/dL 3.98±0.45 3.98±0.50 3.99±0.41 0.86 1)

WBC, /µL 7368±2330 7828±2437 6907±02153 0.089 1)

Platelet, x103/µL 218±68 227±78 210±55 0.280 1)

NLR 4.77 [3.59-6.10] 4.82 [2.70-7.39] 4.74 [3.74-5.43] 0.717 3)

CRP, mg/dL 0.20 [0.10-0.70] 0.50 [0.10-1.00] 0.10 [0.10-0.30] 0.002 3)

GPS, 1/2/3 55/15/4 22/11/4 33/4/0 0.003 3)

CYFRA, ng/mL 5.97 [1.75-12.27] 6.13 [3.50-30.67] 2.30 [1.50-6.13] <0.001 3)

Follow-up, month 26.9 [10.9-91.1] 16.0 [8.8-50.3] 50.7 [22.7-97.0] 0.005 3)

Data are expressed as means ± standard deviation or numbers with percentage or medians [25%-75% quartile value]. P values were determined by 1) unpaired t test, 2) Fisher’s 
exact test, 3) Mann-Whitney test. BMI indicates body mass index; GPS, Glasgow prognostic score (1: Albumin ≥3.5 g/dL and CRP <1.0 mg/dL, 2: Albumin <3.5 g/dL or CRP 
≥1.0 mg/dL, 3: Albumin <3.5 g/dL and CRP ≥1.0 mg/dL).
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figure 1 - The Kaplan–Meier curves indicating overall survival rate among the 3 groups stratified by GpS.

Table 2 - predictors for Overall Death in the patients with Urothelial carcinoma before and after Adjustment with variables - 
Determined by cox proportional Hazard Regression Model Analysis.

Variables
Univariable Analysis Multivariable Analysis

HR (95%CI) P values HR (95%CI) P values

Age ≥70 years 2.02 (1.03 – 3.97) 0.04 1.76 (0.86 – 3.58) 0.12

Male 0.85 (0.45 – 1.64) 0.63 1.14 (0.58 – 2.24) 0.71

Albumin <3.5 g/dL 1.91 (0.78 – 4.64) 0.15 NA

CRP ≥1.0 mg/dL 3.26 (1.64 – 6.48) 0.001 NA

CYFRA ≥6.0 mg/dL* 2.01 (1.02 – 3.96) <0.001 2.07 (1.05 – 4.08) 0.03

GPS 2.54 (1.55 – 4.14) <0.001 2.28 (1.33 – 3.91) 0.003

Group 1 reference (1.00) reference (1.00)

Group 2 2.82 (0.88 – 9.06) 0.08 3.14 (0.88 – 11.16) 0.07

Group 3 6.68 (2.24 – 19.93) 0.001 6.18 (1.85 – 20.60) 0.003

HR indicates hazard risk; CI, confidence interval; NA, not apply and GPS indicates Glasgow prognostic score; 1: Albumin ≥3.5 g/dL and CRP <1.0 mg/dL, 2: Albumin <3.5 
g/dL or CRP ≥1.0 mg/dL, 3: Albumin <3.5 g/dL and CRP ≥1.0 mg/dL.

* The median value in all patients.

And the cut-off value of CRP and CYFRA 
21-1 were 0.19ng/dL and 5.3ng/mL, AUC were 
0.710 and 0.732, 95% CI were 0.592-0.827 and 
0.618-0.846 and P-values were 0.002 and < 0.001, 
respectively (Figure-2).

DIScUSSION

 GPS was proposed by Forrest et al., and so 
far, in non-small cell lung cancer (11), colon can-
cer (13), breast cancer (14), pancreas cancer (15), 
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liver cancer (16), esophageal cancer (17) and it is 
reported to be a risk factor for long-term progno-
sis of various carcinomas.

 Even in the urinary field, there are reports 
in kidney cancer (8, 18), prostate cancer (19), and 
bladder cancer (20).

 GPS is calculated by two inspections, Al-
bumin (Alb) and CRP which are generally measu-
red in Japan. Therefore, it is particularly useful to 
evaluate easily and without using special inspec-
tion equipment. CRP is produced by interleukin 
(IL)-6 produced by macrophages and adipocytes, 
acting on hepatocytes. It is generally known that 
the CRP value correlates with the IL-6 concentra-
tion in the blood. It has also been found that ele-
vated CRP in cancer patients correlates with the 
expression of IL-6 and IL-6 receptors in cancer 
cells in the absence of apparent inflammation. In 
other words, it is said that the grade of malig-
nancy is high when there is a large number of IL-6 
producing cells (21).

 Albumin (alb) is a protein synthesized in the 
liver and present most in blood. Since Alb is also 
used as a source of amino acids, it is also used as 
an indicator of nutritional status. However, when 
inflammation is accompanied, protein production 
in the liver is inclined to the production of acute-

-phase proteins including CRP, accompanied by 
stress-induced hypoalbuminemia (22), which results 
in decreased production of Alb. Alb is used as an in-
dicator of nutrition. However, it is pointed out that 
there is a problem there (23, 24). In addition, there 
are liver diseases such as protein-losing enteropathy 
and nephrotic syndrome that the production of Alb 
itself deteriorates. However, by correcting this with 
CRP in GPS, Alb increases credibility as an indicator 
of nutrition. Therefore, it is very useful to use not 
only Alb and CRP but also GPS.

 Though Kim et al. reported that CRP-based 
prognostic scores (CRP, Glasgow Prognostic Score 
< GPS >, modified GPS (25) and Prognostic Index 
(26)) could not predict outcome in patients with 
UTUC in their cohort (27) and Ku et al. reported 
that albumin has superior prognostic value than 
other scores based on CRP (Glasgow prognostic 
score, modified Glasgow prognostic score, and 
prognostic index) (28), Inamoto et al. mentioned 
the impact of UTUC in the same way as us (29). 
The aim of this study was that preoperative GPS 
was significantly useful for prognosis evaluation 
in patients with UTUC.

 The incidence of UTUC has increased du-
ring the past 20 years in the USA, and the prog-
nosis for UTUC is generally poorer than that for 

figure 2 - Receiver operating characteristics (ROc) curve, and the area under the curve (AUc) and 95% cI for determining 
the cut-off values of predictors for overall death.
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bladder cancer (12). Prognostic predictors with 
a high specificity for UTUC are therefore needed 
to select the optimal treatment. In other words, it 
may be possible to consider adjuvant chemothe-
rapy or other adjuvant optimal therapy with GPS 
as an indicator. That is what we are researching 
now. And at present, we consider the patient to be 
more carefully observed when considering GPS. 
However, clinically effective prognostic predictors 
have not yet been established as for other cancers, 
such as PSA for prostate cancer and AFP or hCG 
for testicular tumors. The reported prognostic pre-
dictors for UTUC include histopathological T sta-
ge, histopathological grade, tumor location, LNI, 
lymphovascular invasion (LVI) and surgical pro-
cedures. However, all of these are postoperative 
factors. Urinary levels of nuclear matrix protein 
22 (NMP22), bladder tumor antigen (BTA) and uri-
ne CYFRA 21-1 have been investigated along with 
TPA, TPS and other substances (30), but the uri-
nary levels are known to increase in the presence 
of urinary tract infection, making them unreliable 
as prognostic predictors. Thus, the only reliable 
preoperative prognostic predictor reported to date 
is serum CRP and serum CYFRA 21-1 (12). There 
were only 74 cases in total, and to the number 
of predictors put in the regression model because 
of the limitation, lymphovascular invasion, surgi-
cal procedures, T stage, grade, tumor location etc. 
were not included as predictors in this study.

 In this study, ROC analysis, AUC and 95% 
CI were calculated, the cut-off value of CRP was 
1.0mg/dL, and the cut-off value of CYFRA 21-1 
was 6.0ng/mL.

 Each of age (p=0.04), CRP (p=0.001), 
CYFRA 21-1 (p < 0.001) and GPS (p < 0.001) were 
statistically correlated with overall survival rates.

 It is also attractive if GPS can also play the 
role of biomarker, which directly affects the dise-
ase state and volume of the tumor. In this study, 
overall survival is regarded as an endpoint, but we 
plan to examine the relationship with progression 
free survival.

 In conclusion, our study demonstrated that 
GPS serves as an independent prognostic indica-
tor for UTUC. This shows that treatment of UTUC 
may be able to select optimal treatment including 
kidney-sparing surgery. However, since there were 

only 4 cases in Group-3, there is a possibility that 
the analysis result may be influenced.

STUDY LIMITATIONS

 The present study is not without limita-
tions. In this study, we analyzed all patients who 
were submitted to surgery in 26 years. Though to-
tal number of cases was 74, and 50% of the pa-
tients died, it should be analyzed with more incre-
asing cases.

 The authors have no conflicts of interest 
directly relevant to the content of this article.

ABBREvIATIONS

CRP = C-REACTIVE PROTEIN
CYFRA 21-1 = Cytokeratin-19
GPS = GLASGOW PROGNOSTIC SCORE
UTUC = UPPER URINARY TRACT UROTHELIAL 
CARCINOMA
UC = Urothelial carcinoma
PSA = prostate specific antigen
AFP = α-fetoprotein
hCG = human chorionic gonadotropin
RNU = nephroureterectomy
CSS = cancer-specific survival
NLR = neutrophil-to-lymphocyte ratio
SD = standard deviation
95% CI = 95% confidence intervals
ROC = Receiver operating characteristics
AUC = area under the curve
Alb = Albumin
IL = interleukin
LVI = lymphovascular invasion
NMP22 = nuclear matrix protein 22
BTA = bladder tumor antigen
WBC = white blood cell
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lncRNA CCAT1 promotes bladder cancer cell proliferation, 
migration and invasion
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ABSTRAcT
 

Objective: To study the expression patterns of long noncoding RNA (lncRNA) colon 
cancer-associated transcript 1 (CCAT1) and the changes in cell proliferation, apoptosis, 
migration and invasion induced by silencing CCAT1 in bladder cancer cells.
Materials and Methods: The expression levels of CCAT1 were determined using real-
time quantitative polymerase chain reaction in cancerous tissues and paired normal 
tissues from 34 patients with bladder cancer. The relationship between clinical char-
acteristics and CCAT1 expression was analyzed. And then we conducted cell experi-
ments. Bladder urothelial carcinoma cell lines T24 and 5637 cells were transfected 
with CCAT1 small interfering RNA (siRNA) or scramble siRNA. Cell proliferation and 
apoptosis changes were determined using a Cell Counting Kit-8 (CCK-8) assay and a 
fl ow cytometry assay. Migration and invasion changes were measured using a wound 
healing assay and a trans-well assay. microRNAs (miRNAs) were predicted by Starbase 
2.0, and their differential expression levels were studied.
Results: CCAT1 was signifi cantly upregulated in bladder cancer (P < 0.05). CCAT1 
upregulation was positively related to tumor stage (P = 0.004), tumor grade (P = 0.001) 
and tumor size (P = 0.042). Cell proliferation, migration and invasion were promot-
ed by abnormally expressed CCAT1. miRNAs miR-181b-5p, miR-152-3p, miR-24-3p, 
miR-148a-3p and miR-490-3p were potentially related to the aforementioned func-
tions of CCAT1.
Conclusion: CCAT1 plays an oncogenic role in urothelial carcinoma of the bladder. In 
addition, CCAT1 may be a potential therapeutic target in this cancer.
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INTRODUcTION

Bladder cancer is the ninth most common 
cancer worldwide (1). Most malignant bladder tu-
mors are urothelial carcinomas evolved from the 
urothelium. Approximately 40% of patients with 
bladder cancer have experienced multiple recur-
rences, signifi cantly impacting their life quali-
ty (2). Bladder cancer is a heterogeneous disease 

that can be categorized into non-muscle invasive 
bladder cancer and muscle invasive bladder can-
cer. Urothelial carcinomas could be divided into 
low-grade and high-grade urothelial carcinomas. 
Muscle invasive or high-grade bladder tumors are 
more aggressive relatively (3). And tumors greater 
than 3cm comprise a risk factor of recurrence and 
progression (4). The mortality of bladder cancer 
has not changed markedly despite recent advances 
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in its early detection (5). Therefore, it is necessary 
to delineate the molecular mechanisms involved 
in the development of bladder cancer to find po-
tentially novel and important diagnostic markers 
and therapeutic targets.

Noncoding RNAs (ncRNAs) are subdivi-
ded into two major classes based on size: small 
ncRNAs (< 200nt) and long ncRNAs (lncRNAs, > 
200nt) (6, 7). Recently, microRNAs (miRNAs) have 
been identified as oncogenes or tumor suppres-
sor genes that influence the biological function of 
cancer through the posttranscriptional regulation 
of protein expression. In contrast, lncRNAs were 
once thought to be transcriptional noise (8). Ho-
wever, it has become increasingly clear that lncR-
NAs exert significant functions at various levels, 
including X chromosomal inactivation, chroma-
tin remodeling and transcriptional repression. In 
addition, studies have found that some lncRNAs 
are contained in the urinary exosomes of bladder 
cancer patients, which is important for alleviating 
the suffering of patients who require regular pos-
toperative cystoscopy (9).

The lncRNA CCAT1, which is abnormally 
expressed in many malignancies, has been repor-
ted to be involved in the pathogenesis of malig-
nant tumors, including colon cancer, oral squa-
mous cell carcinoma, epithelial ovarian cancer, 
renal cell carcinoma, hepatocellular carcinoma, 
cervical cancer, breast cancer, gallbladder cancer 
and gastric cancer (10-13). Further studies have 
found that CCAT1 transcription was stimulated 
by c-Myc, which then promoted the proliferation 
and invasion of cancer cells (14, 15). Other studies 
have found that CCAT1 promotes cancer develo-
pment via miRNAs (16, 17). CCAT1 has been used 
as a novel serum biomarker in colorectal carcino-
ma (18). However, the role of CCAT1 in the deve-
lopment of bladder cancer remains elusive.

MATERIALS AND METHODS

Patient samples
In the current study, 34 consecutive indi-

viduals with urothelial neoplasms of the bladder 
who had received radical cystectomy were inclu-
ded. Bladder cancer tissues and pair-matched ad-
jacent healthy tissues were snap-frozen in liquid 

nitrogen within thirty min after resection, and the 
upregulation rate of CCAT1 was analyzed. All pa-
tients had negative histories of exposure to either 
chemotherapy or radiotherapy before surgery and 
lacked the co-occurrence of any diagnosed can-
cers. This study was approved by the Ethical Com-
mittee of Beijing Friendship Hospital Affiliated 
with Capital Medical University.

Cell lines and cell culture
Human bladder cancer cell lines (T24, EJ, 

and 5637) were purchased from National Infras-
tructure of Cell Line Resource (Beijing, China). The 
T24, EJ and 5637 cells were cultured in RPMI-
1640 medium (Gibco, USA) plus 1% antibiotics 
(100U/mL penicillin and 100µg/mL streptomycin 
sulfate) and 10% fetal bovine serum (FBS, Gibco) 
at 37ºC in a humidified atmosphere with 5% CO2. 
Complete medium was changed every 2 days, and 
cells were subcultured when they reached 80% 
confluence.

RNA extraction, reverse transcription and 
qRT-PCR

Total RNA was isolated from bladder 
cancer tissues or cells using TRIzol reagent (In-
vitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s protocol to measure relative CCAT1 
expression. Reverse transcription was then perfor-
med using a Prime ScriptTM RT Reagent Kit with 
gDNA Eraser (Takara, Dalian, China) following 
the manufacturer’s instructions. Quantitative real-
-time polymerase chain reaction (qRT-PCR) was 
performed using a SYBR Green PCR kit (Takara, 
Dalian, China) following the manufacturer’s ins-
tructions. Glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) was measured as an internal 
control. The reactions were carried out on an ABI® 
7500 Fast Real-Time PCR system (Applied Biosys-
tems, Foster City, CA, USA) in duplicate. The reac-
tion conditions were 95˚C for 10 min, 40 cycles 
at 95ºC for 15 sec and 60˚C for 35sec. The melting 
curve was analyzed for each sample. The avera-
ge value in each duplicate was used to calculate 
the relative amount of CCAT1 using the 2−ΔΔCt 
method. The primer sequences were as follows: 
CCAT1 primers: 5’-TTTATGCTTGAGCCTTGA-3’ 
(forward) and 5’- CTTGCCTGAAATACTTGC-3’ 
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(reverse) and GAPDH primers: 5’-CGCTCTCTG-
CTCCTCCTGTTC-3’ (forward) and 5’-ATCCGTT-
GACTCCGACCTTCAC-3’ (reverse).

miRNA expression was detected by extrac-
ting miRNA from cell lines using a miRcute miR-
NA isolation kit (Tiangen, Beijing, China) according 
to the manufacturer’s protocol. Quantified total 
RNA was then reverse transcribed to cDNA using 
a miRcute Plus miRNA First-Strand cDNA Syn-
thesis Kit (Tiangen, Beijing, China) following the 
manufacturer’s instructions. qRT-PCR was con-
ducted using miRcute Plus miRNA qPCR Detection 
Kit (SYBR Green) (Tiangen, Beijing, China) follo-
wing the manufacturer’s instructions. Transcripts 
were quantified by qRT-PCR and normalized to 
the amount of U6 mRNA expression. The reactions 
were carried out on an ABI® 7500 Fast Real-Time 
PCR system (Applied Biosystems, Foster City, CA, 
USA) in duplicate under the following conditions: 
95ºC for 15 min, 40 cycles at 95ºC for 20sec, and 
60˚C for 35sec. The melting curve was analyzed for 
each sample. The average value in each duplicate 
was used to calculate the relative amount of miR-
NA using 2−ΔΔCt methods. The primer sequences of 
U6 were as follows: 5’-CTCGCTTCGGCAGCACA-3’ 
(forward) and 5’-AACGCTTCACGAATTTGCGT-3’ 
(reverse), and the primer sequences of all miRNAs 
are listed at supplemental Table-1.

Small interfering RNA (siRNA) synthesis and 
transfection

siRNA specifically targeting CCAT1 and 
scramble siRNA were synthesized by GenePhar-
ma (Shanghai, China). The siRNA sequences for 
CCAT1 were si-CCAT1-1, 5′-CAUACCAAUUGA-
ACCGAGCCUUGUA-3′, and si-CCAT1-2, 5′-CCAT-
TCCATTCATTTCTCTTTCCTA-3′. Transfections 
were performed using the Lipofectamine 2000 kit 
(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions.

Cell proliferation assays
 Cell proliferation was determined using a 

Cell Counting Kit-8 (CCK-8, Beyotime Institute of 
Biotechnology, Shanghai, China) according to the 
manufacturer’s instructions. For the CCK-8 assay, 
2 × 104 cells/well were seeded in a 96-well pla-
te for 24h and were transiently transfected with 

si-CCAT1-1, si-CCAT1-2 or scramble siRNA. Ten 
microliters of the Cell Counting Kit solution was 
added into each well at 0, 1, 2 and 3 days after 
transfection. The 96-well plates were incubated 
for 2h at 37ºC, and the absorbencies at each 
time point were measured at 450nm by a mi-
croplate reader. All experiments were biologi-
cally repeated at least three times.

Wound healing assays
Cells (1.25 × 105 cells/well) were seeded 

into 24-well plates and starved for 24h; then, 
the medium was replaced with medium contai-
ning 10% FBS. Wounds were made by passing 
a plastic tip across the monolayered cells. The 
time of wound infliction was considered as 0h, 
and wound closure was photographed after 48h 
using a microscope connected to a digital ca-
mera. Areas covered by migrated cells (%) were 
quantified by ImageJ 1.48v. All experiments 
were performed in triplicate.

Trans-well assay
 Cells transfected with si-CCAT1-1, si-

-CCAT1-2 or scramble siRNA were first starved 
in serum-free medium, and then, a cell sus-
pension of 0.2mL of RPMI-1640 medium was 
seeded into each well of the upper trans-well 
chamber (8-µm pore size, Corning, New York, 
USA), which was precoated with 50µl of Matri-
gel™ Basement Membrane Matrix (BD Bioscien-
ces, San Jose, CA, USA). In the lower chamber, 
0.5mL of RPMI 1640 with 10% FBS was added. 
After incubating for 28h at 37°C in a humidi-
fied incubator with 5% CO2, the cells on the 
upper side of the upper chamber were wiped off 
with a cotton swab. The lower side of the upper 
chamber was fixed with methanol and stained 
with 2% crystal violet for 10 min. The number 
of cells penetrating across the membrane was 
counted under a microscope in five random vi-
sual fields, and all experiments were repeated 
in triplicate.

Flow cytometry assay
T24 and 5637 cells were transfected 

with si-CCAT1-1, si-CCAT1-2 or scramble siR-
NA. After 48h, the cells were harvested for 
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flow cytometry. Briefly, after double staining 
with an Annexin V-FITC/PI apoptosis kit (Mul-
ti Sciences, Hangzhou, China) according to the 
manufacturer’s instructions, cell apoptosis was 
then determined using a flow cytometer (BD, 
NJ, USA). All experiments were performed in 
triplicate.

Statistical analyses

 All data were analyzed by SPSS 22.0 
software. Values were expressed as the mean 
± standard deviation (SD). A paired t-test was 
used to analyze the CCAT1 expression diffe-
rence between bladder cancer tissues and pa-
racancer tissues. A chi-square test or unpaired 
Student’s t-test was also used to evaluate signi-

ficance as appropriate. P < 0.05 was considered 
significant.

RESULTS

CCAT1 is upregulated in bladder cancer tissues
First, we investigated whether CCAT1 

was dysregulated in bladder cancer tissues re-
lative to its expression in adjacent healthy cells. 
The relative expression level of CCAT1 was me-
asured using qRT-PCR in bladder cancer tissues 
and pair-matched adjacent normal bladder tis-
sues from 34 bladder cancer patients. Compared 
to that in pair-matched adjacent normal bladder 
tissues, CCAT1 expression was upregulated sig-
nificantly in 73.53% (25 of 34) of cancer tissues 
(Figure-1, P<0.05).

Supplemental Table1 - The primer sequences of all the miRNAs.

microRNA name primer sequences

hsa-miR-181b-5p ccgAACATTCATTGCTGTCGGTGGGT

hsa-miR-181a-5p cgcgAACATTCAACGCTGTCGGTGAGT

hsa-miR-4295 cgcgcgCAGTGCAATGTTTTCCTT

hsa-miR-130a-3p gcgcgCAGTGCAATGTTAAAAGGGCAT

hsa-miR-148b-3p gcgcgTCAGTGCATCACAGAACTTTGT

hsa-miR-543 cgcgAAACATTCGCGGTGCACTTCTT

hsa-miR-410-3p gcgcgcgAATATAACACAGATGGCCTGT

hsa-miR-152-3p gcgcgTCAGTGCATGACAGAACTTGG

hsa-miR-454-3p agcgcgcgTAGTGCAATATTGCTTATAGGGT

hsa-miR-301a-3p cgcgcgCAGTGCAATAGTATTGTCAAAGC

hsa-miR-24-3p gcgTGGCTCAGTTCAGCAGGAACAG

hsa-miR-181c-5p gcgcAACATTCAACCTGTCGGTGAGT

hsa-miR-181d-5p cgcgAACATTCATTGTTGTCGGTGGGT

hsa-miR-4262 gcgcgcgGACATTCAGACTACCTG

hsa-miR-216a-5p ccgcgTAATCTCAGCTGGCAACTGTGA

hsa-miR-296-3p GAGGGTTGGGTGGAGGCTCTCC

hsa-miR-301b gcgGCTCTGACGAGGTTGCACTACT

hsa-miR-130b-3p cgcgCAGTGCAATGATGAAAGGGCAT

hsa-miR-218-5p ccgcgcgTTGTGCTTGATCTAACCATGT

hsa-miR-148a-3p cgcgcgTCAGTGCACTACAGAACTTTGT

hsa-miR-3666 gcgCAGTGCAAGTGTAGATGCCGA

hsa-miR-490-3p cgCAACCTGGAGGACTCCATGCTG
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figure 1 - The gene expression level of ccAT1 in human 
bladder tumor tissues and paratumor tissues (n = 34).

Data are presented as mean ± SD. *Indicates P < 0.05 versus the control group.

CCAT1 expression is associated with clinicopa-
thological features

We investigated the relationship between in-
creased CCAT1 expression levels and clinical charac-
teristics in the 34 bladder cancer cases to determine 
whether CCAT1 expression is related to clinical fe-
atures (Table-1). CCAT1 upregulation was positively 
correlated with tumor stage (P=0.004), tumor grade 
(P=0.001) and tumor size (P=0.042). However, CCAT1 
expression levels were not correlated with other pa-
rameters, such as patient age, gender, tumor num-
ber or nodal invasion. Bladder cancer tumors were 
graded according to the 2004WHO classification of 
urothelial neoplasms.

The effects of CCAT1 knockdown on bladder can-
cer cell lines

As differences in tumor stage, grade and size 
may be derived from tumor cell functions, we first de-
veloped an in vitro model of CCAT1 knock-down bla-
dder tumor cells. CCAT1 expres sion in three human 
bladder cancer cell lines (EJ, T24, and 5637) was ini-
tially investigated (supplemental Figure-1). T24 and 
5637 cells showed relatively high CCAT1 levels and 
were used in our CCAT1 siRNA knock-down system.

si-CCAT1-1, si-CCAT1-2 or scramble siRNA 
was transiently transfected into 5637 and T24 cells 
to assess the effects of CCAT1 on bladder cancer 
cells. 48 hours and 72 hours after transfection, qRT-
-PCR was performed and the result demonstrated 

that the relative CCAT1 expression in CCAT1-siR-
NA-transfected 5637 and T24 cells was significantly 
lower than the relative expression in the negative 
control group (P<0.05; Figures 2A and 2B).

To determine whether CCAT1 was asso-
ciated with cell functions, we then compared the 
proliferation, apoptosis, migration and invasion of 
CCAT1-siRNA knock-down cells and scramble siR-
NA-infected bladder cancer cells. The CCK-8 assays 
indicated that CCAT1-siRNA treatment significantly 
inhibited the proliferation of 5637 cells at 48h and 
72h post-transfection and T24 cells at 24h, 48h and 
72h post-transfection (Figure-3). Flow cytological 
examination was performed after the double staining 
of Annexin V-PI to examine the effect of CCAT1 
on apoptosis. We found that the downregulation of 
CCAT1 had no effect on apoptosis in bladder cancer 
cells by analyzing the percentage of cells in the third 
quadrant (supplemental Figure-2). We performed 
wound healing assays to assess the bladder cancer 
cell’s ability to migrate in the horizontal direction. 
Knock-down of CCAT1 attenuated the migration abi-
lities of 5637 and T24 cells according to an analysis 
of the area covered by cell migration at 48h post-
-transfection (P<0.05, Figure-4A). Matrigel was used 
to simulate the extracellular matrix, and the effect of 
CCAT1 on the invasion capacity of bladder cancer 
cell lines was analyzed by examining the number of 
cells that digested the matrix and passed through the 
polycarbonate membrane. Our study revealed that 
knock-down of CCAT1 weakened the invasion abili-
ties of 5637 and T24 cells compared with the controls 
(P < 0.05, Figure-4B).

Potential signaling pathways may be related to 
some miRNAs

We further examined potential signaling pa-
thways by predicting 22 miRNAs that were targets 
of CCAT1 using Starbase 2.0; the differential expres-
sion levels of the 22 miRNAs in T24 cells transfected 
with si-CCAT1-1, si-CCAT1-2 and scramble siRNA 
were detected by qRT-PCR. The results showed that 
miR-181b-5p, miR-152-3p, miR-24-3p, miR-148a-
3p and miR-490-3p expression was significantly 
different in both the si-CCAT1-1 group and the si-
-CCAT1-2 group compared to the scramble siRNA 
control group (Figure-5).
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Table 1 - Relationship between ccAT1 expression and clinicopathological characteristics of bladder cancer patients.

Characteristics No.
CCAT1 expression level

P-value
Downregulation Upregulation

Age (year)

≤65 13 4 9 0.679

>65 21 4 17

Gender

Male 22 7 15 0.21

Female 12 1 11

Tumor staging

<2 12 6 6 0.004

≥2 22 1 21

Tumor grading

Low grade 7 5 2 0.001

High grade 27 2 25

Tumor size (cm)

≤3 14 6 8 0.042

Ş3 20 2 18

Tumor amount

Single 13 2 11 0.444

Multiple 21 6 15

Nodal invasion

Positive 2 1 1 0.421

Negative
32 7 25

Supplemental figure 1 - The expression level of ccAT1 in 
EJ, T24, 5637 cell lines.

DIScUSSION

 An estimated 430.000 new cases of blad-
der cancer occurred in 2012, making bladder cancer 
the ninth most common cancer worldwide (19). In 
recent decades, we have not been very successful 
at reducing the prevalence of bladder cancer for 
many reasons, such as smoking (20). Although we 
have observed a global reduction in bladder cancer 
mortality in recent years, a more positive trend is 
impossible without more effective treatment mo-
dalities or new treatments. However, the molecular 
mechanisms underlying the tumorigenesis and pro-
gression of bladder cancer are yet to be elucidated.
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Data are presented as mean ± SD. *Indicates P < 0.05 versus the control group.

A B

figure 2 - The gene expression level of ccAT1 knockdown on 5637 and T24 cell lines 48 hours or 72 hours after transfection.

figure 3 - Effects of ccAT1 on proliferation in 5637 and T24 cell lines. ccK-8 cell proliferation assays show that ccAT1 knock-
down significantly weakened proliferation in 5637 and T24 cells.

Data are represented as mean ± SD. *Indicates P < 0.05.

A B

lncRNAs represent a novel class of nonco-
ding RNAs that are longer than 200 nucleotides 
and do not have protein-coding potential. Recen-
tly, lncRNAs were found to be dysregulated and 
involved in various cancer biological processes, 
such as proliferation, apoptosis, mobility, and in-
vasion (21, 22). However, the role and precise mo-
lecular mechanism of lncRNAs in cancer develop-
ment and progression still remain elusive (11). In 
previous studies, CCAT1 was found to be involved 
in the development and progression of a variety of 
cancer types (11, 12, 23), but the functional effect 
of CCAT1 on the development of bladder cancer 
has not been reported.

In our study, we demonstrated that 
CCAT1 was aberrantly increased in human blad-
der cancer tissues relative to adjacent nontumor 
tissues. In addition, the expression of CCAT1 in 
5637 and T24 cell lines further confirmed this 
observation. Additionally, chi-square analysis 
was performed to demonstrate the relationship 
between relative CCAT1 expression and clini-
cal characteristics. Due to the positive correla-
tion between CCAT1 and clinical characteristics, 
we also performed a cell proliferation assay, an 
apoptosis assay, a wound healing assay and a 
cell invasion assay. The results suggested that 
the downregulation of CCAT1 suppressed cell 

scramble 
si-CCAT1-1
si-CCAT1-2

scramble 
si-CCAT1-1
si-CCAT1-2

5637 T24
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Supplemental figure 2 - Representative flow cytometric plots of cell apoptosis. cells were stained with both Annexin v and 
pI before analysis by flow cytometry. Numbers represent the percentage of the frequency in each quadrant.

Data are represented as mean ± SD. *Indicates P<0.05.

proliferation, migration and invasion, which me-
ant that CCAT1 can promote the progression of 
bladder cancer. These results suggest that CCAT1 
expression may be a potential prognostic marker 
for patients with bladder cancer.

Emerging evidence has indicated that ln-
cRNAs function as competing endogenous RNAs 
(ceRNAs) via sponging miRNAs (24). We perfor-
med a search for miRNAs that had complemen-
tary base pairing with the lncRNA CCAT1 and 
identified 22 miRNAs with tight pairing. The ex-
pression levels of most miRNA were increased 
in knock-down cells, concordant with a possible 
function as competing endogenous RNA. In the 
cell functional test, we got coincident results be-
tween si-CCAT1-1 group and si-CCAT1-2 group, 
so we paid attention to the consistently upregula-
ted miRNAs at first. Among these miRNAs, miR-
181b-5p, miR-152-3p, miR-24-3p, miR-148a-3p 
and miR-490-3p may be related to the function 
of CCAT1. Particularly, all of these miRNAs have 
been proven to be related to the development of 
tumor malignancies in previous studies (25-30). 
However, whether CCAT1 can sponge some of the-

se miRNAs requires elucidation in future studies.
 Several limitations exist in our study. 

The results of qRT-PCR revealed that not all 
bladder tissues have upregulated CCAT1 expres-
sion; thus, our study of bladder cancer cell lines 
has uncertainty, even though we performed our 
experiments on two types of bladder cancer cell 
lines with relatively high CCAT1 levels. Further-
more, our study demonstrated that CCAT1 has 
an effect on both proliferation and migration, 
so differentiated proliferation may have affec-
ted the migration experiments.

cONcLUSIONS

 In summary, our findings suggested that 
CCAT1 was abnormally increased in patients with 
bladder cancer and that high levels of CCAT1 ex-
pression were positively related to aggressive tu-
mor characteristics. The downregulation of CCAT1 
expression inhibited bladder cancer cell prolife-
ration, migration and invasion. In addition, miR-
181b-5p, miR-152-3p, miR-24-3p, miR-148a-3p 
and miR-490-3p may be related miRNAs that 
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figure 4 - Effects of ccAT1 on migration and invasion capability in 5637 and T24 cells. A) Knock-down of ccAT1 attenuated 
the migration ability of 5637 and T24 cells. The quantifications of cell migration were presented by the histogram. B) Trans-
well assay indicated that knock-down of ccAT1 weakened 5637 and T24 cells invasion. The quantifications of cell invasion 
were presented by the column chart.

A

B

Data are presented as mean ± SD. *Indicates significant difference compared with control group (P<0.05).
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figure 5 - Differential expression levels of 22 miRNAs in T24 cells transfected with scramble, si-ccAT1-1 or si-ccAT1-2.

mediate the aforementioned functions of CCAT1. 
Taken together, our findings demonstrated that 
CCAT1 may serve as a potential prognostic marker 
and therapeutic target in bladder cancer.
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ABSTRAcT
 

Purpose: To introduce our experience with intracorporeal ileal conduit and evaluate 
the safety and feasibility of this endoscopic urinary diversion. 
Materials and Methods: Between March 2014 and July 2017, thirty-six consecutive 
patients underwent laparoscopic radical cystectomy with intracorporeal ileal conduit. 
Patients’ demographic data, perioperative data, 90-days postoperative outcomes and 
complications were collected. This cohort were divided into two groups of 18 patients 
each by chronological order of the operations to facilitate comparison of clinical data. 
Data were evaluated using the students’ T test, Mann-Whitney test and Fisher’s Exact 
test.
Results: All surgeries were completed successfully with no conversion. Median total 
operating time and median intracorporeal urinary diversion time were 304 and 105 
minutes, respectively. Median estimated blood loss was 200 mL, and median lymph 
node yield was 21. Twenty-six Clavien grade < 3 complications occurred within 30-
days and 9 occurred within 30-90 days. Five Clavien grade 3-5 complications occurred 
within 30 days. No statistically signifi cant differences were found between the two 
groups except for intracorporeal urinary diversion time. At median follow-up of 17.5 
(range 3-42) months, 6 patients experienced tumor recurrence/metastasis and 4 of 
these patients died.
Conclusions: Intracorporeal ileal conduit following laparoscopic radical cystectomy 
is safe, feasible and reproducible. With the accumulation of experience, the operation 
time can be controlled at a satisfactory level.
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INTRODUcTION

Radical cystectomy and urinary diversion 
is the gold standard treatment for muscle-invasive 
or high-risk superfi cial bladder cancer. Since la-
paroscopic surgery can achieve therapeutic effects 
equivalent to the conventional open surgery (1, 
2), an increasing number of urologists choose to 
perform laparoscopic radical cystectomy (LRC). 
Urinary diversion such as ileal conduit, which is 

still the mainstream method, is usually performed 
extracorporeally through a midline incision. The 
use of intracorporeal urinary diversion (ICUD) is 
not yet widespread because of the technical diffi -
culties of the procedure and the lengthy operating 
time. Thanks to the development of equipment 
such as the 3-D laparoscopic system and robot-
-assisted laparoscopy, more and more reports of 
ICUD have been published recently (3, 4). In the 
past 3 years, our surgical team has performed LRC 
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with intracorporeal ileal conduit in 36 patients 
using the 3-D laparoscopic system. We also tried 
to simplify the procedure to make it more repro-
ducible. In the present study, we report our ex-
perience with the surgical procedures, including 
procedural improvements and outcomes.

MATERIALS AND METHODS

Patients
Between March 2014 and July 2017, 36 

consecutive patients with pathologically confir-
med bladder cancer underwent LRC with the in-
tracorporeal ileal conduit. The inclusion criteria 
included (1) muscle-invasive bladder cancer T2-
-4a, N0-Nx, M0; (2) T1G3/high-grade or high-
-risk and recurrent non-muscle-invasive bladder 
cancer; and (3) BCG-resistant Tis. The exclusion 
criteria mainly included distant metastases, se-
vere heart and/or respiratory failure, severe co-
agulation disorders, severely insufficient renal 
function and history of extensive intestinal sur-
gery. The surgical program has been approved by 
the Ethics Committee of Beijing Chaoyang Hos-
pital in 2014. All patients or their agents have 
provided signed surgical informed consent. The 
clinical and perioperative data were collected 
prospectively. All patients were divided into 2 
groups of 18 patients each in chronological or-
der of the operations to facilitate comparison of 
clinical data and assessment of the development 
of our surgical technique, so as to clarify whe-
ther the operation time and complications rates 
can be controlled at a satisfactory level with the 
accumulation of surgical experience and the per-
fection of techniques. Complications occurring 
within ≤ 30-days and 30-90 days were recorded 
and categorized using the modified Clavien sys-
tem (5).

Statistical analysis

T test, Mann-Whitney test and Fisher’s 
Exact test were performed to evaluate differences 
in variables between groups. SPSS 19.0 (SPSS, 
Chicago, IL, USA) was used for all statistical 
analysis, and P<0.05 was considered as statisti-
cally significant.

Surgical Techniques
General anesthesia was administered to 

the patients using tracheal intubation. The patient 
was placed in a supine steep Trendelenburg posi-
tion, and a nasogastric tube was inserted. An 18 
Fr Foley catheter was positioned and 40 mg epi-
rubicin was perfused immediately for intravesical 
chemotherapy before the operation.

 Pneumoperitoneum was obtained with a 
Veress needle. A primary 10 mm port was placed 
3 cm above the umbilicus. After inspection of the 
abdominal cavity, four other ports were placed in 
a fan-shape. Two 12 mm ports were placed on bi-
lateral edges of the rectus abdominis, 3 cm above 
the umbilical level. Two 5 mm ports were placed 
at symmetric positions 2-3 cm superior and me-
dial to the anterior superior iliac spines. One 12 
mm port was placed at medioventral line 3cm 
above the pubic symphysis at the time of urinary 
diversion (Figure-1A).

Description of LRC procedures has been 
published previously (6). For male patients, the 
bladder and prostate were put into a specimen bag 
and left in the abdominal cavity temporarily. For 
female patients, the uterus and part of the paries 
anterior vaginase were excised and put into the 
specimen bag with the bladder, which was extrac-
ted vaginally. The vaginal stump was sutured. Af-
ter LRC had been accomplished, extended pelvic 
lymph node dissection (ePLND) was performed. 
The lymph nodes (LNs) in the level of aortic bi-
furcation and inferior mesenteric artery were dis-
sected if computed tomography (CT) or magnetic 
resonance imaging (MRI) indicated or if intumes-
cent LNs in bifurcation common iliac vessels level 
were observed during the surgery.

After performing appendectomy, a 12 mm 
trocar was placed at medioventral line 3 cm above 
the pubic symphysis. A 15-20 cm ileum segment 
was identified approximately 25 cm away from 
the ileocecal junction as the conduit. A 60 mm 
Endo-GIA stapler was used to divide the bowel 
lumen on both sides of the conduit (Figure-1B). 
When restoring the ileum continuity, an interrup-
ted suture for 3 needles (3-0 polyglactin 910) was 
made on the respective serous membrane of anti-
-mesenteric borders of the two ileum loops. Side-
-to-side ileal continuity was restored by one firing 
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figure 1 - procedures for intracorporeal ileal conduit urinary diversion.

A) Port placement for laparoscopic radical cystectomy with intracorporeal ileal conduit. B) Interception of the bowel using Endo-GIA stapler. c, D) Restoration of ileum 
continuity. E) The distal three - quarters of the conduit were pulled into the interspace between the parietal peritoneum and the transverse abdominal muscle, by which making 
the conduit stable. f, G) The distal ureters were anastomosed with the proximal ileal conduit end-to-end independently. H) After half of the sutures have been placed, the 7F 
single J ureteric stents were inserted through the stoma and conduit into the ureters and renal pelvis. I) The other half of end-to-end anastomosis of the ureters-ileal conduit 
was completed by continuous suture. J) Completion of intracorporeal ureter-ileal conduit anastomosis.
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of the 60 mm Endo-GIA stapler along the respec-
tive anti-mesenteric borders (Figure-1C). The open 
end of the joined ileum was closed by the trans-
verse firing of an Endo-GIA stapler (Figure-1D). 
The mesenteric window was closed to prevent in-
ternal hernia. A channel was made by separating 
the tissues between the sacroiliac and the sigmoid 
mesentery, and the left ureter was mobilized ce-
phalad and delivered to the right side through this 
channel. Before performing ureter-ileal conduit 
anastomosis, the peritoneum viscerale of the right 
lower abdominal wall was incised. The skin and 
abdominal wall muscle were incised on the stoma 
site marked previously. The parietal peritoneum 
of the right lower abdomen is separated from the 
transverse abdominal muscle, so an interspace is 
created between them. The distal three-quarters of 
the conduit were pulled into this interspace by an 
oval clamp through the pre-designed stoma site to 
stabilize the conduit (Figure-1E). The distal ends 
of the ureters were incised and spatulated by lapa-
roscopic scissors for a distance of approximately 
1.5 cm. The proximal end of the conduit was in-
cised and then the end-to-end ureter-ileal conduit 
anastomosis was performed (4-0 polyglactin 910) 
(Figures 1F and G). After half of the sutures have 
been placed, the 7F single J ureteric stents were 
inserted through the stoma and conduit into the 
ureters and renal pelvis (Figure-1H), then the other 
half of end-to-end anastomosis of the ureters-ileal 
conduit was completed by continuous suture (Fi-
gures 1 I and J). The creation of a stoma at skin 
level was finished using conventional techniques. 
For male patients, the specimen bag was extracted 
through a small abdominal incision by extending 
the 12 mm port 3 cm above the pubic symphysis.

RESULTS

Patients’ demographics are shown in Ta-
ble-1. A total of 36 patients underwent the pro-
cedure, including 26 men and 10 women. Seven 
patients received preoperative neoadjuvant che-
motherapy. Nineteen patients received transure-
thral resection of bladder tumor (TURBT). Preope-
rative pathological examination showed 1 patient 
with squamous cell carcinoma and 2 with adeno-
carcinoma. All surgeries were performed success-

fully, and no patients were converted to extracor-
poreal urinary diversion (ECUD).

Table-2 shows patients’ perioperative cha-
racteristics and pathology. Two patients had satis-
fied preoperative sexual function and required to 
protect the neurovascular bundle (NVB). Three pa-
tients had positive surgical margins. Four patients 
were found to have incidental prostate adenocar-
cinoma and 6 were found to have concomitant 
carcinoma in situ (CIS). One woman had received 
radical hysterectomy and ePLND due to cervical 
cancer more than 1 year prior. Therefore, LNs dis-

Table 1 - patient characteristics. 

Total no. of patients 36

Male (%) 26 (72.2)

Female (%) 10 (27.8)

Age, y, mean ± SD (range) 63.7±9.6 (42-83)

BMI, kg/m2, mean ± SD (range) 24.7±3.0 (18.8-31.1)

Smoking history (%) 14 (38.9)

ASA score (%)

1 8 (22.2)

2 25 (69.4)

3 3 (8.3)

4 0

EcOG score (%)

≤ 2 36 (100)

> 2 0

Neoadjuvant chemotherapy (%) 7 (19.4)

Previous TURBT (%) 19 (52.8)

preoperative T stage (%)

Tis 1 (2.8)

T1 9 (25)

T2 9 (25)

T3 13 (36.1)

T4 4 (11.1)
preoperative grade (%)
Low 4 (11.1)
High 29 (80.6)
Squamous cell carcinoma 1 (2.8)
Adenocarcinoma  2 (5.6)

BMI = body mass index; ASA = American Society of Anesthesiologists 
(classification); EcOG = Eastern Cooperative Oncology Group; TURBT = 
Transurethral resection of bladder tumor.
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Table 2 - perioperative characteristics and pathology.

Operating time, min, median (range)

Total time, min 304 (180-540)

Diversion time, min 105 (60-170)

LOS, day, median (range) 11.5 (6-25)

EBL, mL, median (range) 200 (50-1100)

IT, no. (%) 6 (16.7)

Conversions (%) 0

NvB sparing procedures: male 
cystectomies (%)

Non 24 (92.3)

Unilateral 0

Bilateral 2 (7.7)

postoperative pT stage (%)

Tis 1 (2.8)

T1 7 (19.4)

T2 7 (19.4)

T3 12 (33.3)

T4 9 (25)

postoperative grade

Low 2 (5.6)

High 31 (86.1)

Squamous cell carcinoma 1 (2.8)

Adenocarcinoma 2 (5.6)

Concomitant CIS (%) 6 (16.7)

Incidental prostate
adenocarcinoma (%)

4 (11.1)

PSM (%) 3 (8.3)

LNY, no., median (range) 21 (0-41)

pN stage (%)

N0 21 (58.3)

N1 1 (2.8)

N2 8 (22.2)

N3 6 (16.7)

Time to intake of liquid diet, d, 
median (range)

4 (2-8)

Time to ambulation, day, median 
(range)

2 (1-5)

Min = minute; LOS = length of stay; EBL = estimated blood loss; IT = intraoperative 
transfusion; NvB = neurovascular bundle; LNY = lymph node yield; cIS = 
carcinoma in situ; pSM = positive surgical margin.

section was not performed for this patient and the 
lymph node yield (LNY) was recorded as zero. One 
patient was readmitted within 30 days because of 
pyelonephritis. A total of 40 complications oc-
curred in 63.9% of patients (Table-3) within 90 
days, of which 87.5% were minor complications 
(Clavien 1-2). The high-frequency complications 
were infection (n=11) and gastrointestinal (n=6). 
High-grade cardiovascular and pulmonary com-
plications (Clavien 3-5) occurred in 5 patients, 
resulting in 2 deaths within 30 days. No serious 
ileal conduit-related complications occurred such 
as anastomotic stenosis, leakage or necrosis.

 Demographics and operation-related data 
between the 2 groups are shown in Table-4. No 
statistically significant differences were found in 
total operating time, EBL, length of stay (LOS), 
LNY and 90-day complication rate between the 
two groups. Although both total operating time 
and ICUD time had a downward trend, only the 
latter had a statistically significant difference be-
tween the two groups (Figure-2), which decreased 
from a median of 132.5 minutes in group 1 to 80 
minutes in group 2.

 At a median follow-up of 17.5 (range 
3-42) months, 6 patients experienced tumor re-
currence/metastasis and 4 of these patients died.

DIScUSSION

 Sanchez et al. (7) first reported LRC with 
the extracorporeal ileal conduit in 1993, and since 
then, LRC with ECUD was accepted by an incre-
asing number of urologists. Currently, intracor-
poreal radical cystectomy and lymphadenectomy 
are technically established. The urinary diversion 
procedure is complicated and usually performed 
extracorporeally. To make the operation less inva-
sive, urologists began to explore the feasibility of 
ICUD. In 2000 and 2002, Gill et al. (8, 9) reported 
successful cases of LRC with intracorporeal ileal 
conduit and continent orthotopic ileal neoblad-
der. Harvest of the ileum for reconstruction of the 
reservoir and anastomosis of the ureter-reservoir 
were accomplished under laparoscopy. Subse-
quently, successful cases of robot-assisted radical 
cystectomy (RARC) with ICUD were also reported 
(3, 4). However, as the number of cases increased, 
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Table 3 - The 0-30 and 31-90 days complications of patients.

Short-term complications (0–30 days)

Complication Definition No. of events (%) Treatment Clavien grade

Paralytic ileus No bowel sounds for 4 days after 
operation

6 (15) Conservative 1

Lymphocele CT-detected accumulation of lymph 1 (2.5) Conservative 1

Renal insufficiency Transient elevation of serum creatinine 1 (2.5) Conservative 1

Anemia Hemoglobin < 9 g/dL 4 (10) Conservative 1

Anemia Hemoglobin < 9 g/dL 2 (5) Transfusion 2

Hypokalemia Serum potassium concentration < 
3.5mmol/L

4 (10) Potassium 
supplementation

2

FUO Fever > 38.8 oC with unknown etiology 
after 7 days of surgery

3 (7.5) Antibiotics 2

UTI Infection of urine with positive urine 
culture

2 (5) Antibiotics 2

Pyelonephritis Infection of the upper urinary tract (2.5) Antibiotics 2

Hypoproteinemia Serum albumin concentration < 25 g/L 2 (5) Intravenous infusion 
of albumin

2

HF Heart failure leading to low-output 
syndrome

2 (5) Drugs 4a

ACS Acute coronary syndrome leading to 
precordial region syndrome

1 (2.5) Drugs 4a

Death 2 (5) 5

Long-term complications (31-90 days)

Complication Definition No. of events (%) Treatment Clavien grade

Hydronephrosis Dilatation of the upper urinary 
tract

3 (7.5) Conservative 1

UTI Infection of urine with positive 
urine culture

4 (10) Antibiotics 2

Pyelonephritis Infection of the upper urinary 
tract

1 (2.5) Antibiotics 2

DVT Deep venous thrombosis (lower 
limbs)

1 (2.5) Anticoagulant 2

cT = computed tomography; fUO = fever of unknown origin; Hf = heart failure; AcS = acute coronary syndrome; RBcs = red blood cells; UTI = urinary tract infection; 
DvT = deep venous thrombosis
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the complexity of ICUD and longer operation time 
were observed to produce more complications (10, 
11). Consequently, whether to continue perfor-
ming ICUD was in dispute.

 The rapid development of laparoscopic te-
chnology, including operative and stapling instru-
ments, made ICUD more feasible. Many surgeons 
proposed that appropriate surgical strategy, a re-
asonable choice of equipment, improved surgical 
techniques, and standardized surgical procedures 

were able to simplify ICUD, thus shortening the 
operating time and reducing complications (12, 
13). Our surgical team began to perform LRC with 
the intracorporeal ileal conduit in March 2014 
and modified some surgical procedures to sim-
plify the surgery and shorten the operating time. 
First, when using the laparoscopic 60 mm Endo 
GIA stapler to restore intestinal continuity, the 
bilateral bowel ends were pulled up toward the 
angle of the stapler as far as possible (Figure-3A), 

Table 4 - comparison between the two groups.

Patients 1-18 Patients 19-36 All patients p value

Age, years, mean ± SD 
(range)

64.5±9.7 62.9 ± 9.7 63.7±9.6 0.62

BMI, kg/m2, mean ± SD 
(range)

23.8±2.6 25.6 ± 3.2 24.7 ± 3.0 0.083

Total operation time, min, 
median

320 (240, 540) 292.5 (180, 480) 304 (180-540) 0.085

ICUD time, min, median 132.5 (79, 170) 80 (60, 115) 105 (60-170)) 0.000

EBL, mL, median 175 (50, 1100) 200 (50, 650) 200 (50-1100) 0.389

postoperative pT stage 1.000

pT stage <T2, no. (%) 4 4 8

pT stage ≥T2, no. (%) 14 14 28

LNY, no., median 17 (5,41) 22 (0,38) 21 (0,41) 0.462

LOS, d, median 10 (6, 22) 13.5 (6, 25) 11.5 (6, 25) 0.203

No. of patients 

<30 d complications* 0.500

Clavien 0, no 6 9 15

Clavien 1–2, no. 8 8 16

Clavien 3–5, no. 4 1 5

30-90 d complications* 0.398

Clavien 0, no 12 15 27

Clavien 1–2, no. 5 2 7

Clavien 3–5, no. 0 0 0

BMI = body mass index; IcUD = intracorporeal urinary diversion; EBL = estimated blood loss; LOS = length of stay; LNY = lymph node yield.

*Number of patients with the complications classified by Clavien system
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then only one firing of stapler is enough to get 
the appropriate width of the intestinal anastomo-
sis, not as the other literatures reported that a se-
cond fire was needed (14, 15). This improvement 
reduces the cost of Endo GIA stapler and shortens 
the operation time. Moreover, our results did not 
show that any patient experienced mechanical 
intestinal obstruction after the surgery. Secondly, 
fixing the ileal conduit on the abdominal wall to 
facilitate the ureter-ileal conduit anastomosis. Be-
fore performing ureter-ileal conduit anastomosis, 
we dissociated the parietal peritoneum from the 
transverse abdominal muscle of the right lower 
abdominal wall (Figure-3B). The ileal conduit was 
pulled through the stoma site and kept in the in-
terspace between the peritoneum and the transver-
se abdominal muscle before ureter-ileal conduit 
anastomosis (Figures 3C and D). This procedure 
can stabilize the conduit and facilitates single J 
tube implantation and ureter-ileal anastomosis. 
There was also other way reported to facilitate the 

procedures of ICUD. Guru et al. (16) designed the 
“Marionette” technique: the distal end of the ileal 
conduit was suspended by a 152 cm 1-silk suture, 
which allowed for raising and lowering the con-
duit like a “marionette”, helping anastomose the 
ureters and conduit. Thirdly, we designed a new 
method to perform the ureter-ileal conduit anas-
tomosis, which is the most important technical 
improvement of this surgery. Intracorporeal ure-
ter-ileal conduit anastomosis is the most difficult 
part of the procedure; several different techniques 
are applied, including the Bricker (17) and Wallace 
(18) methods. However, these techniques are diffi-
cult to perform under laparoscopy since they were 
designed for open surgery. In order to simplify this 
procedure, we improved the anastomosis: we inci-
se and spatulate the distal ends of the ureters and 
anastomose the ureters and proximal enteric cavi-
ty of the conduit end-to-end independently (Figu-
res 3E-H). This method is simple and can decrease 
the operating time; most important, it is suitable 

A, B) Both the total operation time and ICUD time showed a downward trend. c) There was no statistically significant difference in total operation time between the 2 groups. 
D) The ICUD time had the statistical difference between the 2 groups.

figure 2 - Total operation time and intracorporeal urinary diversion (IcUD) time.

A

c

B

D
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figure 3 - Intra-operative pictures of intracorporeal ileal conduit urinary diversion.

A) Using the laparoscopic 60-mm Endo GIA stapler to restore intestinal continuity, the bilateral bowel ends were pulled up toward the angle of the stapler as far as 
possible, only one firing of stapler is enough. B) The parietal peritoneum of the right lower abdominal wall was dissociated from the transverse abdominal muscle, so an 
interspace between them was created. c, D) The ileal conduit was pulled through the stoma site and kept in the interspace between the peritoneum and the transverse 
abdominal muscle before ureter-ileal conduit anastomosis. E-H) The ureters and proximal enteric cavity of the conduit were anastomosed end-to-end independently.

for laparoscopic surgery. Both the ureter-conduit 
anastomosis and single J ureteric stents insertion 
are quite convenient under laparoscopy. This me-
thod also has a low incidence of ureter-conduit 
anastomosis related complications. Azzouni et al. 
(19) reported 100 cases of robot-assisted intracor-

poreal ileal conduit using ureter-conduit end-to-
-side anastomosis, and hydronephrosis developed 
in 6 patients with 9 renal units, of which 4 units 
needed percutaneous nephrostomy. In the present 
study, mild hydronephrosis was found in 3 patients 
at 31-90 days after the surgery, and 1 patient’s 
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hydronephrosis disappeared without treatment at 
9-months follow-up. No patients needed percuta-
neous nephrostomy. Our results showed that the 
new technique led to lower incidence of anasto-
motic stenosis, although long-term observation is 
still needed. Another advantage of our technique 
is that the staples on the conduit were abscised, 
which may reduce the chance of conduit stones’ 
formation, as previously described (20).

 Many urologists have advocated giving up 
ICUD because of the long operating time of ICUD, 
which increases the incidence of serious posto-
perative complications (10). Laparoscopic cystec-
tomy and LN dissection techniques are technically 
advanced, so it is very hard to shorten the time of 
these procedures. Therefore, many urologists have 
focused on the technological improvements in uri-
nary diversion designed to improve surgical effi-
ciency (13, 19). Our technical improvements focus 
primarily on the main steps of ileal conduit crea-
tion. With the increasing number of operations, 
the surgeons’ experience accumulates gradually, 
and both total operating time and ICUD time 
showed a downward trend in operative time. In 
the present study, all cases were divided into 2 
groups with 18 patients in each according to 
the order of operations, in order to facilitate 
comparison of clinical data and assessment of 
the development of surgical technique. All ICUD 
procedures were completed by one experienced 
surgeon. With the accumulation of experience 
and the perfection of techniques, the operative 
time of these procedures decreased significantly 
from a median of 132.5 minutes in group 1 to 
80 minutes in group 2, which means that the 
ICUD operative time can be controlled at a satis-
factory level. There was no statistical difference 
in total operation time between the 2 groups, 
the possible reason for which may be that the 
procedures of laparoscopic cystectomy, LN dis-
section, the conduit end exteriorization and 
stoma maturation were performed by different 
young surgeons in the team under the guidance of 
experienced surgeons, which interfered with the 
statistical results. The significantly shorter opera-
tive time in the Group 2 than in Group 1 indicates 
that the ICUD is feasible and should not be given 
up in terms of operative time alone.

 Some medical centers have reported re-
trospective controlled studies comparing ICUD 
with previous ECUD. Recent retrospective studies 
have shown that ICUD had fewer complications 
than ECUD (21-23), although the operating time of 
ICUD group was not dominant, the intraoperative 
blood loss, blood transfusion rate and total com-
plications rates were better than those in the ECUD 
group. The morbidity of gastrointestinal compli-
cations in ICUD was significantly lower than those 
in ECUD, which also confirmed previous assump-
tions that ICUD can reduce intestinal fluid loss 
and intestinal trauma and relieve intestinal wall 
edema, which can decrease the incidence of intes-
tinal complications. The incidence of perioperati-
ve and short-term complications in our patients 
was acceptable. Overall, 63.9% of patients expe-
rienced complications within 90 days, of which 
Clavien 1-2 were the most common (87.5% of all 
complications). Among all complications, 27.5% 
were infection. Clavien 3-5 occurred in 5 patients 
within 30 days. No statistically significant diffe-
rences were found in EBL, LOS and complication 
rates between the two groups. 

 This study also has some limitations. We 
report our single institution experience with LRC 
and ICUD but there is no control group with ECUD 
in the same period. The randomized clinical trial 
research between ICUD and ECUD is in progress 
and more clinical data should be collected to eva-
luate the long-term effects.

cONcLUSIONS

 In conclusion, regardless of the complexi-
ty of the LRC with intracorporeal ileal conduit, the 
procedure is safe and feasible. Improvements in 
surgical techniques and accumulation of surgical 
experience can help to shorten the operating time 
and make the technique reproducible. 

ABBREvIATIONS

LRC = Laparoscopic Radical Cystectomy
ECUD = Extracorporeal Urinary Diversion 
ICUD = Intracorporeal Urinary Diversion
CIS = Carcinoma in Situ
TURBT = Transurethral Resection of Bladder Tumor
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BMI = Body Mass Index
LOS = Length of Stay
EBL = Estimated Blood Loss
IT = Intraoperative Transfusion
LNY = Lymph Node Yield
LN = Lymph Node
LNs = Lymph Nodes
NVB = Neurovascular Bundle
CT = Computed Tomography
MRI = Magnetic Resonance Imaging
ASA = American Society of Anesthesiologists
ECOG = Eastern Cooperative Oncology Group
PSM = Positive Surgical Margin
FUO = Fever of Unknown Origin
HF = Heart Failure
ACS = Acute Coronary Syndrome
RBCs = Red Blood Cells
UTI = Urinary Tract Infection
DVT = Deep Venous Thrombosis
RARC = Robot-Assisted Radical Cystectomy
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ABSTRAcT
 

Purpose: To better characterize metabolic stone risk in patients with neurologically de-
rived musculoskeletal deficiencies (NDMD) by determining how patient characteristics 
relate to renal calculus composition and 24-hour urine parameters.
Materials and Methods: We performed a retrospective cohort study of adult patients 
with neurologically derived musculoskeletal deficiencies presenting to our multidisci-
plinary Kidney Stone Clinic. Patients with a diagnosis of NDMD, at least one 24-hour 
urine collection, and one chemical stone analysis were included in the analysis. Calculi 
were classified as primarily metabolic or elevated pH. We assessed in clinical factors, 
demographics, and urine metabolites for differences between patients who formed pri-
marily metabolic or elevated pH stones.
Results: Over a 16-year period, 100 patients with NDMD and nephrolithiasis were identi-
fied and 41 met inclusion criteria. Thirty percent (12 / 41) of patients had purely meta-
bolic calculi. Patients with metabolic calculi were significantly more likely to be obese 
(median body mass index 30.3kg / m2 versus 25.9kg / m2), void spontaneously (75% vs. 
6.9%), and have low urine volumes (100% vs. 69%). Patients who formed elevated pH 
stones were more likely to have positive preoperative urine cultures with urease splitting 
organisms (58.6% vs. 16.7%) and be hyperoxaluric and hypocitraturic on 24-hour urine 
analysis (37mg / day and 265mg / day versus 29mg / day and 523mg / day).
Conclusions: Among patients with NDMD, metabolic factors may play a more signifi-
cant role in renal calculus formation than previously believed. There is still a high 
incidence of carbonate apatite calculi, which could be attributed to bacteriuria. How-
ever, obesity, low urine volumes, hypocitraturia, and hyperoxaluria suggest an under-
recognized metabolic contribution to stone formation in this population.
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INTRODUcTION

Neurologically derived musculoskeletal 
deficiencies (NDMD) encompass a heterogeneous 
group of etiologies for neurogenic bladder such 
as spinal cord injury (SCI), spina bifida (SB), 

cerebrovascular accident (CVA), and cerebral 
palsy (CP). The incidence of renal calculi in 
NDMD patients mirrors that of the general 
population. Among NDMD patients, however, 
renal calculi present in a delayed or atypical 
manner and account for a disproportionate 
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number of urologic procedures (1, 2). 
Compounding the morbidity associated with 
renal calculus disease is an increased risk of 
urinary tract colonization and infection due to 
neurogenic bladder. Because of this, patients 
with NDMD face a high risk of developing 
elevated pH or “infection-related” calculi.

 A mainstay of care for patients with high 
risk and recurrent renal calculus disease is the 24-
hour urine collection, but its use for patients with 
NDMD is controversial. In fact, 24-hour urine col-
lection has been recommended against in subsets 
of the NDMD population given a low occurren-
ce of metabolic abnormalities and the belief that 
these calculi are of “pure infectious” etiology (3, 
4). These beliefs have been challenged by a gro-
wing body of literature detailing a shift in renal 
calculus composition, including staghorn calculi, 
toward metabolically derived calculi in the NDMD 
population (5-7). Regardless, there are no clear 
guidelines for the use of 24-hour urine collec-
tion and medical management of renal calculi in 
NDMD patients (8).

 For these reasons, we performed the follo-
wing study to better characterize metabolic sto-
ne risk in the NDMD population by determining 
how patient characteristics relate to renal calculus 
composition and 24-hour urine parameters. We 
were also interested in the association between re-
nal calculus composition and type of neurologic 
deficiency and bladder management strategy. Our 
overall goal is to work towards determining best 
practices for the use of 24-hour urine collection 
and directed medical management in patients with 
NDMD and renal calculus disease.

MATERIALS AND METHODS

Study design and cohort overview
 We performed a retrospective cohort stu-

dy from January 2000 through December 2016. 
We screened adult patients 18 years and older for 
the presence of NDMD who presented consecuti-
vely to our multidisciplinary Kidney Stone Clinic. 
This specialty clinic is held monthly, specifically 
for patients with complex renal calculus disease. 
Disciplines present for Kidney Stone clinic inclu-
de urology, nephrology, endocrinology, and diete-

tics. Patients are initially seen by a urologist, who 
guides surgical or medical management, and are 
subsequently evaluated by one of our medical col-
leagues as needed.

 Neurological lesions considered to be 
NDMD included SCI, SB, CVA, neurodegenerati-
ve diseases (e.g. multiple sclerosis and Parkinson’s 
disease), and CP. Inclusion criteria consisted of 
diagnosis of an NDMD, at least one 24-hour uri-
ne collection, and one chemical calculus analysis. 
Patients were excluded if they lacked a neurologic 
diagnosis, 24-hour urine study, or chemical cal-
culus analysis. Patients not followed in the multi-
disciplinary stone clinic were also excluded from 
analysis. The study was approved by the Institu-
tional Review Board at the University of Pittsbur-
gh (PRO15060101).

Data acquisition
 Collected variables included age, sex, 

body mass index (BMI), bladder management 
strategy, relevant comorbidities (e.g. diabetes 
mellitus, chronic kidney disease, thyroid and pa-
rathyroid disorders, and structural and anatomic 
genitourinary abnormalities), type of neurologi-
cal lesion, preoperative urine culture, and pre-
sence and type of directed medical management. 
We also recorded renal calculus composition and 
24-hour urine collection parameters via Litholink 
(Chicago, IL, USA). All chemical stone analyses 
were performed via infrared spectroscopy and 
outsourced to a private lab (Quest Diagnostics, 
Madison, New Jersey, USA). For patients with 
multiple 24-hour urine studies, we used the stu-
dy submitted most closely to that patient’s first 
renal calculus chemical analysis.

Definition of variables
 Primary calculus classification was deter-

mined by the crystal comprising 50% or more of 
the calculus on chemical analysis. Calculi were 
classified as primarily metabolic or elevated pH 
and further classified as pure or mixed (i.e. con-
sisting of both metabolic and elevated pH compo-
nents). Calculi classified as elevated pH contained 
either carbonate apatite or magnesium ammo-
nium phosphate crystals. In order to obtain the 
best baseline urine metabolic profile, we recorded 
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urine parameters from the 24-hour urine collec-
tion most temporally proximate to the patient’s 
first chemical stone analysis. All parameters were 
analyzed as both continuous and categorical va-
riables, with cut points based on established defi-
nitions of urine metabolites (9).

Statistical analysis

Categorical variables were analyzed using 
the Chi squared test or Fisher’s exact test when 
appropriate. Continuous variables were analyzed 
using the Student’s t-test. The threshold for sta-
tistical significance was set at a two-tailed p-
-value < 0.05.

RESULTS

Over a 16-year period, 100 patients with 
NDMD and nephrolithiasis were identified. Of the-
se, 41 had both a chemical calculus analysis and 
24-hour urine collection. The proportion of each 
unique calculus composition is shown in Figure-1. 
The majority of calculi were classified as eleva-
ted pH (70%, 29 / 41), but one third of the cohort 
had primarily metabolic calculi. Most elevated pH 

calculi were pure stones (69%, 20 / 29), while me-
tabolic calculi were mostly mixed (75%, 9 / 12).

Demographic and clinical characteristics 
stratified by primary calculus classification are 
shown in Table-1. Age, sex, and neurological le-
sion were evenly distributed between elevated pH 
and metabolic stone formers. Patients with meta-
bolic calculi were significantly more likely to be 
obese, with a median BMI of 30.3 compared to 
25.9 (p = 0.01). Bladder management also differed 
between groups, with elevated pH stone former 
dependent on clean intermittent catheterization 
or an indwelling catheter. Metabolic stone for-
mers were more likely to void spontaneously (p = 
0.001). Over 75% of the cohort had positive preo-
perative urine cultures and nearly 50% of cultures 
had urease splitting organisms, with both being 
more common in elevated pH stone formers (86% 
vs. 50% and 59% vs. 17%, respectively).

Neither primary calculus classification nor 
sex were associated with the total number of me-
tabolic abnormalities or the proportion of patients 
on directed medical therapy (all p > 0.05). Howe-
ver, elevated pH stone formers were less likely to 
have low urine volumes and more likely to be both 
hyperoxaluric and hypocitraturic (both p < 0.05, 

figure 1 - frequency of calculus compositions.
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show in Tables 2 and 3). Male stone formers were 
more likely to be hypernatrituric (p < 0.03) and 
hyperoxaluric (p < 0.05). Neurological lesion was 
not associated with any urinary parameters (all 
p > 0.05).

DIScUSSION

In a cohort of patients with NDMD and 
nephrolithiasis, the majority formed elevated pH 
calculi. Half of the cohort formed calculi harbo-
ring a metabolic component (51%, 21 / 41) and 
nearly one third formed primarily metabolic cal-
culi (29%, 12 / 41). This reinforces bacteriuria as 
an important risk factor for calculus formation 
and suggests that metabolic abnormalities may be 
an under-recognized modifiable risk factor for re-
nal calculus disease in the NDMD population. In 

addition, significant differences existed between 
patients that form elevated pH versus metabolic 
calculi. These differences-such as BMI, bladder 
management, 24-hour urine volume, urinary oxa-
late, and urinary citrate-may guide medical ma-
nagement of nephrolithiasis patients with NDMD.

Renal calculus composition and its etiolo-
gy in patients with neurological deficits are more 
complicated than previously thought. Recent studies 
have shown increasing rates of metabolic stones in 
portions of the NDMD population (6). Despite this, 
the metabolic work up and management of nephro-
lithiasis in patients at risk of elevated pH or “infec-
tion stones” remains controversial. Past studies have 
argued against the use of 24-hour urine collection 
analysis in patients with infected renal calculi (3, 4, 
10, 11). However, we found significant metabolic di-
fferences in our cohort of patients with NDMD.

Table 1 - Demographic and clinical characteristics overall and by primary calculus classification.

Characteristics Overall
n = 41

Metabolic
n = 12

Elevated pH
n = 29

p-value

Age, years, median (IQR) 49.0 (27.0) 43.5 (21.5) 50.0 (33.0) 0.90

Sex 0.8

Male, n (%) 22 (54) 6 (50) 16 (55.2)

Female, n (%) 19 (46) 6 (50) 13 (44.8)

Body mass index, kg/m2, median (IQR) 28.6 (9.0) 30.3 (7.0) 25.9 (9.8) 0.04

Bladder management 0.001

Spontaneously void, n (%) 11 (26.8) 9 (75.0) 2 (6.9)

Clean intermittent catheterization, n (%) 11 (26.8) 2 (16.7) 9 (31.0)

Indwelling catheter, n (%) 16 (39.0) 1 (8.3) 15 (51.7)

Ileal conduit, n (%) 3 (7.3) 0 (0.0) 3 (10.3)

Positive preoperative urine culture, n (%) 31 (75.6) 6 (50.0) 25 (86.2) 0.04

Culture with urea-splitting organism, n (%) 19 (46.3) 2 (16.7) 17 (58.6) 0.01

Neurological lesion 0.1

Paraplegia 5 (12.2) 2 (16.7) 3 (10.3)

Quadriplegia 9 (22.0) 1 (8.3) 8 (27.6)

Spina bifida 7 (17.1) 1 (8.3) 6 (20.7)

Cerebrovascular 5 (12.2) 4 (33.3) 1 (3.5)

Cerebral palsy 5 (12.2) 2 (16.7) 3 (10.3)

Neurodegenerative 10 (24.4) 2 (16.7) 8 (27.6)

Abbreviations: IQR = interquartile range; Percentages may not add to 100 due to rounding
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Table 2 - Urinary metabolic parameters by primary calculus classification.

Characteristic Metabolic
n = 12

Elevated pH
n = 29

p-value

Metabolic abnormalities, median (IQR) 4.5 (2.5) 4 (2.0) 0.3

Current directed medical therapy, n (%) 5 (41.7) 5 (17.2) 0.1

volume (L), median (IQR) 1.5 (0.8) 1.6 (2) 0.04

Low volume, n (%) 12 (100.0) 20 (69.0) 0.04

Supersaturation calcium oxalate, median (IQR) 6.4 (5.4) 4.5 (4.2) 0.2

High supersaturation, n (%) 3 (25.0) 3 (10.3) 0.3

Urine calcium (mg/day), median (IQR) 163 (171.5) 116 (102.0) 0.3

Hypercalciuria, n (%) 3 (25.0) 2 (6.9) 0.1

Hypercalciuria with hypernatrituria, n (%) 1 (8.3) 1 (3.5) 0.5

Urine sodium (mmol/d), median (IQR) 139 (55.5) 104 (65.0) 0.4

Hypernatrituria, n (%) 5 (41.7) 7 (24.1) 0.3

Urine oxalate (mg/day), median (IQR) 29 (11.5) 37 (27.0) 0.05

Hyperoxaluria, n (%) 1 (8.3) 7 (24.1) 0.4

Urine citrate (mg/day), median (IQR) 523 (439.0) 265 (302.0) 0.9

Hypocitraturia, n (%) 3 (25.0) 17 (58.6) 0.05

pH (continuous), median (IQR) 6.8 (1.4) 6.8 (1.3) 0.5

pH (categorical) 0.3

pH <6, n (%) 3 (25.0) 3 (10.3)

pH 6-7, n (%) 3 (25.0) 14 (48.3)

pH >7, n (%) 6 (50.0) 12 (41.4)

Supersaturation calcium phosphate, median (IQR) 1.3 (2.7) 0.9 (1.0) 0.1

High supersaturation, n (%) 5 (41.7) 6 (21.4) 0.3

Supersaturation uric acid, median (IQR) 0.2 (0.8) 0.1 (0.2) 0.4

High supersaturation, n (%) 3 (25.0) 3 (10.3) 0.3

Urine uric acid (g/d), median (IQR) 0.5 (0.2) 0.4 (0.3) 0.7

Hyperuricosuria, n (%) 1 (8.3) 4 (14.3) 1.0

Urine magnesium (mg/d), median (IQR) 75 (46.5) 71 (86.0) 0.2

Low magnesium, n (%) 2 (16.7) 7 (24.1) 0.7

Urine creatinine (mg/kg/d), median (IQR) 13 (6.0) 12 (6.9) 0.9

Low urine creatinine, n (%) 8 (66.7) 21 (75.0) 0.7

Abbreviations: IQR = interquartile range
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Table 3 - Urinary metabolic parameters by sex.

Characteristic Female
n = 19

Male
n = 22

p-value

Metabolic abnormalities, median (IQR) 4 (3.0) 4 (2.0) 0.3

Current directed medical therapy, n (%) 5 (26.3) 5 (22.7) 1.0

volume (L), median (IQR) 1.5 (0.8) 1.9 (1.9) 0.2

Low volume, n (%) 17 (89.5) 15 (68.2) 0.1

Supersaturation calcium oxalate, median (IQR) 5.0 (3.8) 5.4 (4.4) 1.0

High supersaturation, n (%) 3 (15.8) 3 (13.6) 1.0

Urine calcium (mg/day), median (IQR) 103 (65.0) 158 (150.0) 0.07

Hypercalciuria, n (%) 2 (10.5) 3 (13.6) 1.0

Hypercalciuria with hypernatrituria, n (%) 0 (0.0) 2 (9.1) 0.5

Urine sodium(mmol/d), median (IQR) 105 (69) 132 (87) 0.03

Hypernatrituria, n (%) 2 (10.5) 10 (45.5) 0.02

Urine oxalate (mg/day), median (IQR) 26 (20.0) 37 (26.0) 0.05

Hyperoxaluria, n (%) 1 (5.3) 7 (31.8) 0.05

Urine citrate (mg/day), median (IQR) 275 (445.0) 395 (451.0) 0.8

Hypocitraturia, n (%) 11 (57.9) 9 (40.9) 0.3

pH (continuous), median (IQR) 6.9 (1.3) 7.0 (1.1) 0.4

pH (categorical) 0.5

pH <6, n (%) 4 (21.1) 2 (9.1)

pH 6-7, n (%) 8 (42.1) 9 (40.9)

pH >7, n (%) 7 (36.8) 11 (50.0)

Supersaturation calcium phosphate, median (IQR) 0.7 (1.9) 1.0 (1.5) 0.3

High supersaturation, n (%) 5 (26.3) 6 (28.6) 0.9

Supersaturation uric acid, median (IQR) 0.1 (0.2) 0.1 (0.2) 0.3

High supersaturation, n (%) 4 (21.1) 2 (9.1) 0.4

Urine uric acid (g/d), median (IQR) 0.4 (0.3) 0.5 (0.2) 0.1

Hyperuricosuria, n (%) 1 (5.3) 4 (19.1) 0.3

Urine magnesium(mg/d), median (IQR) 51 (61) 90 (105.0) 0.3

Low magnesium, n (%) 3 (15.8) 6 (27.3) 0.5

Urine creatinine (mg/kg/d), median (IQR) 12 (6.2) 14 (7.4) 0.1

Low urine creatinine, n (%) 13 (72.2) 16 (72.7) 1.0

Abbreviations: IQR = interquartile range
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There are a number of potentially impor-
tant differences between NDMD patients that form 
primarily elevated pH versus metabolic calculi. 
First, patients who form primarily metabolic cal-
culi were more likely to be obese, suggesting that 
obesity may drive and exacerbate their risk of me-
tabolic calculi formation. Indeed, obesity has been 
reported to be an independent risk factor for ne-
phrolithiasis in otherwise healthy adults due litho-
genic factors in the urine; such as urinary sodium, 
oxalate, and uric acid (12-16). However, metabolic 
stone formers in our study had significantly lower 
oxalate, reinforcing the complex nature of calcu-
lus disease in NDMD patients. Second, we found 
that patients forming primarily elevated pH cal-
culi were more likely to have indwelling catheters 
or perform clean intermittent catheterization and 
have a higher rate of positive preoperative urine 
culture. Urinary tract colonization and bladder 
management have long been recognized as risk 
factors for calculus formation in patients with spi-
nal cord injury (17, 18). Our study reinforces this 
in a more heterogeneous cohort of patients with 
neurological deficits.

Patients with NDMD that form different 
primary stone types also have significant differen-
ces in 24-hour urine study parameters. We found 
that patients with metabolic calculi were more li-
kely to have lower 24-hour urine volumes and pa-
tients with elevated pH calculi were more likely to 
be hyperoxaluric and hypocitraturic. These findin-
gs have a number of implications. First, it is well 
known that adequate daily urine volume is para-
mount to preventing nephrolithiasis (19). Among 
NDMD patients who void volitionally and form 
primarily metabolic calculi, counseling regarding 
adequate hydration should be emphasized as in 
the non-NDMD population. A second implication 
regards increased risk of lithogenic factors in ele-
vated pH stone formers; hyperoxaluria and hypo-
citraturia. Antibiotic exposure and hyperoxaluria 
due to decreased enteric oxalobacter formigenes 
is well documented (20, 21). Given greater risk 
of positive urine cultures, it is possible that these 
patient’s microbiota are more frequently exposed 
to antibiotics. Hypocitraturia in this setting can be 
explained by degradation of citrate by uropatho-

gens and supplementation should be considered. 
These data reinforce complex interactions betwe-
en the host, uropathogens, and antibiotic exposu-
re that may lead to an increase in metabolic risk 
factors.

Our study has some limitations. First, a 
small sample size has contributed to some missing 
data regarding stone disease and objective cha-
racterization of bladder function. Second, many 
patients in our database (59 / 100) lack of both 
a chemical analysis and 24-hour urine collection. 
While this can certainly contribute to selection 
bias, we feel that any additional published data in 
this complex patient population is useful. Addi-
tionally, while many patients had two 24-hour 
urine collections, we analyzed only the one per-
formed closest to their first chemical stone analy-
sis. Third, a lack of some interesting variables li-
mit our analysis. For example, we did not collect 
data on history of recurrent urinary tract infection 
and antibiotic exposure. We did, however, report 
bladder management, which may be the most im-
portant risk of recurrent urinary infection. Fourth, 
there are too few events in this small sample to 
perform a reliable multivariable analysis, as at le-
ast 10 to 20 events are needed to fit one variable 
into a linear or logistic model. Despite this limita-
tion, we provide important hypothesis generating 
results that will be a focus of future projects. We 
are now prospectively collecting data on this po-
pulation and plan to perform more robust analyses 
for future studies. Finally, we did not find the ex-
pected difference in urinary pH between patients 
with difference stone classifications. This finding 
may be explained by the lack of baseline urine 
metabolic profile for most patients, who submit-
ted a first 24-hour urine analysis after sterilization 
of their urinary tract and subsequent treatment of 
their stone. Future studies may clarify this trend 
by obtaining baseline 24-hour urine analyses in 
patients with NDMD.

The motivation for this study was the lar-
ge number of patients with NDMD and metabolic 
calculi. This study supports a full metabolic eva-
luation and medical management in patients with 
neurologic deficiencies or elevated pH stones, 
contrary to other published literature and practi-
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ces. Clearly, further study is needed to support our 
data and we aim to continue studying our NDMD 
population. Some of the most important implica-
tions of renal calculi in this population include de-
layed presentation and a higher complication rate 
during treatment. Therefore, more focus should be 
placed on stone prevention.

cONcLUSIONS

Among patients with NDMD, metabolic 
factors may play a more significant role in renal 
calculus formation than previously believed. There 
is still a high incidence of carbonate apatite cal-
culi, which could be attributed to bacteriuria. Ho-
wever, obesity, low urine volumes, hypocitraturia, 
and hyperoxaluria suggest an under-recognized 
metabolic contribution. Our results reinforce the 
importance of behavioral counseling and antibiotic 
stewardship in this population. Additionally, iden-
tifying metabolic risk factors in NDMD patients is 
challenging but important, as it has the potential to 
significantly affect recurrence and repeat urologic 
procedures for renal calculus disease.
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ABSTRAcT
 

Introduction: The main aim of stone surgery is to establish stone free status. Perform-
ing fl exible nephroscopy is an effective tool in this manner. The aim of this study was 
to evaluate the role of retrograde fl exible nephroscopy for detection of residual frag-
ments following percutaneous nephrolithotomy (PNL) in comparison with antegrade 
approach.
Materials and Methods: Data of 137 patients underwent ECIRS was collected prospec-
tively. In all cases following stone clearance, collecting system was checked for re-
sidual fragments. First antegrade than retrograde fl exible nephroscopy was performed 
and success rates to reach all calices and detection of residual fragments were noted. 
All patients underwent CT and success rate of antegrade and retrograde approaches 
were compared. PPV and NPV of retrograde approach to detect residual fragments 
were calculated.
Results: Antegrade and retrograde nephroscopy successfully accessed all of the calices 
in 101 (73.7%) and 130 (94.9%) patients respectively (p<0.0001). Residual fragments 
were observed in 18 (13.1%) patients following antegrade fl exible nephroscopy. Ret-
rograde approach identifi ed residual stones in 17 more cases. These cases were treated 
with fl exible nephroscopy or secondary percutaneous tract. Postoperative CT revealed 
residual stones in 10 (7.3%) patients. PPV and NPV of retrograde fl exible nephroscopy 
were 83.3% and 96.2%.
Conclusions: Flexible nephroscopy effectively detects residual fragments following 
PNL. Retrograde approach was more successful than antegrade approach to reach all 
calices. We recommend performing retrograde fl exible nephroscopy following PNL 
especially in complex cases as it has the potential to increase SFR, decrease the need 
for second look surgery and unnecessary postoperative imaging.
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INTRODUcTION

Percutaneous nephrolithotomy (PNL) is 
recommended as the gold standard treatment for 
management of stones > 20 mm in diameter by 
both EAU and AUA guidelines (1, 2). Also, with 

miniaturized instruments, stones < 20 mm can 
also be treated with high success and low com-
plication rates (3). The main aim of stone surgery 
is to establish the stone free status due to the fact 
that residual fragments may result in stone related 
events. In two recent studies employing non-con-
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trast enhanced computerized tomography (NCCT) 
as the imaging modality postoperatively, stone re-
lated events were reported in 31% and 46% of the 
cases with residual fragments after PNL (4, 5).

 Besides prevention of stone related events, 
detection of residual fragments at the end of PNL 
is also important for deciding to place a re-en-
try tube as an exit strategy as well. In a recent 
study by Harraz et al. the authors evaluated sto-
ne free status with fluoroscopy guidance. In this 
study, surgeon’s decision for stone free status has 
positive and negative predictive values of 92.8% 
and 72% (6). Portis et al. evaluated the role of 
surgeon’s decision for stone free status with the 
aid of flexible nephroscopy and reported positive 
and negative predictive values of 67% and 73% 
(7). These previous studies proved that fluorosco-
pic evaluation of the stone free status following 
PNL is not highly sensitive and specific (6) and 
additional use of antegrade flexible nephroscopy 
does not make the evaluation perfect as well (7).

 Retrograde intrarenal surgery together 
with supine PNL was first described by Ibarluzea 
et al. in 2007 (8) and the term Endoscopy Combi-
ned Intrarenal Surgery (ECIRS) was described by 
Scoffone et al. in 2008 (9). In our experience with 
ECIRS, performing retrograde flexible nephrosco-
py is very convenient. We hypothesized that per-
forming the flexible nephroscopy antegradely to 
evaluate the presence of residual fragments may 
limit its success for visualizing all of the calices, 
especially the ones located just next to the calyx 
entered percutaneously.

 To the best of our knowledge current li-
terature lacks studies comparing antegrade and 
retrograde flexible nephroscopy following PNL. 
Therefore, the aims of this study were to pros-
pectively evaluate the role of retrograde flexible 
nephroscopy for detection of residual fragments 
following PNL in comparison with antegrade fle-
xible nephroscopy and to see if performing a re-
trograde flexible nephroscopy would dispense the 
need for postoperative NCCT.

MATERIALS AND METHODS

 In this study, data of 167 consecutive 
patients underwent ECIRS for renal stones occu-

pying multiple calices at our department betwe-
en September 2016 and March 2018 were col-
lected prospectively. Thirty patients that did not 
underwent a postoperative NCCT were excluded 
from final analysis and data of 137 patients were 
evaluated. Informed consent was obtained from 
all individual participants included in the study. 
All of the operations were performed by a single 
experienced surgeon in the Galdakao modified su-
pine Valdivia (GMSV) position.

Operative technique and study design
 As the initial step, cystoscopy was perfor-

med and a ureteral catheter or a 9.5 / 11.5 Fr ure-
teral access sheath (Cook, Flexor®, Bloomington, 
IN, USA) was placed in the ureter and retrograde 
pyelogram was performed by injection of radio-
paque contrast material. Renal puncture was per-
formed with aid of fluoroscopy and a hydrophilic 
guidewire was placed in the collecting system. The 
MIP-M kit (Karl Storz, Tuttlingen, Germany) was 
used for mini-PNL cases. One shot dilation with 
15 Fr metallic dilator was performed and 16 Fr 
metallic sheath was placed 12 Fr nephroscope was 
introduced and laser lithotripsy was performed in 
all cases. For active stone clearance vacuum cle-
aner effect was applied. In cases underwent con-
ventional PNL, following guidewire placement, 
Amplatz renal dilators were used to dilate the tract 
to 24 Fr diameter and Amplatz sheath was placed 
20.8 Fr nephroscope (Richard Wolf, Knittlingen, 
Germany) was introduced and ballistic lithotripter 
(Elmed, Ankara, Turkey) was used for stone frag-
mentation.

 In all of the cases, following stone clea-
rance, collecting system was checked for residual 
fragments with fluoroscopy and presence of any 
residual fragments was noted. As the second step 
antegrade flexible nephroscopy was performed. A 
fiberoptic flexible ureterorenoscope (FLEX-X2?, 
Karl Storz, Tuttlingen, Germany) was introduced 
through the metallic sheath and the surgeon at-
tempted to reach all of the calices and position 
of the flexible ureterorenoscope was checked with 
fluoroscopy. Success of antegrade nephroscopy to 
reach all of the calices and detection of residual 
fragments of any size was noted. As the third step, 
retrograde flexible nephroscopy was performed 
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again with the same flexible ureterorenoscope. 
For this purpose, flexible ureterorenoscope was 
either introduced through the previously placed 
access sheath or a guidewire was placed through 
the ureteral catheter and flexible ureterorenosco-
pe was introduced over the guidewire. The sur-
geon again attempted to reach all of the calices 
and position of the ureterorenoscope was che-
cked with fluoroscopy. The percutaneous sheath 
was closed during retrograde ureterorenoscopy 
to fill the collecting system and expand. Succes-
sful access to all of the calices and detection of 
the residual fragments was again recorded. Any 
residual fragment was treated at this step either 
via laser lithotripsy or a nitinol basket (Dakota 
1.9 F x 8 mm x 120 cm, Boston Scientific, Bos-
ton, MA) was used to extract the stone through 
the percutaneous sheath. A second percutaneous 
access was performed in case of unsuccessful tre-
atment of the residual fragment with the flexible 
nephroscope. Nephrostomy tube was not placed 
in any of the cases and a 6 Fr JJ stent was placed 
in all of the cases.

 The JJ stent was planned to be extrac-
ted 7 to 14 days after surgery and imaging was 
performed with low dose NCCT prior to JJ stent 
extraction. All of the NCCT images were evalu-
ated by a single experienced radiologist. Stone 
free was defined as absence of residual fragments 
of any size in the postoperative NCCT. The other 
parameters collected were, age, gender, stone 
diameter, stone location, stone multiplicity, stone 
free rate (SFR), and auxiliary procedures.

Statistical analysis

 Statistical analysis was performed with 
SPSS for Windows, ver. 22.0 (SPSS Inc., Chicago, 
Illinois, USA). The primary end point of the stu-
dy was to compare the success rates of antegrade 
and retrograde ureterorenoscopy for access to all 
of the calices and detection of residual fragments. 
The two methods were compared with chi-square 
test. Also, positive predictive value (PPV), and 
negative predictive value (NPV) of retrograde fle-
xible nephroscopy for detection of residual frag-
ments were calculated. For statistical significance 
P value of 0.05 was accepted.

RESULTS

The mean age of the population was 46.2 
± 5.4 years and 92 (67.2%) of the patients were 
males. Stones occupying at least 2 more calices 
in addition to the main stone were present in 103 
(75.2%) of the patients and the largest stone was 
located most commonly in the middle calyx or 
renal pelvis (50.5%). The demographics, stone re-
lated, and operative characteristics of the study 
population is summarized in Table-1.

Antegrade and retrograde nephrosco-
py successfully accessed all of the calices in 101 
(73.7%) and 130 (94.9%) patients respectively and 
the difference was statistically significant (p < 
0.0001). During the retrograde approach, the re-
ason for failed access to all calices was blurred 
vision due to bleeding in 5 cases and a narrow 
caliceal neck in the rest of the 2 cases. All of these 
inaccessible calices were fluoroscopically free of 
stones as well. Residual fragments were observed 
in 18 (13.1%) patients following antegrade fle-
xible nephroscopy. Retrograde approach succes-
sfully identified all of these residual stones and 
additionally residual stones were identified in 17 
more cases and therefore residual fragments were 
detected in 35 (25.5%) of the patients. The resi-
dual fragments could not be visualized with flu-
oroscopy in 10 of the 17 cases detected during 
retrograde flexible nephroscopy. In 23 of the 35 
cases with residual fragments, these fragments 
were successfully treated with retrograde flexible 
nephroscopy and a second access was performed 
in 12 patients. At the end of the procedure, ba-
sed on retrograde flexible nephroscopy 6 patients 
were reported to have residual fragments and all 
of the calices could not be accessed in 7 patients. 
Therefore, complete stone clearance was reported 
in 124 (90.5%) patients.

The postoperative NCCT revealed residual 
stone fragments in 10 (7.3%) patients and 92.7% 
of the patients were stone free. Five of the patients 
with a residual fragment were among those 6 pa-
tients reported to have a residual fragment at the 
end of the procedure and one patient possibly pas-
sed the residual fragment spontaneously. Three of 
the other 5 patients were among those 7 patients 
that retrograde flexible nephroscopy failed to ac-
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cess all of the calices and 2 of the patients were 
among those 124 patients that were reported to 
be stone free based on the retrograde flexible 
nephroscopy at the end of the procedure.

Based on the results of entire study po-
pulation, the PPV and NPV of retrograde flexible 
nephroscopy were 83.3% and 96.2%. The results 
are summarized in Table-2. When we consider the 
results of the 130 patients whom successful re-
trograde flexible nephroscopy was performed, the 
PPV and NPV of retrograde flexible nephroscopy 
were 83.3% and 98.4%. The results are summari-
zed in Table-3.

Among the 10 patients with residual frag-
ments, 6 patients had residual fragments less than 
4 mm and no further intervention was planned. 
The diameters of the residual fragments were 4 
to 9 mm in rest of the patients and 2 of them 
underwent shock wave lithotripsy, one patient 
underwent retrograde intrarenal surgery and one 
patient underwent ultra-mini PNL.

In total, complications were observed in 8 
of the 137 (5.8%) patients. Seven of them were 
Clavien grade I (fever in 1 patients and hematuria 
in 6 patients) and one of them was a Clavien grade 
II complication (bleeding requiring transfusion). 

Table 1 - Demographic, stone related, and operative characteristics of the study population. 

Parameters Study population (n=137)

Age, mean ± SD 46.2±5.4

Gender, n (%)

Male 92 (67.2)

Female 45 (32.8)

Stone location, n (%)

Upper calyx 14 (10.2)

Middle calyx and renal pelvis 64 (46.7)

Lower calyx 59 (43.1)

Stone size, (mm) mean ± SD 29.6±5.4

Stone density (Hounsfield Unit), mean ± SD 977±118.4

Multiple access n (%) 12 (8.8)

Fluoroscopy time (seconds) mean ± SD 74±15.3

Total surgical time (minutes) mean ± SD 80.6±25.1

Hemoglobin drop (g/dL) mean ± SD 0.8±0.6

Table 2 - Summary of the stone free rates based on retrograde flexible nephroscopy and NccT images in the entire population.

NCCT

Residual fragment 
(+)

Residual fragment 
(-)

Total

Retrograde flexible nephroscopy Residual fragment (+) 5 1 6

Residual fragment (-) 5 126 131

10 127 137
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Clavien grade III or higher complications were 
not observed in any of the patients.

DIScUSSION

The main objective of stone surgery is 
to establish the stone free status in order to di-
minish the risk of future stone related events 
and concomitant surgery. Therefore, detection 
of the residual fragments at the end of surgery 
is important and in this study it was found out 
that performing retrograde flexible nephrosco-
py is an effective method to search for residual 
fragments following PNL.

In a recent study, Harraz et al. investiga-
ted the value of intraoperative assessment of the 
surgeon for residual fragments following PNL. 
The surgeons were asked to report presence of 
residual fragments and the patients underwent 
NCCT before hospital discharge. The authors re-
ported that the NPV of the surgeon’s assessment 
for residual fragments was 72%. Also almost 
80% of the residual fragments were located in 
the peripheral calices and surgeons were able to 
identify residual fragments > 9 mm accurately 
(6).

The value of performing flexible ne-
phroscopy for detection of residual fragments 
has been studied by Portis et al. in 2008 (7). 
In this study, the authors reported that posto-
perative NCCT detected residual fragments in 
9 of 34 (26.5%) patients considered stone free 
after evaluation with fluoroscopy and flexible 
nephroscopy. In this study, PNL was performed 
in prone position and flexible nephroscopy was 
performed antegrade. The authors reported the 
NPV of this approach for detection of residual 

fragments > 4 mm as 100% but the NPV decre-
ased to 73% in case the definition of stone free 
was absence of any residual fragments (7). The 
NPV of flexible nephroscopy in this was lower 
compared to our study (96.2% vs. 73%). A pos-
sible explanation for this is performing retro-
grade flexible nephroscopy increases the rate of 
successful access to all calices.

In another study, Gücük et al. randomi-
zed patients to undergo flexible nephroscopy or 
not, following PNL. In this study, the authors 
found out that performing flexible nephroscopy 
resulted in increased stone free rates in patients 
with stones of less attenuation values. This is 
probably associated with failure to notice resi-
dual fragments of low attenuation with fluoros-
copy. In this study, antegrade flexible nephros-
copy was performed and the authors suggested 
to perform this as a routine procedure especially 
in case of low density stones (10). However, the 
authors also mentioned that performing flexible 
nephroscopy was not convenient due to diffi-
culties in orientation and it requires some ex-
pertise. We also observed difficulties of orienta-
tion in the collecting system while performing 
antegrade flexible nephroscopy. However, while 
doing a retrograde flexible nephroscopy due to 
the expertise from retrograde intrarenal surgery, 
it was easier to get oriented in the collecting 
system.

Another technical difference between the 
retrograde and antegrade approach is the collap-
se of the collecting system due to leaking of ir-
rigation fluid through the percutaneous sheath. 
Gücük et al. also mentioned this in their study 
that performing flexible nephroscopy with a 16 
Fr flexible nephroscope through a 28 Fr Am-

Table 3 - Summary of the stone free rates based on retrograde flexible nephroscopy and NccT images in 130 patients with 
successful access to all calices.

NCCT

Residual fragment 
(+)

Residual fragment 
(-)

Total

Retrograde flexible nephroscopy Residual fragment (+) 5 1 6

Residual fragment (-) 2 122 124

7 123 130
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platz sheath resulted in blurred vision (10). We 
also experienced this problem during antegra-
de flexible nephroscopy and this was probably 
more prominent in our study due to downwards 
direction of the sheath in supine position. To 
overcome this problem, as it is mentioned in the 
methods section, the percutaneous sheath was 
closed to allow filing of the collecting system 
during retrograde flexible nephroscopy.

In the present study, performing retro-
grade flexible nephroscopy was shown to incre-
ase the rate of detection of residual fragments. 
Therefore, performing retrograde flexible ne-
phroscopy potentially increases the success 
rates and prevents future stone related events 
and secondary interventions. Additionally, NPV 
of retrograde flexible nephroscopy of 98.4% 
and if the surgeon can access all of the calices 
with flexible ureterorenoscope, postoperative 
imaging can be omitted. The disadvantages of 
performing flexible nephroscopy are prolonged 
operative times and increased cost. However, 
with the possible benefit of increased success 
and decreased re-operation rates, we believe 
that these disadvantages can be overlooked.

The most important drawback of our stu-
dy was lack of randomization to undergo an-
tegrade or retrograde flexible nephroscopy and 
we did not follow the methodology for a pros-
pective comparative study. The comparison of 
two methods was unfair as observation of resi-
dual fragments with antegrade flexible nephros-
copy provided hint for retrograde approach to 
find out residual fragments and therefore, pos-
sibly improved the success. However, retrograde 
approach was more successful for reaching all 
of the calices as well. Also, all of the patients 
in the current study were candidates for ECIRS 
due to multicaliceal stones. This would lead to 
a selection bias in favor of retrograde flexible 
nephroscopy and its value is questionable in 
simple cases such as single renal pelvis stones. 
Another drawback of the study was evaluation 
of the residual fragments with NCCT was not 
performed in postoperative day 1. NCCT was 
performed 7-14 days postoperatively and there-
fore, we could not evaluate the immediate SFR 

and value of retrograde flexible nephroscopy to 
prevent unnecessary second look surgery.

cONcLUSIONS

Flexible nephroscopy is a valuable tool 
during PNL for evaluation and treatment of re-
sidual fragments. Retrograde approach was more 
successful than antegrade approach to reach all of 
the calices. We recommend performing retrograde 
flexible nephroscopy following PNL especially in 
complex cases regardless of the surgeon’s impres-
sion of stone free status, if the flexible ureterore-
noscope is available and patient position is com-
patible with this approach as it has the potential 
to increase SFR, decrease the need for second look 
surgery and unnecessary postoperative imaging.
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ABSTRAcT
 

Purpose: To analyze pre-transplantation and early postoperative factors affecting 
post-transplantation urine output and develop a predictive nomogram.
Patients and Methods: Retrospective analysis of non-preemptive first transplanted 
adult patients between 2001-2016. The outcomes were hourly diuresis in mL/Kg 
in the 1st (UO1) and 8th (UO8) postoperative days (POD). Predictors for both UO1 
and UO8 were cold ischemia time (CIT), patient and donor age and sex, HLA I 
and II compatibility, pre-transplantation duration of renal replacement therapy 
(RRT), cause of ESRD (ESRD) and immunosuppressive regimen. UO8 predictors 
also included UO1, 1

st/0th POD plasma creatinine concentration ratio (Cr1/0), and 
occurrence of acute cellular rejection (AR). Multivariable linear regression was 
employed to produce nomograms for UO1 and UO8.
Results: Four hundred and seventy-three patients were included, mostly deceased 
donor kidneys’ recipients (361, 70.4%). CIT inversely correlated with UO1 and UO8 
(Spearman’s p=-0.43 and -0.37). CR1/0 inversely correlated with UO8 (p=-0.47). On 
multivariable analysis UO1 was mainly influenced by CIT, with additional influ-
ences of donor age and sex, HLA II matching and ESRD. UO1 was the strongest 
predictor of UO8, with significant influences of AR and ESRD.
Conclusions: The predominant influence of CIT on UO1 rapidly wanes and is re-
placed by indicators of functional recovery (mainly UO1) and allograft’s immu-
nologic acceptance (AR absence). Mean absolute errors for nomograms were 0.08 
mL/Kg h (UO1) and 0.05 mL/Kg h (UO8).
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INTRODUcTION

Many transplanted kidneys will not im-
mediately function. One-fifth to one-third of 
deceased donor (1-4) and 3 to 5% of living-
-related allografts present either delayed (DGF) 
or slow graft function (SGF) (5, 6). Even when 
such outcomes are foreseen, because of longer 
cold ischemia times (CIT), poor quality of the 
allograft, patient age and co-morbidities, and 
immune sensitization (1, 7, 8), a sluggish func-
tional recovery will increase monetary costs 
(9, 10) and lead to significant emotional strain. 
Moreover, the development of DGF likely shor-
tens allograft survival (5 , 11-16).

 Allograft functional recovery is custo-
marily assessed with serial plasma creatinine 
measurements (17).Yet, the most easily obtai-
nable clinical parameter of allograft recovery 
is diuresis itself. Often the first question asked 
during clinical rounds addresses the patient’s 
urine output, for an abundant and steady diu-
resis foreshadows timely functional recovery 
(18). Despite its clinical relevance, the current 
literature is void of predictive tools for post-
-transplantation diuresis, that should yield ex-
pected output according to the combination of 
the values of its predictor variables (19), and 
we gather that such tool could be used in the 
clinical environment to realistically manage 
patients’, and doctors’, expectations.

 One should be reminded, however, that 
predictors’ effects can be nonlinear, and inter-
preting non-linear effects from complex multi-
variable models through coefficients’ tables is 
no easy task. Such results are better digested 
when presented graphically; with, for instance, 
nomograms (20, 21). Notwithstanding its use as 
prediction tools, nomograms allow a more di-
rect and intuitive understanding how each va-
riable contributes to the outcome in complex 
models. We thus aimed to develop and inter-
nally validate, following Transparent Reporting 
of a Multivariate Prediction Model for Indivi-
dual Prognosis or Diagnosis (TRIPOD) guideli-
nes (22), a nomogram to predict urine output 
after kidney transplantation.

pATIENTS AND METHODS

 After Institutional Board Review, we re-
trospectively retrieved medical records from all 
consecutive patients older than 18 years who 
underwent non-preemptive deceased and living-
-related first kidney transplantation in our unit 
from January 2001 to January 2016. We excluded 
patients that died before the second postoperative 
day, those with severe urinary leakage - thus la-
cking a quantifiable urine output - as well as those 
with missing values for the outcome variables. 

Predictor variables
 Continuous predictors included patient 

and donor age (years), duration of pre-transplan-
tation renal replacement therapy (RRT, in years), 
cold ischemia time (CIT, in hours), last donor plas-
ma creatinine concentration (donor creatinine, 
in mg %) and panel of reactive antibodies score 
(PRA in %, determined at most 6 months before 
transplantation). Ordinal predictors were Human 
Leucocyte Antigen mismatches in the A, B (HLA 
I) and DR (HLA II) loci. Categorical predictors 
included patient and donor sex, and End-Stage 
Renal Disease (ESRD) etiology, segregated into 
renal, systemic, urologic, autossomic dominant 
polycystic kidney disease (ADPKD) and undeter-
mined causes. Additional categorical predictors 
were organ origin: whether the kidney came from 
live-related or from a deceased donor, whether 
due to vascular or non-vascular causes of brain 
death; initial immunosuppressive regimen: cyclo-
porine and azathioprine (CSA+AZA), cyclosporine 
and mycophenolate (CSA+MMF), tacrolimus and 
azathioprine (FK+AZA), tacrolimus and myco-
phenolate (FK+MMF) and no use of calcineurin 
inhibitors either without (NoCalc) or with thymo-
globulin (Thymo); and use of anti-interleucin 2 
antibodies (anti-IL2: basiliximab or daclizumab) 
in initial immunossupression.

Outcome Variables
 Our outcome variables were hourly urine 

output in milliliters per patients’s dry weight (mL/
Kg h), measured from 6 a.m. of the 1st to 6 a.m. of 
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the 2rd postoperative day (UO1), where the day of 
the operation was considered postoperative day 0 
(Figure-1), and hourly urine output in milliliters 
per patients’s dry weight from 6 a.m. of the 8th to 6 
a.m. of the 9th postoperative day (UO8). Regarding 
the latter outcome we added predictors from the 
initial postoperative course: Occurrence of biopsy-
-proven rejection episodes during the first posto-
perative week (AR), a categorical predictor; the 
ratio between 1st and 0th postoperative day plasma 
creatinine concentration (Cr1/0); and UO1, both the 
latter continuous predictors.

Statistical analysis

Data description and bivariate analysis
 We summarized continuous variables with 

medians and interquartile ranges (IQR), and pro-
portions between categorical variables were dis-
played in frequency tables. Differences in urine 
output between categorical variables were asses-
sed with Wilcoxon’s and Kruskal-Wallis’ tests, the 
latter followed by Dunn’s tests when appropriate. 
Spearman’s rank correlation coefficients (p) were 
computed between continuous predictors and uri-
ne output.

Multivariable regression
All predictor variables were included in 

ordinary least squares linear regression models 
with UO1 and UO8 as response variables (hence-

forth, UO1 and UO8 models). Missing values were 
imputed with predictive mean matching (20, 23). 
Nonlinear predictors’ effects were modeled with 
5-knot restricted cubic splines after investigation 
via Spearman’s p-p2 correlation (20). Redundant 
predictors were investigated with additive models, 
using an adjusted R2>0.90 cutoff. Model compa-
rison was effected with the likelihood ratio test. 
Final models were validated and calibrated with 
3000 bootstrap replicates. Analysis took place wi-
thin the R statistical environment (24) augmented 
by the rms (25) and Hmisc (26) packages. P-values 
were computed where appropriate, with statistical 
significance established at 0.05.

RESULTS

 A total of 518 patients underwent kidney 
transplantation during the study period, and 45 
cases were excluded: In 8 patients neither UO1 
nor UO8 were recovered, 20 patients were younger 
than 18 years, 5 patients had undergone a second 
transplant and 7 underwent pre-emptive trans-
plantation. Additionally, 3 patients died before the 
1st POD and 2 presented high output ureterocuta-
neous fistulae.

Most remaining 473 patients were middle-
-aged (median 40 years), male (290/473, 61.3%), 
and received deceased donors’ allografts (321/473, 
67.9%, supplemental Table-1). A third of the pa-
tients had either systemic (165/473, 34.9%) or 
undetermined (158/473, 33.4%, supplemental Ta-
ble-2) ESRD etiology. Most donors were also male 
(262/453, 57.8%), which were younger than female 
donors (median 33.0 versus 39.0 years, p<0.001). 
Table-1 shows the distribution of categorical pre-
dictors and corresponding urine output (both UO1 
and UO8), and Table-2 displays the distribution of 
continuous predictors and their correlations with 
UO1 and UO8. Figure-2 graphically displays the 
entire dataset along with pairwise Spearman’s co-
efficients.

 CIT inversely correlated with both UO1 and 
UO8 (respectively, p=-0.43 and -0.37; P<0.001 for 
both), and CR1/0 inversely correlated with UO8 (p 
=-0.47; P<0.001). Patient age inversely correlated 
with UO1 and UO8 (p=-0.17 and -0.18; P=0.002 
and 0.001, respectively). Urine output was greater 

figure 1 - visual representation of the intervals in which 
the response variable – urine output – was collected 
(light gray).

Tx, transplantation, or postoperative day 0; UO1, urinary output from 6 a.m. of 
postoperative day 1 (POD1) to 6 a.m. of postoperative day 2 (POD2); UO8, urinary 
output from 6 a.m. of postoperative day 8 (POD8) to 6 a.m. of postoperative day 9 
(POD9); POD 3 to 7, postoperative days 3 to 7.
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Table 1 - Urine output at postoperative days 1 (UO1) and 8 (UO8) according to categorical predictors.

Variable N (%) UO1 (med, IQR) P UO8 (median, IQR) P

patient sex Overall (473, 100%) 1.6 (0.3 – 2.8) 0.3 (W) 1.9 (1.0 – 2.6) 0.006 (W)

Male (290, 61.1%) 1.5 (0.3 – 2.7) - 1.8 (0.6 – 2.4) -

Female (183, 38.7%) 1.6 (0.5 – 3.0) - 2.0 (1.2 – 2.7) -

Donor sex Overall (453, 95.8%) 1.6 (0.3 – 2.9) 0.001 (W) 1.9 (0.9 – 2.6) 0.07 (W)

Male (262, 57.8%) 1.3 (0.2 – 2.6) - 1.9 (1.2 – 2.7) -

Female (191, 42.2%) 2.0 (0.6 – 3.1) - 1.8 (0.7 – 2.5) -

Organ origin Overall (434, 91.8%) 1.6 (0.4 – 2.9) <0.001A (K) 1.9 (1.0 – 2.6) <0.001A (K)

Living-related (152, 35.0%) 2.6 (1.6 – 3.5) - 2.2 (1.8 – 2.8) -

Non-vascular (176,40.6%) 1.2 (0.1 – 2.3) 1.6 (0.3 – 2.5)

Vascular (106, 24.4%) 0.6 (0.1 – 2.0) - 1.4 (0.3 – 2.2) -

ESRD Overall (473, 100%) 1.6 (0.3 – 2.8) 0.18 (K) 1.9 (1.0 – 2.6) 0.004B (K)

Systemic (165, 34.9%) 1.4 (0.1 – 2.6) 1.6 (0.5 – 2.2)

Renal (104, 22.0%) 2.0 (0.3 – 3.0) 2.1 (1.1 – 2.8)

Urologic (24, 5.1%) 1.7 (0.6 – 2.8) 2.1 (1.3 – 3.3)

ADPKD (22, 4.7%) 1.2 (0.2 – 3.0) 1.2 (0.3 – 2.7)

Undetermined (158, 33.4%) 1.7 (0.6 – 3.0) 2.0 (1.4 – 2.6)

HLA I mm Overall (460, 97.3%) 1.5 (0.3 – 2.8) <0.001C (K) 1.9 (0.9 – 2.6) <0.001C(K)

4 (91, 19.8%) 1.4 (0.2 – 2.6) 1.8 (0.5 – 2.5)

3–1 (310, 67.4%) 1.4 (0.3 – 2.7) 1.8 (0.7 – 2.5)

0 (59, 12.8%) 2.7 (1.5 – 3.3) 2.2 (1.6 – 2.9)

HLA II mm Overall (459, 97.0%) 1.5 (0.3 – 2.8) <0.001D (K) 1.9 (0.9 – 2.6) <0.001D (K)

2 (69, 15%) 0.6 (0.1 – 2.1) 1.4 (0.2 – 2.2)

1 (254, 55.3%) 1.5 (0.4 – 2.7) 1.9 (0.9 – 2.6)

0 (136, 29.6%) 2.1 (0.9 – 3.1) 2.0 (1.3 – 2.7)

Initial IS Overall (473, 100%) 1.6 (0.3 – 2.8) <0.001E(K) 1.9 (1.0 – 2.6) <0.001F(K)

FK+MMF (352, 53.5%) 1.2 (0.2 – 2.4) 1.7 (0.5 – 2.4)

CSA+MMF (90, 19.0%) 2.2 (1.0 – 3.2) 2.0 (1.1 – 2.8)

CSA+AZA (78, 16.5%) 2.4 (1.6 – 3.3) 2.2 (1.7 – 2.8)

FK+AZA (15, 3.2%) 2.5 (1.5 – 3.0) 2.5 (2.1 – 2.8)

Thymo (29, 6.1%) 0.2 (0.1 – 1.0) 0.8 (0.2 – 1.8)

No calc (8, 1.7%) 3.3 (2.5 – 4.1) 2.1 (1.8 – 3.0)

Anti-IL2  Overall (473, 100%) 1.6 (0.3 – 2.8) 0.02 (W) 1.9 (1.0 – 2.6) 0.7 (W)

Use (127, 26.8%) 1.2 (0.2 – 2.5) - 1.7 (0.5 – 2.6) -

No use (346, 73.2%) 1.7 (0.5 – 2.9) - 1.9 (1.2 – 2.6) -

AR Overall (473, 100%) - - 1.9 (1.0 – 2.6) <0.001 (W)

Yes (99, 20.9%) - - 1.3 (0.2 – 2.1) -

No (374, 79.1%) - - 1.9 (1.2 – 2.7) -

A Significant differences in UO1 and UO8 between patients receiving allografts from deceased (vascular and non vascular causes) – versus living-related donors (P<0.001 for 
both comparisons); B Significant differences in UO8 between patients with systemic and indeterminate ESRD causes (P=0.007); c Significant differences in UO1 in patients 
with 0 versus 4 mismatches (P<0.001) and 3-1 versus 0 mismatches (P<0.001) and in UO8 in patients with 0 versus 4 mismatches (P<0.001) and 0 versus 3-1 mismatches 
(P<0.001); D Significant differences in both UO1 in patients with 0 versus 2 mismatches (P<0.001) and in patients with 1 versus 2 mismatches (P=0.001) and in UO8 in 
patients with 0 versus 2 mismatches (P=0.001) and with 1 versus 2 mismatches (P=0.02); E Significant differences in UO1 between patients receiving CSA+AZA versus 
FK+MMF (P<0.001), CSA+MMF versus FK+MMF (P=0.003), FK+MMF versus NoCalc (P=0.003), CSA+AZA versus Thymo (P<0.001), CSA+MMF versus Thymo (P<0.001), 
FK+AZA versus Thymo (P=0.004), NoCalc versus Thymo (P<0.001); f Significant differences in UO8 between patients receiving CSA+AZA versus FK+MMF (P=0.001), 
FK+AZA versus FK+MMF (P=0.023), CSA+AZA versus Thymo (P<0.001), CSA+MMF versus Thymo (P=0.002), FK+AZA versus Thymo (P=0.001), NoCalc versus Thymo 
(P=0.025).
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in patients receiving kidneys from living-related 
versus deceased donors (median UO1: 2.6 versus 
0.6 mL/Kg hour; median UO8: 2.2 versus 1.4 mL/
Kg h; P<0.001 for both). UO1 and UO8 were sig-
nificantly less in patients that received versus 
those that did not receive thymoglobulin (me-
dian UO1: 0.5 versus 1.3 mL/Kg hour, median 
UO8: 0.5 versus 1.8 mL/Kg hour; P<0.001 for 
both), and UO1 was significantly less in patients 
that used compared to those that did not use an-
ti-IL2 (0.7 versus 1.3 mL/Kg hour, P=0.02). Urine 
output progressively decreased with increasing 
HLA I and II mismatches. Patients with syste-
mic causes of ESRD had significant less UO8 than 
patients with ESRD due to undetermined causes 
(1.6 versus 2.0 mL/Kg h, P=0.007).

Multivariable linear regression
 Multiple multivariable linear regressions 

for both response variables were undertaken with 
100 imputed datasets (23). Missing value propor-
tions ranged from 0 to 83 (17.5%, donor creatini-
ne). In the UO1 model, we removed organ origin 
and PRA scores from the predictors’ set as their 
values were determined from the other predictors 
(adjusted R2 0.94 and 0.99, respectively) (20, 26). 
The UO1 model initially included nonlinear effects 

for CIT, RRT and donor creatinine. Stepwise re-
moval of nonlinear effects (donor creatinine then 
RRT) followed by model comparisons via like-
lihood ratio tests produced our final model, which 
admitted nonlinear effects only for CIT.

 CIT was the most significant predictor of 
UO1 (partial R2 0.067). Initial immunosuppressive 
regimen, RRT, donor age, patient sex and HLA II 
compatibility were also able to explain more than 
0.5% of UO1’s variance (Table-3), and the remai-
ning predictors collectively explained less than 
1.7% of UO1’s variance. The former variables were 
included in a nomogram (Figure-3). The mean ab-
solute error of this model was 0.08 mL/Kg hour, 
and its R2 equaled 0.28, decreasing to 0.21 after 
validation.

In the UO8 model AR, UO1 and Cr1/0 were 
added to the predictor’s set. Similar stepwise re-
moval of nonlinear effects and pairwise likelihood 
tests produced the final model, in which only UO1 
admitted nonlinear effects. UO1 was the strongest 
predictor of UO8 (partial R2 0.19) with AR, ESRD 
etiology and patient sex also presenting partial 
R2≥0.05. This model’s mean absolute error was 
0.05 mL/Kg hour, and its 0.53 initial R2 was cor-
rected to 0.47 after validation. Besides UO1, AR, 
ESRD etiology and patient sex we included Cr1/0 

Table 2 - correlation between continuous predictors and hourly urine output per kilogram of dry weight in the 1st (UO1) and 
8th (UO8) day after transplantation. N, number and percentages (in relation to the total number, 473) of patients included in 
analysis; p, Spearman’s rank correlation coefficient; IQR, interquartile range; UO1, hourly urinary output in milliliters per 
kilogram of dry weight measured between 6 a.m. of postoperative days 1 and 2; UO8, hourly urinary output in milliliters per 
kilogram of dry weight measured between 6 a.m. of postoperative days 8 and 9; cIT, cold ischemia time; Donor creatinine, 
last measurement of plasma creatinine concentration before donation; pRA, panel of reactive antibodies score; RRT, duration 
of renal replacement therapy before transplantation in years; cR1/0, ratio of plasma creatinine concentration measured in the 
1st and 0th postoperative days. *Only 4 patients presented pRA>30%.

N (%) Median (IQR) UO1 UO8

p P p P

CIT (hours) 444 (93.9%) 17.0 (2.1 – 24.0) -0.427 <0.001 -0.369 <0.001

Donor age (years) 451 (96.0%) 35.0 (24.0 – 46.0) -0.052 0.3 -0.052 0.3

Donor creatinine (mg %) 390 (82.5%) 1.0 (0.9 – 1.2) -0.321 <0.001 -0.263 <0.001

PRA (%)* 409 (86.5%) 0 (0 – 0) -0.083 0.09 -0.085 0.08

Patient age (years) 473 (100%) 40.0 (31.5 – 49.5) -0.165 <0.001 -0.184 <0.001

RRT (years) 447 (94.5%) 3.0 (2.0 – 6.0) -0.287 <0.001 -0.201 <0.001

CR1/0 454 (96.0%) 0.74 (0.5 – 1.0) - - -0.474 <0.001

UO1 (mL/Kg h) 473 (100%) 1.9 (1.0 – 2.6) - - 0.662 <0.001
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figure 2 - Matrix of pairwise scatterplots with loess regression lines (in red) and Spearman correlation coefficients (under the main 
diagonal). UO1, urinary output from 6 a.m. of postoperative day 1 (pOD1) to 6 a.m. of postoperative day 2; UO8, urinary output from 
6 a.m. of postoperative day 8 (pOD8) to 6 a.m. of postoperative day 9; cIT, cold ischemia time in hours; pt age, patient age in years; 
donor age, age of donor in years; pt sex, patient sex; D sex, donor sex; HLA I, number of class I HLA antigen mismatches (0, 3-1, 
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4);  HLA II, number of class II HLA antigen mismatches loci (0, 1, 2); dialysis, duration of renal replacement therapy before kidney 
transplantation; RRT, duration in years of renal replacement therapy before transplantation; ESRD, cause of ESRD aggregated in systemic, 
renal, urologic, autossomic dominant polycystic disease (ADpKD) and undetermined; D cr, donor plasma creatinine in mg%; type of donor, 
whether the kidney came from a Deceased (vascular or non-vascular) or Living-Related donor; pRA, panel of reactive antibodies in %.

Nomogram to predict UO1. In order to 
obtain the predicted hourly urinary output in 
mL/Kg, the user identifies each predictors’ 
values in their respective axes and uses a 
straightedge to approximate its score in the 
Points axis. All predictors values are added 
and this total score is identified in the Total 
Points axis. The predicted hourly urinary 
output can then be estimated in the UO1 
mL/Kg h axis, also with a straightedge. This 
operation is considerably simplified with the 
use of a caliper. HLA DR, mismatches on the 
DR locus; IS, initial immunosuppression: 
csa_aza, cyclosporine + azathioprine; 
csa_mmf, cyclosporine + mycophenolate; 
fk_mmf, tacrolimus + mycophenolate; 
fk_aza, tacrolimus+azathioprine; thymo, 
thymoglobulin; no_calc_inhibitor, no 
calcineurin inhibitor.
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Table 3 - Regression results with partial R2 values from UO1 and UO8 models. Effects evaluated between the 0.25 and 0.75 
percentiles of continuous predictors and between levels of categorical predictors. 

UO1 model UO8 model

Predictor Effect (CI) P R2 P Effect (CI) P R2 P

CIT (2:24) -1.214 (-1.613 to -0.815) 0.0666 <0.001 -0.090 (-0.306 to 0.126) 0.0007 0.411

Donor age (24:46) -0.225 (-0.443 to -0.007) 0.0066 0.043 -0.028 (-0.164 to 0.108) 0.0002 0.683

Patient age (31:49) -0.124 (-0.326 to 0.078) 0.0023 0.228 -0.111 (-0.241 to 0.018) 0.0031 0.092

RRT (2:6) -0.188 (-0.352 to -0.024) 0.0081 0.025 0.028 (-0.078 to 0.134) 0.0003 0.605

Donor Cr (0.9:1.24) -0.059 (-0.159 to 0.041) 0.0022 0.246 -0.023 (-0.088 to 0.041) 0.0006 0.479

HLA I mm (3-1:0) 0.121 (-0.368 to 0.611) 0.0047 0.227 -0.067 (-0.361 to 0.226) 0.0011 0.615

HLA I mm (4:0) 0.388 (-0.175 to 0.952) - - 0.087 (-0.119 to 0.292) - -

HLA II mm (1:0) -0.056 (-0.381 to 0.270) 0.0053 0.192 0.033 (-0.168 to 0.234) 0.0006 0.744

HLA II mm (2:0) -0.360 (-0.788 to 0.068) - - 0.085 (-0.138 to 0.308) - -

Anti-IL2 (1:0) 0.100 (-0.208 to 0.408) 0.0007 0.524 -0.009 (-0.200 to 0.182) <0.0001 0.926

Patient sex (f:m) 0.237 (-0.013 to 0.487) 0.0056 0.063 0.199 (0.040 to 0.359) 0.0066 0.014

Donor sex (f:m) 0.217 (-0.049 to 0.484) 0.0041 0.110 -0.113 (-0.280 to 0.055) 0.0019 0.188

ESRD (ADPKD:indet) 0.027 (-0.570 to 0.624) 0.0004 0.991 -0.121 (-0.499 to 0.258) 0.0098 0.065

ESRD (renal:indet) 0.001 (-0.329 to 0.331) - - -0.032 (-0.241 to 0.176) - -

ESRD (systemic:indet) -0.004 (-0.300 to 0.292) - - -0.135 (-0.323 to 0.053) - -

ESRD (urologic:indet) 0.143 (-0.427 to 0.712) - - 0.415 (0.047 to 0.783) - -

IS (CSA+AZA:FK+MMF) 0.336 (-0.045 to 0.718) 0.0204 0.027 0.099 (-0.134 to 0.333) 0.0041 0.584

IS (CSA+MMF:FK+MMF) 0.346 (0.006 to 0.686) - - 0.099 (-0.115 to 0.312) - -

IS (FK+AZA:FK+MMF) 0.665 (0.033 to 1.362) - - 0.396 (-0.042 to 0.834) - -

IS (NoCalc:FK+MMF) 1.183 (0.205 to 2.161) - - -0.007 (-0.613 to 0.599) - -

IS (Thymo:FK+MMF) -0.310 (-0.874 to 0.253) - - 0.016 (-0.332 to 0.365) - -

AR - - - -0.261 (-0.457 to -0.064) 0.0075 0.009

CR1/0 - - - -0.118 (-0.300 to 0.064) 0.0018 0.202

UO1 (0.3:2.8) - - - 1.155 (0.904 to 1.407) 0.1897 <0.001

CI, 95% confidence interval; P R2, parcial R2. CIT, hours of cold ischemia time; RRT, years in renal replacement therapy before 
transplantation; HLA I and II, HLA I and II mismatches; Anti-IL2, use of either basiliximab or daclizumab in the initial immunossupressive 
regimen; ESRD, cause of End-Stage Renal Disease, grouped as systemic, renal, urologic, autossomal dominant polycystic kidney disease 
(ADPKD) and indeterminate (indet) – see supplemental table 1; IS, immunossupressive regimen: CSA, cyclosporine; AZA, azathioprine; 
MMF, mycophenolate; NoCalc, no calcineurin inhibitor and no thymoglobulin; Thymo, thymoglobulin; CR1/0, ratio of plasma creatinine 
concentration between the 1st and  0th postoperative days; Donor and patient age in years. Donor creatinine (Donor Cr) in mg%.
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and CIT in a second nomogram for illustrative 
purposes (Figure-4). Supplemental Figures 1 and 
2 depicts the calibration plot for both models. 
Predictive equations from the UO1 and UO8 mo-
dels were also included as supplementary material 
for examination and external validation purposes 
(supplemental Figures 3 and 4).

DIScUSSION

 This study indicated CIT as the dominant 
predictor of early post-transplantation diuresis. 
Inclusion of early predictors associated with re-

-establishment of allograft function (UO1, and in 
lesser extent CR1/0) and immunologic acceptance 
of the allograft (AR), almost completely dissipated 
CIT’s ability to predict urine output one week after 
transplantation. With our regression models we 
constructed and internally validated nomograms 
to predict post-transplantation diuresis.

 Multiple correlations such as seen in this 
study benefit from multivariable regression strate-
gies. Yet, interpreting results from these complex 
models through parameters’ coefficients – which 
can admit variables’ interactions and nonlinear 
effects – can challenge even the most proficient 

figure 3 - Nomogram to predict UO8. 

In order to obtain the predicted hourly urinary output in mL/Kg, the user identifies each predictors’ values in their respective axes and uses a straightedge to approximate its 
score in the Points axis. All predictors values are added and this total score is identified in the Total Points axis. The predicted hourly urinary output can then be estimated in 
the UO8 mL/Kg h axis, also with a straightedge. This operation is considerably simplified with the use of a caliper.  ESRD etiology: r, renal; s, systemic; u, urologic; a, adpkd; 
i, undetermined; AR, occurrence of acute cellular rejection within one week of transplantation; Cr1/0, ratio between plasma creatinine at postoperative day 1 and 0.
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analyst. Graphical assessment of these models, 
in contrast, greatly simplifies the task of unders-
tanding these models’ implications. Nomograms 
are particularly appealing, as they allow strai-
ghtforward visual appraisal of the contribution of 
each predictor to the outcome. Nonlinear predic-
tors’ effects, for instance, are depicted with irregu-
lar intervals between predictors’ values, which can 
easily be seen in the CIT axis of our UO1 model. 
The effect of CIT was, nonetheless, monotonically 
detrimental to UO1. Irregular intervals, but with 

figure 4 - Nomogram to predict UO8. 

In order to obtain the predicted hourly urinary output in mL/Kg, the user identifies each predictors’ values in their respective axes and uses a straightedge to approximate its score 
in the Points axis. All predictors values are added and this total score is identified in the Total Points axis. The predicted hourly urinary output can then be estimated in the UO8 
mL/Kg h axis, also with a straightedge. This operation is considerably simplified with the use of a caliper.
ESRD etiology: r, renal; s, systemic; u, urologic; a, adpkd; i, undetermined; AR, occurrence of acute cellular rejection within one week of transplantation; Cr1/0, ratio between 
plasma creatinine at postoperative day 1 and 0.

monotonic favorable effects can also be observed 
in the UO1 axis of the UO8 model.

 Recent years have witnessed the publica-
tion of a fair number of nomograms and predic-
tive scores in the field of kidney transplantation, 
mostly to predict DGF or allograft survival (7, 8, 
27). In the study that most resembles ours, as it 
used a continuous outcome variable, investigators 
from the Cleveland Clinic (8) developed a nomo-
gram to predict glomerular filtration rate one year 
postoperatively. Although with merits such a large 
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dataset, absence of variable selection algorithms 
and allowance for nonlinearity, its considerable 
number of predictors (18 predictors) may curtail 
clinical applicability (28). Inclusion of a large set 
of predictors also marks another study, using the 
UNOS database (7), which included 11 continuous 
and 9 categorical variables to predict DGF with 
moderate-to-high accuracy (c-concordance index 
=0.704). These studies can be contrasted with the 
simpler approach offered by Canadian investiga-
tors, that developed a nomogram to predict DGF 
(7) with a much smaller set of predictors: CIT, pa-
tient age and weight, HLA-DR mismatches, ma-
ximum panel of reactive antibodies (peak PRA) 
score and donor age. Their leaner predictor’s set 
did not preclude the attainment of a fairly high 
c-concordance index (0.73).

 Indeed, less predictors do render nomogra-
ms more transparent and easier to use. A nomo-
gram can be printed on a piece of paper to provide 
direct visual assessment of how predictors inter-
fere on the specific outcome, thus enabling open 
discussions with patients and fellow clinicians of 
the diagnostic and prognostic implications of said 
predictors (29). On the other hand, a smaller set of 
predictors can be the limiting element to antici-
pate multifactorial continuous outcomes, such as 
early post-transplantation diuresis.

 We observed this limitation in predic-
tive ability through the steep increase in op-
timism-corrected R2 between the UO1 and UO8 
models (0.21 to 0.47). This rise in predictive 
power led us to conjecture that early urine ou-
tput was most likely influenced by unmeasured 
variables, and that the aggregate effect of the-
se unmeasured variables was effected through 
early diuresis (UO1), by far the most important 
predictor of urine output one week after trans-
plantation. Indeed, UO1 alone accounted for 
35% of the total variance of the UO8 model. 
Corrobatory evidence to this conjecture lies in 
the fact that CIT, after exerting its key effect 
on early diuresis, became a remarkably we-
aker predictor in the UO8 model (its partial R2 
falling from 0.06 to 0.001), for we fail to reason 
why the effects of these unmeasured variables 
should not follow an analogous path. Although 
a large predictors’ set inhibits the clinical use of 

a predictive tool, one should concede that pre-
dicting a continuous variable with truly mul-
tivariate causative factors may, ultimately and 
unavoidably, demand more predictors.

 This study has many drawbacks. We are 
quite aware that urine output is a necessary but 
not sufficient condition of allograft functional 
recovery, as metabolic waste products, ions and 
other molecules must be also be eliminated. We 
thus acknowledge that our study addresses only 
one – however fundamental – aspect of kidney 
function. Also, we did not have access to other 
potentially important predictors, such as type 
of harvesting procedure (single versus multi-
ple organ) and preservation solution, patient 
pre-transplantation diuresis and occurrence of 
intraoperative hypotension, to name a few. As 
discussed above, one cannot lightly dismiss the 
possibility of a significant rise in UO1 model’s 
predictive power brought about by these and 
probably other predictors.

 In addition, one may oppose the pre-
sence in the dataset of patients receiving both 
living-related and deceased allografts, conside-
ring that brain death has severe autonomic and 
hemodynamic repercussions that are not wholly 
encapsulated by CIT. We wanted, however, to 
assess the widest possible range of CITs, and 
we hope to have mitigated differences between 
deceased and living-related allografts by ad-
mitting nonlinear CIT effects in the UO1 model. 
Furthermore, we also recognize that one can 
read our grouping of ESRD causes as arbitra-
ry and therefore a source of classification bias. 
Still, we consider that any such classification 
scheme will have some built-in arbitrariness, so 
that bias may be difficult to avoid. Lastly, we 
fully acknowledge that our results are condi-
tioned to the peculiarities of our dataset, and 
advise caution on the part of the reader in the 
clinical application of our results.

cONcLUSIONS

 This study indicated the preponderant 
role of CIT in determining early post-transplan-
tation diuresis (UO1), with donor age, RRT and 
choice of initial immunosuppressive regimen 
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Supplemental figure 1: calibration plot for the UO1 model. Supplemental figure 2: calibration plot for the UO8 model.

playing a secondary – albeit important – role. 
Urine output one week after transplantation 
(UO8) was mainly determined by early diure-
sis, and penalized by acute rejection episodes. 
From these results we developed and internally 
validated nomograms to predict urine output 
in the 1st and 8th days after transplantation. 
The sharp increase in explanatory power be-
tween models, however, suggests the existence 
of preoperative and intraoperative unmeasured 
variables exerting their effects through early 
urine output (UO1).

 We hope that this study inspires other 
investigators to further explore and improve 
these predictive models. In particular, which va-
riables may be added in predictive models for 
early urine output to increase their predictive 
power. In that we acknowledge that our inves-
tigation is but a first attempt to provide the 
urologic and nephrologic community with what 
we deem to be an useful predictive tool for the 
postoperative course of these patients in order 
to better manage patients’ expectations.

ABBREvIATIONS 

DGF = Delayed Graft Function
SGF = Slow Graft Function
CIT = Cold Ischemia Times
TRIPOD = Transparent Reporting of a Multiva-
riate Prediction Model for Individual Prognosis 
or Diagnosis
HLA I = Class I (A, B) Human Leucocyte Antigen
HLA II = Class II (DR) Human Leucocyte Antigen
ESRD = End-Stage Renal Disease
anti-IL2 = Anti-Interleucin 2 Antibodies
UO1 = Hourly urine output in postoperative day 1
UO8 = Hourly urine output in postoperative days 
8
CR1/0 = Ratio between plasma creatinine concen-
tration at postoperative days 1 and 0
AR = Biopsy-proven acute cellular rejection
IQR = Interquartile range

cONfLIcT Of INTEREST

None declared.

AppENDIX
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UO1 Model

E(UO1mL/(h×Kg)) = Xβ, where

Xβ̂ =

4.254

−0.1085CIT + 0.001111(CIT− 1.376)3+ − 0.00115(CIT− 2.33)3+

+2.325×10−5(CIT− 17)3+ − 2.22×10−5(CIT− 23)3+ + 3.768×10−5(CIT− 33.6)3+

−0.01024 DonorAge− 0.006885 PatientAge− 0.04698 RRT

+0.1215[HLAI = (3− 1)] + 0.3881[HLAI = (4)]

−0.05551[HLAII = (1)]− 0.3601[HLAII = (2)]

−0.1[NoIL2]− 0.1742 DonorCreatinine

−0.2369[PatientSex = (m)]

−0.2174[DonorSex = (m)]

−0.02685[ESRDindet]− 0.02583[ESRDrenal]− 0.03066[ESRDsystemic] + 0.1159[ESRDurologic]

+0.009202[csa + mmf] + 0.3281[fk + aza]− 0.3365[fk + mmf] + 0.8466[NoCalc]

−0.6467[thymo]

and [c] = 1 if subject is in group c, 0 otherwise; (x)+ = x if x > 0, 0 otherwise
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and [c] = 1 if subject is in group c, 0 otherwise; (x)+ = x if x > 0, 0 otherwise
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Supplemental figure 3: Equation to predict UO1.

Supplemental figure 4: Equation to predict UO8.UO8 Model

E(UO8mL/(Kg×h)) = Xβ, where

Xβ̂ =

1.168

+1.803UO1− 0.6776(UO1− 0.007729)3+ + 0.9511(UO1− 0.4829)3+

−0.2393(UO1− 1.566)3+ − 0.04217(UO1− 2.684)3+

+0.00795(UO1− 4.26)3+ − 0.004108 CIT− 0.001285 DonorAge

−0.006181 PatientAge + 0.006997 RRT

+0.06739[HLAI = (3− 1)] + 0.1539[HLAI = (4)]

−0.03296[HLAII = (1)] + 0.05218[HLAII = (2)]

+0.009028[NoIL2]

−0.1992[PatientSex = m]

+0.1125[DonorSex = m]

+0.1206[ESRDindet] + 0.0882[ESRDrenal]− 0.01447[ESRDsystemic] + 0.5353[ESRDurologic]

−0.0009319[csa + mmf] + 0.2967[fk + aza]− 0.09949[fk + mmf]

−0.1061[NoCalc]− 0.08307[thymo]− 0.0682 DonorCreatinine

−0.2608 (AR = 1)− 0.2391 Cr1/0

and [c] = 1 if subject is in group c, 0 otherwise; (x)+ = x if x > 0, 0 otherwise
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Supplemental Table 1 - Organ origin according to donor type.

Group Cause of Brain Death N (%)

Deceased, vascular 106 (24.4%)

Subarachnoidal hemorrhage 87 (20.1%)

Ischemic Stroke 18 (4.1%)

Acute myocardial infarction 1 (0.2%)

Deceased, non-vascular 176 (40.5%)

Cranial trauma (blunt) 120 (27.6%)

Cranial trauma (perforating) 21 (4.8%)

Brain tumor 18 (4.1%)

Central hypoxia 13 (3.0%)

Hypovolemic shock 3 (0.7%)

Enkephalitis 1 (0.2%)

Living-related donor 152 (35%)

Total 434 (100%)
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Supplemental Table 2 - causes of End-Stage Renal Disease.

Aggregated Cause Cause N (%)

Systemic - 165 (34.9%)

Systemic Arterial Hypertension 118 (24.9%)

Diabetes Mellitus 41 (8.7%)

Eclampsia 3 (0.6%)

Hypovolemic Shock 1 (0.2%)

Thrombotic Microangiopathy 1 (0.2%)

Septic Shock 1 (0.2%)

Renal - 104 (22.0%)

Glomerulonephritis (Unspecified) 30 (6.3%)

Glomerulonephritis (Membranoproliferative) 18 (3.8%)

Segmental Focal Glomerulonephritis 14 (3.0%)

Lupus Nephritis 10 (2.1%)

IgA Nephropathy 9 (1.9%)

Interstitial Nephritis 8 (1.7%)

Alport’s Disease 7 (1.5%)

Glomerulonephritis (Rapidly Progressive) 7 (1.5%)

Glomerulonephritis (Post-Infectious) 1 (0.2%)

ApKD - 22 (4.7%)

Urologic - 24 (5.1%)

Reflux Nephropathy 10 (2.1%)

Neurogenic Bladder Dysfunction 5 (1.1%)

Urolithiasis 5 (1.1%)

Chronic Pyelonephritis (Unspecified) 2  (0.4%)

Obstructive Uropathy (Unspecified) 1 (0.2%)

Urethral Stricture 1 (0.2%)

Indeterminate - 158 (33.4%)

Total 473 (100%)

Causes of End-Stage Renal Disease. APKD, Adult Polycystic Kidney Disease. Percentages rounded to one decimal point.
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ABSTRAcT
 

Objective: To cross-culturally adapt and check for the reliability and validity of the 
neurogenic bladder symptom score questionnaire to Brazilian portuguese, in patients 
with spinal cord injury and multiple sclerosis.
Materials and Methods: The questionnaire was culturally adapted according to in-
ternational guidelines. The Brazilian version was applied in patients diagnosed with 
neurogenic bladder due to spinal cord injury or multiple sclerosis, twice in a range of 
7 to 14 days. Psychometric properties were tested such as content validity, construct 
validity, internal consistency, and test-retest reliability.
Results: Sixty-eight patients participated in the study. Good internal consistency of 
the Portuguese version was observed, with Cronbach α of 0.81. The test-retest reli-
ability was also high, with an Intraclass Correlation Coeffi cient of 0.86 [0.76 - 0.92] 
(p<0.0001). In the construct validity, the Pearson Correlation revealed a moderate cor-
relation between the Portuguese version of the NBSS and the Qualiveen-SF question-
naire (r = 0.66 [0.40-0.82]; p <0.0001).
Conclusions: The process of cross-cultural adaptation and validation of the NBSS ques-
tionnaire for the Brazilian Portuguese in patients with neurogenic lower urinary tract 
dysfunction was concluded.
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INTRODUcTION

Patients with neurogenic lower urinary tract 
dysfunction (NLUTD) constitute a population with 
several peculiarities. They often require special care 
in the management of their urinary problems, in-
cluding the frequent need for intermittent bladder 
catheterization or for the use of an indwelling ca-

theter. Thus, the use of unspecifi c questionnaires 
for the evaluation of lower urinary tract symp-
toms in this population is highly inaccurate (1).

 Patient Reported Outcome Assessments 
(PROs) are effective tools for characterizing symp-
tom burden and health-related quality of life (QoL) 
and they are playing an increasing role in clinical 
decision-making (2).
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 When selecting a PRO for use in a parti-
cular setting, it is of utmost importance to pick 
one that is relevant and applicable to that specific 
population and the desired evaluation or outcome. 
Once it has been decided which PRO to use, it is 
important to choose a questionnaire that has been 
scientifically developed and validated (1, 3).

 Several instruments were developed and 
recommended for evaluating lower urinary tract 
symptoms invarying clinical conditions (4, 5) 
but, until recently, Qualiveen (6) was the only 
specific questionnaire to evaluate patients with 
NLUTD. It was developed primarily for evalua-
tion of the QoL aspects related to urinary tract 
symptoms in patients with traumatic spinal cord 
injury and was later validated for patients with 
Multiple Sclerosis (7).

 To meet the need for a questionnaire to 
assess lower urinary tract symptoms in patients 
with NLUTD, Welk et al. developed the Neurogenic 
Bladder Symptom Score (NBSS) (8). Considering 
the lack of any appropriate PRO to evaluate pa-
tients with NLUTD in Portuguese, we decided to 
translate, culturally adapt and validate the Neuro-
genic Bladder Symptom Score (NBSS) in Brazilian 
Portuguese.

MATERIALS AND METHODS

Cross-cultural adaptation
 The cultural adaptation process was car-

ried out according to international standards (9, 
10), after authorization granted by the author.

 Two versions of the NBSS were provided 
by two Portuguese-speaking individuals who were 
fluent in English, and an agreed-upon version in 
Portuguese was developed. The translated version 
was back-translated to English by a United States 
native, fluent in Portuguese, non-medical, blind to 
the purpose of the study. The authors reviewed the 
English back-translation to ensure that the ori-
ginal content had been maintained and to reveal 
inconsistencies with the Portuguese version. The 
results were submitted to a committee of bilingual 
members composed by two urologists specialized 
in voiding dysfunction, one urogynecologist and 
one physiatrist. The items of the questionnaire 
were analyzed by the judges as to their relevan-

ce and comprehensiveness of the aspects of the 
measured phenomenon. The committee also eva-
luated the semantic, idiomatic, and conceptual 
equivalence of each version item. The sugges-
ted modifications were performed only when the 
agreement percentage was approximately 90%. 
The author of the original study was informed of 
all stages of the study.

 As a pilot/pre-test, the Brazilian version of 
the NBSS was applied to ten individuals (5 women 
and 5 men), aged 20 to 42 years, 5 with high scho-
ol education and 5 with university/college educa-
tion. In all cases, respondents were asked about 
the understanding of the questions and whether 
the alternatives were clear. After minor final ad-
justments made by the committee, the test version 
of the scale was concluded.

Participants
 Including criteria for the study were: mi-

nimum age of 18 years and diagnosis of NLUTD 
caused by spinal cord injury or multiple sclero-
sis. Exclusion criteria were: a history of urological 
surgery in the last 12 months, acute change in ge-
neral health status during the study, patients with 
cognitive impairment, urinary tract infection in 
the last 30 days or recent change in the treatment 
of their NLUTD. These criteria were the same as 
those used by the researchers who developed the 
questionnaire (11).

 Eligible patients were identified and invi-
ted to participate in the study from the daily sche-
dule of medical consultations with the physiatrist 
or urologist. Sixty-eight patients of both genders 
with NLUTD were included in the study and all 
signed the informed consent form.

 The study was approved by the Ethics 
Committee of the Hospital das Clínicas da Facul-
dade de Medicina da Universidade de São Paulo, # 
1.177.224.

Questionnaires
 The NBSS is a comprehensive question-

naire for assessment of lower urinary tract symp-
toms and evaluation of consequences of NLUTD. 
It can be applied both in men and women with 
congenital or acquired NLUTD. The scale evaluates 
three domains that best represent the spectrum of 
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neurogenic bladder dysfunction: 1- Incontinence 
(eight questions), 2- Storage and Voiding (seven 
questions) and 3- Consequences (seven questions). 
Two additional questions (first and last) are direc-
ted respectively to the method of bladder emp-
tying and the impact of NLUTD on QoL and com-
plete the 24 NBSS items. The NBSS has a possible 
score of 0 to 74, where the higher the score, the 
greater the severity of the symptoms. The authors 
validated each of the domains as an independent 
subscale, so that they can be used in combination 
or separately, according to clinical utility (11).

 In most cases, the questionnaire was self-
-administered. Some patients, due to motor im-
pairment for writing, visual acuity reduction or 
reading difficulties due to low educational level, 
asked the researchers for assistance in reading 
aloud or to mark the alternative of their choi-
ce. After answering the NBSS, participants were 
asked if they understood each of the questions and 
found suitable alternatives for them. In the occur-
rence of lack of comprehension of any question, 
or difficulty in identifying a suitable alternative 
for their case, the reason given by the patient was 
noted by the researcher in an appropriate file.

 NBSS was reapplied after an interval of 7 
to 14 days (12). At the second meeting, partici-
pants also answered the Qualiveen-SF QoL ques-
tionnaire (13).

 The Qualiveen is the only questionnai-
re specific for patients with NLUTD, available 
in Portuguese (14). It consists of 08 questions, 
in the short form (SF) (13). It is divided into 
four domains: (1) Bother with limitations, (2) 
Fears, (3) Feelings, and (4) Frequency of limita-
tions. The domains of Qualiveen-SF are compo-
sed of the combination of physical, emotional 
and social issues related to bladder dysfunction. 
The main focus of this questionnaire is on the 
psychosocial and functional impacts of the con-
dition rather than the objective and quantifiable 
clinical symptoms (8).

 In both encounters, participants answe-
red a global bladder assessment question: “How 
much is the current functioning of your bladder 
a problem for you?” Using a Likert scale, partici-
pants chose a score of 0 to 5, with 0 or 1 indicated 
as a little problem, 2 or 3 moderate, and 4 or 5 

very troublesome. Following the original valida-
tion study, a difference greater than or equal to 
two points between the first and second questio-
nnaire responses was considered as a significant 
change in the individual’s bladder function. These 
patients were not included in the test-retest relia-
bility assessment.

 Similarly to the original study, the follo-
wing hypothesis was tested: Patients who answe-
red the question of global evaluation of the blad-
der indicating a significant problem with bladder 
function should have an NBSS score significantly 
higher than those who indicated having moderate 
or no problem with the current functioning of the 
bladder.

Psychometric Properties
 According to recommendations for the 

process of cross-cultural adaptation (10), the 
following psychometric properties of the NBSS 
questionnaire were evaluated in our study:

1) Reliability, that refers to the degree to 
which the measurement is free from measurement 
error (15): In this study, we evaluated the measu-
rement properties, internal consistency and test-
-retest reliability. Internal consistency is a mea-
sure that indicates how well items from the same 
subscale or domain correlate (12). It is evaluated 
by the Cronbach α coefficient, which must be gre-
ater than 0.7 to indicate good internal consistency 
(12). The test-retest reliability aims to show the 
reproducibility of the data comparing scores ob-
tained on two different occasions without any 
therapeutic interventions between the two mea-
surements. The results were assessed through the 
Intraclass Correlation Coefficient (ICC). A corre-
lation above 0.7 is considered strong (12, 16). 2) 
Validity, that refers to the degree to which an ou-
tcome measure measures the construct it purports 
to measure (15): In this study, we evaluated the 
measurement properties construct and content va-
lidity. Construct validity refers to the instrument’s 
ability to measure the built-in concept it intends 
to search for (17). It was assessed by Pearson`s 
Correlation comparing the Qualiveen-SF ques-
tionnaire with the NBSS QoL question (Q24). The 
content validity is a subjective property tested by 
people with recognized knowledge in the subject, 
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capable of judging whether the questions propo-
sed in the scale are relevant and representative 
of all aspects of the phenomenon to be measured 
(17). It was determined by the committee of ex-
perts who reviewed and evaluated the NBSS.

 The strength of correlations was evalu-
ated according to standardized parameters, as 
follows (16). Downhill linear relationships have 
the same strength values, but negative: Exactly 
+1. A perfect uphill (positive) linear relationship;

+0.70. A strong uphill (positive) linear re-
lationship;

+0.50. A moderate uphill (positive) rela-
tionship;

+0.30. A weak uphill (positive) linear re-
lationship;

0. No linear relationship.
We also compared the total NBSS with 

the severity of the voiding symptoms measured 
by the global bladder assessment question. We 
tested for linear trend as a post-testing after one-
-way ANOVA.

We did not evaluate Responsiveness, whi-
ch is a property that refers to the ability of an ou-
tcome measure to detect change over time in the 
construct to be measured (15).

Statistical analysis

For the statistical analysis, we used Med-
Calc Statistical Software version 18.10.2 (MedCalc 
Software, Ostend, Belgium; http://www.medcalc.
org; 2018).

RESULTS

 A total of 68 patients participated in the 
study, of which 57 (83.8%) were men, aged be-
tween 19 and 78 years, mean of 38.9. In 66 cases 
(97.1%), spinal cord injury was the cause of NLU-
TD. Table-1 shows the data of neurological disease 
time, lesion level, educational level and type of 
bladder management.

 Of the 68 participants who completed the 
initial NBSS assessment, nine (13.2%) did not re-
turn for the retest. Thirteen patients (19.1%) who 
completed the retest questionnaire were excluded 
because they reported a significant change in bla-

dder function between the first and second evalu-
ation. Data from 46 patients who completed the 
test and retest phases were used for the test-retest 
reliability analysis. The percentage of blank res-
ponses was 2.0%.

 For question 24, which evaluates the im-
pact of NLUTD on QoL, the median score was 3 [2-
5], indicating a predominance of patients dissatis-
fied with the QoL about their bladder condition. 
The median total score was 22 [15 to 30].

 The internal consistency was tested by 
Cronbach α with a result of 0.81.

Forty-six patients participated in the test-
-retest reliability study which showed an ICC of 
0.86 [0.76-0.92] (p < 0.0001) for the overall score. 
Table-2 presents the detailed results.

 Content validity was assessed through the 
subjective judgment of the expert committee (18), 
which confirmed that the scale covers the most 
relevant aspects related to NLUTD.

The construct validity was assessed in two 
ways. Pearson Correlation revealed a moderate 
correlation between NBSS with the Qualiveen-SF 
with a finding of 0.66 ([0.40-0.82]; p < 0.0001). 
We also evaluated this psychometric property 
comparing NBSS score with the value attributed 
to the overall bladder function. It should be noted 
that NBSS progressively and significantly incre-
ased as bladder function values. One-way ANO-
VA with trend analysis demonstrates that patients 
who reported having a more severe problem with 
their bladder function had higher NBSS scores (p 
= 0.026) (Table-3).

Of the 68 participants, 11 (16.2%) com-
mented on the content of the questionnaire, 
including 13 comments about 11 questions. No 
comments were received from more than two 
(2.9%) participants.

Eleven observations (16.2%) were made 
about uncertainty as to the appropriate alterna-
tive for their case of some of the questions, and 
two other comments (2.9%) were about difficulty 
of understanding a term or suggestion for im-
provement.

For the analysis of the observations about 
uncertainty as to the appropriate alternative for 
their case, we tried to evaluate the impact of the 
educational level. Participants were divided into 
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Table 1 - Sociodemographic and clinical characteristics of 68 patients with neurogenic lower urinary tract disfunction.

Sociodemographic Characteristics n (total = 68)

Gender

Male 83.8%

Female 16.2%

Age (years)

Average (SD) 38.9 (± 14.7)

Median (min-max) 35 (19-78)

Education Level

Illiterate 1 1.5%

Elementary School complete or incomplete 16 23.5%

High School complete or incomplete 38 55.9%

College or more 12 17.6%

Did not answer 1 1.5%

Diagnosis

Spinal Cord Injury 66 97.1%

Multiple Sclerosis 1 1.5%

Did not answer 1 1.5%

Injury Time (months)

Average (SD) 41 (± 42.6)

Median (min-max) 27 (2-168)

Injury Level

Cervical 34 50.0%

Thoracic 28 41.2%

Low back 3 4.4%

Sacral 1 1.5%

Not identified or not applicable 2 2.9%

ASIA Grade

A 42 61.8%

B, C, D or E 22 32.3%

Not identified or not applicable 4 5.9%

Bladder Management

Indwelling catheter or urostomy bag 2 2.9%

Condom catheter 0 -
Intermittent catheter 59 86.8%

Spontaneous voiding 7 10.3%
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two groups based on having complete or in-
complete high school level education, and it was 
not possible to establish an association between 
educational level and the emergence of misun-
derstandings (p = 0.47).

The observations about incomprehension 
were low and scattered among the questions, whi-
ch attests that the instrument is adequate and does 
not need more changes.

DIScUSSION

Evaluation questionnaires are developed 
largely in English (19). To use assessment tools 
created in a foreign language, a systematic and 
standardized process of cultural adaptation and 
validation is necessary to guarantee the success 
of the version, considering linguistic and cultural 
differences (10). This process allows the achieve-
ment of benchmarks and comparisons with inter-
national data, also, to opening doors for multicen-
ter trials involving different countries (20).

 The NBSS was developed to meet clinical 
and scientific needs for an instrument to assess 
symptoms associated with NLUTD and its con-
sequences (8). The NBSS items were developed 
through interviews with patients (with a diagnosis 
of spinal cord injury, multiple sclerosis, and spina 
bifida), expert opinion and a literature review (1). 
It has been shown to be responsive to positive cli-
nical changes and may be used to monitor patient 
improvement over time or after intervention (21). 
It is also available in Italian (22).

 The process of cultural adaptation of the 
NBSS followed an internationally recognized 
methodology, proposed by Beaton et al. (10) and 
Guillemin et al. (9). This method has been succes-
sfully applied in Brazil in other similar works (19, 
23, 24).

 Most of the patients answered the ques-
tionnaire by themselves, without the help of the 
researchers. In this case, some items are expected 
to be left blank (25). Notwithstanding, the percen-
tage of blank responses in this study was very low 

Table 2 - Reproducibility and internal consistency of NBSS.

NBSS ICC
n = 46

CI 95%

Overall Score 0.86 0.76-0.92

Subdomains

Incontinence 0.83 0.71-0.91

Storage and Voiding 0.81 0.75-0.90

Consequences 0.80 0.66-0.87

cI = Confidence Interval

Table 3 - variation between the final score and the severity of the voiding symptoms (self-reported).

NBSS final score Trend to linearity

Response for global bladder function Mean ± SD

Little problem 18.51 ± 8.25

P = 0.026Moderate 21.44 ± 8.94

Very troublesome 26.32 ± 9.47

SD = Standard Deviation
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(2.0%). The comprehension analysis demonstrated 
that the NBSS is a self-applicable questionnaire, 
simple and easy to answer.

 The present study demonstrated the follo-
wing psychometric properties of the adapted NBSS 
version: content validity, internal consistency, 
test-retest reliability, and construct validity.

 In the internal consistency analysis, the 
Cronbach α of 0.81 indicated a good level of in-
ternal consistency, similar to the result obtained in 
the original NBSS development work, which was 
0.89 (11). In the evaluation of reliability, a strong 
correlation (0.86) was observed, also similar to 
that obtained in the original study (0.91) (11). 
When evaluated separately, each of the subscales 
also showed strong test-retest reliability.

 The construct validity was performed 
through the QoL questionnaire Qualiveen-SF. Its 
correlation with the NBSS QoL question (Q24) 
was investigated, in the same way as the ori-
ginal study. In our study, the correlation with 
the Qualiveen-SF was moderate (0.66), very si-
milar to the result found in the original English 
version (0.67) (11). This moderate correlation is 
possibly due to the variability imposed by me-
asuring quite diverse constructs in their essen-
ce (18). While Qualiveen-SF was developed for 
QoL assessment, the NBSS focuses on assessing 
symptoms and their achievements, with only 
one question for QoL assessment.

 The construct validity was also demons-
trated in our analysis comparing the total NBSS 
score and the question of overall bladder evalua-
tion. The same was tested and proven in the ori-
ginal study. Additionally, it is possible to notice a 
trend of linearity: the higher the score, the worse 
the patient’s perception of their bladder function.

 A potential limitation of our study is the 
sample size. Although it is crucial for the plan-
ning of studies, there is no consensus on the ide-
al sample for cross-cultural adaptation and vali-
dation studies. van Nispen et al. (26) suggested 
that the existing recommendations (10, 20) do not 
properly define what an adequate sample size is 
and proposed that since this issue is highly depen-
dent on the construct to be measured, users should 
make this decision for their application. Terwe et 
al. (27) stated that no criteria have been defined 

for the required sample size of studies assessing 
measurement. Likewise, they consider a sample 
size of at least 50 patients adequate to determine 
the minimal important changes to evaluate inter-
pretability. Anthoine et al. (28) in a review arti-
cle showed that the sample size determination for 
psychometric validation studies is rarely ever jus-
tified a priori and that 86% of the validation stu-
dies did not provide robust justification for their 
sample size. Finally, in a recent study by Daniel-
sen et al. (29), the authors extensively reviewed 
the methodological process of studies focused on 
translation and validation of questionnaires from 
English to an European language. They found that 
most researchers did not use a translation guide 
and that the only consensus was centered on the 
use of forward/backwards-translations and use of 
Cronbach´s alpha when testing the internal validi-
ty. They also criticized the available recommenda-
tions and guidelines stating that they do not seem 
to cover both the translation as well as testing of 
the translation. This study further emphasizes the 
lack of clear scientifically sound recommenda-
tions on this topic.

 Although patients with NLUTD are fre-
quent in rehabilitation centers, it is not easy to 
enroll a large sample population for studies. Their 
associated mobility and transportation restrictions 
(most are wheelchair bound) make it difficult for 
them to participate in studies that require more 
than one meeting, in a brief period of time (14).

 We believe that despite the relatively small 
sample in our study, we were able to properly per-
form the cross-cultural adaptation and validation 
of the NBSS questionnaire for the Brazilian Por-
tuguese (Appendix). Our sample meets the mini-
mum criteria proposed by Terwee et al. (27) and is 
equivalent to several other validation studies (14, 
19). Although the recommendation by Beaton (10) 
is for a larger population, it has become accepta-
ble in many studies to include smaller samples, 
especially when the studied population is not very 
large and easy to enroll.

 In our sample, most patients (97.1%) had 
a diagnosis of spinal cord injury, characteristic 
to the profile of the institutions where the data 
were collected. There was a predominance of men 
(83.8%), reflecting the prevalence of this gender in 
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the spinal cord-injured population (30), followed 
by spinal cord injury (35%) and congenital NLUTD 
(6%). Despite the difference between the samples 
from the two studies, the results were very similar.

cONcLUSIONS

 The results of this study demonstrated that 
the Brazilian version of the Neurogenic Bladder 
Symptom Score has good internal consistency and 
reliability, with clear and relevant content that is 
appropriate to measure the correct construct.

We considered that the process of cultural 
adaptation and validation of the NBSS Portuguese 
questionnaire for patients with neurogenic lower 
urinary tract dysfunction was performed. The Bra-
zilian version of the NBSS is suitable for clinical 
and research use.

ABBREvIATIONS

CI = Confidence Interval
ICC = Intraclass Correlation Coefficient
NBSS = Neurogenic Bladder Symptom Score
NLUTD = Neurogenic lower urinary tract dysfunc-
tion
PRO = Patient Reported Outcome Assessment
QoL = Quality of life
SD = Standard Deviation
SEM = Standard Error of Measurement
SF = Short Form

cONfLIcT Of INTEREST

None declared.

REfERENcES

1. Clark R, Welk B. Patient reported outcome measures in 
neurogenic bladder. Transl Androl Urol. 2016;5:22-30.

2. Narang GL, Pannell SC, Laviana AA, Huen KHY, Izard J, 
Smith AB, et al. Patient-reported outcome measures in 
urology. Curr Opin Urol. 2017;27:366-74.

3. McKenna SP. Measuring patient-reported outcomes: moving 
beyond misplaced common sense to hard science. BMC 
Med. 2011;9:86.

4. Tamanini JT, Dambros M, D’Ancona CA, Palma PC, 
Botega NJ, Rios LA, et al. Concurrent validity, internal 
consistency and responsiveness of the Portuguese 
version of the King’s Health Questionnaire (KHQ) in 
women after stress urinary incontinence surgery. Int Braz 
J Urol. 2004;30:479-86.

5. Barry MJ, Fowler FJ Jr, O’Leary MP, Bruskewitz RC, 
Holtgrewe HL, Mebust WK, et al. The American Urological 
Association symptom index for benign prostatic hyperplasia. 
The Measurement Committee of the American Urological 
Association. J Urol. 1992;148:1549-57.

6. Costa P, Perrouin-Verbe B, Colvez A, Didier J, Marquis P, 
Marrel A, et al. Quality of life in spinal cord injury patients 
with urinary difficulties. Development and validation of 
qualiveen. Eur Urol. 2001;39:107-13.

7. Bonniaud V, Bryant D, Parratte B, Gallien P, Guyatt G. 
Qualiveen: a urinary disorder-specific instrument for use in 
clinical trials in multiple sclerosis. Arch Phys Med Rehabil. 
2006;87:1661-3.

8. Welk B, Morrow SA, Madarasz W, Potter P, Sequeira 
K. The conceptualization and development of a patient-
reported neurogenic bladder symptom score. Res Rep Urol. 
2013;5:129-37.

9. Guillemin F. Cross-cultural adaptation and validation of 
health status measures. Scand J Rheumatol. 1995;24:61-3.

10. Beaton DE, Bombardier C, Guillemin F, Ferraz MB. Guidelines 
for the process of cross-cultural adaptation of self-report 
measures. Spine (Phila Pa 1976). 2000;25:3186-91.

11. Welk B, Morrow S, Madarasz W, Baverstock R, Macnab J, 
Sequeira K. The validity and reliability of the neurogenic 
bladder symptom score. J Urol. 2014;192:452-7.

12. Keszei AP, Novak M, Streiner DL. Introduction to health 
measurement scales. J Psychosom Res. 2010;68:319-23.

13. Nader BB. Tradução, validação e adaptação cultural 
do questionário qualiveen short form [Dissertação]: 
Universidade Estadual de Campinas; 2016.

14. D’Ancona CA, Tamanini JT, Botega N, Lavoura N, Ferreira 
R, Leitão V, et al. Quality of life of neurogenic patients: 
translation and validation of the Portuguese version of 
Qualiveen. Int Urol Nephrol. 2009;41:29-33.

15. Mokkink LB, Terwee CB, Patrick DL, Alonso J, Stratford 
PW, Knol DL, et al. The COSMIN study reached international 
consensus on taxonomy, terminology, and definitions of 
measurement properties for health-related patient-reported 
outcomes. J Clin Epidemiol. 2010;63:737-45.

16. Rumsey DJ. Statistics For Dummies. 2nd ed. Wiley. 2011: 
pp. 384.



ibju | Cross-Cultural adaptation and validation of nBss

613

17. Fachel J CS. Avaliação psicométrica: a qualidade das medidas 
e o entendimento dos dados. : In: Cunha J. Psicodiagnóstico 
V. Porto Alegre: Artmed Editora; 2000.

18. Streiner DL NG. Health Measurement Scales. Second ed. ed. 
Oxford: Oxford Medical Publications1995.

19. Calado AA, Araujo EM, Barroso U Jr, Netto JM, Filho 
MZ, Macedo A Jr, et al. Cross-cultural adaptation of the 
dysfunctional voiding score sympto (DVSS) questionnaire 
for Brazilian children. Int Braz J Urol. 2010;36:458-63.

20. Guillemin F, Bombardier C, Beaton D. Cross-cultural 
adaptation of health-related quality of life measures: 
literature review and proposed guidelines. J Clin Epidemiol. 
1993;46:1417-32.

21. Welk B, Carlson K, Baverstock R. A pilot study of the 
responsiveness of the Neurogenic Bladder Symptom Score 
(NBSS). Can Urol Assoc J. 2017;11:376-8.

22. Fragalà E, Russo GI, Di Rosa A, Giardina R, Privitera S, 
Favilla V, et al. Association Between the Neurogenic Bladder 
Symptom Score and Urodynamic Examination in Multiple 
Sclerosis Patients With Lower Urinary Tract Dysfunction. Int 
Neurourol J. 2015;19:272-7.

23. Tamanini JT, Dambros M, D’Ancona CA, Palma PC, Rodrigues 
Netto N Jr. [Validation of the “International Consultation on 
Incontinence Questionnaire --Short Form” (ICIQ-SF) for 
Portuguese]. Rev Saude Publica. 2004;38:438-44.

24. OUZA CCdCe. Tradução e validação para a língua portuguesa 
do questionário de qualidade de vida IQOL (Incontinence 
Quality of Life Questionnaire), em mulheres brasileiras com 
incontinência urinária. São Paulo: Universidade Federal de 
São Paulo (UNIFESP). 2010.

25. Leeuw Ed. Reducing missing data in surveys: An overview of 
methods. Quality and Quantity. 2001;35(2):147-60.

26. van Nispen RM, Knol DL, Mokkink LB, Comijs HC, Deeg DJ, 
van Rens GH. Vision-related quality of life Core Measure 

(VCM1) showed low-impact differential item functioning 
between groups with different administration modes. J Clin 
Epidemiol. 2010;63:1232-41.

27. Terwee CB, Bot SD, de Boer MR, van der Windt DA, Knol 
DL, Dekker J, et al. Quality criteria were proposed for 
measurement properties of health status questionnaires. J 
Clin Epidemiol. 2007;60:34-42.

28. Anthoine E, Moret L, Regnault A, Sébille V, Hardouin JB. 
Sample size used to validate a scale: a review of publications 
on newly-developed patient reported outcomes measures. 
Health Qual Life Outcomes. 2014;12:176.

29. Danielsen AK, Pommergaard HC, Burcharth J, Angenete E, 
Rosenberg J. Translation of questionnaires measuring health 
related quality of life is not standardized: a literature based 
research study. PLoS One. 2015;10:e0127050.

30. Bellucci CH, Castro Filho JE, Gomes CM, Bessa Junior Jd, 
Battistella LR, Souza DR, et al. Contemporary trends in the 
epidemiology of traumatic spinal cord injury: changes in age 
and etiology. Neuroepidemiology. 2015;44:85-90.

_______________________
Correspondence address:

Cristiano M. Gomes, MD
Divisão de Clinica Urológica

Hospital das Clinicas da Faculdade de Medicina da 
Universidade de São Paulo

Avenida Dr. Enéas de Carvalho Aguiar, 255 /
Sala 710F - 7º Andar

São Paulo, SP, 05403-000, Brasil
Fax: + 55 11 2661-8081

E-mail: crismgomes@uol.com.br



ibju | Cross-Cultural adaptation and validation of nBss

614

NBSS Português, versão 1.2                                                                                                                                      Página 1 
 

 
 
 

AVALIAÇÃO DE SINTOMAS DA 
BEXIGA NEUROGÊNICA 

 

 

• Este questionário é sobre problemas urinários que você pode ter.  

• Por favor, responda a todas as questões escolhendo apenas uma alternativa 

como resposta. 

• O tempo para responder este questionário é de aproximadamente 5 a 10 

minutos. 

• Ao responder, considere o funcionamento habitual da sua bexiga. Não inclua 

alterações temporárias/passageiras da bexiga, tais como infecção urinária 

recente. 

• Todas as questões podem ser respondidas tanto por pacientes que urinam 

espontaneamente quanto pelos que usam sondas, cateteres ou bolsas coletoras 

ou que já foram submetidos à cirurgia de bexiga. 

 

 
 

 

 

Data: ______/_____/______ 

ID do Paciente: ___________________ 
 
 

Appendix - portuguese version of the NBSS and the Qualiveen-Sf questionnaire.
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Editorial comment: Cross-cultural adaptation and validation of the 
neurogenic bladder symptom score questionnaire for Brazilian Portuguese
_______________________________________________
Blayne Welk 1

1 Division of Urology and Epidemiology and Biostatistics, Western University, London, UK

Twenty-firstst century medicine emphasizes a patient centered approach with shared decision 
making. As part of this process, being aware of the patient’s quality of life (QoL) is essential when making 
decisions about their medical care. However, QoL is an abstract concept which is difficult to measure 
objectively. Just as tools such as urodynamics are developed to measure physiological parameters in the 
human body, patient reported outcome measures (PROM) are developed to quantify abstract concepts 
such as QoL and symptom burden. These tools allow researchers to measure the patient’s perception of 
their QoL or symptom burden. Specialized PROMs are often developed to be able to assess a very specific 
aspect of a patient’s life, and ideally they undergo a rigorous qualitative and quantitive process to ensure 
they are valid.

Cintra and colleagues (1) have reported on the cross-cultural translation and validity of the Neu-
rogenic Bladder Symptom Score (NBSS). This is an important, and sometimes overlooked step to ensure 
a PROM is useable outside of their original language and patient population. This process takes into ac-
count differences in societal norms, socioeconomic status, linguistic context, and medical management. 
As an example, in North America the expression “feeling blue” refers to depression, whereas in some 
Latin American cultures this is used as an expression of joy. At the completion of this process, a PROM 
would be considered equivalent to the original.

The authors should be commended for undertaking this process in accordance with the accepted 
methods for cross-cultural adaption, and their contribution includes another independent assessment 
of the validity and reliability of the NBSS. Research in neuro-urology requires the use of high-quality 
instruments, and this also applies to PROMs. Just as BPH symptom scores can easily communicate a 
patient’s symptom burden, or be used as evidence of efficacy in the regulatory approval of a new drug, 
the NBSS can be used to measure patients symptoms, their change over time, and quantify and compare 
the improvement after different procedures. As the developer of the NBSS, my obvious bias is to see this 
tool used in clinical practice and in research, and I hope the work of Dr. Gomes team will allow the NBSS 
to play a role in the care of neurourology patients in Brazil.

EDITORIAL cOMMENT Vol. 45 (3): 615-616, May - June, 2019 

doi: 10.1590/S1677-5538.IBJU.2018.0335.1
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Balloon dilation for failed pyeloplasty in children?
_______________________________________________
Haifeng Duan 1, 2, Wei Zhu 1, 2, Wen Zhong 1, 2, Xiaohang Li 1, 2, Guohua Zeng 1, 2
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Vol. 45 (3): 617-620, May - June, 2019

doi: 10.1590/S1677-5538.IBJU.2018.0407

ABSTRAcT
 

Objective: Pyeloplasty is considered the gold standard treatment for ureteropelvic junc-
tion obstruction (UPJO). However, the failure rate of pyeloplasty is as high as 10% and 
repeat pyeloplasty is more difficult. This study aimed to evaluate the efficacy of bal-
loon dilatation for failed pyeloplasty in children.
Materials and Methods: Between 2011 and 2017, 15 patients, aged 6 months to 14 
years, were treated with balloon dilation for restenosis of UPJO after a failed pyeloplas-
ty. Ultrasound and intravenous urography were used to evaluate the primary outcome. 
Success was defined as the relief of symptoms and improvement of hydronephrosis, 
which was identified by ultrasound at the last follow-up.
Results: All patients successfully completed the operation, 13 patients by retrograde 
approach and 2 patients by antegrade approach. Thirteen patients were followed for a 
median of 15 (4 to 57) months and 2 patients were lost to follow-up. Resolution of the 
hydronephrosis was observed in 5 cases. The anteroposterior diameter (APD) of the pel-
vis decreased by an average of 12.4 ± 14.4mm. Eight patients needed another surgery. 
The average postoperative hospital stay was 1.78 ± 1.4 days. Two patients experienced 
fever after balloon dilation. No other complications were found.
Conclusions: Balloon dilatation surgery is safe for children, but it is not recommended 
for failed pyeloplasty in that group of patients, owing to the low success rate.
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INTRODUcTION

UPJO is the most common pathological cause 
of neonatal hydronephrosis (1), with an overall inci-
dence of 1: 1500. UPJO may lead to lumbago, urinary 
infection and renal dysfunction. The European Asso-
ciation of Urology Guidelines recommend pyeloplas-
ty as the gold standard treatment for UPJO. Neverthe-
less, the failure rate of pyeloplasty may exceed 10% 
(2). Dy (3) reported a large survey in which approxi-
mately 11.4% of children required reoperations after 
pyeloplasty. Balloon dilatation is a minimally invasi-
ve treatment which is associated with low complica-

tions rate, and affords early recovery. Balloon dila-
tions has a success rate of approximately 25-83% for 
the treatment of primary UPJO (2, 4, 5). Nevertheless, 
studies of balloon dilatation for failed pyeloplasty in 
children have been rare. Therefore, we conducted this 
study to assess whether balloon dilation is effective 
in treating failed pyeloplasty in children.

MATERIALS AND METHODS

 Between 2011 and 2017, 15 patients (14 
boys, 1 girl), with a mean age of 3.4 years (range 
0.5-14 years), were treated with balloon dilation for 
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restenosis after pyeloplasty. Twelve cases were on the 
left side and 3 were on the right. Ten cases were open 
pyeloplasties, 4 were laparoscopic and 1 was robot-
-assisted.

 The surgical indications were as follows: 1 
- two ultrasounds (with a 1-week interval) showing 
increased hydronephrosis; 2 - intravenous urogra-
phy revealing that the contrast agent was blocked 
at the UPJ. An examination of urine culture, urine 
routine and blood tests were performed before the 
operation. If patients had a positive urine culture, 
they would receive sensitive antibiotic therapy for 
one week, depending on the urine culture results.

 Technique: patients were placed in the 
lithotomy position and all surgeries were done 
under general anesthesia. First, a 5-Fr ureteral 
catheter was inserted under the guidance of an 
ureteroscope to perform retrograde pyelography. 
Second, a 0.014” guidewire was inserted through 
the UPJ retrogradely or anterogradely (if retrogra-
de insertion failed). A 6-Fr balloon catheter (X-
-Force U30, Bard, USA) with a 4cm balloon was 
introduced, and the balloon was placed across the 
stenotic segment with a guidewire, under X-ray 
guidance. The UPJ was fully expanded by in-
jecting a radiopaque contrast medium when the 
pressure rose to 25-30 atm, and the pressure was 
maintained for 3-5 minutes. Finally, a 7-Fr dou-
ble J stent was inserted into the ureter and was 
withdrawn by cystoscopy after 3 months. Broad-
-spectrum antibiotics were used to prevent urinary 
tract infection before and after the surgery.

 The efficacy evaluation was as follows: 
ultrasound and intravenous urography were per-
formed for all patients. Success was defined as the 
improvement of hydronephrosis after the double J 
(DJ) stent was withdrawn and a lack of recurrence 
during follow-up. Failure was defined as the need 
for another surgical intervention, including stent 
placement, endopyelotomy or pyeloplasty.

RESULTS

 Fifteen patients were treated with balloon 
dilation for the restenosis of UPJO. The mean age 
was 3.4 ± 3.7 years. The median time of the recur-
rence was 5 (From 1 to 35) months. Two patients 
were lost to follow-up. Thirteen patients were 

followed for an average of 21 months. Seven pa-
tients had low back pain and 2 patients had fever 
before surgery. Eight (61.5%) patients had positive 
preoperative urine cultures among which gram-
-negative bacteria predominated.

Thirteen children underwent retrograde 
balloon dilation, and 2 underwent the procedu-
re via an anterograde percutaneous approach be-
cause of failure of retrograde guidewire insertion. 
Two patients experienced postoperative fever (> 
38.5 degrees centigrade). The average postoperati-
ve hospital stay was 1.78 ± 1.4 days. Four patients 
had low back pain relief.

 The improvement of renal hydronephrosis 
was observed in 5 cases (38.5%, after withdrawal 
of DJ stent, at 38, 30, 13, 5 and 4 months). The 
anteroposterior diameter (APD) of the pelvis de-
creased by an average of 12.4 ± 14.4mm.

 Failures were observed in 8 cases. Among 
the 8 failure cases, 1 patient underwent another 
laparoscopic pyeloplasty and had a good result. 
Three patients chose another balloon dilation, and 
3 patients underwent placement of an indwelling 
DJ stent. Currently, these 6 patients still have their 
DJ stents, because the APD increased substantially 
after withdrawal of the DJ stent. Nephrectomy was 
performed in 1 case in a different hospital.

DIScUSSION

 UPJ is defined as impaired urine flow from 
the pelvis into the proximal ureter with subse-
quent dilatation of the collecting system and po-
tential damage to the kidney. The causes of UPJO 
can be classified into three types: 1 - stenosis in 
the lumen (the most common cause); 2 - dyna-
mic obstruction; and 3 - outer lumen compression 
(common in ectopic vascular riding).

There are two types of treatments for 
UPJO: 1 - pyeloplasty (open, laparoscopic, robotic-
-assisted); and 2 - endourological (anterogradely 
or retrogradely balloon dilatation, indwelling DJ 
tube, cold-knife, electrocautery or laser incision). 
Open pyeloplasty is the gold standard treatment of 
UPJO because of its high success rate of 90-100%. 
Laparoscopic and robotic-assisted pyeloplasty are 
becoming more popular, with advantages of mini-
mal invasiveness and similar success rates (2, 6).
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Robotic-assisted pyeloplasty has an ad-
vantage of shorter operation time and hospital 
stays (7, 8). Lucas et al. collected 865 cases and 
concluded that previous endopyelotomy and in-
traoperative crossing vessels increased the need 
for secondary procedures (9). Niver et al. compa-
red the outcomes of robotic-assisted surgery for 
primary UPJO and secondary UPJO. They included 
117 patients and concluded that robotic-assisted 
laparoscopic pyeloplasty was a safe and effective 
option for secondary UPJO repair (10).

Endourological surgery (including re-
trograde balloon dilatation, indwelling DJ tube, 
cold-knife and laser incision) can be performed 
through the urinary tract without any incision and 
therefore with faster recovery (11, 12), an attrac-
tive option for urologists. The reported success 
rates of endourological surgeries are inconsistent. 
Lewis-Russell reported a success rate of 83% in 40 
patients based on renogram, after balloon dilation 
(13). However, Lin et al. (14). reported a success 
rate of only 30% in 9 patients. Cohen (15) reported 
a success rate (defined as resolution of obstruction 
radiographically or disappearance of symptoms) 
of 73% in 15 patients. Osther (16) showed that the 
balloon dilation success rate was 57% in 29 pa-
tients with congenital UPJO, but the success rate 
was only 25% in children. Factors such as presen-
ce of crossing vessels, stricture greater than 1.5cm 
and poor renal function are considered to be un-
desirable (17). For the treatment of patients with 
restenosis after pyeloplasty, Braga (18) reported 
that 18 children were treated with endourological 
treatment (including holmium laser and balloon 
dilation) and the success rate was 39%, similar to 
the value in the present study.

We chose ultrasound as the main follow-
-up and efficacy judgment tool for the dynamic 
evaluation of changes in hydronephrosis, as well 
as for postoperative follow-up, because ultrasound 
lacks radiation, and it is convenient and afforda-
ble; therefore, ultrasound is easily approved by 
parents. Park et al. followed up 215 patients at 
least 5 years by B ultrasound and reported that 
once hydronephrosis showed improvement, no re-
currences were observed (19). Nevertheless, their 
results could have been affected by the subjectivi-
ty of the sonographer. Kurtz (20) also found that 

urinary tract infections could lead to the increased 
hydronephrosis. If urinary B ultrasound shows in-
creased hydronephrosis, we suggest repeating the 
B ultrasound, not performing surgery immediate-
ly.

Song et al. (21) found that the incidence 
of urinary tract infections (UTI) in children with 
primary ureteral strictures was 36.2%. Children 
with failed pyeloplasties may have a higher uri-
nary tract infection rate because of the series of 
iatrogenic operations. In our study, the rate of po-
sitive urine culture was 61.5% (8 of 13). Therefore, 
we should pay more attention to diagnosis and 
treatment of UTI.

There are several potential limitations to 
our study. First, we only assessed renal function 
by renal dynamic imaging in several patients who 
had severe hydronephrosis before surgery. Due to 
the cost and radiation, the examination of renal 
dynamic imaging was not accepted by most pa-
rents. Second, the length of the strictured segment 
that was considered an adverse factor for progno-
sis was not recorded. Finally, the number of cases 
was insufficient.

cONcLUSIONS

Balloon dilation has the advantages of fast 
recovery, few complications and lack of incision; ne-
vertheless, it is not recommended for children with 
failed pyeloplasties because of the low success rate.

ABBREvIATIONS

UPJO = Ureteropelvic Junction Obstruction
APD = anteroposterior diameter of the pelvis
DJ stent = double J stent
Atm = atmosphere
UTI = urinary tract infection
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ABSTRAcT
 

Purpose: To investigate the relationship between 25-hydroxyvitamin D (25 (OH) D) 
levels and acquired premature ejaculation (PE).
Materials and Methods: A total of 97 patients with acquired PE and 64 healthy men 
as a control group selected from volunteers without PE attending our Andrology Ou-
tpatient Clinic between November 2016 and April 2017 were included the study. All 
patients were considered to have acquired PE if they fulfi lled the criteria of the second 
Ad Hoc International Society for Sexual Medicine Committee. Premature ejaculation 
diagnostic tool questionnaires were used to assessment of PE and all participants were 
instructed to record intravaginal ejaculatory latency time. Vitamin D levels were eva-
luated in all participants using high performance liquid chromatography method in-
cluded in the study.
Results: Compared to men without PE, the patients with acquired PE had signifi can-
tly lower 25 (OH) D levels (12.0 ± 4.5 ng/mL vs. 18.2 ± 7.4 ng/mL, p < 0.001). In the 
logistic regression analysis, 25 (OH) D was found to be an independent risk factor for 
acquired PE, with estimated odds ratios (95% CI) of 0.639 (0.460-0.887, p = 0.007) 
and the area under curve of the ROC curve of 25 (OH) D diagnosing acquired PE was 
0.770 (95% CI: 0.695 to 0.844, p < 0.001). The best cut-off value was 16 ng/mL with a 
sensitivity of 60.9%, specifi city of 83.5%, PPV of 70.9%, and NPV of 76.4% to indicate 
acquired PE.
Conclusions: This study demonstrates that lower vitamin D levels are associated with 
the acquired PE. The result of our study showed that the role of serum vitamin D le-
vels should be investigate in the etiology of acquired PE. Perhaps supplementation of 
vitamin D in men with acquired PE will ameliorate the sexual health of these patients.
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INTRODUcTION

Premature ejaculation (PE) is defi ned as a 
lack of control on ejaculation and it is the most 
common sexual dysfunction that may affect 20%-
30% of men (1). Firstly, Godpodinoff defi ned both 
types as lifelong and acquired PE (2) and two 

more types of PE have been suggested as naturel 
variable PE and premature-like ejaculatory dys-
function by Waldinger and Schweitzer (3, 4). The 
second Ad Hoc International Society for Sexual 
Medicine (ISSM) Committee defi ned PE as a male 
sexual dysfunction characterized by ‘ejaculation 
which always or nearly always occurs prior to or 
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within about one minute of vaginal penetration 
(lifelong PE), or a clinically significant and bo-
thersome reduction in latency time, often to about 
three minutes or less (acquired PE), the inability to 
delay ejaculation on all or nearly all vaginal pe-
netration and negative personal consequences (5). 
The consistent lifelong PE proposed an underlying 
neurobiological functional disruption, whereas 
acquired PE is more linked to underlying medical 
reasons. However, the percentage of patients who 
have acquired PE of uncertain reason is currently 
not available (6). Acquired PE is commonly due to 
anxiety or psychological disturbance (7), erectile 
dysfunction (ED) (8), hyperthyroidism (9), chronic 
prostatitis (10), recreational drugs (11), metabolic 
syndrome (12), and Parkinson’s disease (13). Seve-
ral studies reported that men with acquired PE are 
more likely to seek medical treatment compared 
to men with lifelong PE (14, 15). Thus, novel pa-
thophysiological elements may clarify the reasons 
for this dysfunction and develop new treatment 
modalities.

 Vitamin D is a steroid hormone that is 
mainly generated in the skin and is converted to 
vitamin D3 on exposure to sunlight (16). It is a 
key regulator of bone mineralization and calcium/
phosphorous metabolism. Moreover, expression of 
the vitamin D receptor in several tissues has been 
linked to different functions (17). Epidemiological 
researches have proposed the effect of a pandemic 
of vitamin D deficiency on non-musculoskeletal 
functions, including autoimmune disease, infec-
tious disease, neurocognitive and endocrinologic 
disorders (18).

 The biological link between PE and vita-
min D deficiency exhibits different mechanisms. 
Firstly, several animal studies reported that vita-
min D deficiency resulted in anxiety-related beha-
viors (19-21). Anxiety has also been reported as 
a cause of PE by multiple researches (7). Second, 
activated vitamin D stimulates the production of 
nitric oxide (NO) and NO synthases (22). NO and 
serotonergic system are important at the level of 
the sympathetic nervous system which can affect 
the ejaculation (23, 24). Third, when vitamin D 
increases above its normal range, it binds to the 
androgen receptor, displacing their native ligands 
(25). Therefore, several studies have determined 

that serum androgen levels and vitamin D levels 
are associated in men (26, 27).

 In the present study, we aimed for the first 
time to evaluate the relationship between serum 
vitamin D levels and acquired PE.

MATERIALS AND METHODS

 This single-center, prospective, observa-
tional study was performed according to the De-
claration of Helsinki. The study protocol was ap-
proved by the institutional review board of our 
institution and written informed consent was ob-
tained from all subjects. A total of 161 consecutive 
men who presented with acquired PE (97 patients) 
or control group selected from volunteers without 
PE (64 patients) from November 2016 to April 
2017 were included in the study. The participants 
were included if they were between the ages of 20 
and 60 years, were in a stable relationship with 
a single sexually active partner within the last 6 
months and had acquired PE for at least 6 mon-
ths duration. Exclusion criteria included patients 
with lifelong PE, the history of psychiatric or neu-
rological disorders, pelvic/perineal trauma, liver 
or renal failures, urinary tract infection, chronic 
prostatitis, anatomical abnormalities, and chronic 
diseases which may affect the sexual functions. 
The participants who were taking selective sero-
tonin reuptake inhibitors, alpha-blockers, phos-
phodiesterase inhibitors, anticholinergics, antip-
sychotics, and vitamin D supplementation were 
also excluded from the study.

 All patients were considered to have ac-
quired PE if they fulfilled the criteria of the second 
Ad Hoc ISSM Committee (5). All patients were 
also assessed by the validated five-item Turkish 
version of Premature Ejaculation Diagnostic Tool 
(PEDT) (28). To evaluate the erectile function, In-
ternational Index of Erectile Function-5 (IIEF-5), a 
validated 15-item self-administered questionnaire 
that was validated in Turkish was used (29, 30). All 
participants were instructed to record intravaginal 
ejaculatory latency time (IELT) using stopwatch 
which was held by the partner. The Beck Depres-
sion Inventory (BDI) form which was validated in 
Turkish was used for psychological evaluation (31, 
32). The body mass index (BMI), smoking history, 
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alcohol consumption, partner age, frequency of 
intercourse, and associated comorbidities were re-
corded by face-to-face interview.

 Vitamin D and total testosterone levels 
were evaluated in all participants included in the 
study. Vitamin D is hydroxylated in the liver to 
25-hydroxy-vitamin D (25 (OH) D) which is wi-
dely used in clinical practice. The blood samples 
were drawn in the morning between 8 and 10 a.m. 
after an overnight fast of about 8-10 hr. Serum to-
tal testosterone level was verified using enzymatic 
methods with an autoanalyzer. The 25 (OH) D le-
vel was measured using high performance liquid 
chromatography method.

 Continuous and categorical values were 
evaluated as frequency, mean ± SD or median 
and range as appropriate. Statistical analysis were 
performed using Student t test, Mann-Whitney U 
test and Chi-square test. Normality in the distri-
bution of the data for each data was explored by 
Kolmogorov-Smirnov test. Any resulting signifi-
cant association was included as continuous data 
in logistic regression to estimate if it could stand 
for a possible predictor for PE. Receiver operating 
characteristics (ROC) - derived areas under curve 
(AUC) were estimated to evaluate the diagnostic 
accuracy of vitamin D. The best cut-off value was 
determined using the Youden index. The sensitivi-
ty, specificity, positive and negative predictive va-
lues were compared by their 95% confidence in-
tervals. Results were considered significant at p < 
0.05. All statistical analysis were conducted using 
SPSS version 22 (IBM Co., Armonk, NY, USA).

RESULTS

 The participants in the present study (n 
= 161) were divided into 2 groups according to 
presence or absence of acquired PE. Acquired PE 
group contained 97 patients and control group 
had 64 men without PE. General demographic, 
sexual, and laboratory characteristics of the men 
with acquired PE and men in the control group 
are summarized in Table-1. The mean ages of the 
acquired PE group and control group were 40.0 
± 7.4 years and 40.5 ± 8.8 years, respectively (p 
= 0.939). There was also no significant difference 
between the groups regarding partner age, fre-

quency of intercourse, BMI, smoking and alcohol 
use. Number of the individuals who had comor-
bidities, such as diabetes mellitus, hypertension, 
cardiovascular disease, and dyslipidemia were not 
significantly different between the groups.

 The median PEDT scores were 17 (8-22) 
and 10 (2-15) in acquired PE group and control 
group, respectively (p < 0.001). The mean IELT 
were 31.4 ± 23.4 s and 213.7 ± 136.3 s in acqui-
red PE group and control group, respectively (p < 
0.001). Compared to men without PE, the patients 
with acquired PE had significantly lower 25 (OH) 
D levels (12.0 ± 4.5 ng/mL vs. 18.2 ± 7.4 ng/mL, p 
< 0.001). There was no statistically significant di-
fferences between the groups with respect to mean 
IIEF-5 score and mean total testosterone level.

 In the logistic regression analysis, vitamin 
D was found to be an independent risk factor for 
acquired PE, with estimated ORs (95% CI) of 0.639 
(0.460-0.887, p = 0.007) (Table-2). The AUC of the 
ROC curve of vitamin D diagnosing acquired PE 
was 0.770 (95% CI: 0.695 to 0.844, p < 0.001) (Fi-
gure-1). The best cut-off value was defined for vi-
tamin D, as determined by the Youden index to pre-
dict acquired PE. It was 16 ng/mL with a sensitivity 
of 60.9%, specificity of 83.5%, PPV of 70.9%, and 
NPV of 76.4% to indicate acquired PE (Table-3).

DIScUSSION

 The present study is the first study to 
research the relationship between acquired PE 
and serum vitamin D levels. In order to obtain 
satisfactory results from the treatments, diag-
nosis of the underlying etiological factors of 
acquired PE is very important. Effort to explain 
the etiology of acquired PE have comprised va-
rious range of theories. McMahon et al. repor-
ted in a review that acquired PE is prevalently 
due to anxiety, psychological problems, ED, 
prostatitis, hyperthyroidism, and recreational 
drugs (6). They also stated that men with ac-
quired PE are usually older, have a higher BMI, 
and increased incidence of hypertension, dia-
betes mellitus, and ED compared to lifelong PE. 
Although in some patients the etiology of PE 
is not known it was demonstrated that among 
the four different PE categories, these comorbi-
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dities were more prevalent in acquired PE (14). 
In a recent study it was reported that a low 
serum level of vitamin D has a significant asso-
ciation with lifelong PE (33). However, lifelong 
PE suggested an underlying neurobiological 
functional discomfort; therefore, we included 
patients who had only ‘acquired’ PE which is 
more linked to underlying medical reasons.

 Vitamin D deficiency has been related 
to a number of diseases such as, cardiovascular 
disease, hypertension, diabetes mellitus, obesity, 
several cancers, depression, and anxiety (19, 34). 
There is still a lack of consensus on the deficient 
and sufficient vitamin D value that varies from 20 
ng/mL to 100 ng/mL in studies. However, there is 
a consensus that serum vitamin D levels below 10 

Table 1 - Demographic characteristics of study population.

Characteristics Acquired PE (n = 97) Control (n = 64) p

Mean ± SD Median (range) Mean ± SD Median (range)

n - % n - %

Age (years) 40.0 ± 7.4 40 (21-63) 40.5 ± 8.8 40 (24-61) 0.939

Partner age (years) 36.4 ± 8.1 36 (20-47) 37.0 ± 8.2 37 (24-49) 0.253

BMI (kg/m2) 27.9 ± 4.3 28 (18.5-42) 27.4 ± 3.5 27.4 (19-38.2) 0.525

Frequency of Intercourse/
month

6.4 ± 4.2 6 (3-17) 7.1 ± 3.9 6 (2-18) 0.146

No. of smoker 42 - 43.3% 34 - 53.1% 0.222

No. of alcohol user 9 - 9.3% 11 - 17.2% 0.136

comorbidities

DM 7 - 7.2 % 3 - 4.7% 0.515

Hypertension 6 - 6.2% 6 - 9.4% 0.451

CVD 2 - 2.1% 2 - 3.1% 0.671

Dyslipidemia 3 - 3.1% 4 - 6.3% 0.336

IELT (seconds) 31.4 ± 23.4 25.2 (0-125) 213.7 ± 136.3 220 (85-850) < 0.001

PEDT score 16.3 ± 3.8 17 (8-22) 9.7 ± 3.7 10 (2-15) < 0.001

IIEF-5 score 21.4 ± 5.3 21 (16-24) 21 ± 4.0 21 (15-25) 1.000

BDI score 3.87 ± 3.32 4 (1-8) 3.50 ± 2.20 4 (2-9) 0.402

Vitamin D (ng/mL) 12.0 ± 4.5 11.4 (5.4-24.7) 18.2 ± 7.4 17 (11.6-46.3) < 0.001

TT (ng/mL) 4.3 ± 1.7 4.1 (2.4-8.2) 4.5 ± 2.1 4.4 (2.6-7.9) 0.596

pE = premature ejaculation; SD = standard deviation; BMI = body mass index; DM = diabetes mellitus; cvD = cardiovascular disease; IELT = intravaginal ejaculatory 
latency time; pEDT = Premature Ejaculation Diagnostic Tool; IIEf-5 = International Index of Erectile Function-5; BDI = Beck Depression Index; TT = total testosterone

Table 2 - Logistic regression analysis for premature ejaculation.

Univariable analysis
p

Multivariable analysis
p

OR 95% CI OR 95% CI

IELT 0.912 0.878-0.948 < 0.001 0.893 0.843-0.947 < 0.001

PEDT score 1.544 1.354-1.760 < 0.001

Vitamin D 0.827 0.770-0.888 < 0.001 0.639 0.460-0.887 0.007

OR = odds ratio; cI = confidence interval; IELT = intravaginal ejaculatory latency time; pEDT = Premature Ejaculation Diagnostic Tool
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ng/mL lead to risk of cardiovascular disease, can-
cer, and mortality (35). In the present study, the 
mean vitamin D levels were 12.0 ± 4.5 ng/mL and 
18.2 ± 7.4 ng/mL in acquired PE group and con-
trol group, respectively. Although the sensitivity 
and specifi city values are relatively low (60.9% 
and 83.5%, respectively), we think serum vitamin 
D levels should be investigate in the etiology of 
acquired PE.

 The effect of vitamin D defi ciency on PE is 
not clear. We think that vitamin D defi ciency may 
affect PE with several mechanism. Firstly, several 
animal studies demonstrate that vitamin D defi -
ciency resulted in anxiety-related behaviors (19-
21). Moreover, according to a case-control study, 
vitamin D defi ciency seems more often in patients 

with anxiety (36). Anxiety has been known as a 
reason of PE by many authors (37, 38). It has been 
explained that anxiety activates the sympathetic 
nervous system and lowers the threshold for eja-
culation (24). Gao et al. reported that higher rates 
of anxiety was found in acquired PE (39). There-
fore, vitamin D defi ciency-related anxiety might 
play an important role in underlying condition of 
acquired PE in some patients.

 Ejaculation is controlled by complex re-
fl ex arc that includes afferent pathways, motor 
areas, efferent pathways, and ejaculatory organs, 
it is coordinated by multiple neural and muscular 
events (40). Blomberg Jensen et al. showed that 
the human epithelia of the ejaculatory tract are 
capable of metabolizing vitamin D and vitamin D 
receptors are concomitantly expressed in ejacula-
tory organs’ epithelia (41). Thus, vitamin D may 
indirectly but importantly affect the ejaculatory 
refl ex arc (second possible mechanism).

 The third possible mechanism underlying 
vitamin D - related PE is endocrinologic effect. 
Androgens play a crucial role in the regulation of 
ejaculation. Low or high serum testosterone levels 
have been incoherently associated with PE. Coro-
na et al. demonstrated that delayed ejaculation is 
associated with lower testosterone level whereas a 
higher levels of testosterone characterizes PE (42). 
The data from the European Male Aging Study re-
ported that vitamin D is positively associated with 
total testosterone (43). Wehr et al. has also showed 
that androgen levels were associated with vitamin 
D levels in a large study population (26). In our 
study, there was no statistically signifi cant diffe-
rence between the acquired PE group and control 
group with respect to mean total testosterone le-

Table 3 - The sensitivity, specifi city, ppv, and Npv of vitamin D in patients with premature ejaculation.

AUC 95% CI p

Vitamin D 0.770 0.695-0.844 < 0.001

Sensitivity 60.9%

PPV 70.9%

Specifi city 83.5%

NPV 76.4%

AUc=- area under curve; cI = confi dence interval; ppv = positive predictive value; Npv = negative predictive value.

figure 1 - Receiver operating characteristic (ROc) curves of 
vitamin D for the prediction of premature ejaculation.
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vels. Perhaps these results may contribute to cla-
rify that the evidence on the relationship between 
vitamin D and testosterone levels in patients with 
PE seems insufficient.

 The last mechanism may be related to 
nitric oxide (NO) and serotonin production. Low 
vitamin D level is associated with impaired pro-
duction of NO and NO synthase (44). Therefore, 
vitamin D supplementation induces a significant 
increase in NO production (22). Patrick et al. re-
ported that vitamin D controls the production of 
serotonin and Janssen et al. reported that NO and 
5-hydroxytryptamine are important at the level of 
the sympathetic nervous system which can affect 
the ejaculation (23, 24). Thus, vitamin D may 
affect the ejaculatory control via NO production.

 In the present study, the demographic data 
did not define significant association with acqui-
red PE. Aging, smoking, alcohol consumption, 
comorbidities, such as diabetes, hypertension, 
cardiovascular disease did not reveal significant 
differences between the study groups. Gao et al. 
showed that patients with acquired PE had higher 
BMI (15). In our study, BMI did not identify signi-
ficant association with the complaint of PE.

 Several large observational studies repor-
ted that ED is more prevalent in patients with PE 
(1). However, there was no statistically significant 
difference between the groups with respect to 
mean IIEF-5 score, in our study. This may be the 
result of our study design which was an office-
-based research, so the participants of our study 
did not represent the general population and 
this is the first limitation of our study. Second, 
we did not study the free testosterone, luteini-
zing hormone, or prolactin levels to explain the 
evidence on the relationship between vitamin D 
and acquired PE. Third, the lack of anxiety as-
sessing to clarify on the mechanism with respect 
to relationship between vitamin D and acquired 
PE. Fourth, partner status which can affect the 
ejaculation time was not evaluated and lastly, a 
wide range of exclusion criteria in this study may 
be a potential source of bias. Despite all these 
shortcomings, our study can be considered as an 
effort to reveal any relationship existing between 
vitamin D and acquired PE.

cONcLUSIONS

 Our research showed that men with acqui-
red PE had lower levels of vitamin D compared 
with healthy men. We think that the evaluation of 
vitamin D levels may be used to explore the etio-
logy and risk factors of acquired PE. However, this 
result is yet uncertain whether it could be provide 
a solution for acquired PE. Besides, patients with 
acquired PE should be questioned about vitamin D 
deficiency to avoid more serious problems. Future 
studies are required to confirm our results.

ABBREvIATIONS

PE = Premature ejaculation
ISSM = International Society for Sexual Medicine
ED = Erectile dysfunction
NO = Nitric oxide
PEDT = Premature Ejaculation Diagnostic Tool
IIEF-5 = International Index of Erectile Func-
tion-5
IELT = Intravaginal ejaculatory latency time
BDI = Beck Depression Inventory 
BMI = Body mass index
25 (OH) D = 25-hydroxy-vitamin D
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ABSTRAcT
 

Most patients with testicular germ cell tumor present with a painless scrotal mass. We 
report a 19-year-old patient who presented with neurological complains. Rapid clinical 
progression to coma was noted during the staging work up. A diagnosis of testicu-
lar mixed germ cell tumor with multiorgan metastasis (lymph node, lung, liver and 
brain) was made. Patients with brain metastasis should receive chemotherapy alone 
or combined with surgery or radiotherapy. Because the clinical symptoms deteriorated 
quickly, surgery was used upfront followed by chemotherapy and radiotherapy for the 
brain tumor. After the fi rst stage of treatment, the clinical symptoms, tumor markers 
and imaging fi ndings were improved. The residual brain tumor was eliminated by 
chemotherapy, and only sparse degenerated tumor cells were noted in the brain tissue. 
Longer follow up is required to assess the impact of our treatment strategy.
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INTRODUcTION

The worldwide incidence of testis tumors 
is low (0.5-7.8 per 100,000 men) (1); however, tes-
ticular cancer is the most common solid tumor in 
men 15 to 34 years of age (2). Other symptoms 
depend on the burden and location of metastatic 
lesions. Most patients are diagnosed with clini-
cally localized disease at an early stage, which has 
a high cure rate (3). Testicular germ cell tumors 

(GCT) are chemosensitive tumors, and there can be 
excellent survival with widespread metastases (4). 
Testicular tumor with brain metastasis is rare and 
portends a poor prognosis (5). The optimal treat-
ment for testicular GCT with brain metastasis is 
unknown due to the rarity of this scenario. We re-
port a case of widely metastatic testicular GCT in a 
patient who presented with neurologic symptoms 
and rapid clinical progression to coma.
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cASE pRESENTATION

 A 19-year-old male presented with a sin-
gle seizure attack. Brain computed tomography 
(CT) revealed three brain tumors that were sus-
pected metastases. The largest tumor measured 2.3 
cm. According to the patient’s statement, a right 
testicular mass was noted 6 months prior. A hard 
testicular mass was palpable in the right testis, 
and scrotal ultrasonography showed a heteroge-
neous mass of 5.4×3.7 cm. The tumor markers for 
testicular tumor were all elevated (LDH, 1483 U/l; 
AFP, 810.88 ng/ml; and b-HCG, 506166 mIU/ml). 

Abdominal and pelvic CT revealed multiple bilate-
ral pulmonary metastatic tumors, retroperitoneal 
lymph node enlargement (para-aortic, aortocaval 
and iliac chain lymphadenopathy; the largest lym-
ph node measured 4.72×4.00 cm) and a metastatic 
liver tumor (S4: 2 cm, S6: 2.5 cm) (Figures 1A and 
B). Because no further seizure attack occurred after 
treatment via medication, we immediately perfor-
med a right radical orchiectomy and port-a-cath 
insertion (for chemotherapy treatment) under spi-
nal anesthesia on the first day of hospitalization. 
The testicular tumor pathology showed a mixed 
GCT (embryonal carcinoma: 40%, post-pubertal 

figure 1 - A) abdominal and pelvic cT showed liver (short arrow) and lymph node metastasis (long arrow) before chemotherapy 
treatment; B) chest cT showed multiple lung metastatic tu-mors before chemotherapy treatment (short arrows); c) Brain 
computed tomography (cT) sho-wed three heterogeneous, enhanced brain tumors with midline shift (short arrow: brain 
tumor, long arrow: midline shift); D) abdominal and pelvic cT showed shrinkage of the liver (short ar-row) and lymph node 
metastases (long arrow) after four courses of chemotherapy treatment; E) chest cT showed that multiple lung metastatic 
tumors had decreased in size after four courses of chemotherapy treatment (short arrows); f) brain MRI showed shrinkage 
(short arrow) and enhanced homogeneity of the brain tumor components without midline shift after completion of four courses 
of chemotherapy treatment.
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type yolk sac tumor: 32%, choriocarcinoma: 25%, 
and teratoma: 3%). However, left upper and lower 
extremity weakness was noted on the third pos-
toperative day, and brain CT showed progression 
of brain edema with midline shift (Figure-1C). The 
Eastern Cooperative Oncology Group (ECOG) score 
was 4. Due to rapid clinical deterioration, surgical 
intervention was performed to decrease intracranial 
pressure. A craniectomy with brain tumor biopsy 
was performed, and the brain biopsy confirmed a 
non-seminomatous germ cell tumor (NSGCT).

 Systemic chemotherapy (etoposide and 
cisplatin) was administered, and radiotherapy was 
performed for the brain tumor and whole brain 
(whole brain 30 Gy and tumor area 10 Gy). Howe-
ver, the tumor markers increased (LDH: 2301 U/l, 
AFP: 1757.7 ng/ml, b-HCG: 1177684 mIU/ml), and 
a change in consciousness (Glasgow Coma Scale: 
E1V1M1) was noted. Brain CT showed an incre-
ase in tumor size (3.2 cm) with compression of 
the brain stem. An emergency craniectomy was 
performed. The chemotherapy regimen was chan-
ged by adding paclitaxel due to its greater ability 
to penetrate the blood-brain barrier (BBB). After 
intensive care, the patient’s visual condition and 
left paraplegia, due to compression by the brain 
tumor, improved. After a total of six courses of 
chemotherapy and radiotherapy, follow-up CT and 
magnetic resonance imaging (MRI) showed resi-
dual tumor but a decrease in size of the lung, li-
ver, retroperitoneal lymph node and brain tumors 
(Figure 1D-F) as well as a decrease in tumor ma-
rkers (LDH: 174 U/l, AFP: 2.30 ng/ml, and b-HCG: 
473.80 mIU/ml; Figure-2). A decrease in ECOG 
score (from 4 to 1) was also noted. The residual 
brain tumor was removed without complication at 
one month after completion of chemotherapy and 
radiotherapy, and the pathology results showed 
only scant degenerated tumor cells in the brain 
tissue. Because of the residual organ metastasis 
and persistent elevation of b-HCG, second-line 
chemotherapy with vinblastine, ifosfamide and 
cisplatin was continuously administered.

DIScUSSION

 Most testicular cancers are GCTs, whi-
ch are classified as seminoma and NSGCTs. With 

NSGCTs being most common (64.7%) (6). Com-
pared to testicular seminoma, NSGCT has a poor 
prognosis (7). Embryonal and choriocarcinoma 
are two types of NSGCTs with a poor prognosis 
due to their tendency for early hematogenous 
and lymphatic spread (8). Our patient had four 
types of NSGCTs in his testis (embryonal carci-
noma, post-pubertal type yolk sac tumor, cho-
riocarcinoma, and teratoma). The rapid clinical 
progression of our patient might be related to 
the aggressive GCT components of the testicu-
lar tumor, large tumor burden and multiple me-
tastatic locations.

 Distant metastasis is rare in testicular 
GCTs, especially brain metastasis (1~2% of tes-
ticular GCTs) (5). For distant metastasis, che-
motherapy is typically used as an adjuvant tre-
atment after radical orchiectomy. (9). However, 
chemotherapy for metastatic brain tumors has a 
poor penetration rate due to the BBB (5). There-
fore, radiotherapy or surgical intervention can 
be used as adjunctive therapy to chemotherapy. 
For advanced testicular cancer patients, the se-
quence of treatment modality is controversial. 
Salvati et al. reported that surgical intervention 
could initially be recommended if a metastatic 
brain tumor can possibly be resected (10). In 
our case, systemic chemotherapy following ini-
tial radical orchiectomy and port-a-cath inser-
tion was planned. However, a rapid neurologic 
decline precipitated a change in the treatment 
plan involving brain surgery and radiotherapy. 

 According to the National Comprehen-
sive Cancer Network guideline (11), chemothe-
rapy with bleomycin, etoposide and cisplatin 
(BEP) is suggested as the first-line treatment for 
advanced NSGCT. For the initial treatment of 
brain metastasis of testicular cancer, no signifi-
cant difference in the efficacy of BEP compared 
to that of vinblastine, ifosfamide, and cispla-
tin has been reported (12). In addition, we were 
concerned about the side effects of bleomycin, 
such as pulmonary fibrosis, in our patient, who 
had multiple metastatic lung tumors. In our 
case, we chose EP combined with radiothera-
py for the initial treatment of the brain tumor, 
but paclitaxel was added because the clinical 
situation had changed due to the progressive 
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figure 2 - The tumor marker changes from the initial diagnosis to the end of six courses of chemotherapy.

elevation of tumor markers. We selected pacli-
taxel because of its greater ability to penetra-
te the BBB, and its efficacy as a regimen for 
GCTs (13). In our case, decreased tumor markers 
and follow-up imaging studies indicated decreases 
in the liver, lung and retroperitoneal lymph node 
metastatic lesions. The size of the brain tumors 
remained stable, but the edema improved. The cli-
nical symptoms dramatically improved (the ECOG 
score from 4 to 1). After brain tumor resection was 
performed one month later, only scant degenera-
ted tumor cells in the residual brain tumor area 
were noted, further demonstrating the good res-
ponse of the brain tumors to our treatment pro-
tocol. Because of the residual tumors in the lung, 
liver and retroperitoneal lymph nodes and because 

the b-HCG level did not return to a normal range, 
second-line chemotherapy with vinblastine, ifos-
famide and cisplatin was used for continuous tre-
atment (14).

cONcLUSIONS

The patient was diagnosed with widely 
metastatic testicular GCT after initially presenting 
with neurologic manifestations. The disease was 
controlled by multiple treatment modalities (che-
motherapy, radiotherapy and brain surgery).
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INTRODUcTION
 

The epididymis is an organ intimately at-
tached to the posterolateral aspect of the testis. It 
is a complex tubular network that connects the 
testicular efferent ducts to the vas deferens and 
a variety of no neoplastic and neoplastic lesions 
involves the epididymis (1). Spermatic granuloma 
(SG) is a granulomatous lesion that presents clini-
cally as a nodular lesion in the region of epididy-
mis. It represents a chronic immune response to 
extravasated sperm caused by trauma, surgery or 
infection. There are only few documented cases of 
spermatic granuloma in the literature. We present 
a new case of SG.

cASE REpORT

 A 45-year-old man presented in the office 
with chronic pain in right testicle. He had history 
of closed ended vasectomy 7 years ago. Physical 
examination revealed a nodular firm lesion in 
the epididymal coil and ultrasound showed a 1.5 
cm well-defined hypoechoic solid nodule at the 
right epididymis coil (Figure-1, yellow arrows). 
The laboratory data, including alpha fetoprotein, 
beta human chorionic gonadotropin and lactate 
dehydrogenase were normal. Suspected diagno-
sis was adenomatoid tumor, thus a testis-sparing 
surgical excision was performed and epididymal 
nodule was resected. A white nodule 1.7 cm in 
diameter was found in the resected specimen. 
Pathological findings were phagocytosed sperms 
in the macrophages delimited by histiocytes and 

Tumor-like appearance of Spermatic Granuloma
_______________________________________________
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giant cells (Figure-2), and scarce calcifications, 
with final diagnosis of SG.

DIScUSSION

 Various inflammatory, benign, and malig-
nant lesions of epididymis have been described in 
the literature. Although only 3% of all solid ex-
tra testicular masses are malignant (2), previous 
studies have shown the malignancy rate for solid 
epididymal masses, to be as high as 16% (3). A 
SG is a rare benign condition, identified in only 
5-7.5% (4, 5) of epididymal nodules. It was firstly 
described by Friedman (6) in 1949, tends to occur 
secondary to inflammation, trauma and vasec-
tomy, and is thought to be a granulomatous reac-
tion to extravasated sperm cells, characterized by 

Vol. 45 (3): 634-636, May - June, 2019
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figure 1 - A 1.5 cm well-defined hypoechoic solid nodule at 
the right epididymis coil (yellow arrow).
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nodules. However, in recent years, fi ne needle as-
piration cytology has an important role in the di-
fferential diagnosis of epididymal nodules becau-
se they are easily accessible, providing adequate 
material for examination. This in the future could 
avoid unnecessary surgeries (4).
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figure 2 - (A) H-E stain 10x sperm granuloma and H-E stain 20x, (B) phagocytosed sperms in the macrophages (black arrows) 
delimited by histiocytic reaction and giant cells (white arrow).

initial infl ux of neutrophils that are replaced by 
histiocytes and multinucleated giant cells, which 
engulf the extravasated spermatozoa (7). The pa-
thogenesis of SG is based on the tubular obstruc-
tion which results in an increased luminal pressu-
re and leakage of sperm, where due to the highly 
antigenic nature of spermatozoa are founded 
extraluminally from the male ductal system and 
they are recognized as a completely foreign tis-
sue. Its incidence after vasectomy ranges between 
5-97%, located more frequently in the vas defe-
rens than in the epididymis, being more common 
after open ended vasectomy and least often after 
electrocoagulation (8). Differential diagnosis in-
cludes tuberculous granulomatous infl ammation, 
spermatocele, epididymo-orchitis, malakoplakia, 
adenomatoid tumor and primary testicular tumor 
(4). Scrotal sonography plays an important role 
in distinguishing solid masses from infl ammatory 
masses of the epididymis. Recent studies have su-
ggested an increased interest in the role of colour 
doppler, contrast-enhanced ultrasound, and mag-
netic resonance in diagnosis and management of 
scrotal lesions (9).

 Small size, the presence of a hyperechoic 
or hypoechoic rim circumscribing the lesion and 
little or absent blood fl ow are important fi ndings 
when comparing benign neoplastic lesions with 
infl ammatory lesions (10). Local excision is still 
the gold standard for the treatment of epididymal 
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ABSTRAcT 

Vasitis or inflammation of the vas deferens 
is a rarely described condition categorized as ei-
ther generally asymptomatic vasitis nodosa or the 
acutely painful infectious vasitis. Vasitis nodosa, 
the commonly described inflammation of the vas 
deferens, is benign and usually associated with a 
history of vasectomy. Clinically, patients present 
with a nodular mass and are often asymptomatic 
and require no specific treatment.

cASE DEScRITION

 Vasitis or inflammation of the vas deferens 
is a rarely described condition categorized as ei-
ther generally asymptomatic vasitis nodosa or the 
acutely painful infectious vasitis. Vasitis nodosa, 
the commonly described inflammation of the vas 
deferens, is benign and usually associated with a 
history of vasectomy. Clinically, patients present 
with a nodular mass and are often asymptomatic 
and require no specific treatment (1). Infectious 
vasitis, thought to be caused by common urinary 
tract infection, is rarely reported in the literature 
with medical imaging readily available (2).

 A 39-year-old man with right inguinal 
hernia post operation during infancy presented 
with right groin and scrotum tenderness for two 
days. He denied fever, urinary tract symptoms or 
previous sexually transmitted infections. Physical 
examination revealed a tender and palpable in-
guinal mass extending from the external ingui-
nal region to the scrotum. Laboratory examina-

Vasitis: a clinical confusion diagnosis with inguinal hernia
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tion revealed leukocytosis (11.63x1000/uL) and 
elevated C-reactive protein level (13.09 x mg/L). 
Urinalysis revealed sediments of white blood cell 
(25-50/HPF). Bedside sonography revealed nor-
mal and symmetrical testicular sizes and blood 
flow. Under the suspicion of incarcerated inguinal 
hernia, computed tomography (CT) was arranged, 
which revealed prominent thickening of the right 
spermatic cord and vas deference with edematous 
changes and peripheral fat stranding (Figures 1 
and 2). Empirical antibiotic treatment (ciproflo-
xacin) was initiated with a favorable course. On 
follow-up 3 months after discharge, he remained 
asymptomatic and pain-free.

 Infectious vasitis, while rarely reported in 
the literature, can be difficult to distinguish from 
incarcerated inguinal hernia in clinical and ultra-
sonography findings, as both present with groin 
masses and pain. Laboratory results were usually 
normal or a slightly elevated white blood count. 
A few cells might be present in urine, but urine 
cultures are usually negative. In the few infectious 
vasitis cases described, imaging was not used and 
the patients were treated surgically for suspected 
inguinal hernias, but no hernia was found (3). In 
the present case, CT was used to differentiate be-
tween inguinal hernia and vasitis. Therefore, in-
fectious vasitis mimicks the incarcerated inguinal 
hernia on clinical and sonographic examinations, 
but CT can readily distinguish the two diseases; 
thus, unnecessary surgeries can be avoided (4). 
Owing to chlamydia or gonorrhea, the most likely 
causative agent, treatment usually consists of an-
tibiotics such as quinolones (5).

Vol. 45 (3): 637-638, May - June, 2019
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figure 2 - prominent thickening of the right spermatic 
cord as compared to normal left spermatic cord on coronal 
computed tomography.

figure 1 - Axial computed tomography showing edematous 
changes and peripheral fat stranding on right spermatic 
cord.
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Micro-ureteroscopy for treatment of pelvic ureteral stone 
in pediatric patient
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ABSTRAcT         _______________________________________________________________________________________
Introduction: During the last years there has been an effort in miniaturizing the endoscopic devices.
The video presents an alternative for the management of distal ureteral stone, using a ureteral access of 4.85 Fr and 27 
cm of length, previously described as micro-ureteroscopy.
Material and Methods: This procedure was performed through a 3-part all-seeing needle, consisting of micro-optics 0.9 
mm in diameter with a 120-degree angle of view, an irrigation channel and an integrated light.
Clinical Case: Seven year-old boy, with history of preterm birth (29 weeks) was referred to our consultation complaining 
of left back pain and an elevation of serum creatinine.
The renal ultrasound revealed a left ureterohydronephrosis, caused by a 10 mm stone located 13 mm from the uretero-
vesical junction.
The patient underwent a micro-ureteroscopy with laser lithotripsy. The stone was fragmented with an average energy 
of 0.5 J with 12 Hz of frequency. The total energy spent was 12514 J. At the end of the procedure, a double J stent was 
placed.
The procedure lasted 45 minutes and was uneventful. The patient was discharged 24h after the procedure without com-
plaints and remained stone free.
Conclusion: Micro-ureteroscopy is a safe and effective technique in distal ureteral lithiasis treatment in children. The 
small dimensions of the equipment increase the safety of the procedure making this a good option for the treatment of 

ureteral stones in children.
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Percutaneous resection of metastatic renal cell carcinoma
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Introduction: Metastasis-directed therapy of small solitary foci of metastatic renal cell carcinoma has been associ-
ated with improved survival. Percutaneous resection of tumors in the upper tract urinary system has been widely 
used for treatment of localized urothelial carcinoma, however, its role in renal cell carcinoma has not been de-
scribed. Herein, we present the first case of patient undergoing percutaneous resection of renal cell carcinoma in 
the contralateral renal pelvis.
Materials and Methods: This is a case report describing the diagnosis, management and surgical approach to renal cell 
carcinoma recurrence in the contralateral renal pelvis.
Results: Our patient was a 75-year-old male with a history of renal cell carcinoma status post radical nephrectomy who 
developed a solitary 2 cm recurrence in the contralateral renal pelvis, which was found after he presented with gross 
hematuria. He underwent successful percutaneous resection of this recurrence with final pathology showing clear cell 
renal cell carcinoma.
Conclusion: We present the first case of renal cell carcinoma recurrence in the contralateral renal pelvis treated with 
percutaneous resection.
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ABSTRAcT         _______________________________________________________________________________________
Introduction: Simple prostatectomy is the gold standard for prostates >80 grams, robotic system has proven to help into 
speed the recovery of the patient and in morbid obesity the advantages of the robotic system can help to perform a suc-
cessful surgery. 
Case: 80 years old male with morbid obesity (BMI 45) and several other comorbidities, with history of an umbilical hernia 
and obstructive lower urinary tract symptoms in acute urinary retention. PSA was 7 ng/dl, DRE demonstrates a >100gr 
prostate gland. A robotic simple prostatectomy, urethropexy, umbilical hernia repair and panniculectomy in Fleur-de-Lis 
was performed.
Results: Operative time (OT) and estimated blood loss (EBL) were 438 min and 160 ml respectively. A JP drain was placed 
in the pelvis and 2 additional were left in the abdominal cavity  with several Penrose drains. No immediate or intraopera-
tive complications were observed. The length of stay (LOS) was 6 days without complications. Pathology report showed 
prostate of 304gr and benign prostatic tissue. 
Discussion: In patients with multiple comorbidities robot-assisted surgery provides advantages of shorter LOS, EBL, less 
transfusion and lower rate of complications. In patients with morbid obesity where the increased girth makes difficult the 
open approach, robotic surgery is an ideal way to provide definitive treatment; concomitant, Fleur-de-Lis panniculec-
tomy can correct the abdominal contour in both vertical and horizontal orientation at the same time that provides a better 
plane for trocar insertion, an accurate location of the needle tip and a proper position of the remote center decreasing the 
possible complication of port placement.
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ABSTRAcT         _______________________________________________________________________________________

We demonstrate robot assisted radical nephrectomy with hysterectomy in the same sitting  position followed by specimen 
retrieval per vagina (NOSE- Natural Orifice Specimen Extraction)
A 36 year old female P2L2, presented with long standing dysmenorrhoea. Abdominal sonography detected incidental 
large left renal mass with a large fundal fibroid.
CT scan revealed 8cmx8cm mass arising from mid and lower zone of the left kidney without vascular invasion and 
lymphadenopathy with a large fundal fibroid. Rest of the adnexae were normal.
She underwent robot assisted left radical nephrectomy first in lateral docking position. After bagging the nephrectomy 
specimen, robot was dedocked. Later, the patient was put in lithotomy position and with central docking, and hyster-
ectomy was completed. Both the specimens were retrieved through the vagina without compromising the oncological 
principles.
Patient had a smooth postoperatory recovery and discharged on postoperative day 2. Histopathology revealed RCC Furh-
man grade 4 while hysterectomy specimen showed fibroadenoma with adenomyosis. No adjuvant therapy was instituted 
and at 3 months patient is doing well.
We conclude that two organ excision and extraction of specimen through vagina (NOSE) using two arms is possible in 
selected cases with excellent outcome in terms of early return to work with minimal morbidity. Also. limited use of instru-
ments augments reduction in treatment cost.
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ABSTRAcT         _______________________________________________________________________________________

Introduction: Male / female sex reassignment surgery is performed on transsexuals, and includes removal of the male 
external genitalia, and creation of the neovagina from the skin of the penis, usually allowing sexual intercourse (1, 2). 
The incidence of the prolapse of the neovagina is not known; however, such complication is observed relatively rarely (3, 
4). the long-term outcomes of prolapse treatment in transsexual patients are not available in the literature. The purpose 
of this study was to demonstrate laparoscopic sacrocolpopexy to repair a neovagina prolapse in a patient after male-to-
female sex reassignment surgery.
Materials and Methods: In september 2013, a laparoscopic repair was performed on a 44-year-old woman who presented 
a neovaginal prolapse of pelvic organ prolapse quantification (pop-q) stage iii, twenty one years after sex reassignment 
surgery. This condition caused painful or even indisposed intercourse. in may 2013, the patient underwent unsuccessful 
vaginal treatment with the suturing device. Before the initial surgery, the patient was examined with cystoscopy, urody-
namics and microbiology; no pathologies were found. laparoscopic repair of the neovaginal prolapse followed the prin-
ciples described previously in the natural female (5). In the supine lithotomy position, a standard multiport laparoscopic 
sacrocolpopexy was performed with the use of the polypropylene mesh (Artisyn® y-shaped mesh, ethicon, inc somerville, 
nj.) and coated polyglactin sutures.
The following steps were applied: exposure of the anterior and posterior neovaginal walls; suturing the bifurcated end of 
the mesh to the neovagina; longitudinal incision of the parietal peritoneum and creation of a tunnel for the mesh; fixa-
tion of the proximal end of the mesh to the promontorium; and closure of the parietal peritoneum over the mesh that was 
placed retroperitoneally. The draining tube was left for 24 hours.
Results: The operation was completed successfully, with no blood loss or complications. The operative time was 115 
minutes. The patient was discharged on the 2nd postoperative day. In a four-year follow-up, the patient presented sig-
nificant improvement of symptoms, a small prolapse of approximate pop-q stage i, and declared performing satisfying 
intercourse.
Conclusions: Laparoscopic sacrocolpopexy with the use of a polypropylene mesh to repair a neovaginal prolapse in trans-
sexuals seems to be a valuable alternative to other procedures. Further observations and evaluation of a greater number 
of patients will be necessary to assess the actual value of the method.
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To the editor,

We read the publication on “Prognosis of patients with prostate cancer and middle range prostate 
- specifi c antigen (PSA) levels of 20 - 100 ng / mL” with a great interest (1). Iwamoto et al. noted that “PSA 
is a useful biomarker for predicting prognosis at levels between 20 and 70 ng / mL (1)” and “When the 
PSA level reaches approximately 70 ng / mL, prognosis might bottom and reach a plateau (1)”. We would 
like to share ideas on this report. We agree that there might be a plateau phenomenon in case of high PSA 
level. Nevertheless, we should also be aware on the possible false negative result in patients with low PSA 
level (2). As an immunological test, the prozone effect is possible and this might lead to aberrant low PSA 
level (3). In that case, the prognosing might be affected.
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To the editor,

We have read the paper, “Comparison of Gleason upgrading rates in transrectal ultrasound 
systematic random biopsies versus US-MRI fusion biopsies for prostate cancer” with great interest 
and appreciate the work of the authors (1). They have compared the Gleason upgrading (GU) rates 
and tried to determine the concordance of the Gleason scores in the biopsy versus final pathology 
after surgery in patients who underwent transrectal ultrasound (TRUS) systematic random biopsies 
(SRB) versus US-MRI FB for prostate cancer (PCa).

They found that the GU rate was higher in TRUS SRB group (31.5% vs. 16.4%; p=0.027). Ac-
cording to the Gleason grade pattern, GU was higher in TRUS SRB group compared to US-MRI FB 
group (40.4% vs. 23.3%; p=0.020).

  Authors concluded that US-MRI FB appears to be related to a decrease in GU rate and 
an increase in concordance between biopsy and final pathology compared to TRUS SRB, suggesting 
that performing US-MRI FB leads to greater accuracy of diagnosis and better treatment decisions.

We have a few queries: we know from the previous studies that around 10% of the tumors 
were undetected by MRI and additional tumor foci may be detected in the histological examination 
of the final pathological specimen (2). In the recent paper it was stated that a decrease in GU rate 
was detected with the use of US-MRI FB. We kindly ask the authors if they detected any additional 
tumor foci in the radical prostatectomy specimen of US-MRI FB group or the GU just belongs to the 
tumor detected via fusion biopsy. 

In the recent study eight patients that have Gleason score ≤6 on US-MRI FB undergone radi-
cal prostatectomy. It is known that active surveillance is one of the best treatment options for very 
low risk prostate cancer. The number of the positive cores and percentage of the each fragment/core 
involved are the important parameters to decide active surveillance in the patients with T1c and 
Gleason score ≤6 /grade group 1 and PSA<10 ng/mL. Concerning the fact that limited biopsy cores 
were obtained in the MRI-targeted biopsy group; we kindly ask the authors which criteria they used 
for the selection of patients to active surveillance. In the era of MRI-targeted biopsy do the authors 
propose alternative criteria for selection of patients to active surveillance?

 When speaking about the concordance of US-MRI FB and final pathology Gleason score 
another important issue is down grading of Gleason score. What was the down grading in the US-
MRI FB group and was it different from TRUS SRB group in this study?
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