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INTRODUCTION

Testicular cancer accounts for 1.5% and 
5% of male and urological tumors, respectively. 
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ABSTRACT 

Purpose: The current first - line treatment for non - seminomatous germ cell tumor 
(NSGCT) consists of four cycles of cisplatin, etoposide, and bleomycin (BEP), which 
results in 5 - year overall survival < 60% in patients with poor - risk features. Autolo-
gous hematopoietic stem cell transplantation (auto - HSCT) as a method for overcom-
ing high toxicity after high dose chemotherapy (HDC) has been explored in different 
solid tumors, but has remained standard practice only for NSGCT. Our objective was 
to describe outcomes of patients with poor - risk NSGCT who underwent first - line 
autologous HSCT in a tertiary center in Mexico.
Patients and Methods: Twenty nine consecutive patients with NSGCT who received 
first - line, non - cryopreserved autologous HSCT at the National Institute of Medical 
Sciences and Nutrition Salvador Zubiran in Mexico City, Mexico, from November 1998 
to June 2016, were retrospectively analyzed.
Results: The median age at transplantation was 23 (15 - 39) years. Most patients (n 
= 18, 62%) had testicular primary tumor, and 23 had metastases (79%). Complete re-
sponse after auto - HSCT was observed in 45%. Non - relapse mortality was 0. Five 
- year relapse / progression free and overall survival were 67% and 69%, respectively.
Conclusions: This small single limited - resource institution study demonstrated that 
patients with poor - risk NSGCT are curable by first - line HDC plus autologous HSCT 
and that this procedure is feasible and affordable to perform using non - cryopreserved 
hematopoietic stem cells.
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Annually, three to six new cases occur per 100,000 
men in the United States and up to 5% are bila-
teral. In Mexico, approximately 1.742 new cases 
were diagnosed in 2012 (1) and according to the 
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Mexican Malignant Tumor Histopathological Re-
gister (2001), testicular cancer is the most curable 
solid tumor and the most frequent urological tu-
mor in working - age men (2). The vast majority 
of non - seminomatous germ cell tumor (NSGCT) 
arise in the testicles with ~5% occurring outside 
of the gonads (3). Cisplatin - based chemothera-
py can cure patients with disseminated NSGCT, 
even with visceral metastases, highly elevated 
serum tumor markers, and other adverse fea-
tures, however results are better in patients of 
favorable risk group. The current first - line tre-
atment consists of four cycles of cisplatin, eto-
poside, and bleomycin (BEP) (3), which results in 
5 - year overall survival (OS) rates of less than 
60% in patients with advanced NSGCT classified 
with poor - risk features according to the Inter-
national Germ Cell Cancer Collaborative Group 
(IGCCCG) Classification (4-6).

A solution for overcoming resistance me-
chanisms to chemotherapy in patients with ma-
lignant diseases has been to increase the dose of 
cytotoxic drugs. However, it was not possible to 
administer higher doses due to the high toxicity 
and potentially lethal toxicity on bone marrow. 
Therefore, autologous hematopoietic stem cell 
transplantation (auto - HSCT) as a method for 
overcoming this high toxicity after chemotherapy 
has been explored in different solid tumors, but 
has remained standard practice only for NSGCT. 
In fact, this procedure (high - dose chemotherapy 
(HDC) followed by auto - HSCT) has been studied 
in both first - line and salvage settings in NSGCT. 
The relative tolerability and improvement in re-
lapse / progression free survival (PFS) and overall 
survival (OS) compared with historical controls 
treated with conventional - dose programs sug-
gested that this was a promising approach (7-10). 
Nonetheless, so far, there is no clear evidence that 
HDC plus auto - HSCT given as first - line therapy 
increase survival in patients with poor-risk NSG-
CT and the unresolved question as to what cons-
titutes optimal therapy for these patients remains. 
On the other hand, while most patients with me-
tastatic NSGCT are cured with first - line chemo-
therapy, the cure rate for those that relapse after 
first - line chemotherapy for metastatic disease is 
much lower.

The aim of this study was to describe ou-
tcomes of patients with poor - risk NSGCT who 
underwent HDC followed by auto - HSCT in a Na-
tional Health Institute in Mexico.
PATIENTS AND METHODS

Consecutive patients with poor - risk NSG-
CT treated at a National Institute of Mexico, Na-
tional Institute of Medical Sciences and Nutrition 
Salvador Zubiran in Mexico City, from November 
1998 to June 2016, were retrospectively analyzed. 
Thirty seven patients were identified (8 refractory 
/ relapsed), but only 29 received an auto - HSCT 
as first - line treatment. Clinical and pathological 
characteristics such as age, sex, histology, disease 
extent, tumor markers, and responses were inclu-
ded. Follow - ups were done in the out - patient 
clinic. Diagnosis was made by the histopatholo-
gical report from the ultrasound or CT - guided 
fine needle aspiration biopsy (mediastinal and 
retroperitoneal tumors), or from the inguinal or-
chiectomy (testicular tumors) plus serum markers 
such as alpha - fetoprotein (AFP), lactate dehydro-
genase (LDH), and human chorionic gonadotropin 
(β - hCG). Second or third transplantations were 
excluded. The dataset used for this study derived 
from the Transplantation Program records, archi-
ved in the Department of Hematology and Onco-
logy, containing all the information of the in - 
patient procedure. Also, hospital official medical 
records, and electronic records, including imaging 
and pathology, were reviewed. All patients signed 
an informed consent before undergoing HSCT. The 
Institutional Review Board approved the usage of 
patient information for this study.

Hematopoietic Stem Cell Transplantation
All patients were admitted one day prior 

the administering the conditioning regimen, and 
were placed in rooms with only high - efficiency 
particulate air (HEPA) filters during their in - pa-
tient stay. Autologous hematopoietic stem cells 
(HSCs) were collected by peripheral blood stem 
cell (PBSC) apheresis. Patients received granulo-
cyte - colony stimulating factor (G - CSF) (10 μg / 
kg / day) 5 days prior this procedure. Conditioning 
regimen was etoposide (1200 mg / m2, IV) and car-
boplatin (1400 mg / m2, IV) administered during 
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three consecutive days. Previously collected CD34 
+ cells were infused 5 - 6 days after harvesting, 
thus cryopreservation was not performed. Blood 
products and nutritional support were provided 
according to institutional guidelines. All blood 
products were filtered and radiated. G - CSF was 
administered on day + 5 until hematopoietic re-
covery (approximately 1 week). No physical or 
occupational therapy was given. Antimicrobial 
prophylaxis consisted of ciprofloxacin (500 mg / 
12 hours, oral) and acyclovir (250 mg / 8 hours, 
IV), administered starting the conditioning regi-
men. Antifungal prophylaxis included flucona-
zole (400 mg / daily, IV) starting day 1 of condi-
tioning regimen.

Outpatient follow-up
Patients were discharged when engraft-

ment occurred and in the absence of infections or 
complications. Out - patient visits took place twi-
ce a month during the first two months. Reques-
ted labs included complete blood count (CBC) and 
liver panel. No medications were prescribed. Pa-
tients in whom markers normalized, but who sho-
wed evidence of residual tumor mass, underwent 
debulking surgery.

Endpoints and definitions
Poor - risk NSGCT were defined by one or 

more of the following criteria: primary mediastinal 
NSGCT or by testicular / retroperitoneal primary 
NSGCT with non - pulmonary visceral metastasis, 
AFP > 10 000 ng / mL or β - hCG > 50 000 mIU / 
mL, or LDH > 10 x upper limit of normal (4). The 
following institutional laboratory references were 
considered: AFP 0-9 ng / mL, β - hCG 0.5 - 2.67 
mUI / mL, and LDH 140-271 U / l. Morbidity post - 
transplant was analyzed according to the NCI Com-
mon Terminology Criteria for Adverse Events (CT-
CAE v4.0). Neutrophil engraftment was considered 
as ANC ≥ 0.5 x 109 / L in the first day of three con-
secutive days. Platelet engraftment was defined as 
a platelet count ≥ 20 x 109 / L, during three consec-
utive days without transfusions. Graft failure was 
defined as the inability to achieve neutrophils and 
platelets engraftment during 45 days post - trans-
plant. Patients with normal levels of tumor markers 

and no clinical or radiological evidence of residual 
masses were classified as complete responders (CR) 
and were monitored without further therapy. Non - 
relapse mortality (NRM) was defined as death relat-
ed to the conditioning regimen or infections during 
aplasia without relapse / progression and exclud-
ing causes due to underlying disease. Progression 
/ relapse free survival (PFS) was established as the 
length of time from transplantation until relapse or 
progression of the underlying disease. Overall sur-
vival (OS) was defined as time from transplantation 
until death from any cause.

Statistical analysis

Frequencies and percentiles were used to 
describe categorical variables. Continuous vari-
ables were described by the median and interquar-
tile range using the frequency analysis. The OS 
for all patients was calculated using the Kaplan 
Meier estimator. Cumulative incidence estimates 
were calculated for other endpoints (NRM, relapse 
/ progression) to account for competing risks. Non 
- relapse death was a competing risk in the esti-
mation of relapse and relapse a competing risk for 
non - relapse mortality (NRM). Two - sided p - 
value of < 0.05 were considered significant. SPSS 
v. 21 (IBM, Chicago, IL) was used.

RESULTS

Patients: Twenty nine consecutive patients 
diagnosed with germ cell tumor were included 
(Table-1). The median age at diagnosis and at 
transplantation were 23 (15 - 39) and 23 (17 - 
39) years, respectively. All patients had an Eastern 
Cooperative Oncology Group (ECOG) performance 
status of 0. Most frequent histology was mixed 
germ cell tumors (n = 8, 28%), followed by ma-
lignant teratoma (n = 4, 14%). Eighteen patients 
(62%) had testicular primary tumor, and 23 pa-
tients had metastases (79%), most commonly in 
the lungs (n = 14, 61%). At diagnosis, 28 patients 
(97%) had positive tumor markers. According to 
the International Germ Cell Consensus Classifica-
tion, all patients were poor - risk. Prior HSCT, 9 
patients (31%) persisted with positive tumor ma-
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Table 1 - Patient demographics.

Characteristic n (%)

Total 29 (100)

Age (median, range)

Diagnosis 23 (15-39)

HSCT 23 (17-39)

Histology

Embryonal carcinoma 2 (7)

Yolk sac tumor 2 (7)

Choriocarcinoma 3 (9)

Malignant teratoma 4 (14)

Mixed 8 (28)

Other 4 (14)

Unknown 6 (21)

Primary tumor

Testicular 18 (62)

Mediastinal 9 (31)

Retroperitoneal 2 (7)

Risk stratification 

Poor-risk 29 (100)

Metastases

Yes 23 (79)

No 6 (21)

Number of disease sites

1 8 (28)

2 7 (23)

> 3 8 (28)

Unknown 6 (21)

Metastatic sites

Lung 14

Retroperitoneum 10

Mediastinum 3

Liver 9

Brain 1

Cervical lymph nodes 3

Positive tumor markers at diagnosis

Yes 28 (97)

No 1 (3)

Tumor markers at diagnosis

AFP median (range) (ng/mL) 24 (1.9-20928)

β-hCG median (range) (mUI/mL) 395 (0-395790)

LDH median (range) (U/l) 622 (152-14510)



IBJU | AUTOLOGOUS STEM CELL TRANSPLANT IN GERM CELL TUMOR

5

rkers. Twenty patients (69%) had residual tumor 
prior HSCT.

Autologous HSCT: Most patients received 
a single chemotherapy regimen prior becoming 
candidates for HSCT (n = 18, 62%). Eighteen pa-
tients (62%) showed partial response to initial 
chemotherapy. For the HSCT procedure, all pa-
tients received etoposide and carboplatin as pre 
transplant conditioning regimen. The median in-
fused CD34 + cells was 3 x 106 / kg (1.3 - 10.2). 
G - CSF was administered to 21 patients (72%) 
starting with a median 4 days (0 - 14) post - trans-
plant and during a median 8 days (0 - 17).

Conditioning regimen toxicity: Conditioning 
related toxicity was observed in 27 (93%) patients 
(35% grades III - IV). The most common affection 
was hepatic toxicity (n = 17, 63%) being grades III 
- IV in 47%. Thirteen patients (48%) developed oral 
mucositis (8% grades III - IV). None of the patients 
developed central nervous system toxicity.

Infections: Twenty four patients (83%) 
developed infections during the in - patient stay 
with a median onset of 6 days (0 - 14). Colorectal 

infections affected 8 patients (33%) followed by 
catheter in 7 (29%), neutropenic fever in 6 (25%), 
and other infections 13%. Pathogens were isolated 
in 8 patients (33%), all bacterial.

Transfusions and engraftment: Median 
transfused red blood cell and apheresis platelets 
units were 0 (0 - 4) and 2 (0 - 7), respectively. 
None of the patients presented refractoriness to 
infused platelets. Median engraftment for neutro-
phils and platelets were 12 (8 - 20) and 11 (7 - 21) 
days, respectively. Median hospitalization days 
were 20 (14 - 33).

Response, progression and survival: Com-
plete response was observed in 13 patients (45%). 
The median post - transplant tumor markers were: 
159 (114 - 357) U / l, 0.32 (0 - 5432) mUI / mL, 
and 3.9 (0.9 - 290) ng / mL for LDH, β - hCG, and 
AFP, respectively. Eleven patients (38%) persisted 
with residual tumor after HSCT. Eleven patients 
(38%) relapsed/progressed after HSCT. After a me-
dian follow-up of 103 months (2 - 203), 20 pa-
tients (69%) were alive. NRM within 30 and 100 
days were 0. Most frequent cause of death was 

Positive tumor markers prior HSCT

Yes 9 (31)

No 20 (69)

Tumor markers prior HSCT

AFP median (range) (ng/mL) 4.4 (1.8-190)

β-hCG median (range) (mUI/mL) 0.6 (0-1141.5)

LDH median (range) (U/l) 152 (86-331)

Chemotherapy regimens prior HDCT + HSCT

1 18 (62)

2 5 (17)

> 3 2 (7)

Unknown 4 (14)

Response to initial standard chemotherapy

CR 3 (10)

PR 18 (62)

Unknown 8 (28)

Residual tumor prior HSCT

Yes 14 (49)

No 10 (34)

Unknown 5 (17)

AFP = Alpha-fetoprotein; β-hCG = Beta subunit of human chorionic gonadotropin; CR = Complete response; IPFSG = International prognostic factors study group; LDH 
= lactate dehydrogenase; PR = Partial response.
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relapse (n = 5, 56%) (Table-2). Five - year relapse 
free survival and OS were 67% and 69%, respecti-
vely. Comparing site of primary tumor (mediasti-

num and no mediastinum), 5 - year OS was 78 and 
67%, respectively (depicted in Figure-1). Relapse 
and OS are shown in Figure-2.

DISCUSSION

Most patients with metastatic NSGCT are 
cured with standard chemotherapy: 3 - 4 cycles 
of BEP protocols (3, 11). However, in patients with 
poor - risk, cure rate is below 50%. In this group 
and in patients with relapsed testicular cancer, un-
satisfactory performance standard chemotherapy 
has directed researchers to search for new forms of 

treatment. The rationale of using high dose che-
motherapy (HDC) in chemo - sensitive cancer lead 
on investigators to start clinical trials with high 
dose chemotherapy and stem cell support (12, 13). 
In the 90s, the initial studies of high dose che-
motherapy for patients with poor-risk in the first 
- line setting were completed (7, 8, 14). The first 
study showed that 15 of 27 patients (56%) achie-
ved complete remission (CR), 46% were disease 
free, and 57% alive after a median follow-up of 
31 months (8). Three years later, the same authors 
treated 30 patients, 16 with VIP chemotherapy, 
and the rest (14 patients) received HDC (carbo-
platin, etoposide, and cyclophosphamide (CEC)) 
after VIP. Patients whose tumor markers did not 
normalize after two cycles of chemotherapy were 
selected for HDC. After a median follow-up of 30 
months, 50% remained progression - free. Patients 
treated with marker - dependent, early - interven-
tion HDC experienced longer survival (7). In 1999, 
Bokemeyer et al. (14) published an analysis com-
paring the outcomes of patients with poor - risk 
metastatic NSGCT treated sequentially with stan-
dard VIP and HDC in a multi - centric study. They 
included patients from German group studies and 
patients treated in two studies from Indiana Uni-
versity, with BEP or VIP conventional chemothe-
rapy. HDC group included 147 patients, while 309 
patients were in the conventional chemotherapy 
group. Patients treated with HDC had a longer PFS 
75% vs. 59% (p = 0.0056) and a longer OS 82% vs. 
71% (p = 0.0184) (7). After that, Schmoll et al. (10) 
published a phase I / IIa study where they treated 
poor - risk NSGCT patients with a VIP - escalated 
protocol (one cycle of standard VIP, followed by 
3 - 4 cycles of high dose escalated VIP with auto 
- HSCT). Five - year PFS in this group of patients 
was 68%, which was longer than the historical 
control with standard chemotherapy.

The German Testicular Cancer Study Group 
(GTCSG) added paclitaxel, after the proven effec-
tiveness of this drug in cisplatin-resistant NSGCT, 
to dose - escalated VIP protocol (15). Addition of 
paclitaxel to HDC VIP resulted in higher response 
rate of 79%, and five - year PFS and OS of 64% 
and 75%, respectively (15).

Motzer et al. (13) have published the only 
randomized phase III study including 219 untrea-

Table 2 - Causes of death (n=9).

Cause n, %

Relapse or progression 5 (56)

Other causes not related with HSCT

Infections after aplasia 1 (11)

Radiotherapy 1 (11)

Others 2 (22)

Figure 1 - Overall survival comparing site of primary tumor 
(mediastinum and non - mediastinum).
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Figure 2 - Progression and overall survival.

ted intermediate and poor - risk metastatic NSGCT 
patients. One group of patients was treated with 
standard therapy (4 cycles BEP), while the expe-
rimental group received two cycles of BEP and 
followed by two cycles of high dose CEC, sho-
wing benefit of HDC only in those patients with 
unsatisfactory tumor markers decline. One year 
complete remission was not different in the two 
groups of patients (48% vs. 52%, p = 0.53). The 
authors reported a 2 - year survival of 67% and 
a time - to - treatment failure (TTF: treatment to 
relapse) of 23.2 months in the group receiving 
HSCT. However, this study included patients with 
intermediate - risk features (20%) and chemothe-
rapy doses were lower (carboplatin 600 mg / m2 
and etoposide 600 mg / m2, plus cyclophospha-
mide 50 mg / kg) than our study. Nonetheless, our 
survival compares with their results (69 vs. 67%, 
respectively), but the median of TTF in our study 
has not been reached.

Other studies started the third phase, but 
due to poor recruiting of patients they were not 
fully completed (16-18). Daugaard et al. (18) re-
ported a 2 - year failure free survival (FFS) of 
58.2% after HDC using VIP regimens. Overall, the 
analysis of the recruited patients from HDC did 
not show the expected benefit in first - line treat-
ment of metastatic NSGCT with a poor - risk.

On the other hand, several studies have 
used HDC showing promising response rates in 
refractory NSGCT (19-21). In our experience, al-
though limited (8 patients), it seems that auto - 
HSCT does not have a role in first - line for plati-
num refractory NSGCT, but it does as salvage 
therapy obtaining a 5 - year PFS and OS of 50% 
and 67%, respectively [results not shown].

We acknowledge that the main limitations 
of our study include a retrospective, small cohort, 
and heterogeneous histological subtypes. However, 
this small single limited - resource institution study 
demonstrated that patients with poor - risk NSGCT 
are curable by first - line HDC plus non - cryopre-
served autologous HSCT. To our knowledge, this is 
the first published study in a developing country 
and using non-cryopreserved hematopoietic stem 
cells. The relapse / progression free and overall sur-
vival using HCT and autologous HSCT were 67% 
and 69%, respectively. We emphasize that demon-
strating feasibility using non - cryopreserved HSCs 
facilitates the widespread use of autologous HSCT 
in centers without this infrastructure, which is fre-
quent at limited - resource centers in low - middle 
income countries, contributing to the affordability 
of the overall procedure. By this means, engraft-
ment was similar to reported literature (neutrophils 
and platelets, 12 and 11 days, respectively) and 
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median hospitalization was short (20 days). Toxic-
ity has been reported to be more severe for patients 
treated with HDC associating this complication with 
mortality, especially secondary to septic shock 
(16-18). Grades III - IV HDC - related toxicity was 
present in 35% of our cohort and was not associa-
ted with mortality or further complications. Also, 
febrile neutropenia has been reported in > 90% of 
patients receiving HDC (18), compared to 25% in 
our study. Colorectal infections affected 33% of our 
cohort, compared to other studies reporting up to 
59% gastrointestinal infections (17). Among our co-
hort, NRM at 30 and 100 days was 0. Causes of dea-
th were mostly as a consequence of relapse.

 Further, our results administering HDC plus 
one autologous HSCT compare to studies using 2 - 4 
first - line HDC plus stem cell support (auto - HSCT), 
which highlights accessibility in developing coun-
tries. Moreover, we have previously reported the 
costs of HSCT in Mexico (22), demonstrating that it 
is an affordable procedure (median cost of autolo-
gous HSCT 12, 155 USD), and avoiding cryopreser-
vation allows this cost to remain low especially in 
limited - resource centers without facilities to free-
ze and store hematopoietic cells as it is expensive, 
complex, and requires substantial expertise.

 Also, patients with non - mediastinal and 
mediastinal NSGCT had similar outcomes, support-
ing the use of HSCT plus auto - HSCT as first - line 
treatment in the latter, but larger prospective studies 
are needed.

 In conclusion, our approach (HDC plus non 
- cryopreserved auto - HSCT) as first - line treat-
ment in poor - risk NSGCT is a feasible procedure 
in low and middle income countries due to similar 
results compared to published prospective studies in 
developed countries.
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