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ABSTRACT

Introduction: Penile cancer (PC) occurs less frequently in Europe and in the United 
States than in South America and parts of Africa. Lymph node (LN) involvement is the 
most important prognostic factor, and inguinal LN (ILN) dissection can be curative; 
however, ILN dissection has high morbidity. A nomogram was previously developed 
based on clinicopathological features of PC to predict ILN metastases. Our objective 
was to conduct an external validation of the previously developed nomogram based 
on our population.
Materials and methods: We included men with cN0 ILNs who underwent ILN dissection 
for penile carcinoma between 2000 and 2014. We performed external validation of the 
nomogram considering three different external validation methods: k-fold, leave-one-
out, and bootstrap. We also analyzed prognostic variables. Performance was quantifi ed 
in terms of calibration and discrimination (receiver operator characteristic curve). A 
logistic regression model for positive ILNs was developed based on clinicopathological 
features of PC.
Results: We analyzed 65 men who underwent ILN dissection (cN0). The mean age was 
56.8 years. Of 65 men, 24 (36.9%) presented with positive LNs. A median 21 ILNs were 
removed. Considering the three different methods used, we concluded that the previ-
ously developed nomogram was not suitable for our sample.
Conclusions: In our study, the previously developed nomogram that was applied to our 
population had low accuracy and low precision for correctly identifying patients with 
PC who have positive ILNs.
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INTRODUCTION

Penile cancer is less frequent in Europe and 
in the United States than in other regions of the 
world. For instance, in South America and parts of 

Africa, the incidence of PC is high, where it can ac-
counts for 1-2% of malignant diseases (1, 2) in men
and represents an important public health issue.

 Nodal involvement is the most important 
prognostic factor (3) in penile cancer, and curren-
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tly available noninvasive staging methods have 
low sensitivity for detection of regional lymph 
node (LN) involvement. Optimal management of 
patients who are clinically node-negative (cN0) is 
still debated (4).

 Inguinal LN dissection (ILND) can be cura-
tive; however, the procedure has high morbidity 
rates with respect to short- and long-term compli-
cations (5). On the other hand, surveillance stra-
tegies in patients with cN0 disease (intermediate/
high risk, T1b or greater) have been associated 
with worse survival rates in recent non-randomi-
zed, retrospective studies (6-8).

 Other alternatives, such as ultrasound-
-guided fine-needle biopsy, dynamic sentinel 
node biopsy (DSNB) (9, 10) or minimally invasive 
approaches, including pure laparoscopic or ro-
botic-assisted ILND (11-14), have been described. 
However, these methods are dependent on tech-
nology, expertise, and have high costs; moreover, 
their advantages remain unclear.

 Nomograms are low cost prediction tools 
for quantifying individual risk based on prognos-
tic factors, which could be helpful in developing 
countries. For several cancers, nomograms might 
provide more precise prediction compared with the 
traditional tumor-node-metastasis (TNM) classifi-
cation. Zhu et al. (15) developed a nomogram ba-
sed on clinicopathological features (T stage, grade, 
lymphovascular invasion, p53 expression) of pe-
nile cancer and clinically negative inguinal LNs 
(ILNs). This nomogram was designed to predict 
ILN metastases in squamous cell carcinoma of the 
penis, to spare patients from unnecessary ILND, 
especially those living in poor countries. However, 
the nomogram still requires external validation. 
The objective of this study was to conduct exter-
nal validation of the nomogram developed by Zhu 
et al. (15), based on our population. 

MATERIALS AND METHODS

 After receiving Institutional Review Bo-
ard and ethics committee approval for the study, 
we included 65 men between 2000 to 2014 who 
underwent ILND as a part of treatment for prima-
ry penile squamous cell carcinoma and who pre-
sented with cN0 stage disease preoperatively. The 

definition of cN0 in our study was nonpalpable 
ILN. All patients were classified according to the 
European Association of Urology Risk Classifica-
tion (EAURC) of penile cancer (16). In our routi-
ne practice, we normally suggest bilateral ILND 
for all patients who are classified as intermediate 
or high risk, according to the EAURC (17) ILND 
is generally performed 2-6 weeks after primary 
disease resection. The time from presentation to 
primary disease treatment was unavailable becau-
se this information was unreliable in the medical 
records. All pathological reviews were performed 
by an uropathologist using primary tumor slides. 
Tumor stage was assigned using the 2002 Ameri-
can Joint Committee on Cancer (TNM) system (18). 
T2 stage was divided into two subgroups, as in 
the nomogram by Zhu et al., (15) based on depth 
of invasion (T2a and T2b, corpus spongiosum and 
corpus cavernosa involvement, respectively). We 
used T1a and T1b jointly as category T1 and used 
Broders system to classify the histologic grade (18) 
in the same manner as in the nomogram. Lym-
phovascular invasion and p53 expression (cut-off 
expression of 20%) (19) were also evaluated in our 
study. We collected data from patients at three di-
fferent instituitions, then we performed external 
validation of the nomogram by Zhu et al. (15).

Statistical analysis

 Data were analyzed using frequency and 
percentages for qualitative variables and medians 
and ranges for continuous variables. Comparisons 
between groups were performed using the chi-
-square or Fisher’s exact test for qualitative varia-
bles and the Mann-Whitney test for quantitative 
variables. Performance was further quantified in 
terms of calibration and discrimination. Discri-
mination was quantified with the area under the 
receiver operator characteristic (ROC) curve. Cali-
bration was estimated by graphic representation 
of the associations between observed outcome fre-
quencies and predicted probabilities (calibration 
curves) for the patient groups. A logistic regres-
sion model for positive LNs was developed based 
on predictor variables: T staging, tumor grade, 
vascular invasion, and p53 expression. Statistical 
analyses were performed using two-sided p<0.05 
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as significant. Models, statistics, and figures 
were prepared using IBM SPSS software version 
23.0 (IBM Corp., Armonk, NY, USA) and R 3.2.21 
(http://www.cran.r-project.org).

 We considered three different external vali-
dation methods for the nomogram by Zhu et al. (15): 
k-fold, leave-one-out, and bootstrap. We sought to 
validate and verify whether this nomogram was use-
ful for the prediction of positive ILN with good esti-
mates in terms of confidence intervals.

RESULTS

 This study analyzed 65 men with stage 
cN0 (intermediate/high risk) penile cancer who un-
derwent ILND for nonpalpable ILN (Table-1) from 3 

institutions in Brazil. The mean age was 56.8±14.7 
years (range, 25-86 years). Twenty-four (36.9%) 
patients presented with positive LNs (Table-1) on 
ILND. Either standard or modified ILND was per-
formed in all patients. Superficial and deep ILN 
were removed. A median of 21 (range, 3-60) ILN 
was removed and the mean number of positive 
ILN was 2.4 (range, 1-12). T1 stage was observed 
in 16 (24.6%) patients, T2a in 25 (38.5%), T2b in 
7 (10.8%), T3 in 16 (24.6%), and T4 in 1 (1.5%) 
patient. Low-grade tumor (G1) was observed in 20 
(30.8%) patients and G2 (61.5%) in 40 patients (Ta-
ble-1). Comparing stage and ILN metastases, 8/16 
(50%) patients with T1 stage, 13/32 (40.6%) with 
T2 stage, 3/16 (18.8%) with T3 stage, and 0/1 (0%) 
with T4 stage had ILN metastasis, respectively.

Table 1 - Clinicopathological characteristics in 65 patientes with penile cancer.

Variables Mean ± dp (min-max)

Age (anos) 56.58±14.7 (25-86)

Variables N (%)

T stage

T1 16 (24.6)

T2a 25 (38.5)

T2b 7 (10.8)

T3 16 (24.6)

T4 1 (1.5)

Grade

G1 20 (30.8)

G2 40 (61.5)

G3 5 (7.7)

Lymphovascular invasion
Absente 56 (86.2)

Present 9 (13.8)

p53 Expression
Weak 32 (49.2)

strong 33 (50.8)

EAU risk classification

low 0 (0)

Intermediate 14 (21.5)

High 51 (78.5)

pN stage

N0 41 (63.1)

N1 11 (16.9)

N2 11 (16.9)

N3 2 (3.1)

Pathologic lymph node status
positive 24 (36.9)

negative 41 (63.1)
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 In our study, tumor grade was not asso-
ciated with LN involvement (p=0.538). Regarding 
histology, we found 30.8%, 61.5%, and 7.7% of 
tumors to be G1, G2, and G3, respectively (Ta-
ble-1). On the other hand, only 4.8% of patients 
with negative LNs had G3 disease. Lymphovascu-
lar invasion was present in 20% of patients with 
positive LNs and in 10% of patients with negati-
ve LNs. In univariate analysis tumor grade and 
lymphovascular invasion were strongly correla-
ted with LN status (p<0.05). In the multivariate 
analysis, only T stage was statistically signifi cant 
(p=0.015; Table-2).

 Our study included the k-fold, leave-one-
-out, and bootstrap methods to evaluate the nomo-
gram by Zhu et al. (15). The bootstrap method de-
termined that this nomogram is random and does 
not establish a pattern of prediction of metasta-
sis. Validation using the k-fold method confi rmed 
this, which we identifi ed during the process of 
modeling. The predictors shown in the nomogram 
of Zhu et al. (15) were not statistically signifi cant 
predictors of ILN metastases in our study sample. 

All three models showed a low R2 (Table-3). These 
fi ndings demonstrate that the nomogram by Zhu 
et al. (15) has a high probability of false negatives 
in our population. The distribution of the boots-
trap test results is shown in Figure-1.

DISCUSSION

 There are some nomograms in literature to 
predict inguinal lymph nodes, for example, one of 
them was reported by Ficarra et al. (20) and inclu-
ded variables as tumor thickness, grown pattern, 
grade, LVI, local infi ltration, cN stage. Other one 
was published recently by Peak (21) that used only 
grade, cN stage, and LVI. Zhu’s nomogram used 
cT stage, grade, LVI and p53 expression and must 
be applied in N0 patients. We decided to valida-
te Zhu’s nomogram because of that idea of use a 
biomarker as p53 expression in association with 
clinical data, however in our study, this nomo-
gram applied in our population had low accuracy 
for identifying patients with penile cancer who 
had positive ILN. Our analysis showed an unde-

Table 2 - Univariate and multivariate analysis of clinicopathological factors to predict inguinal lymph node metastasis 
in 65 patients.

Variables
Univariate analysis Multivatiate analysis

% LNM p-value OR (95% CI) p-Value

T stage 0.154 0.015

T1 50.0 

T2a 32.0 0.341 (0.111-1.049) 0.061

T2b 71.4 2.20 (0.399-12.120) 0.365

T3 17.6 0.075 (0.012-0.462) 0.005

Grade 0.010 0.737

G 1 35.0 

G 2 35.0 0.731 (0.282-1.893) 0.518

G 3 60.0 1.489 (0.145-15.235) 0.737

Lymphovascular invasion 0.002 0.071

Absente 33.9 -

Present 55.6 5.965 (0.857-41.507)

p53 Expression 0.350 0.296

Weak 31.3 -

Strong 42.4 1.789 (0.602-5.318)
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restimation of positive LNs. We would like to em-
phasize that in using the nomogram by Zhu et al. 
(15) here, we could not improve the selection of 
patients with positive or negative ILN.

 The occurrence and extent of ILN metas-
tasis are the most important prognostic factors in 
patients with penile cancer and usually imply wor-
se oncologic prognosis (22). Up to 25% of patients 
with no palpable LNs have occult micrometastases 
that are not detected by physical examination (23-
25), and imaging studies, such as computed tomo-
graphy scan or conventional magnetic resonance 
imaging, are also unable to detect inguinal micro-
metastases (26). Consequently, it could be debated 
that lymphadenectomy should be performed for 

all patients with penile cancer (8, 27) because ILN 
status is the key prognostic factor for survival, and 
patients can be cured by undergoing ILND. Howe-
ver, this poses a dilemma because early ILND lea-
ds to high rates (up to 50%) (28) of complications 
with signifi cant morbidity, such as infection and/
or wound dehiscence, skin necrosis, lymphedema, 
lymphoceles, and other complications. Surveillan-
ce strategies can reduce cancer-specifi c survival 
(5, 7-9). Patient survival is over 90% with early 
lymphadenectomy and less than 40% in patients 
treated with a surveillance strategy and later lym-
phadenectomy for regional recurrence. The alterna-
tives, including DSN (9, 10) or minimally invasive 
approaches such as pure laparoscopic or robotic-
-assisted ILND (11, 12, 29, 30), are dependent on 
technology and have high costs, which make them 
extremely diffi cult to use in underprivileged po-
pulations. Nomograms could be a very interesting 
tools for improving patient outcome, however in 
daily practice they are underutilized because the 
guidelines recommendation of ILND for interme-
diate- and high-risk tumors (16), other alternatives 
as DSN and also because of lack of external valida-
tion of the available monograms.

 Our univariate analysis found that tumor 
grade and lymphovascular invasion had a strong 
correlation with LN status. In the multivariate 
analysis, only T stage was statistically signifi cant. 
Lymphovascular invasion was the only statistically 
signifi cant variable in the study published by Zhu 
et al. (15) whereas we did not fi nd statistical sig-
nifi cance for this variable in our study (p=0.212). 
In patients with positive LNs, 20.8% had lympho-
vascular invasion; this pathological fi nding was 
present in 9.7% of patients with negative LNs. The 

Table 3 - Comparison of results in 3 diferents external validation methods.

Calibration Zhu’s Nomogram K-fold Leave-one-out Bootstrap

R² 0.445 0.228-0.424 0.254-0.389 0.012-0.520

Brier 0.116 0.170-0.195 0.169-0.186 0.141-0.230

Discrimination

(ROC) Area under de curve 0.851 * * 0.783

* ROC curve was performed for bootstrap only.

Figure 1 - ROC curve generated by Bootstrap method.
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lymphovascular invasion is a strong predictor of 
positive inguinal lymph nodes as showed in other 
studies by Ficarra et al. (31), and other nomogram 
developed using the National Cancer Database 
that included 1,636 men in their analysis (21). Our 
hypothesis is that we found significance only in 
univariate because of the limited sample.

 Zhu et al. (15) developed their nomogram 
because of the unreliability of currently available 
modalities for detecting occult nodal involvement, 
the need for decisive management of regional LNs for 
improvement of long-term patient survival, and the 
challenge of avoiding overtreatment with potential 
treatment-related morbidity. We sought to validate 
this nomogram for the prediction and identification 
of patients at risk for nodal metastasis who could 
potentially be spared unnecessary ILND. In this no-
mogram, surveillance is recommended if the nomo-
gram probability of positive nodes is 0.1 (10%). The 
nomogram represents an attempt to define an ob-
jective, systematic, standardized, multivariate model 
capable of providing individual pN stage predictions. 
In our study, we performed ILND for cases with inter-
mediate and high risk, according to EAU guidelines. 
Using this classification, we performed 41 unneces-
sary ILND and detected 24 cases of ILN metastasis. 
Considering the threshold of 10% prediction risk (Zhu 
et al.) in our study, we had 35 patients (62%) that 
underwent ILND unnecessarily (true negatives), and 
we would have missed 3 (12%) patients with LN me-
tastasis (true positives). Using a threshold of 20%, 31 
(59%) underwent ILND unnecessarily (true negatives) 
and we would have missed the same 3 (12%) patients 
with LN metastases (true positives).

     Despite the fact that this nomogram is a 
noninvasive and low-cost approach, it requires ex-
ternal validation. The aim of the present study was 
to externally validate a predictive model for ILN me-
tastasis in our cohort of patients who had undergone 
ILND. Only pN status performed adequately within 
our external cohort of patients, and this finding was 
consistent using different statistical means (i.e., ove-
rall performance, discrimination, calibration, and cli-
nical usefulness).

 The nomogram proposed by Zhu et al. (15) 
is basically a model that can be used to explain the 
variability of one or more variables and the associa-
tion and correlation of this variability with other ex-

ploratory variables. The goal is to determine values 
for the parameters in the specified template that ge-
nerate the best fit of the model to the data. The best 
model is the one that produces the least unexplained 
variability, subject to the restriction that all model 
parameters must be statistically significant. One of 
the most important principles concerning the process 
of modeling is simplification of the model. The prin-
ciple of parsimony says that given a set of equally 
good possible explanations, the correct explanation 
is the simplest one. Accordingly, given a set of valid 
models, the best model is the one that: a) includes 
the least number of variables, B) is linear and con-
trasts with nonlinear models, C) is based on few sta-
tements, and D) recognizes that simple explanations 
are always preferable in comparison with complex 
explanations. In the case of the model proposed by 
Zhu et al. (15), only lymphovascular invasion was 
identified as a statistically significant predictor for 
positive ILN. We used the bootstrap method because 
this method is used to estimate the confidence inter-
val of parameters. In the bootstrap method, we set 
the answer and performed resampling of predictors 
(1,000 times) to identify confidence intervals for the 
parameters of the logistic regression and to identify 
better and greater values for R2, the c-index statis-
tic, and Brier score. Using the k-fold validation me-
thod, we measured the accuracy of the model, i.e., 
the model’s ability to faithfully represent the sample 
data. We used a third-party validation method, the 
leave-one-out method, which is a generalization of 
the k-fold method, where the number of templates is 
equal to the size of the sample. The method is useful 
for evaluating the complete behavior of the model 
and for correcting defects of the model. Considering 
that, we identified the extremes of confidence inter-
vals for the parameters of logistic regression. Again, 
we identified the values of R2 statistics, the c-index, 
and Brier score. These analyses confirmed that in our 
sample, the model proposed by Zhu et al. (15) was 
inappropriate, and even cross-validation did not im-
prove the model. In our sample, the predictors shown 
in the nomogram of Zhu et al. (15) were not statisti-
cally significant predictors of ILN. All models showed 
a low R2, including with the bootstrap technique (be-
tween 0.228 and 0.424) and leave-one-out (between 
0.254 and 0.389) method. In the bootstrap method, 
p53 expression was identified as a better parameter. 
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 We found that accuracy of this nomogram 
was lower in our sample (area under the ROC curve, 
0.79). The calibration plot showed underestimation 
of positive ILN. This indicates poor sensitivity, poor 
specificity, and a low positive likelihood ratio for the 
various values used in the nomogram by Zhu et al. 
(15). According to our findings, we would like to hi-
ghlight that the nomogram by those authors does not 
have satisfactory performance in improving selection 
of patients with positive or negative ILN disease, even 
using a threshold of 10% or 20%. The applicability of 
models derived from cohorts in China may be ques-
tionable when transferred to Latin America. These re-
sults could be explained for some reasons: different 
population and race, low accuracy of Zhu’s nomo-
gram, limited sample, lack of other biomarkers, etc.

 The limitations of the present study are inhe-
rent to any retrospective series. The number of pa-
tients was small (N=65); however, considering the 
rarity of penile cancer, our sample size is similar to 
those in other published series in the literature. Our 
population was significant and sufficient for valida-
tion of the nomogram by Zhu et al. (N=110) in pe-
nile cancer. Lymphadenectomy templates were not 
standardized; however, the three institutions and the 
surgeons involved are experts in urologic oncology 
and have extensive experience in the management 
of penile cancer. Nevertheless, our data reflect a real-
-world, multicenter experience.

CONCLUSIONS

 In our study, the nomogram by Zhu et al. 
(15) applied in our population had low accuracy 
and low precision for correctly identifying pa-
tients with penile cancer who have positive ILN. 
Our analysis showed an underestimation of posi-
tive LNs. Using this nomogram, we could not im-
prove the selection of patients with positive versus 
negative ILN. 

ABBREVIATIONS

PC = Penile cancer
LN = Lymph node
ILN = Inguinal LN (ILN)
DSNB = dynamic sentinel node biopsy
ILND = Inguinal LN dissection

EAURC = European Association of Urology Risk 
Classification
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