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Editorial on the Research Topic

Penile cancer in genitourinary oncology
The Research Topic Penile Cancer in Genitourinary Oncology as part of the Frontiers

in Oncology has explored hot topics in this rare disease that needs further development.

Authors from Asia, Europe, North and South America have explored important

diagnostic, prognostic and therapeutic aspects.

Lack of significant progress in the treatment and management of penile cancer

patients in the United States in recent decades is suggested by the increasing trend in

incidence-based mortality (IBM) with no significant improvement in the 5-year relative

survival rate observed using population-level data from the SEER database [Deng et al.].

A large multicenter Chinese study including 340 penile cancers has identified that

phimosis has decreased its prevalence through the years studied while HPV infections

rose, becoming a more important etiological factor. HPV types 16 and 18 comprised

88.6% of infections detected and when added type 33, 91% of infections studied are

accumulated [Gu et al.].

Other Chinese group sequenced 35 penile cancer patients’ complete exome in order

to define a correlation between gene copy number alterations and the disease prognosis.

The 5-year survival rate of patients with MYCN and FAK amplification was 69.2%, and

65.6%, compared to 94.4% and 94.7% in the non-amplification groups, respectively

[Yu et al.].

Lymph node status is the most important prognostic factor of penile cancer, and

examined lymph node (ELN) count and lymph node density (LND) were independent

prognostic factor for overall survival when analyzing 528 patients in the Surveillance,

Epidemiology, and End Results cohort from 2010 to 2015 and 156 patients in a Chinese

cohort (2006-2016). Using the ROC curve, the recommended cutoff values of ELN and

LND were 13 and 9.3%, respectively (P <0.001) [Gao et al.].

Based on the indication for complementary treatment and the already known poor

prognosis of extra lymph node extension (ENE) in penile squamous cell carcinomas, a

Chinese group studied 234 patients who underwent bilateral inguinal lymph node

dissection surgery and has developed a nomogram based on pathological staging and
frontiersin.org
5

https://www.frontiersin.org/articles/10.3389/fonc.2022.1040950/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.1040950/full
https://orcid.org/0000-0003-2092-414X
https://www.frontiersin.org/research-topics/24250#articles
https://doi.org/10.3389/fonc.2022.891623
https://doi.org/10.3389/fonc.2020.01521
https://doi.org/10.3389/fonc.2020.596261
https://doi.org/10.3389/fonc.2021.706531
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.1040950&domain=pdf&date_stamp=2022-09-26
mailto:reisleo.l@gmail.com
https://doi.org/10.3389/fonc.2022.1040950
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.1040950
https://www.frontiersin.org/journals/oncology


Buosi et al. 10.3389/fonc.2022.1040950
clinical-laboratory data including platelet-lymphocyte ratio and

squamous cell carcinoma antigen, capable of predicting the risk

of ENE presence [Wu et al.].

Also, deep inguinal lymph node metastasis (ILNM) was the

most accurate factor for predicting pelvic lymph node metastasis

(PLNM) in a different cohort of 189 Chinese patients. Once

involvement of deep ILNs indicates poor prognosis, authors

propose that patients with deep ILNM should be staged as pN3

and referred for pelvic lymph node dissection [Yang et al.].

Radioisotope-guided dynamic sentinel node biopsy (DSNB)

simultaneously or secondarily after penile surgery has potential

to limit morbidity. Among 41 Germany patients, the morbidity

rate was 15.8% per inguinal region and intervention was only

required in six groins (7.9%). While DSNB is limited by false-

negative results, it might be reduced when performed

simultaneously to primary tumor resection [Nemitz et al.].

Incipient data has showed therapeutic potential in the use of

immune checkpoint inhibitors against penile cancer progressing

after chemotherapy, which usually have 06 months median

overall survival.

Two patients successfully treated with pembrolizumab are

reported, one with high tumor mutational burden and complete

response for 38months and other with PDL-1 expression in penile

tumor tissue with partial response for 18 months [Chahoud et al.].

Other two patients with advanced penile squamous cell carcinoma

who were administered chemotherapy combined with sintilimab

also showed sustained partial and complete response for one and

two years, respectively [Mei et al.].

In a European survey, guideline adherence for most

treatment recommendations increases with growing annual

penile cancer caseload. The probability of a guideline-adherent

recommendation increased with each patient treated per year.

The type of hospital care (academic vs. non-academic) did not

affect guideline adherence in any scenario [Lebentrau et al.].

Brazilian authors brought a compilation on non-coding

RNA and its role in penile cancer, as well as the opportunity

to use paraffin samples, allowing retrospective studies. Micro

RNAs, pi-RNAs, and long non-coding RNAs (LncRNAs) are
Frontiers in Oncology
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already known as corelated to disease and are possible tumor

biomarkers with potential diagnostic and prognostic targeting in

the near future [Pinho et al.]. This research topic selection

highlights the current penile cancer landscape, from new

technologies with prognostic ability, with the lymph node

dissemination still as the Achilles' heel, to the great therapeutic

potential of immunotherapies for the near future.
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Background: Clear cell renal cell carcinoma (ccRCC) is the most frequent and terminal

subtype of RCC. Reliable markers associated with the immune response are not available

to predict the prognosis of patients with ccRCC. We exploited the extensive number of

ccRCC samples from The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus

(GEO) repository to perform a comprehensive analysis of immune-related genes (IRGs).

Methods: Based on TCGA data, we incorporated IRGs and their expression profiles of

72 normal and 539 ccRCC samples. Univariate Cox analysis was used to evaluate the

relationship between overall survival (OS) and IRGs expression. The Lasso Cox regression

model identified prognostic genes used to establish a clinical immune prognostic model.

The TF–IRG network was used to study the potential molecular mechanisms of action

and properties of ccRCC-specific IRGs. Multivariate Cox analysis established a clinical

prognostic model of IRGs.

Results: We found a significant correlation among 15 differentially expressed IRGs

with the OS of patients with ccRCC. Gene function enrichment analysis showed that

these IRGs are significantly associated with response to receptor ligand activity. Lasso

Cox regression analysis identified 10 genes with the greatest prognostic value. A clinical

prognostic model based on six IRGs, which performed well for predicting prognosis,

revealed significant associations of patients’ survival with age, sex, stage, tumor, node,

and metastasis. Moreover, these findings reflect the infiltration of tumors by various

immune cells.

Conclusion: We identified six clinically significant IRGs and incorporated them into a

clinical prognostic model with great significance for monitoring and predicting prognosis

of ccRCC.

Keywords: clear cell renal cell carcinoma, TCGA, GEO, immune-related genes, clinical prognostic model, tumor

microenvironment
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INTRODUCTION

Renal cell carcinoma (RCC) is a frequent cause of mortality of
patients with urinary cancer, accounting for 2% of malignant
tumors of adults (1). Annually, there are ∼350,000 new cases
of RCC worldwide, leading to ≥140,000 annual fatalities (2).
Clear cell renal cell carcinoma (ccRCC) is the most frequent
and lethal subtype, accounting for 75% of RCCs (3). Although
the treatment of ccRCC has significantly improved during the
past 10 years, there are limitations to its diagnosis, treatment,
and prognosis. Distant metastasis occurs in 30% of patients
with ccRCC who undergo surgery during the early stages
of disease (4). Further studies of the mechanisms of ccRCC
occurrence and development are therefore required, as well
as efforts to develop new diagnostic methods and to identify
potential biomarkers.

FIGURE 1 | Differentially expressed immune-related genes. Heatmap (A) and volcano plot (B) showing genes differentially expressed between clear cell renal cell

carcinoma (ccRCC) and normal tissues. Green, red, and black dots represent genes expressed at relatively lower, higher, or equal levels. The differentially expressed

immune-related genes (IRGs) are shown in a heatmap (C) and volcano plot (D). Green, red, and black dots represent genes expressed at relatively lower, higher, or

equal levels.

The components of the tumor microenvironment, which

contribute to the development of tumors, include immune cells,

stromal cells, extracellular matrix molecules, cytokines, and

chemokines (5). These components reflect the evolutionary

nature of tumor progression, which promotes immune

escape, tumor growth, and metastasis (6). Moreover, new

therapeutic targets have been identified through studies

of these components and their complex interactions (5).

For example, Li et al. (7) investigated the prognostic value

of immune-related genes (IRGs) to establish an individual’s

immune characteristics and to improve predictions of the

prognosis of patients with non-small cell lung cancer (7).
Thus, understanding the molecular and cellular composition and
function of the ccRCC tumor microenvironment is required to
improve prognosis and to identify new biomarkers (8, 9).
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Publicly available gene expression datasets and the emergence
of related platforms such as The Cancer Genome Atlas (TCGA)
database provide readily accessible and convenient platforms for
rapid and accurate identification of biomarkers for monitoring
tumors (10, 11). For example, Yoshihara et al. (8) studied the
tumor microenvironment by analyzing the expression of specific
molecular biomarkers of immune and stromal cells using an
estimation algorithm employing stromal and immune scores.
Such estimation algorithms evaluate the prognosis of many
tumors and identify biomarkers (8, 9, 12, 13). However, there
is no definitive threshold to aid studies of the associations of
clinical correlates and prognostic significance with the tumor
microenvironment and ccRCC.

Here we aimed to comprehensively study the possible clinical
efficacy of IRGs in the ccRCC tumor microenvironment to
stratify prognosis, as well as their potential value as biomarkers
for targeted therapy. For this purpose, we combined the
expression profiles of IRGs with clinical information to

evaluate overall survival (OS). We systematically analyzed
the expression of ccRCC IRGs and their associations with
prognosis to develop personalized prognostic markers.
Furthermore, bioinformatics analysis was used to identify
potential regulatory mechanisms. The results of this study
will provide the basis for research related to immunization
and provide a theoretical basis for the development of
individualized therapy.

MATERIALS AND METHODS

Data Collection and Clinical Samples
We acquired ccRCC transcriptomic sequencing data from TCGA
data (https://portal.gdc.cancer.gov/), including 539 ccRCC and
72 normal samples. Patients’ clinical information was extracted as
well. Gene expression matrix files and clinical information from
the GSE29609 dataset were obtained from the Gene Expression
Omnibus (GEO) repository. The list of IRGs was exported

TABLE 1 | Gene function enrichment of differentially expressed immune related genes.

Ontology ID Description p.adjust Count

BP GO:0002460 Adaptive immune response based on somatic recombination of

immune receptors built from immunoglobulin superfamily domains

3.78E-106 138

BP GO:0002449 Lymphocyte mediated immunity 8.76E-106 136

BP GO:0002429 Immune response-activating cell surface receptor signaling pathway 1.69E-94 137

BP GO:0002768 Immune response-regulating cell surface receptor signaling pathway 1.76E-93 140

BP GO:0016064 Immunoglobulin mediated immune response 1.76E-93 105

BP GO:0019724 B cell mediated immunity 2.81E-93 105

BP GO:0006959 Humoral immune response 3.63E-92 126

BP GO:0002455 Humoral immune response mediated by circulating immunoglobulin 3.63E-92 91

BP GO:0006958 Complement activation, classical pathway 3.20E-90 87

BP GO:0050900 Leukocyte migration 1.36E-85 137

CC GO:0009897 External side of plasma membrane 1.98E-83 118

CC GO:0042571 Immunoglobulin complex, circulating 2.96E-59 52

CC GO:0019814 Immunoglobulin complex 2.99E-59 53

CC GO:0042611 MHC protein complex 4.97E-26 21

CC GO:0043235 Receptor complex 1.18E-24 64

CC GO:0072562 Blood microparticle 7.47E-21 37

CC GO:0071556 Integral component of lumenal side of endoplasmic reticulum

membrane

7.61E-17 17

CC GO:0098553 Lumenal side of endoplasmic reticulum membrane 7.61E-17 17

CC GO:0042613 MHC class II protein complex 8.96E-16 13

CC GO:0012507 ER to Golgi transport vesicle membrane 2.60E-11 18

MF GO:0003823 Antigen binding 9.43E-163 140

MF GO:0048018 Receptor ligand activity 7.44E-75 124

MF GO:0034987 Immunoglobulin receptor binding 2.39E-57 52

MF GO:0005125 Cytokine activity 6.65E-54 75

MF GO:0005126 Cytokine receptor binding 3.96E-45 75

MF GO:0004896 Cytokine receptor activity 6.41E-36 42

MF GO:0004252 Serine-type endopeptidase activity 4.44E-35 62

MF GO:0008236 Serine-type peptidase activity 9.84E-33 62

MF GO:0017171 Serine hydrolase activity 2.15E-32 62

MF GO:0008083 Growth factor activity 2.70E-29 47
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from the immunology database and analysis portal (ImmPort)
database that provides immunology data (14). Moreover, the
database provides a list of IRGs associated with processes that
mediate the immune response.

TABLE 2 | The top 10 most significant Kyoto Encyclopedia of Genes and

Genomes pathways (KEGG).

ID Description P.adjust Count

hsa04060 Cytokine-cytokine receptor

interaction

1.88E-67 117

hsa04061 Viral protein interaction with

cytokine and cytokine receptor

1.41E-35 52

hsa04650 Natural killer cell mediated

cytotoxicity

2.82E-25 49

hsa04612 Antigen processing and

presentation

4.09E-21 35

hsa04640 Hematopoietic cell lineage 4.17E-18 36

hsa04658 Th1 and Th2 cell differentiation 1.93E-16 33

hsa04062 Chemokine signaling pathway 1.97E-15 46

hsa04659 Th17 cell differentiation 3.35E-15 34

hsa04514 Cell adhesion molecules (CAMs) 5.70E-13 37

hsa04630 JAK-STAT signaling pathway 1.31E-11 37

TABLE 3 | First reported immune microenvironment- related genes in ccRCC.

Gene symbol logFC p-value FDR

AEN 1.39002 <0.001 <0.001

ANGPTL7 −1.06387 <0.001 <0.001

APLN 2.486788 <0.001 <0.001

AZGP1 −1.75511 <0.001 <0.001

BLNK −1.15577 <0.001 <0.001

BMP5 −1.27325 <0.001 <0.001

BMP8A 1.442843 <0.001 <0.001

C3AR1 1.909827 <0.001 <0.001

CARD11 2.086722 <0.001 <0.001

CKLF 1.085822 <0.001 <0.001

CSF3R 2.789211 <0.001 <0.001

EBI3 2.313785 <0.001 <0.001

FAM3B −4.0026 <0.001 <0.001

FCGR2B 2.001925 <0.001 <0.001

FPR1 1.584903 <0.001 <0.001

HCST 1.980888 <0.001 <0.001

HSPA6 2.069337 <0.001 <0.001

IGHA2 2.137115 <0.001 <0.001

IGHJ2 2.46991 <0.001 <0.001

IL2RA 2.276302 <0.001 <0.001

INPP5D 1.711738 <0.001 <0.001

PPARA −1.00738 <0.001 <0.001

RAET1E −1.80059 <0.001 <0.001

TNFSF14 3.76326 <0.001 <0.001

logFC, log fold change (tumor tissues vs. normal tissues); FDR, false discovery rate.

Analysis of Differentially Expressed Genes
The edgeR package was used to screen IRGs differentially
expressed between ccRCC and normal samples (15). Log2
transformation was used to standardize the raw data. We
applied differential gene expression (DGE) analysis using cut-
off values of |log2 fold change| > 1 and FDR <0.05. Then,
we extracted the differentially expressed IRGs from all DEGs.
The molecular mechanisms potentially responsible for the
differential expression of IRGs were investigated using functional
enrichment analysis of the GO and KEGG pathways (16–18)
using the clusterProfiler package (19).

Survival Analysis
Clinical information were acquired from TCGA data and the
GEO database. To analyze OS, we used the R survival and
survminer packages. We conducted single-variable Cox analysis
using the R survival package to identify survival-related IRGs.

Molecular Characteristics of
Prognosis-Related IRGs
Analyses of the differential expression of IRGs related to the
prognosis of patients with ccRCC may have clinical value. To
investigate functional interactions, we constructed a protein–
protein interaction (PPI) network using the STRING database
(http://string-db.org) (20). PPI networks show direct or indirect
interactions of gene products. Cytoscape was used to visualize
the results of the PPI network (21). Moreover, transcription
factors (TFs) directly control gene expression. We focused on
potential target transcription factors (TFs) of these prognosis-
related IRGs. To identify the regulatory links between the TFs and
the transcriptome, we employed the Cistrome Cancer database
(http://cistrome.org/), which incorporates TCGA data with
>2,300 ChIP-seq data and analyses of chromatin accessibility.
We constructed a regulatory network of potential TFs and
current IRGs by considering TFs of clinical significance.

Construction and Verification of a
Prognostic Model
We used the Lasso method to select the main IRGs from the
important cohort of the Cox univariate regression analysis, which
identifies the subclass of IRGs associated with the prognosis
with ccRCC. This was achieved by considering lowering the
regression coefficient by suppressing the penalty score compared
with its size. Finally, a few indicators with nonzero weights
persisted, while those of most possible indicators approached
zero. Therefore, the proportional hazards regression calculated
using the Lasso method further reduced the representation of
immune-related genes.We next generated a sample of an existing
sample dataset using 1,000 iterations, selected IRGs repeated 900
times, and used the “glmnet” R package to complete the Lasso
Cox analysis. Finally, we used β coefficients of multiple regression
analysis to establish a prognostic immune correlation model.
These coefficients were multiplied by the expression level of each
immune-related gene.
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Clinical and Immune Correlations of the
Prognostic Model
The classification of patients into high- and low-risk groups

was performed according to their risk scores, and prognosis

was evaluated. The TIMER database (https://cistrome.shinyapps.

io/timer/) analyzes and visualizes the abundance of tumor-

infiltrating immune cells (22). Here we analyzed these data

for patients with ccRCC and calculated their correlations with

IRGs to establish a model of clinical prognosis and immune
cell infiltration.

Statistical Analysis
We identified the functions of the prognostic features using the
survivalROCR package to calculate survival according to the area
under the curve (AUC) of the receiver operator characteristic
(ROC) curve (23). Significant and acceptable predictive values
were defined as AUC ≥ 0.75 and AUC ≥ 0.6, respectively.

FIGURE 2 | Identification of immune-related genes with the most significant prognostic value. (A) Forest plot of hazard ratios showing the prognostic value of

survival-related immune-related genes. (B) Gene function enrichment (GO) analysis of survival-related immune-related genes. (C,D) The Lasso regression method

based on the glmnet package was used to identify the 21 most prognostic IRGs in TCGA training group.
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Statistical analysis was performed using R software, and P < 0.05
indicates a significant difference.

RESULTS

Identification of Differentially Expressed
IRGs
We extracted 7,369 genes and 611 samples from TCGA
ccRCC data, including 1,902 upregulated genes and 5,467
downregulated genes (Figures 1A,B). We extracted 681
differentially expressed IRGs from this set of genes, which
included 116 downregulated and 565 upregulated genes
(Figures 1C,D). Gene function enrichment analysis showed
that the immune response-regulating cell surface receptor
signaling pathway, the external side of the plasma membrane,
and antigen binding were the most common biological terms
among biological processes, cell components, and molecular

functions, respectively (Table 1). Furthermore, KEGG pathway
analysis revealed that these IRGs (Table 2) are significantly
involved in cytokine–cytokine receptor interactions, viral
protein interactions with cytokines, and natural killer cell-
mediated cytotoxicity. Table 3 showed the first reported IRGs
in ccRCC.

Identification of Prognosis-Related IRGs
We found a significant association of 15 IRGs with OS.
A forest hazard map shows that most of these IRGs
serve as risk factors for ccRCC (Figure 2A), and gene
function enrichment analysis revealed that these IRGs are
significantly associated with response to receptor ligand
activity (Figure 2B). Furthermore, Lasso Cox regression
analysis identified 10 genes with the highest prognostic values
(Figures 2C,D).

FIGURE 3 | Construction of a TF–immune-related gene regulatory network. Differentially expressed transcription factors (TFs) are shown in a heatmap (A) and a

volcano plot (B). Green, red, and black dots represent genes expressed at relatively lower, higher, or equal levels. (C) A regulatory network comprising TFs and IRGs.

Triangles represent TFs, and red and green indicate risk and protective factors, respectively.
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A Gene Regulatory Network Comprising
TFs and IRGs
We next analyzed the regulatory mechanisms of TF genes
and IRGs to identify the molecular mechanisms linked to

TABLE 4 | Information on IRGs used to construct clinical prognostic models.

IRGs Coef HR p-value

ANGPTL3 −0.1200 0.8870 0.0209

IL2RA 0.0577 1.0594 0.0401

PPARA −0.1445 0.8655 0.0431

SHC1 0.0105 1.0106 0.0492

TGFA −0.0159 0.9843 0.0152

TNFSF14 0.1075 1.1135 0.0046

IRGs, immune-related genes; Coef, Cox-PH coefficient; HR, Hazard Ratio.

their clinical significance. When we analyzed the expression
profiles of 318 TFs, we identified 60 differentially expressed
TFs (Figures 3A,B). A regulatory network constructed using
these 60 TFs and 15 IRGs. The critical values were correlation
coefficient = 0.4 and P = 0.6. The resulting TF-based regulatory
networks clearly illustrated the regulatory relationships between
these IRGs (Figure 3C).

Development of a Clinical Prognostic
Model
Here we identified six IRGs according to the results of the Lasso
Cox model analysis, which were used to develop a prognostic
model of the IRGs, ANGPTL3, IL2RA, PPARA, SHC1, TGFA,
and TNFSF14 (Table 4). The risk score was calculated as follows:
[expression level ANGPTL3 ∗ (−0.1200)] + [expression level
IL2RA ∗ (0.0577)] + [expression level PPARA ∗ (−0.1445)] +
[expression level SHC1 ∗ (0.0105)] + [expression level TGFA ∗

(−0.0159)]+ [expression level TNFSF14 ∗ (0.1075)].

TABLE 5 | Clinical characteristics of ccRCC patients included in this study.

Variables Total TCGA-KIRC Training group Testing group GEO cohort

(N = 504) (N = 252) (N = 252) (N = 39)

Age (Mean ± SD) 60.47 ± 12.16 61.71 ± 11.82 59.24 ± 12.39 61.38 ± 12.77

Survival time (y) 3.27 ± 2.18 3.13 ± 2.21 3.40 ± 2.15 2.99 ± 1.67

Status

Alive 339 (67.26) 169 (67.06) 170 (67.46) 22 (56.41)

Dead 165 (32.74) 83 (32.93) 82 (32.54) 17 (43.59)

Gender

Male 331 (65.67) 157 (62.30) 174 (69.05)

Female 173 (34.33) 95 (37.70) 78 (31.95)

Stage

I 249 (49.70) 123 (49.00) 126 (50.40)

II 53 (10.57) 30 (11.95) 23 (9.20)

III 117 (23.35) 58 (23.11) 59 (23.60)

IV 82 (16.37) 40 (15.94) 42 (16.80)

Grade

1 10 (2.01) 3 (1.21) 7 (2.80)

2 215 (43.26) 110 (44.53) 105 (42.00)

3 198 (39.84) 103 (41.70) 95 (38.00)

4 74 (14.89) 31 (12.55) 43 (17.20)

T

1 255 (50.60) 127 (50.40) 128 (50.79) 11 (28.21)

2 65 (12.90) 36 (14.29) 29 (11.51) 5 (22.73)

3 173 (34.33) 82 (32.54) 91 (36.11) 22 (56.1)

4 11 (2.18) 7 (2.78) 4 (1.59) 1 (2.56)

M

0 400 (83.68) 201 (84.45) 199 (82.92) 26 (66.67)

1 78 (16.32) 37 (15.55) 41 (17.08) 13 (33.33)

N

0 224 (93.33) 112 (93.33) 112 (93.33) 32 (82.05)

1 16 (6.67) 8 (6.67) 8 (6.67) 7 (17.95)

Data are shown as n (%). T, tumor; M, metastasis; N, node.
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FIGURE 4 | Evaluation and validation of clinical prognostic models employing IRGs. (A,D,G) Distribution of patients according to risk index. (B,E,H) Survival. (C,F,I)

Heatmaps of IRG expression profiles.

Evaluation of the Prognostic Performance
of the Clinical Prognostic Model Based on
IRGs
TCGA clinical data of 504 patients with ccRCC included age, sex,
stage, tumor, node, metastasis stage, and survival. These patients
were randomly divided into a training (n= 252) or test (n= 252)
group. Table 5 shows their clinical information. According to the
risk scores of the prognostic model, patients with ccRCC were
divided into a low- or high-risk group (Figure 4A). As the risk
score increased, the longevity of patients decreased (Figure 4B).
Figure 4C shows differential expression of the IRGs between the
low- and high-risk groups. The clinical prognostic model yielded
a risk score that predicted that the OS rates of the low- and high-
risk groups were significantly different (Figure 5A). The AUC of
the ROC curve was 0.772, indicating that the prognostic features
based on IRGs were highly accurate for predicting survival
(Figure 5B). Furthermore, univariate analysis revealed that the
risk score significantly correlated with shorter OS (HR: 2.50;
95% CI: 1.64–3.83; P < 0.001). Other clinicopathologic variables
associated with poor survival included stage, and grade as well as
tumor, node, andmetastasis stage. Multivariate analysis indicated
that the risk score served as an independent prognostic factor
(HR: 2.20; CI: 1.33–3.63, P = 0.002) (Figures 6A,B, Table 6).

Validation of the Clinical Prognostic Model
To determine whether the clinical prognostic model was reliable
when applied to different populations, we used the same formula

to evaluate the test group and the GEO cohort (GSE29609),
which was consistent with the results of the training group.
The GSE29609 data include 39 patients with ccRCC (Table 5).
Patients were divided into high- or low-risk groups according to
the risk value of the model (Figures 4D,G). Increased risk was
associated with more deaths (Figures 4E,H). The results show
further that the prediction potential of the clinical prognostic
model was suitable for different populations. Figures 4F,I show
the expression data of selected IRGs for different risk groups.
Furthermore, the probability of survival of the high-risk group
was lower than that of the low-risk group (Figures 5C,E). Next,
we evaluated the accuracies of the clinical prognostic model
applied to the test group and GEO cohort, for which the
AUCs of the ROC curve were 0.678 and 0.781, respectively
(Figures 5D,F). These results indicate that the clinical prognostic
model accurately predicted the prognosis of patients with ccRCC.

Clinical and Immune Correlations of the
Prognostic Model
The correlation between the IRGs analyzed using the clinical
prognostic model with clinical and demographic characteristics
was analyzed as a function of age, sex, stage, and TNM
stage (Figure 7). Furthermore, to determine whether the
immune prognostic model accurately reflected the state of the
tumor immune microenvironment, we analyzed the relationship
between risk scores and immune cell infiltration. The results
show that the risk score was significantly related to CD8+T
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FIGURE 5 | Evaluation of the clinical prognostic model. (A,C,E) The risk scores of the clinical prognostic model predict survival. (B,D,F) The receiver operating

characteristic (ROC) curve of survival-dependent receiver verifies the prognostic value of the model.

TABLE 6 | Univariate analysis and multivariate analysis of the correlation between the risk score calculated by the clinical prognosis model and OS.

Univariate analysis Multivariate analysis

Clinicopathologic HR (95%CI) p-value HR (95%CI) p-value

Age 1.00 (0.97–1.02) 0.765

Gender 0.85 (0.45–1.60) 0.616

Grade 2.86 (1.72–4.75) <0.001 1.49 (0.84–2.65) 0.174

Stage 1.90 (1.44–2.51) <0.001 0.67 (0.20–2.25) 0.520

T 2.31 (1.56–3.41) <0.001 2.01 (0.62–6.47) 0.242

M 3.79 (1.91–7.52) <0.001 5.14 (0.872–30.35) 0.071

N 4.47 (1.31–15.19) 0.016 2.64 (0.66–10.66) 0.712

Risk score 2.50 (1.64–3.83) <0.001 2.20 (1.33–3.63) 0.002

Bold values indicate P < 0.05. HR, hazard ratio; CI, confidence interval. T, Tumor; N, Node; M, Metastasis.

cells (p < 0.001), neutrophils (p < 0.001), and dendritic cells
(p < 0.001) (Figure 8).

DISCUSSION

The role of IRGs in tumorigenesis and development is
established. However, systematic, comprehensive data that
identify their roles in patients with ccRCC are insufficient. To
address this deficiency in our knowledge, here we analyzed
the ccRCC dataset of TCGA to establish a clinical prognostic
model employing differentially expressed IRGs that accurately

predicted the clinical outcomes of patients according to their
clinicopathological characteristics. Moreover, these IRGs are
closely associated with the occurrence and development of
ccRCC and therefore may serve as significant clinical biomarkers.
These results show that our clinical prognostic model predicted
patients’ outcomes as well as identified potential targets
of immunotherapy.

Specifically, we identified 15 IRGs closely related to the

survival of patients, including six protective factors and nine

risk factors. Functional enrichment analysis showed that these
IRGs are significantly associated with response to receptor ligand
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FIGURE 6 | (A) Univariate analysis revealed that the risk score correlated with shorter OS, stage, grade, and TNM. (B) Multivariate analysis revealed that the risk score

served as an independent prognostic factor.

activity. To improve the accuracy of the clinical prognostic
model, we used the Lasso Cox regression model to identify
IRGs with the greatest prognostic value. Moreover, to study
the molecular mechanisms that explain the possible clinical
value of these IRGs, we established a TF-mediated network that
considered significant differentially expressed TFs regulated by
these IRGs. The regulatory network contained 17 TFs and 10
IRGs. Our TF–IRG regulatory network will provide guidance for
future mechanistic analyses.

The present clinical prognostic model comprised six IRGs
with prognostic significance. For example, angiopoietin-
like proteins (ANGPTLs) (24) mediate lipid metabolism,
inflammation, cancer cell infiltration, and hematopoietic stem
cell expansion (24–28). Low levels of ANGPTL3 in RCC tissue
are associated with poor prognosis (29), and ANGPTL3 inhibits

metastasis of RCC by regulating the activities of MMPs and
epithelial-mesenchymal transition (EMT)-related pathways (29).
SHC1 is expressed at higher levels in RCC tissues compared with
normal tissues, suggesting its requirement for the progression of
ccRCC (30). SHC1 regulates PTRF through the AKT pathway to
contribute to the occurrence and development of ccRCC (30).

Signaling through NF-κB-mediate pathways promotes tumor
cell proliferation, inhibits apoptosis, induces angiogenesis and
the EMT, and promotes distant metastasis. The activation of
NF-κB may reshape local metabolism and energize the immune
system, thereby promoting tumor growth (31, 32). TNFSF14
induces the noncanonical NF-κB pathway in certain types of
cancer cells to promote tumor development (33). The nuclear
transcription factor peroxisome proliferator-activated receptor-α
(PPARA), a key mediator of lipid metabolism, serves as a
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FIGURE 7 | Correlation between IRGs and patients’ clinical and demographic characteristics.

biomarker for ccRCC (34). The high levels of IL2RA in
activated circulating immune cells and Tregs is exploited for IL-2
immunotherapy of tumors and autoimmune diseases; and certain

polymorphisms of IL2RA are related to the risk of kidney cancer
(35, 36). Thus, these IRGs therefore provide a new direction for
our research.
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FIGURE 8 | Relationship between risk score and immune cell infiltration.

To evaluate the prognostic value of our clinical prognostic
model, we determined the OS of patients with ccRCC in the
training group. The prognostic model classified these patients
into high- or low-risk groups for shorter survival according
to risk scores. Moreover, when we generated risk curves by
combining the changes in levels of six IRGs with clinical
parameters, and by combining the risk scores of the prognostic
model, we were able to monitor the progression of ccRCC. ROC
curves indicated that high accuracy of the clinical prognostic
model. All results were verified using a testing group and the
GEO cohort. Multivariate analysis further confirmed that the risk
score served as an independent predictor of OS of patients with
ccRCC. Moreover, the prognostic model predicted the survival
of patients as well as disease progression. Thus, this model will
likely serve as a valuable tool to evaluate the prognosis of patients
with ccRCC.

Moreover, our clinical prognostic model showed good
clinical feasibility. For example, the six IRGs performed
moderately for predicting prognosis and were associated with
age, sex, grade, stage, and TNM stage. To analyze tumor–
immune interactions, it is essential to characterize immune
infiltration. Our analysis shows that the levels of the six
IRGs positively correlated with the infiltration of neutrophils,

dendritic, and CD8+ T cells. The role of neutrophils in
cancer is multifactorial, and they participate in different
stages of cancer development, including occurrence, growth,
proliferation, and metastasis (37, 38). Furthermore, neutrophils
promote tumor proliferation by weakening the immune system
(39). Dendritic cells are required for the immune response
through attracting antitumor T cells in the TME. However,
during tumor development, dendritic cells may convert from
immunostimulators to immunosuppressors (40). These results
suggest that high-risk patients harbor relatively higher numbers
of infiltrating dendritic cells, CD8+ T cells, and neutrophils.
Moreover, our results suggest that these six IRGs may predict
increased immune cell infiltration.

Previously, Ghatalia et al. and Wang et al. reported the
ccRCC immune model, but the research of Ghatalia et al. was
mainly based on ccRCC patients who received nephrectomy,
and discussed the relationship between the characteristics of
tumor infiltrating immune cells and the recurrence rate of
local renal cancer (41). The difference is that our study is
based on ccRCC patients and established a clinical immune
gene model to predict the clinical prognosis of ccRCC patients.
Another analysis of TGCA RCC data identified a prognostic
6-DEG classifier, including genes encoding IL21R, ATP6V1C2,
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GBP1, P2RY10, GBP4, and TNNC2 (42). Further analysis
using this model revealed significant associations between
immune/stromal scores and clinicopathological staging. The
expression patterns of these genes expressed in the tumor
microenvironment provide a powerful indicator of prognosis of
patients with RCC. The differences in predictive IRGs identified
by Wang et al. (42) Our present study may be explained by
the former’s use of the ESTIMATE package of R to score
the immune/stromal of TCGA samples and then to screen
differentially expressed genes using the Lasso Cox regression
model to build a prognostic six gene-based clinical model
to predict the survival of patients with ccRCC. In contrast,
here we screened for differentially expressed IRGs acquired
from the ImmPort database, and we then identified IRGs
related to survival among the differentially expressed genes and
used the Lasso Cox regression model to select IRGs with the
highest ability to predict prognosis to construct the prognostic
model. Furthermore, our prognostic model was validated using
TCGA and GEO data, which yielded consistent, stable, and
universal results.

In conclusion, our study identified and validated a
clinical prognostic model comprising six IRGs, which
served as an independent prognostic factor for patients
with ccRCC. Moreover, the prognostic significance of this
model may contribute to monitoring ccRCC occurrence
and to predict prognosis. Our results provide new
insights into approaches to develop new immunotherapies
for ccRCC.
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Objective: To investigate the HPV DNA prevalence and genotype distribution among

penile cancer in China. To identify association between HPV prevalence, different

histological subtypes, tumor stage, tumor grade, demographics, comorbidity, and

phimosis incidence trend. Standardized HPV DNA detection and p16INK4a expression

were used in a multi-center series of 340 penile squamous cell carcinomas diagnosed

from 2006 to 2017.

Materials and Methods: HPV DNA detection and genotyping were examined by a

validated kit for 23 different HPV subtypes (PCR-RDB HPV test). The cases with positive

HPV DNA were additional tested for p16INK4a expression to confirm the HPV infection.

Results: Using the PCR-RDB HPV test, overall HPV prevalence was 48.8% (166/340)

and that of p16INK4a expression was 45.6%. In this studied population, HPV16 was

the most frequent HPV type detected in HPV-positive cancers (76.5%). HPV18 was the

second most common type in penile cancers (15.1%). After pathology review, 307 cases

were confirmed as invasive penile cancer, and the other 33 were non-invasive caners.

The histologic subtypes of warty, basaloid, clear cell papillary, adenosquamaous and

pseudohyperplastic were showed high HPV DNA prevalence. Among invasive cancers,

no statistically significant differences in prevalence were observed by tumor grade, tumor

stage or lymphnode stage at diagnosis. HPV positive penile cancer incidence significantly

increase and the phimosis incidence significantly decrease from 2006 to 2017.

Conclusions: About a half of penile cancers were related to HPV infection. Our findings

highlight the phimosis related penile cancers have been declining, the HPV related in the

development of penile cancer and a fully aware of regional differences in HPV genotype

distribution are tasks for penile cancer control and prevention.

Keywords: penile cancer, human papillomavirus, prevalence, genotype, China
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INTRODUCTION

Penile cancer is relatively rare in the developed nations of
Western Europe and the United States, with an age-standardized
incidence of 0.3–1.0 per 100,000 men (1). However, the
prevalence of penile cancer in developing areas of Africa, Asia
and South America ranges from 6 to 20 per 100,000 men (2).
The etiology of penile cancer is multifactorial; it is linked to
inflammation, smoking, phimosis, poor personal hygiene, and
human papillomavirus (HPV) infection (3). HPV is regarded as
the most frequently acquired sexually or not sexually transmitted
disease, with more than 6 million new cases transmitted annually
in the United States. In addition, HPV is implicated in both
benign andmalignant diseases, including cervical, head and neck,
anal, and penile cancers. There is strong evidence linking the
development of penile cancer to infection with high-risk HPV. A
new World Health Organization (WHO) classification of penile
cancer published in 2016 categorized penile cancer into HPV-
related and non-HPV-related tumors (4). Basaloid and warty
penile squamous cell carcinomas are considered HPV-related,
while non-HPV-related tumors mainly include the usual type,
papillary type and verrucous carcinoma.

Recently, Alemany et al. reported the largest epidemiologic
study to evaluate the role of HPV infection in penile cancer,
examining 1,010 penile cancer specimens from 25 countries
(5). One-third to one-quarter of penile cancers were related to
HPV infection. The high-risk oncogenic subtypes 16 and 18
accounted for the most frequent subtype, detected in over 70%
of HPV-positive specimens. In that study, only 71 Asian samples
(7%) were enrolled, and fewer cases in Asian patients (18%)
were associated with HPV infection. To date, no substantial
data have been reported, and the importance of HPV infection
in China remains unclear. China has a huge population and
correspondingly a large numbers of penile cancer patients. The
best method for combating HPV-related disease is to prevent it
with routine vaccination. Therefore, it is important to understand
the exact HPV prevalence in China and the specific HPV
genotype distribution.

We therefore sought to investigate the HPV DNA prevalence
and genotype distribution among penile cancer cases in China.
We also intend to identify association between HPV prevalence,
different histological subtypes, tumor stage, tumor grade,
demographics, comorbidity, and phimosis incidence trend.
Standardized HPV DNA detection and p16INK4a expression
were used in a multicenter study of 340 penile squamous
cell carcinomas.

MATERIALS AND METHODS

Ethics Approval
Informed consent was obtained for all subjects. The patients
enrolled signed consent before the treatment for future use the
blood or tissue samples for scientific research. The protocols
for this study were approved by the Institutional Review Board
of Fudan University Shanghai Cancer Center, The Affiliated
Hospital of Qingdao University, Hainan General Hospital,

Northern Jiangsu People’s Hospital, and Affiliated Hospital of
Jiangnan University.

Patient Samples and Clinical Data
A multicenter retrospective cross-sectional study was designed
and coordinated by the Fudan University Shanghai Cancer
Center. In this study, we used 340 formalin-fixed, paraffin-
embedded (FFPE) penile cancer specimens diagnosed from
2006 to 2017 that were obtained from 5 level three tertiary
hospitals in China (Fudan University Shanghai Cancer Center,
The Affiliated Hospital of Qingdao University, Hainan General
Hospital, Northern Jiangsu People’s Hospital, and Affiliated
Hospital of Jiangnan University). Patients with suspiciously
invasive penile cancer underwent complete glansectomy, partial
or total penectomy. Patients initially diagnosed with pT1b-pT4 or
cN1 stage underwent inguinal lymphadenectomy. Patients with
more than 2 inguinal lymphnode metastasis, Cloquet’s inguinal
metastasis, extranodal extension or radiologically suspicious
pelvic lymphnode metastasis underwent pelvic dissection.
Information about age and year of diagnosis and lymph node
metastasis were also obtained from the participating centers.
Comorbidities such as smoking, drinking, hypertension, and
diabetes were also considered in this study.

Histopathologic Evaluation
The first sections of the FFPE samples were used for
histopathologic evaluation after hematoxylin and eosin (HE)
staining. All cases were reviewed by a specialized pathologist
(Peipei Zhang) from Fudan University Shanghai Cancer Center.
The pathological evaluation was performed following the WHO
criteria proposed in 2016 (6). All the patients were staged
according to the latest published 8th edition American Joint
Committee on Cancer TNM system.

Diagnosis included confirmation of penile squamous cell
carcinoma, assessment of the subtypes, depth of invasion, lymph
node metastasis, extranodal involvement, the proportion of
tumor to the whole tissue section, and the adequacy of the sample
for HPV testing.

Only the histological confirmation of primary squamous cell
penile carcinoma cancer was included. For each tumor tissue
sample, sections with the confirmed presence (>70%) of tumor
cells were selected for further HPV DNA analysis.

Our pathologist finally confirmed 307 cases were invasive
penile cancer. The other 33 were non-invasive caners, most of
them were verrucous type (26/33), and 8 of them underwent
inguinal lymphadenectomy.

DNA Extraction and Polymerase Chain
Reaction (PCR) Conditions
The paraffin samples were processed under strict conditions
to avoid potential contamination as described in a previous
study. DNA from paraffin-embedded tissue blocks was extracted
from 4 to 5 sequential unstained sections, each 4-mm
thick (7). Genomic DNA was extracted with the QIAamp
DNA FFPE Tissue Kit (Qiagen) following the manufacturer’s
recommendations. The quality of the extracted DNA was verified
using a spectrophotometer (260/280 nm ultraviolet light). The
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amplification was tested using the housekeeping gene GAPDH
with the same reactions as an internal positive control to ensure
the quality of the DNA. A verified HPV multiple infection
cervical intraepithelial neoplasia sample was used as a positive
control, and distilled water was used as a negative control.
To avoid contamination within the lab, all specimens were
independently tested in two isolated labs by blind assignment.

HPV DNA Genotyping for the 23 Types
HPV DNA detection was performed using the Human
Papillomavirus Genotyping assay for 23 genotypes from Yaneng
BIOscience (ShenZhen Co., Ltd., China), which was approved

by the China Food and Drug Administration for diagnosis. The
system provides a reliable and sensitive clinical reference for HPV
detection and has been widely used in cervical cancer screening
in China (8). The system can identify 18 high-risk HPV types (16,
18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, 82, and 83)
and 5 low-risk HPV types (6, 11, 42, 43, and 81).

p16INK4a Expression
Immunohistochemical p16INK4a expression was evaluated
in all specimens. Overexpression of p16INK4a can serve
as a surrogate marker for transcriptionally active HPV
infection due to its strong correlation with high-risk

FIGURE 1 | Flow diagram of patient identification and selection.
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HPV genotype infection (9). p16INK4a was detected using
the p16INK4a kit (Dako, Glostrup, Denmark) following
the manufacturer’s protocol. A pattern of diffuse nuclear
and cytoplasmic staining of >70% of the tumor cells was
considered positive.

Statistical Analysis
The HPV DNA prevalence was calculated among HPV DNA-
analyzed cases. We analyzed the association between the
HPV prevalence, age at diagnosis, histopathological subtypes,
tumor grade, tumor stage, nutrition [albumin and body mass
index (BMI)], comorbidity (hypertension and diabetes mellitus),
cigarette smoking, and alcohol abuse. The HPV type-specific
information included single and multiple infections. Differences
in categorical variables were assessed using Pearson’s Chi square
test or Fisher’s exact test. Mann-Kendall test was performed to
examine the significance of the HPV and phimosis prevalence
trends. Data analyses were performed with SPSS software v.20.0
(IBM Corp., Armonk, NY, USA). Statistical significance was set
at two-sided 0.05.

RESULTS

A total of 340 penile cancers were HPV DNA analyzed and
included in the final analyses. Figure 1 shows the algorithm
of the study. The HPV DNA prevalence was 48.8% in penile

TABLE 1 | Patient demographics.

Variables Statistics

No 340

Age 56 (IQR: 47–65)

BMI 24 (IQR: 21.9–26.2)

HPV infection 166 (48.8%)

Non-invasive cancer 33 (9.7%)

Invasive cancer 307 (90.3%)

Surgery

Glansectomy 22 (6.5%)

Partial penectomy 270 (79.4%)

Radical penectomy 48 (14.1%)

Inguinal lymph node dissection 197 (57.9%)

Pelvic lymphadenectomy 43 (12.6%)

Phimosis 146 (42.9%)

pT stage

Ta 33 (9.7%)

T1 126 (37.1%)

T2 67 (19.7%)

T3 111 (32.6%)

T4 3 (0.9%)

pN stage

N0 226 (66.5%)

N1 47 (13.8%)

N2 35 (10.3%)

N3 32 (9.4%)

cancers (Table 1), with most HPV infections presenting as
high-risk (163/166, 98.2%). HPV16 was the most common
type in each histological group (Table 2; 129/166, 77.7%).
The second most common type was HPV18 (25/166, 15.1%).
HPV16 and 18 accounted for ∼88.6% of the HPV positive
penile cancers. The positivity of single-type HPV infection
was 38.2% (130/340), accounting for 78.3% of the positive
population (130/166). The positivity of dual-type infection was
7.1% (24/340), accounting for 14.5% of the positive specimens
(24/166). The positivity of triple or more types infection was
3.5% (12/340), accounting for 7.2% of the positive patients
(12/166) (Table 2).

Among penile cancers, the most frequent diagnosis was
usual-type squamous cell carcinoma (74.1%). Less frequently,
we identified verrucous (7.6%), warty, sarcomatoid, basaloid,
and other types (18.3%). HPV DNA was detected in 128
(50.7%) out of 252 cases of usual type, 29 (72.5%) out
of 40 cases of warty and basaloid types, 4 (40%) out of
10 cases of sarcomatoid type, and 5 (41.7%) out of 12
cases of histologically rare cases of penile cancer (clear cell,
papillary adenosquamous, and pseudohyperplastic tumors).
No HPV infection was detected in cancers with verrucous
features (Table 3).

TABLE 2 | Human papillomavirus (HPV) type-specific relative contribution among

HPV DNA-positive penile cancers.

Non-invasive penile cancer Invasive penile cancer

Single Single and Multiple Single Single and Multiple

Low risk

HPV 6 – – – 3

HPV 11 – – 2 5

HPV 42 – – – 4

HPV 43 – – 1 3

HPV 81 – – – 2

High risk

HPV 16 2 2 105 127

HPV 18 – – 9 25

HPV 31 – – 2 3

HPV 33 – – 3 5

HPV 35 – – – 1

HPV 39 – – – –

HPV 45 – – 2 4

HPV 51 – – 1 1

HPV 52 – – – 3

HPV 53 – – – –

HPV 56 – – – 4

HPV 58 – – – 2

HPV 59 – – 2 3

HPV 66 – – 1 2

HPV 68 – – – –

HPV 73 – – – 1

HPV 82 – – – –

HPV 83 – – – –
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TABLE 3 | Histologic diagnosis and human papillomavirus DNA prevalence in

penile cancers.

Non-invasive penile

cancers

Invasive penile cancers

HPV DNA positive P HPV DNA positive P

n n % n n %

Histology

HPV related 2 2 100 – 40 29 72.5 0.671

Warty 31 22 70.9

Basaloid 2 2 100 7 5 71.4

Clear cell 2 2 100

Non-HPV related 31 0 – – 267 135 50.6 0.610

Usual 5 0 – 247 128 51.8

Verrucous 26 0 – – – –

Sarcomatoid 10 4 40.0

Papillary 6 2 33.3

Adenosquamous 3 1 33.3

Pseudohyperplastic 1 0 –

LVI – 0.864

Yes 0 0 – 64 34 53.1

No 33 2 6.1 243 132 54.3

TABLE 4 | Tumor stage (TNM), tumor grade, and human papillomavirus DNA

prevalence in invasive penile cancers.

HPV DNA positive P

n n %

pT stage 0.059

T1 126 76 60.3

T2 67 30 44.7

T3-4 114 58 50.9

pN stage 0.142

N0 193 112 58.0

N1 47 19 40.4

N2 35 18 51.4

N3 32 15 46.8

Grade 0.901

G1 142 74 52.1

G2 122 67 54.9

G3-4 43 23 53.4

No statistically significant differences in HPV DNA
prevalence for invasive penile cancers detected among different
tumor stages, lymph node stages, or tumor grade (Table 4) The
overall HPV prevalence in cases with lymph node metastasis was
45.6%, with a relatively low proportion noted in N1 (40.4%),
followed by N3 (46.8%) and N2 (51.4%). Regarding the tumor
stage, T2 (44.7%) had a relatively low positivity for HPV DNA
compared to T1 (60.3%) and T3-4 (50.9%). For tumor grade,
the lowest proportion detected in cases with high differentiation
(G1, 52.1%), followed by G3-4 (53.4%), and G2 (54.9%).

TABLE 5 | Demographics, Smoking, nutrition, comorbidity, and human

papillomavirus DNA prevalence in penile cancers.

HPV DNA positive P

n n %

Age 0.010

<40 40 22 55.0

40–50 70 38 54.3

50–60 104 61 59.6

60–70 76 28 38.1

≥70 50 17 34.0

BMI 0.842

<25 214 106 49.5

≥25 126 61 48.4

Albumin 0.502

<35 12 7 58.3

≥35 328 159 48.4

Heaver smoker 0.073

Yes 127 54 42.5

No 213 112 52.6

Diabetes 0.334

Yes 24 14 58.3

No 316 152 48.1

Hypertension 0.721

Yes 62 29 46.7

No 278 137 49.3

Phimosis 0.144

Yes 146 60 41.1

No 194 106 56.4

The HPV infection rates for different age groups were 55.0%
(<40 years old), 54.3% (40–50 years old), 59.6% (50–60 years
old), 38.1% (60–70 years old), and 34.0% (>70 years old). Thus,
penile cancer with HPV infection was more frequently diagnosed
in younger patients (p = 0.010). No association was observed
between HPV type and average age at diagnosis for penile
cancers. No statistically significant differences were observed
for nutrition status (BMI and albumin), comorbidity (diabetes
and hypertension) or lifestyle (cigarette smoking and alcohol
drinking) (Table 5).

The etiology of penile squamous cell carcinoma has changed
dramatically over the past decade. The data showed a significant
increase in HPV prevalence (44–52%, p= 0.039) and a significant
decrease in phimosis (89–32%, p = 0.001) from 2006 to
2017 (Figure 2).

All the specimens were stained to compare p16INK4a

expression and HPV DNA. The overall percentage of p16INK4a-
positive penile cancer was 45.6%. For non-invasive penile
cancers, only two cases (basaloid type) had a both HPV and
p16INK4a positivity. HPV-positive invasive penile cancers were
found to have a p16INK4a positivity of 82.9% (136/164), while only
17 (17/143, 11.9%) HPV-negative cases were p16INK4a positive.
Overall, there was 83.1% (138/166) concordance between the
two methods.
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FIGURE 2 | The trend of increasing HPV prevalence and decreasing phimosis from 2006 to 2017.

DISCUSSION

Limited epidemiologic data are available for the national
incidence of penile cancer in China. We provide reference data
for the prevalence of HPV infection and the distribution of HPV
genotypes among men with penile cancer. To our knowledge,
our data provide the first evidence of a high prevalence of HPV
infection in patients with penile cancer in China. Our data
indicate that the HPV DNA prevalence (48.8%) in China is as
high as that in the United States, European Countries and South
America (3, 10). The HPV DNA prevalence presented here for
penile cancers is much higher than reported for other Asian
countries reported in a recent worldwide study by Laia Alemany
(5). The observed differences could be due to the variation of
regions and the small number of patients. Although penile cancer
is a rare disease, there was a large number of cases of penile cancer
in China. Our study indicated that the HPV infection become a
more important etiological factor in China nowadays.

HPV prevalence and types have been investigated in fewer
studies in Asia compared to Europe, North America and
South America. These studies primarily included lesions that
were invasive penile cancer and a few cases of intraepithelial
neoplasms (11–17) (Supplementary Table 1). However, there
was a large degree of heterogeneity in PCR primers and sample
number (ranging from 16 to 123).

HPV 16 and HPV 18 were the two most common types,
with relative contributions of 76.5 and 15.1%, respectively. The
combination of HPV types 16 and 18 greatly increased the
relative contribution of HPV to penile cancer to 88.6%. Together,
the HPV types 16, 18 and 33 further increased the relative
contribution to 91.0%, and the results of this study strongly
support the restricted genotype contribution in the pathogenesis
of penile cancer in China. Our data also confirm the dominant
roles of HPV16 and 18 in all types of penile cancers. According

to our data, the 2-valent HPV vaccine, approved by the Chinese
Food andDrug Administration, indicated a combined prevalence
among HPV DNA-positive cases of 88.6% for penile cancers.
Recently, the new 9-valent HPV vaccine has been approved, and
95.2% of patients might receive protection from penile cancer.

It has been reported that HPV-related tumors are diagnosed
in younger patients than non-HPV-related cancers, as has been
reported for female genitalia cancers and head and neck cancers
(7). Our findings also indicated that age might be an important
factor related to high-risk HPV infection in penile cancers, which
is in agreement with previous studies. Previous studies showed
that the age at diagnosis was much younger for women with
invasive cervical cancers with specific HPV types, such as HPV 45
(7). However, we could not identify these significant associations,
with the possible explanation of the majority of patients with
positive HPV 16 infection.

The etiology of penile squamous cell carcinoma has shifted
over the past decade. Our results indicated a significant increase
in HPV prevalence and a significant decrease in phimosis.
One explanation may be related to increase awareness of early
detection of phimosis and prevention of phimosis. The other
explanation was the sharp increased population floating in the
past decade in China, and HPV are more likely to spread.

Our study indicated that HPV DNA may be associated with
aggressive tumors, which was similar with a previous report (18).
HPV DNA prevalence tends to be associated with high-grade
tumors (HPV prevalence 53.4% for G3-4 vs. 43.4% for G1).
However, no statistically significant differences were detected
among different tumor, lymph node stages, or tumor grade. Our
study did not analyze the association between the prognosis
and HPV prevalence, because the median follow-up time was
too short. A recent published international multicenter study
including 230 patients in our study found HPV status could
separate the prognosis of pN2-3 patients, and pN2-3 high
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risk HPV negative group was associated with only 32% 5-year
survival (19).

The success of HPV testing in clinical practice is largely
dependent on its high sensitivity and negative predictive value. A
previous study showed that the PCR-RDB HPV test is a reliable,
sensitive, and accurate method for cervical cancer screening
(8, 20). In addition, to avoid false-negative results, an internal
quality control was used with the PCR-RDB method to evaluate
the occurrence of false negatives. Our results also indicated a
good concordance rate between the PCR-RDB HPV test and
immunohistochemistry for p16INK4a expression, which further
confirms the PCR-RDB HPV test as a reliable and easy-to-use
detection method. This concordance is in agreement with a
previous global study (5).

We adopted the new 2016 WHO classification and applied
it to our large cohort. The updated subtypes and grades
were applied to 340 cases. We confirmed the HPV differences
between the two general groups and found grade discrepancies
between pathological subtypes. The connection between subtype
and grade may indicate a corresponding HPV positivity rate
and warrants further research to determine an individualized
treatment approach.

To our knowledge, our study is the first large multicenter
examination of HPV prevalence and the distribution of HPV
genotypes in China. The strengths of the study include the use
of the same protocol for specimen collection, central pathological
review, and classification by an experienced pathologist, andwell-
standardized virus detection in a single central laboratory using
two different markers of viral presence at the levels of viral DNA
and p16INK4a ed information on HPV positivity according to
the recent WHO update of pathological subtypes and grades.
This study, however, has some potential limitations. The included
cases were obtained from five level three tertiary hospitals, mainly
on the eastern coast of China, whichmay represent the developed
region in China. Thus, bias could arise due to unbalanced
regional development.

In conclusion, our study provided information regarding
HPV infection in penile cancers in China using robust methods.
Approximately half of the penile cancer cases were related to
HPV infection, as detected with a PCR-RDB HPV test. As
demonstrated in our study population, genotypes 16, 18, and 33
are the predominant HPV types in invasive penile cancer. Our
findings highlight the phimosis related penile cancers have been
declining. Regional differences in HPV genotype distribution and

the carcinogenic impact of HPV indicate the need to be mindful
of HPV control and prevention.
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Objectives: To evaluate copy number alterations (CNAs) in genes associated with penile
cancer (PeC) and determine their correlation and prognostic ability with PeC.

Methods: Whole-exome sequencing was performed for tumor tissue and matched
normal DNA of 35 patients diagnosed with penile squamous cell carcinoma from 2011
to 2016. Somatic CNAs were detected using the Genome Analysis Toolkit (GATK).
Retrospective clinical data were collected and analyzed. All the data were statistically
analyzed using SPSS 16.0 software. The cancer-specific survival rates were estimated by
Kaplan-Meier curves and compared with the log-rank test.

Results: CNAs in the MYCN gene was detected in 19 (amplification: 54.29%) patients.
Other CNAs gene targets were FAK (amplification: 45.72%, deletion: 8.57%), TP53
(amplification: 2.86%, deletion: 51.43%), TRKA (amplification: 34.29%, deletion: 2.86%),
p75NTR (amplification: 5.71%, deletion: 42.86%), Miz-1 (amplification: 14.29%, deletion:
20.00%), Max (amplification: 17.14%, deletion: 2.86%), Bmi1 (amplification:14.29%,
deletion: 48.57%), and MDM2 (amplification: 5.71%, deletion: 45.72%). The CNAs in
MYCN and FAK correlated significantly with patient prognosis (P<0.05). The 3-year
Recurrence-free survival rate was 87.10% among patients followed up. The 5-year
survival rate of patients with MYCN amplification was 69.2%, compared to 94.4% in
the non-amplification group. The 5-year survival rate of patients with FAK amplification
was 65.6%, compared to 94.7% in the non-amplification group. The PPI network showed
that TP53 and MYCN might play meaningful functional roles in PeC.

Conclusion: MYCN and FAK amplification and TP53 deletion were apparent in PeC.
MYCN and TP53were hub genes in PeC.MYCN and FAK amplification was also detected
and analyzed, and the findings indicated that these two genes are predictors of poor
prognosis in PeC.

Keywords: penile cancer, copy number alterations, MYCN, FAK, TP53
December 2020 | Volume 10 | Article 596261129

https://www.frontiersin.org/articles/10.3389/fonc.2020.596261/full
https://www.frontiersin.org/articles/10.3389/fonc.2020.596261/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:lizqsjtu@163.com
mailto:niuht0532@126.com
https://doi.org/10.3389/fonc.2020.596261
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2020.596261
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2020.596261&domain=pdf&date_stamp=2020-12-14


Yu et al. Adverse Predictors in PeC
INTRODUCTION

Penile cancer (PeC) is a rare and aggressive malignant tumor that
accounts for less than 1% of carcinomas in males in the United
States (1). The regional differences in incidence are significant,
with the high incidence in the developing countries (2.8–6.8 per
100,000), where the low rate of neonatal circumcision and
socioeconomic conditions make the patients vulnerable to a
variety of risk factors. Various have been identified, including
lack of circumcision, phimosis, smoking, balanitis, obesity, lichen
sclerosus, and psoralen UV-A phototherapy, contributing to the
courses of PeC. Moreover, human papilloma virus (HPV) has
been linked to nearly 40%–50% of cases (2), and the molecular
mechanism. Several studies have detected somatic changes that
arise in (3–5), but few of them were based on whole-exome
sequencing (5). Our previous study has performed a whole-
exome sequencing analysis of PeC, and identified recurrent
mutations in 11 genes (6).

Copy number alterations (CNAs) are somatic changes that
cause the amplification or deletion of DNA fragment (7, 8), and
represent the most common alterations of cancer cells (7, 9, 10).
They contribute to both onset and progression of cancer by
inappropriate activation of proto-oncogenes and/or inactivation
of tumor suppressor genes (11, 12). Similar to genome-wide
association studies (GWAS) that help find single nucleotide
polymorphisms associated with disease phenotypes, GWAS can
be extended to CNAs to help find structural variations associated
with human traits and diseases (13). To date, the CNAs of
PIK3CA, IL-22 and MYC have been reported in PeC. PIK3CA
copy number amplification was found to have no prognostic
value for cancer-specific survival (14). The function of IL-22
copy number amplifications in PeC is not clear (15). However,
MYC amplification increases during PeC progression (16–18).

MYCN, an MYC family member, is a proto-oncogene that is
mainly expressed in primarily neuronal cell lineages during
embryogenesis and could be involved in tumorigenesis when
uninhibited (19). The MYCN oncogene is amplified in
approximately 20% of neuroblastomas (NBs) (20). MYCN
belongs to the Myc/Max/Mad/Mnt network of proteins that
regulate proliferation, apoptosis, and differentiation (21), which
were amplified in neuroblastoma, small-cell lung cancer (22) and
hepatic cancer (23), respectively.

Because knowledge of the pathogenesis and carcinogenesis of
PeC remains limited. In the present study, we performed a
whole-exome sequencing analysis of PeC in Han Chinese
patients to search for the relationship between CNAs and
clinical characters in penile cancer.
MATERIALS AND METHODS

Sample Source and Clinical
Characteristics
Fresh PeC and blood samples from 35 PeC patients diagnosed
from 2011 to 2016 were collected in the Affiliated Hospital of
Qingdao University and frozen at constant temperature of −80°C.
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The patients were followed up by telephone and outpatient
service to assess their health. All the tumor samples used for
DNA extraction and exome sequencing were confirmed to have
80% tumor content by an experienced pathologist. PSCC
diagnoses were made according to the clinical history, physical
examination, and biopsy results. Primary treatment for PSCC
included partial or radical penectomy with concomitant inguinal
lymph node dissection (ILD), which included ipsilateral or
ilioinguinal lymphadenectomy via contralateral superficial
inguinal or ilioinguinal dissection according to the clinical
condition. Recurrence-free survival was defined as the period
from the time of present surgery in our hospital to tumor
recurrence (or last follow-up visit).

Clinical information for 35 patients, including gender, age,
patient number, sample acquisition method, tumor size,
pathological subtype, differentiated degree, local infiltration
status, WHO grade, and follow-up results (recurrence and
survival), was collected and summarized in Table S1. Informed
consent was obtained from all human subjects, and our study
was approved by the Affiliated Hospital of Qingdao University
Ethics Committee.

Whole-Exome Sequencing
In order to capture the tumor and blood exonic region, library
preparation was performed with Agilent SureSelect Human All
Exon V5+UTR Kits (Santa Clara, CA) according to the
manufacturer’s guidelines. Samples were deeply sequenced on
the Illumina HiSeq2500 platform. The mean per-target depth of
coverage across all targets was 92, with 89% of targets sequenced
to an average of 10× or greater.

CNAs Detection
Raw reads from each library were quality controlled with
FastQC, trimmed using Trimmomatic and then mapped to the
reference human genome (NCBI build 38, hg 38) by a Burrows
Wheeler Alignment (BWA) tool v 0.7.17 (24) with the BWA-
maximal exact match algorithm and default parameters. PCR
duplicates were flagged with Picard, and the outputs were locally
realigned using the Indel Realignment tool of the Genome
Analysis Toolkit (GATK) version 4.1.2.0 (25). After local
realignment, the BaseRecalibrator tool from GATK was used
for recalibration. CNAs in normal samples were compared to
matching tumor samples using a relative coverage method
performed in GATK. GISTIC version 2.0 (http://archive.
broadinstitute.org/cancer/cga/gistic) analysis was performed to
identify significantly recurrent copy number amplification and
deletion at focal level. A log2 ratio above 0.1 was considered as
“amplification,” and a log2 ratio below -0.1 was considered as
“deletion.” (https://gatkforums.broadinstitute.org/firecloud/
discussion/8254/gistic2-0)

KEGG Pathway Analysis
The Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
database can be seen as a set of orthologue group tables including
category pathways, subcategory pathways and secondary
pathways, which are often encoded by positionally coupled
genes on the chromosome and much meaningful in predicting
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gene functions (3). To analyze the possible relationship between
related genes and PeC, we characterized somatic mutations of this
pathway for PeC, which was absent in KEGG. One canonical
signaling pathway,MYCN/Max, was found to be altered at varying
frequencies in the different cancer types analyzed by KEGG
(https://www.kegg.jp/kegg-bin/highlight_pathway?scale=1.
0&map=map05202&keyword=MYCN).
Analysis of the PPI Network
The STRING database (http://string-db.org/) is a precomputed
global resource for predicting functional associations between
proteins. In this paper, the STRING online tool was applied to
analyze the protein-protein interactions (PPIs) of the CNA genes
in PeC with the threshold of combined score >0.4.
Statistical Analysis
All the data collected were statistically analyzed by SPSS 16.0
software. We divided the patients into two groups based on the
CNA results: the normal target gene group and the abnormal
target gene amplification group. Patient status information was
obtained through outpatient or telephone follow-up. Chi-square
analysis and Kaplan-Meier survival curves were used to compare
the five-year survival rates among different groups, and
significant differences were determined using the log-rank test.
All P values were two-sided, and a P value < 0.05 was considered
to indicate statistical significance. Figures were edited with
Origin 8 software.
RESULTS

Clinical Characteristics
and Gene Variations
The median age of the 35 patients participating in exome
sequencing analysis was 63 years (range 27–86 years). Twenty-
three patients (65.71%)had redundant prepuce, 9 patients (25.71%)
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had phimosis, and nobody had been circumcised. All patients were
diagnosed with penile squamous cell carcinoma. The majority of
primary lesions presented on the corpus cavernosum (n = 16;
45.71%) and occasionally involved the adjacent structures
(submucosa [n = 5; 14.29%], dartos [n = 1; 2.86%], subcutaneous
soft tissue [n = 1; 2.86%]), and 5 specimens could not be defined.
Sixteen (45.71%) patients were diagnosed with pT stage expressing
T2 disease. The proportion of histologically well to high and
moderately differentiated cases were 57.14% and 31.43%,
separately. The proportion of samples with low differentiation
was 8.82%, and 1 case was unknown. Partial penectomy was
performed in the majority of cases (n = 29; 82.86%). Five patients
also underwent inguinal lymph node dissection in addition to
surgical removal of the lesion, and the result showed that 2 cases
were positive. The median follow-up time was 60 months, and the
number of patients lost to follow-up was 4. Recurrence occurred in
four patients within 3 years after surgery and The 3-year
Recurrence-free survival rate was 87.10%. The overall 3- and
5-year cancer-specific survival (CSS) rates were 87.10% and
83.87%, respectively.

For HPV detection, only 30 samples were tested for HPV and
five were not. Among 30 PSCC samples, six were found to be
HPV-positive. Moreover, five were HPV type 16 and one
appeared HPV types 18 and 81. Clinicopathologic data were
obtained from electronic clinical medical records and are shown
in Supporting Information Table S1.

The average sequencing depth was 120× for the tumor samples
and70× formatchednormal blood samples,with≥10× coverage for
89.0%of the target regions in tumor samples and 88.7%of the target
regions in blood samples (Figure 1 and Table S1).
Mutational Features and Pathway
Alterations Relative to PeC
The mutational features of the PeC sample were also assessed.
These features can be indicative of specific mutagenic mechanisms
promoting tumorigenesis. A gene set analysis was performed with
KEGG to determine pathways associated with PeC. In our PeC
FIGURE 1 | Depth and coverage of 35 paired samples. The histograms represent the average sequencing depth of each sample, and the specific values are shown
on the left axis. The scatter plot shows the distribution of all samples under coverage values of 1×, 5×, 10× and 30×, and the specific values refer to the right axis.
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samples, this pathway had at least one alteration, and most
alterations were found in 19 tumors (54.29% of samples). The
relative pathway targets involve 10 kinds of proteins (Figure 2A).
Nine target proteins were detected in PeC samples, except for sp-1
in the known pathway. Most mutations caused amplification of
the affected genes, including MYCN, Max, FAK, SP-1 and TRKA,
while MDM2, Bmi1,TP53, p75NTR, and Miz-1were more likely to
exhibits downregulation levels.

The copy number amplification of MYCN was 19 (54.29%),
which is the largest number of mutations in the analysis. The
remaining targets were FAK (amplification: 45.72%, deletion:
8.57%), TP53 (amplification: 2.86%, deletion: 51.43%), TRKA
(amplification: 34.29%, deletion: 2.86%), p75NTR (amplification:
5.71%, deletion: 42.86%),Miz-1 (amplification: 14.29%, deletion:
20.00%), Max (amplification: 17.14%, deletion: 2.86%), Bmi1
(amplification:14.29%, deletion: 48.57%), and MDM2
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(amplification: 5.71%, deletion: 45.72%). Therein, the TP53 and
p75NTR mutations were inactivating, and the remaining targets
were amplified. Detailed information about the samples for the
exome sequencing analysis can be found in Supporting
Information Table 1 and Figure 2B.
Correlation and Prognosis Between CNAs
and PeC
The 35 patients’ follow-up information was obtained through
outpatient and telephone visits. The rate of lost follow-up was
11.4%, and four patients could not be contacted. Finally, only 31
patientswere included to analyze the correlationbetweenprognosis
and gene mutations. According to the results of the Kaplan-Meier
survival curve, the five-year survival rates of the MYCN
amplification and MYCN non-amplification groups were 69.2%
A

B

FIGURE 2 | (A) Proportion of gene copy number variation in the KEGG pathway. (B) Proportion of gene copy number variation: 0: normal gene number; –: gene
copy number deletion. +: gene copy number amplification.
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and 94.4%, respectively. Simultaneously, the P value from the log-
rank test was 0.047<0.05, which means that the difference between
the groups with significantly correlation and MYCN was an
independent prognostic factor of PeC (Figure 3A). Analogously,
the five-year survival rates of the FAK non-amplification group
and the FAK amplification group were 94.7% and 65.6%,
respectively. The P value from the log-rank test was 0.032<0.05,
whichmeans that the difference between the groupswas statistically
significant, and FAK amplification could act as an independent
prognostic factor of PeC (Figure 3B). However, the five-year
survival rates of the normal TP53 group and TP53 inactivation
groupwere 88.9%and76.9%, respectively.ThePvalue fromthe log-
rank test was 0.329<0.05, which means that the difference between
the groups without correlation and TP53 inactivation was not the
prognostic value of PeC (Figure 3C).

PPI Network Constructed for CNA Genes
in PeC
We constructed a PPI network of proteins encoded by CNA
genes in PeC based on the PPI network, and the present study
identified the top 2 hub genes: TP53 and MYCN (Figure 4).
These two genes might play meaningful functional roles in PeC.
DISCUSSION

PeC is a rare malignancy in the developed world but is much
more common in developing countries. The genetic and
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molecular basis of PeC is still poorly understood (5), and
further understanding of these aspects is important to improve
our ability to diagnose, treat and prevent PeC. In our previous
study (6), we characterized the PSCC genomic landscape using
whole-exome sequencing. Of the 30 paired blood and tumor
samples, recurrent mutations were identified in 11 genes; we also
observed the frequently altered pathways for potential. The
present study was based on the previous study in the samples
and another five samples was added to the present study but not
done HPV detection. SNPs have been reported in the previous
study (6), so we’re not going to repeat it here.

Overall survival and recurrence-free survival in our study
were higher than in Jong Won’ s study (26), the possible reason
for which was that the pathological stage of the patients in our
study were all≤T2, while the pathological stage ≥T3 accounts for
30.2% in Jong Won’ s study resulting to the lower OS and RFS.
The patients in our study had earlier stages of pathology, perhaps
because modern people in our region are more concerned about
their health.

Currently, significant poor prognosticator in patients with
penile cancer include lymph node positivity (27), metastatic
nodes≥ 4 (28), AJCC stage ≥ III disease (26), pathologic stage of
the primary tumor (29), histologic grade<G1 (30, 31), a tumor
thickness≥ 5mm (32), vertical growth pattern (33), age<53, Lactate
Dehydrogenase (LDH)<188.5 U/L and Platelet-lymphocyte Ratio
(PLR)<133.5 (34), p53 positivity (31), Human papillomavirus
infection (35). However, there are few studies on the prognosis of
penile cancer at the gene level, so our study also studied the gene
types of prognostic factors later.

Our results provide the first detection of aMYCN CNA in the
somatic mutant spectrum of PeC in Chinese men through whole-
exome sequencing. In our sample, the MYCN amplification
detection rate was 54.29%; MYCN is the type of gene in which
we detected the highest mutation rate. In addition, the CNAs
associated with FAK amplification and TP53 deletion were found
in more than one-third of the total samples tested. Furthermore,
variations in other genes, such as Max, Miz-1, Bmi1, and
p75NTR, were found in more than 10% of the samples.

The MYCN oncogene plays an important role in human
tumorigenesis and has been proven to bind to gene promoters for
various oncogenes involved in multiple life activities (36) and to
increase the expression of many downstream targets. Previous data
have indicated that the primary function of MYCN is as a
transcription factor known to specifically bind the DNA E-box
sequence CACGTG (37). A later study supports a dual role for
MYCN. Murphy et al. showed thatMYCN binds more often to the
CATGTG E-box sequence, and MYCN binding is associated with
DNA hypermethylation and can therefore also serve as an
intermediary for chromatin structure-mediated regulation of
various cellular processes, including cell growth, cell proliferation
and cell differentiation (38). As a hub gene identified by our PPI
study, MYCN plays an important regulatory role in its
related pathways.

A previous study (39) found that MYCN amplification is one
of the most significant prognostic indicators of neuroblastoma
and is associated with rapid tumor progression and poor
TABLE 1 | Proportion of gene copy number alterations.

Gene CNA Number Total Proportion Variation Proportion

MYCN + 19 35 54.29% 57.14%
− 1 2.86%
0 15 42.86%

Max + 6 35 17.14% 20.00%
− 1 2.86%
0 28 80.00%

MDM2 + 2 35 5.71% 51.43%
− 16 45.72%
0 17 48.57%

PTK2(FAK) + 16 35 45.72% 54.29%
− 3 8.57%
0 16 45.72%

Bmi1 + 5 35 14.29% 62.86%
− 17 48.57%
0 13 37.14%

TP53 + 1 35 2.86% 54.29%
– 18 51.43%
0 16 45.71%

NTRK1(TRKA) + 12 35 34.29% 37.14%
− 1 2.86%
0 22 62.86%

NGFR(p75NTR) + 2 35 5.71% 48.57%
− 15 42.86%
0 18 51.43%

ZBTB17(Miz1) + 5 35 14.29% 34.29%
− 7 20.00%
0 23 65.71%
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prognosis. Similarly, our data analysis found that MYCN was
correlated with the prognosis of PeC, MYCN amplification
indicated a poor prognosis. Lloveras B’s study (40) found that
theMYC copy number amplification was significantly associated
with poor outcome (mortality, node metastasis and/or
recurrence) in PeC. As a member of the MYC family of proto-
oncogenes, MYCN is more likely to appear as an independent
prognostic indicator of PeC if the sample size is increased.

Studies (36) found that in neuroblastoma, the relationship
betweenMYCN amplification and cell activity and aggressiveness
suggests a potential relationship between focal adhesion kinase
(FAK) and MYCN, since FAK is a key protein involved in
cell activity.
Frontiers in Oncology | www.frontiersin.org 634
FAK is a nonreceptor protein tyrosine kinase that targets focal
adhesion and controls multiple cellular signaling pathways,
including proliferation and survival (41). The inhibition of
FAK activation has been found to affect a number of cellular
pathways (36). FAK overexpression has also been shown in
human sarcoma and melanoma tumors (42). A previous study
(43) found thatMYCN binds to the FAK promoter in vitro and in
vivo, resulting in upregulation of FAK with electrophoretic
mobility shift, chromatin immunoprecipitation (ChIP), and
dual luciferase assays. Therefore, it is well proven that MYCN-
regulated FAK intervention affects the prognosis of patients,
which is consistent with our finding that FAK amplification
could be an independent prognostic factor of PeC.
A B

C

FIGURE 3 | Comparison of the 5-year survival rate with different gene variations by Kaplan-Meier analysis. (A) Comparison of the 5-year survival rate between
MYCN amplification and MYCN non-amplification showed significant difference (P=0.047). (B) Comparison of the 5-year survival rate between FAK amplification and
FAK non-amplification showed a significant difference (P=0.032). (C) Comparison of the 5-year survival rate between TP53 deletion and TP53 nondeletion showed
no significant difference (P=0.329).
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Cloning and evaluation of the FAK promoter has shown
that it has many binding sites for various oncogenes, such as
TP53 (44). The tumor protein TP53 (TP53 or TTP53) was the
first tumor suppressor gene, discovered in 1979, and is the
guardian of the genome (45). TP53 is the most widely studied
tumor suppressor gene, playing an important role in inhibiting
tumor development. The function of the TP53 gene is to inhibit
cell proliferation in response to DNA damage. By regulating
target genes, TP53 induces a variety of cellular responses,
including growth arrest, senescence, and apoptosis (46, 47).
However, the mutated TP53 protein loses its protection against
genomic functions, including the ability to inhibit cell
proliferation and induce apoptosis, when mutated (48).
Mutations in the TP53 gene occur in most malignant tumors,
such as lung cancer (49) and breast cancer (50). At the genetic
level, carcinogenesis is a multistep process in which both
oncogene activation and tumor suppressor gene inactivation
are involved. Examination of the samples revealed a large
number of SNP mutations in TP53 in PeC, and the most
common mutation classifications were missense mutation
and nonsense mutation. These may account for the role of
TP53 in the molecular etiology of PeC.

In this study, a large number of gene variants of the samples
were found in the MYCN/Max pathway in PeC, especially in
MYCN. In addition, theMYCN and FAK CNA is associated with
the prognosis of PeC, and its high expression level indicates a
Frontiers in Oncology | www.frontiersin.org 735
poor prognosis. However, mutations in TP53 were not found to
be related to prognosis, perhaps because our sample size was
insufficient; it is necessary to carry out relevant tests with a larger
sample size in the future.
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Background: Penile squamous cell carcinoma (PSCC) is a rare malignancy, and those
patients with metastatic disease have limited treatment options. Treatment is largely
comprised of platinum-based chemotherapy; however, patients progressing after initial
chemotherapy have a median overall survival (OS) of less than 6 months. Based on a high
percentage of PD-L1 expression in patients with PSCC, and its biological similarities to
other squamous cell carcinomas, we present two patient cases treated with
pembrolizumab with extraordinary durable treatment response far beyond treatment
with standard therapy.

Main Body: The first patient is a 64 year old male with PSCC who was treated with
neoadjuvant chemotherapy, partial penectomy, and adjuvant radiation prior to developing
metastatic disease. He had a high TMB (14 mutations/Mb) and was started on
pembrolizumab with a complete response, which has been maintained for 38 months.
The second patient is an 85 year old male with PSCC who was treated with partial
penectomy and adjuvant chemotherapy and radiation prior to developing metastatic
disease. He had positive PD-L1 expression CPS 130) and was started on pembrolizumab
with a partial response, which has been maintained for 18 months after starting treatment.

Conclusions: These two cases of extreme durable response with pembrolizumab (with
molecular data including TMB and PD-L1 status) represent a significant clinical benefit in
this patient population. With limited treatment options that result in a median OS of less
than 6 months, along with the toxicity profile of chemotherapy which may not be tolerated
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in elderly patients with comorbidities, this survival benefit with pembrolizumab, along with
advances in tumor sequencing and clinical trials shows that there is a potentially significant
benefit with novel therapies in this patient population.
Keywords: immunotherapy, penile cancer, durable response, pembrolizumab, metastatic
INTRODUCTION

Penile squamous cell carcinoma (PSCC) is a very rare
malignancy, accounting for 0.12% of malignancies in the
United States in 2020 but 0.73% of cancer deaths (1).
Nevertheless, in 2018 around 35,000 new cases of PSCC were
reported (2, 3). Between 30% and 50% of penile cancers are
related to human papillomavirus (HPV), particularly subtypes 6,
16, and 18 (4, 5). Despite HPV positive status being an increased
risk for the development of penile carcinoma, those with penile
carcinoma with a positive HPV status have improved outcomes
(6). The treatment of PSCC is largely dependent on the stage of
the tumor, with initial management of localized disease usually
being surgical resection (7). Lymphatic involvement has been
shown to be a strong prognostic factor for survival, as patients
with no involved lymph nodes have 5-year survival of 96%, with
survival decreasing incrementally with more involved nodal
groups (80% for N1, 66% with N2, and 37% with N3) (8).
Unfortunately, patients with locally advanced penile carcinoma
are likely to recur, as 70% of patients will have recurrent disease
despite neoadjuvant chemotherapy with combination
chemotherapy with cisplatin, paclitaxel and ifosfamide
followed by surgical lymph node dissection (9). Also, for
patients presenting with visceral or metastatic disease,
treatment options are largely based on performance status (10)
and outcomes are generally dismal and estimated to < 5 months.
For those with adequate performance status, potential regimens
include different chemotherapy regimens including
combinations of paclitaxel/ifosfamide/cisplatin (10), cisplatin/
fluorouracil (11), cisplatin/irinotecan (12), paclitaxel/carboplatin
(13), and monotherapy with the EGFR inhibitor cetuximab in
some patients. Paclitaxel monotherapy showed a median PFS of
11 weeks (95% CI, 7–30) and median OS of 23 weeks (95% CI,
20–48), and was well tolerated with the most common grade 3/4
side effect neutropenia in 7 patients (28%) (14). Unfortunately,
patients who progress following initial chemotherapy have a
median overall survival (OS) of less than 6 months (15) with no
currently accepted standard of care. Given the poor survival
following progression as well as the lack of treatment options in
this patient population, further investigation of novel
therapeutical approaches is necessary.

Immune check point inhibitors (ICB) have changed the
treatment landscape in many solid tumors over the past decade
with multiple FDA drug approval, specifically in other advanced
solid tumors with squamous cell histology. The lack of durable
response to conventional chemotherapy including taxanes and
platinums has led to numerous investigative efforts exploring the
role of immunotherapy. Cemiplimab, approved for the treatment
of patients with advanced cutaneous squamous-cell carcinoma,
239
induced a response in approximately half of patients (16). Also,
for patients with metastatic or recurrent squamous cell
carcinoma of the head and neck following progression on
platinum-based therapy, nivolumab is approved (17). The
molecular and viral similarities between PSCC and these SCCs
can be the rationale for investigation of these therapies in
patients with advanced PSCCs (18–20). In addition, 62% of
patients with metastatic penile cancer were shown to be
positive (≥5%) for PD-L1 expression, along with a strong
correlation of PD-L1 expression in primary and metastatic
samples (21). It has also been shown that 32% to 62% of
squamous cell penile cancers test positive for PD-L1
expression, and thus may have a role as a predictive biomarker
of response to immunotherapy (21–25).

Another important potential marker of ICB response in solid
cancers is the tumor mutational burden (TMB). A recent
paradigm-shifting study has resulted in the FDA approving
pembrolizumab in patients with unresectable or metastatic
solid tumors which harbor a high tumor mutational burden
(TMB) in those who have either progressed on prior therapy or
have no alternative treatment options, and is of note an approval
despite the site of the primary tumor (26).

Based on the above rationale, we present 2 cases of patients
with metastatic penile carcinoma with high tumor mutational
burden and PDL-1 expression in penile tumor tissue who were
treated with pembrolizumab with excellent response.
CASE PRESENTATION A (PATIENT 1)

The first patient is a 64-year-old male with no past medical history
who was originally diagnosed with moderate to poorly
differentiated keratinizing squamous cell carcinoma of the penis
in 2015. He underwent 4 cycles of neoadjuvant chemotherapy with
TIP (paclitaxel, ifosfamide, and cisplatin) and then underwent
partial penectomy with lymph node dissection and was found to
have bilateral inguinal lymph node metastases with extranodal
extension, along with a positive right obturator pelvic lymph node
metastasis (stage IV TxN3M0) (Figure 1A). HPV status was
unknown. Thereafter, he received adjuvant external beam
radiation therapy (EBRT) with 57.4 Gy in 28 fractions
concurrently with weekly cisplatin. Surveillance imaging May of
2017 revealed increasing hypermetabolic right pelvic adenopathy
(biopsy-proven, largest lymph node measuring 5.6 × 4.3 cm) along
with new bone metastasis in the right anterior acetabulum (Figure
1B). Foundation One molecular testing of an inguinal lymph node
revealed 7 alterations in clinically relevant genes, including
PTCH1 S1203fs*52 (variant allele frequency [VAF] 19.2%),
EP300 N419fs*12 (VAF 20.3%), FAT1 S1669* (VAF 33.1%),
December 2020 | Volume 10 | Article 615298
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HSD3B1 G171R (VAF 1.2%), MLL2 L4921fs*74 (VAF 21.9%),
MLL2 P2354fs*30 (VAF 22.9%), and QKI K134fs*14 (VAF
24.4%). There were also 17 variants of unknown significance.
The microsatellite status could not be assessed but the tumor
mutational burden (TMB) was high at 14 mutations/megabase,
(Table 1). His PD-L1 status was not assessed. Given the fact that he
had refractory disease to platinum-based chemotherapy and
chemoradiation, with the noted high TMB and the high
prevalence of PD-L1 expression in penile SCC, he was started on
pembrolizumab 7/2017 and subsequently underwent a wide
resection hemipelvectomy with acetabular reconstruction and
total hip arthroplasty the following month. Imaging 3 months
after starting pembrolizumab showed complete resolution of
lymph node metastasis with no evidence of metastatic disease
(Figures 1C, D). Surveillance scans have continued every 2 months
to show no evidence of metastatic disease 38 months after starting
pembrolizumab with last follow-up 8/2020 (Figure 1E). He has
tolerated the pembrolizumab well with no grade 3 or higher AEs,
his only immune related adverse event being grade 2
hypothyroidism for which he was started on levothyroxine with
normalization of thyroid function.
Frontiers in Oncology | www.frontiersin.org 340
CASE PRESENTATION B (PATIENT 2)

The second patient is an 85-year-old male with no past medical
history who was diagnosed with moderately differentiated
squamous cell carcinoma of the penis in 2017. He underwent
partial penectomy and glansectomy and shortly after the
procedure was found to have a 1.5-cm palpable right inguinal
lymph node, for which biopsy confirmed metastatic squamous cell
carcinoma (no extranodal extension or lymphovascular/perineural
invasion). HPV testing was negative (subtypes 6, 11, 16, 18, 31, 33,
45, and 58 were not detected). He underwent bilateral inguinal
lymph node dissection, which showed a positive right inguinal
lymph node with extranodal extension (Figure 2A). Final surgical
staging stage IV TxpN3M0. He underwent four cycles of adjuvant
chemotherapy with cisplatin and 5-FU. Following chemotherapy, he
underwent adjuvant radiation to the bilateral inguinal lymph nodes
(45 Gy in 25 fractions) and a right inguinal lymph node boost with
2160 cGy in 12 fractions. He was followed with surveillance scans
and 5 months following completion of radiation, was found to have
avid lymphadenopathy in the subcarinal region and right hilum of
the chest, along with progression of adenopathy in the
TABLE 1 | Clinicopathologic characteristic of patients with metastatic prostate cancer treated with immunotherapy.

Response Duration of
Follow up

Adverse
Events (AEs)

HPV status PDL-1 status MSI status TMB Molecular mutations

Patient 1 CR 38 months Hypothyroidism Unknown Unknown Ambiguous High (14 mutations/Mb) PTCH1 S1203fs*52 (VAF 19.2%)
EP300 N419fs*12 (VAF 20.3%)
FAT1 S1669* (VAF 33.1%)
HSD3B1 G171R (VAF 1.2%)
MLL2 L4921fs*74 (VAF 21.9%)
MLL2 P2354fs*30 (VAF 22.9%)
QKI K134fs*14 (VAF 24.4%)

Patient 2 PR 18 months N/A Negative Positive (CPS 130) Stable Low (3 mutations/Mb) MYD88 L265P (VAF 1.5%)
NFE2L2 W24R (VAF 36.4%)
SMARCA4 M1233I (VAF 8.9%)
TERT promoter 146C>T (VAF 18.7%)
TP53 R280G (VAF 18.3%)
Decembe
FIGURE 1 | (A) Squamous cell carcinoma with perinodal extension into fat (4X magnification). (B) Cross section through the CT portion of the PET/CT prior to the
initiation of immunotherapy. The largest lymph node measures 5.6 x 4.3 cm transverse (arrows). (C) Noncontrast CT of the pelvis obtained approximately 1 month
after initiation of immunotherapy reveals decreasing lesion size (arrowheads) now measuring 4.2 x 3.8 cm (arrowheads). Subsequent contrast enhanced CTs at 3
months (D) and 36 months (E) after initiation of immunotherapy show no evidence of residual nodal disease.
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retroperitoneum and pelvis (Figure 2B), of which biopsy confirmed
chemotherapy and radiation refractory metastatic squamous cell
carcinoma. Analysis of his FoundationOne CDxmolecular testing of
an inguinal lymph node revealed 5 mutations, including MYD88
L265P (VAF 1.5%), NFE2L2 W24R (VAF 36.4%), SMARCA4
M1233I (VAF 8.9%), TERT promoter 146C>T (VAF 18.7%), and
TP53 R280G (VAF 18.3%). There were also 6 variants of unknown
significance. The microsatellite status was stable and the tumor
mutational burden was low at 3 mutations/megabase. His PD-L1
was markedly positive with a CPS (combined positive score) of 130
(Figure 2C). Based on the tumor strongly positive’s PD-L1 status, he
was started on pembrolizumab 3/2019 and surveillance scans 3
months thereafter showed marked improvement in adenopathy
(Figure 2D). Imaging 10 months after starting pembrolizumab
showed some progression of adenopathy but overall his disease
has been controlled since starting pembrolizumab 18 months ago
(Figure 2E), consistent with partial response (PR) and disease
control from stabilization of an otherwise deadly tumor within
months. This 85-year-old gentleman tolerated pembrolizumab
without any reported AEs and continued to have clinical benefit
with significant improvement in daily activity level in comparison to
the time of recurrence diagnosis.
DISCUSSION

We present two cases of patients treated with pembrolizumab for
refractory metastatic penile cancer with disease progression after
multiple lines of chemotherapy and radiation therapy with excellent
response and very durable clinical benefit. The rationale to treat these
patients with this rare cancer with single agent ICBwas noting a high
TMB in one patient and markedly positive PDL-1 expression on
IHC staining in the other patient. As Wang et al. showed, patients
progressing following initial chemotherapy have a median OS of less
than 6 months (15). Many established treatment options are toxic
and may not be tolerated well in elderly patients with comorbidities
or decreased performance status. This report highlights the potential
clinical benefit of testing ICB response and therapy with single agent
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ICB in patients with PSCC when enrollment on clinical trials is not
possible. A recent Phase II trial examining the combination of
nivolumab with ipilimumab enrolled 6/56 patients with penile
carcinoma, where 2/6 had stable disease, 3/6 progressive disease,
and 1 was not evaluated at a median follow up of 9.9 months (28).
The TMB, PDL-1 expression and other markers of response to
therapy from the patients tissue on this trial were not presented as
part of the preliminary data presentation. In contrast, the two
patients that we report on had markers of immunotherapy
response have had tumor response to therapy and excellent
clinical benefit 38 and 18 months following initiation of treatment
with pembrolizumab. This is a very significant clinical impact, as
with standard therapies these two patients would survive for a very
short time and with significant toxicity-related side effects as a result
of treatment).

The recent FDA-approval for use of pembrolizumab in solid
tumors harboring a high TMB portends a potential promising
outcome for this patient cohort (26) and thus all patients with
refractory PSCC should receive genomic testing for TMB. It has
also been shown that 21% of penile cancer patients had an
increased TMB of more than 10 mutations per Mb, thereby
portending a potential increased response to immunotherapy
(19). There are currently two phase II trials examining
immunotherapy with pembrolizumab (NCT028307042) and
avelumab (NCT03391479) in patients with advanced penile
cancer, the results of which are eagerly anticipated. The
optimal biomarker for directing immune checkpoint inhibitor
therapy is unclear and may be histology specific in certain
circumstances, though evolving research across solid tumors
has elucidated the value of TMB and PD-L1 positivity, as well
as more specific measurements of immune cell infiltration into
the tumor and related microenvironment (29). Mutation burden
has been shown to be a surrogate marker for neoantigens which
have been associated with response to immune checkpoint
inhibitors, including ipi limumab in melanoma and
pembrolizumab in lung cancer. Based on these observations
across malignancies and the results of the KEYNOTE-158 trial,
pembrolizumab was granted accelerated approval for the
FIGURE 2 | (A) H&E stain from lymph node metastasis (10X magnification). (B) F18-FDG PET/CT Coronal MIP projection obtained prior to initiation of
immunotherapy. The yellow arrow indicates the dominant lesion, while the yellow arrowheads indicate additional nontarget and/or suspicious lesions. (C) PD-L1 stain
showing strong membranous staining in the tumor cells (10X magnification). Follow-up PET/CT (D) approximately 3 months after initiation of immunotherapy reveals
resolution or near resolution of the nontarget lesions with decrease in dominant lesion. There is new focus of radiotracer accumulation in the right hilum, which is of
unclear clinical significance (red arrowhead). The six months follow-up PET/CT (E) reveals grossly symmetric FDG avid hilar regions (red arrowheads) suggesting
possible development of sarcoidosis of sarcoid-like reaction, an uncommon but reported finding in immunotherapy (27). There has been interval enlargement of the
dominant lesion and re-emergence of some suspicious lymph nodes (yellow arrow and arrowhead).
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treatment of patients with unresectable or metastatic solid
tumors with a TMB ≥ 10 who have progressed on prior
therapy (26). Recent data has also shown that immunotherapy
combined with targeted therapeutics may have a better outcome,
but given that PD-L1 expression is not correlated with HPV
status, both HPV-positive and negative patients can be treated
with combination immunotherapy and targeted therapies (27).

In the evolving era of molecular medicine, next-generation
sequencing (NGS) genomic profiling assays can help to identify
potentially targetable therapy options and can be especially
valuable for cancers with limited effective treatment options.
Both of the aforementioned patients underwent large panel NGS
molecular testing, the findings discussed above. While the
targetability of specific mutations was limited to the
inactivating PTCH1 alteration in the first patient case, NGS
can also provide information on additional biomarkers, such as
TMB and microsatellite status that can also identify additional
treatment options. Both TMB and microsatellite instability
(MSI-high) are recognized as histology agnostic FDA approved
biomarkers for pembrolizumab. While at this time our limited
understanding of numerous genomic alterations precludes
definitive treatment options for patients with these mutations,
the further development of clinical trials will help provide more
information, and the fact that these patients were treated with
pembrolizumab with treatment response far exceeding the
current standards of care is important in providing prognostic
and therapeutic information in this patient population.

The evolving landscape of treatment of metastatic penile
cancer is a subject of great research focus, with multiple
clinical trials seeking to enroll patients with the aim to
improve clinical outcomes. There was a phase II trial of
pembrolizumab for advanced penile squamous cell carcinoma
following prior systemic chemotherapy but unfortunately this
was terminated due to poor patient accrual (NCT02837042),
illustrating the challenge of assessing novel therapy options in
patients with rare malignancies such as penile cancer and further
supporting the value of case series evidence. Recent work by our
group with a PSCC mouse model has demonstrated a potential
role of combinatory strategies with immunotherapy and targeted
therapies (29), these could lay the foundation for future clinical
trials in refractory PSCC.

The lack of data for new approaches to treat metastatic penile
cancer serves as a conundrum for clinicians with patients with
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advanced disease. While we realize our limited case series of two
patients treated with pembrolizumab for their metastatic penile
cancer does not provide a level of evidence to change treatment
paradigms, the authors feel that it is of the utmost importance to
report on these two patients with extraordinary responses and
durable benefit from immunotherapy with pembrolizumab for
their refractory metastatic disease. While penile carcinoma is a
rare disease, it is still a significant cause of mortality, as it is
responsible for 383 deaths yearly in North America and over
15,000 deaths yearly in the world (2). This report aims to
highlight the importance of genomic testing in refractory
PSCC and the potential clinical benefit of ICB in specific
patients when clinical trials are not available. We look forward
to future innovations in the field starting with basic science work
to further improve our understanding of this disease, as well as
multi-institutional collaborative efforts in clinical trials with
support from industry and advocacy groups to improve the
survival of patients with PSCC.
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Purpose: To determine whether a clinicopathologic and laboratory-based nomogram is
capable of predicting the risk of lymph node extranodal extension (ENE) in patients with
penile cancer.

Materials and Methods: From June 2006 to January 2021, 234 patients who
underwent bilateral inguinal lymph node dissection (ILND) surgery were included in the
analysis. A Lasso regression model was utilized to select the most useful predictive
features from among 46 laboratory variables. Then, a logistic regression analysis was
used to develop the prediction model. Calibration curves, concordance index (C-index)
and Areas under the receiver-operating characteristic curves (AUCs) were performed to
evaluate the performance of the nomogram. We also investigated model fit using changes
in Akaike Information Criteria (AICs). Decision curve analyses (DCAs) were applied to
assess the clinical usefulness of this nomograms. Its internal validation was confirmed.

Results: Among the 234 patients, 53 were confirmed to have ENE. The platelet-
lymphocyte ratio (PLR) and Squamous cell carcinoma antigen (SCC-Ag) were
significantly associated with ENE (P<0.05). The individualized prediction nomogram,
including the PLR, SCC-Ag, lymphovascular invasion (LVI), and pathologic tumor stage
(pT-stage), showed good discrimination, with a C-index of 0.817 (95% CI, 0.745 to 0.890)
and good calibration. Clinical-laboratory nomogram (AIC, 180.034) become the best-
fitting model. DCA findings revealed that the clinical-laboratory nomogram was more
clinically useful than the pT-stage or tumor grade.

Conclusions: This study presents a clinicopathologic and laboratory-based nomogram
that incorporates PLR, SCC-Ag, lymphovascular invasion (LVI), and pT-stage, which can
be conveniently utilized to facilitate the individualized prediction of lymph node metastasis
ENE in patients with penile cancer.

Keywords: risk assessment, risk model, nomogram, extranodal extension, penile cancer
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INTRODUCTION

Penile squamous cell carcinoma (PSCC) is an uncommon
malignancy, describing 0.4% to 0.6% of all malignant disease
among men in the United States and Europe (1). Its incidence is
higher among men in developing regions (2).

One of the most unfavorable prognostic factors in penile cancer
for poor prognosis is lymph node metastasis (LNMs). Extranodal
extension (ENE) is defined as extension of the tumor through the
lymph node capsule into the perinodal fibrous-adipose tissue and
is an independent adverse prognostic factor in PSCC (3, 4).

In the 8th American Joint Committee on Cancer Tumor Node
Metastasis (AJCC TNM) staging1, both ENE and pelvic lymph
nodemetastasis (PLNM) are staged as pN3, suggesting that ENE is
an adverse pathological characteristic. Johnson and colleagues (5)
reported that 5-year survival is reduced by approximately half with
lymph node involvement(LNI). Extranodal extension (ENE) of
LNMs portends an even worse prognosis. ENE has similarly been
implicated in worse outcomes in carcinoma of the bladder, breast,
pancreas, stomach, and cervix (6–8).

According to the National Comprehensive Cancer Network
(NCCN) guidelines, patients who are pathologically diagnosed
with ENE should receive neoadjuvant therapies, and it is
reasonable to give 4 courses of (Paclitaxel + Ifosfamide +
Cisplatin) TIP in the adjuvant setting if it was not given
preoperatively. Nevertheless, the prognosis of the disease remains
poor due to a high rate of recurrence. Pelvic lymph node dissection
(PLND) should be considered at the time or following inguinal
lymph node dissection (ILND) in patients with ≥2 positive inguinal
nodes on the ipsilateral ILND site or in the presence of ENE on final
pathologic review.

From the above, ENE is an extremely important feature,
especially for predicting the outcomes of treatment. In this
study, patients who underwent ILND were included, and an
individualized prediction model was established and validated.
MATERIALS AND METHODS

Patient Population
The ethics committee of Sun Yat-Sen University Cancer Hospital
approved the retrospective data analysis. We retrospectively
reviewed 234 patients who underwent bilateral ILND for
curative purposes from June 2006 to January 2021. To be
eligible for analysis, patients must have met the following
criteria: (i) PSCC was their primary disease, (ii) Immediate or
delayed ILND, (iii) detailed clinical and pathologic data available,
and (iv) no known distant metastasis.

In all patients, variables extracted from their medical records
included age, chronic disease (hypertension, heart disease and
Abbreviations: ENE, Extranodal extension; ILND, Inguinal lymph node
dissection; PLR, Platelet-lymphocyte ratio; SCC-Ag, Squamous cell carcinoma
antigen; PSCC, Penile squamous cell carcinoma; LNMs, Lymph node metastasis;
PLND, Pelvic lymph node dissection; pT-stage, Pathologic tumor stage; LNI,
Lymph node involvement; PNI, Perineural invasion; PLNM, Pelvic lymph node
metastasis; LVI, Lymphovascular invasion.
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diabetes), surgical management of the primary tumor (including
partial penectomy, lesionectomy and phallectomy), immediate
or delayed ILND, perineural invasion (PNI), lymphovascular
invasion (LVI), pT-stage, TNM stage, tumor grade, unilateral or
bilateral inguinal LNM, number of LNMs and ENE status.
Patients were divided into no LNM group, 1 LNM group, 2
LNMs group, 3 LNMs group, and ≥4 LNMs group depend on
LNMs status. Laboratory tests were performed within 1 week
before the surgery.

Laboratory Tests
Serum specimens were collected before the bilateral inguinal
lymph node dissections. Various routine blood indexes, routine
biochemical tests (33 source indicators) and coagulation tests of
hemostasis were tested by LABOSPECT 008 AS and Sysmex
CS5100, respectively. The SCC-Ag was detected by
immunodetection (Cobas e801).

Construction and Validation
of the Nomogram
We incorporated clinicopathological and laboratory indicators as
predicted factors into the design of the nomogram. We used the
least absolute shrinkage and selection operator (LASSO)
regression with 10-fold cross-validation to select variables that
were predictive of ENE. Then, a logistic regression model was
adapted to screen out the significant (P<0.05) predictors of ENE
from the clinicopathological features and the candidate
laboratory indicators. Then, we developed a nomogram to
predict the probability of ENE.

Areasunder the receiver-operating characteristic curves (AUCs)
and Harrell’s C-index was used to describe performance and
accuracy of nomogram. Model fitting is conducted using AIC and
calibration curve, accompanied by the Hosmer-Lemeshow test.
Higher AUCs indicated better discrimination and lower AICs
indicated superior model-fitting. The calibration curves were
assessed by reviewing the predicted versus actual probabilities.
Clinical usefulness and net benefit were estimated with decision
curve analysis.

Statistics
Statistical analyses were performed defining a two-sided P<0.05
as significant. Models, statistics, and figures were prepared using
SAS 9.4 software version (Cary, NC) and R 3.5.1 (http://www.
cran.r-project.org).
RESULTS

Patient Characteristics
A total of 234 PSCC patients (median age: 54.7 years; IQR: 46-64)
were eligible, including 79 (33.9%)≤T1, 49 (21.0%) in T2, 99 (42.5%)
in T3, and 6 (2.6%) in T4 tumor stage. The clinicopathologic
characteristics and treatment option of patients with penile cancer
are shown in Table 1. Inguinal lymph metastasis occurred in 103
(44.0%) patients, and 53 (22.6%) patients were confirmed to
have ENE.
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In our study, the T staging and tumor stage of the ENE+
group were significantly higher than those of LNM+ ENE- and
patients with no LNM (p<0.0001, <0.001, respectively). In
addition, a higher percentage of patients were treated with
post-operative adjuvant therapy in the ENE+ group (Table 2).

Feature Selection
For the development of the nomogram, we incorporated 46
laboratory tests as predictive features. All of these parameters
Frontiers in Oncology | www.frontiersin.org
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were reduced to the 2 most useful potential predictors for ENE,
with nonzero coefficients in the LASSO regression model
(Figure 1). As shown in Figure 2, the nomogram indicates
that platelet-lymphocyte ratio (PLR) has the strongest
correlation with ENE and LNM.

Nomogram Development
and Internal Validation
Univariable analysis was performed initially, followed by
multivariate analysis (Variables with P < 0.05 on univariate
analysis were included in the multivariate model (Table 3).
Tumor stage, PLR, serum Squamous cell carcinoma antigen
(SCC-Ag), tumor grade, PNI and LVI were significant Inguinal
lymph node ENE predictors at the initial screening. On
multivariate analysis, we found that tumor stage (P=0.006),
PLR (P<0.001), SCC-Ag (P=0.001) and LVI (P=0.017)
remained independent predictive factors (Table 3).

Derived from the four independent predictive factors, a model
that incorporated the above predictors was developed and
presented as a nomogram (Figure 2). According to the score
table, each variable has a corresponding score. We get the total
score by calculating the score of each variable. Next, by plotting the
total score on the probability scale, the ENE probability of lymph
nodes can be estimated at the predicted risk points (Figure 2).

The calibration curve of the nomogram for the probability of
lymph node ENE demonstrated good agreement between the
prediction and observation in the cohort (Figure 3). The
Hosmer-Lemeshow test yielded a nonsignificant statistic
(P =0.340>0.05), which suggested that there was no departure
from a perfect fit. The C-index for the prediction nomogram was
0.817 (95% CI, 0.745 to 0.890) for the cohort (Figure 4), which
was confirmed to be 0.864 by bootstrapping validation.

The prediction model after the addition of PLR and SCC-Ag
is shown in Table 4. The highest C-index (0.817; 95% CI, 0.745
to 0.890) and the lowest AICs (180.034) was observed for the
model with PLR and SCC-Ag integrated into the cohort.
Comparison of Clinical Usefulness between Nomogram and
some risk factors or EAU risk model, and the nomogram
showed the best net benefit (Figure 5).
DISCUSSION

ENE is one of the most important predictors of unfavorable
outcomes in PSCC and determines TNM staging and therapeutic
options. However, there is no unified institutional clinical
practice guidelines or established method for the diagnosis of
ENE. We successfully developed and validated a predictive
model, a new nomogram to predict lymph node ENE in PSCC
patients. Here, we describe the first successful establishment of a
prediction model for ENE. Incorporating laboratory and clinical
factors into an easy-to-use nomogram for the prediction of
lymph node ENE.

PSCC with lymph node ENE has a low survival rate. As early
as 1987, Srinivas et al. (9) reported that lymph node metastasis-
positive PSCC with ENE was related to a higher mortality than
patients without lymph node ENE. Lughezzani et al. (10)
TABLE 1 | Clinical characteristics of 234 patients with penile cancer.

Characteristic No. of patients (%) (n = 234

Age, yr, median (IQR) 55.0 (45.8-64.0)
pT-stage
≤pT1 79 (33.9)
pT2 49 (21.0)
pT3 99 (42.5)
pT4 7 (2.6)
pN-stage
pN0 131 (56.0)
pN1 14 (6.0)
pN2 24 (10.3)
pN3 65 (27.8)
M stage
M0 234 (100.0)
M1 0 (0.0)
Grade
G1 123 (52.6)
G2 93 (39.7)
G3 18 (7.7)
No. of positive inguinal lymph nodes
No positive 131 (56.0)
1 Positive 18 (7.7)
2 Positive 38 (16.2)
3 Positive 13 (5.6)
≥4 Positive 34 (14.5)
Inguinal LNM
Absent 131 (56.0)
Present 103 (44.0)
Unilateral inguinal LNM 61 (26.1)
Bilateral inguinal LNM 42 (17.9)
Primary tumor surgery and ILND
Simultaneous 182 (77.8)
Nonsimultaneous 52 (22.2)
Primary tumor surgery
PPA 180 (76.9)
TPA 41 (17.5)
LC 13 (5.6)
Lymph node ENEa

Positive 53 (22.6)
Negative 181 (77.4)
Adjuvant therapy
Yes 72 (30.8)
NAC 0 (0)
AC 68 (29.1)
AC + AR 4 (1.7)
RT, radiotherapy; pT-stage, pathology tumor stage; pN-stage, pathology lymph node
metastasis stage; IQR, interquartile range; M stage, distant metastasis stage; G, tumo
grade; ENE, extranodal extension; AC, adjuvant chemotherapy; AC + AR, adjuvan
chemotherapy + radiotherapy; ILND, inguinal lymph node dissection; ILNM, inguina
lymph node metastasis; LC, lesionectomy; LNM, lymph node metastasis; NAC
neoadjuvant chemotherapy; PPA, partial penile amputation; TPA, total penile amputation
aENE, Extranodal extension was defined as extension of the tumor through the lymph
node capsule into the perinodal fibrous-adipose tissue.
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identified ENE (OR, 8.01; P <.001) as a strong, independent
predictor of PLNM. Niels et al. (11) reported that in patients
without ENE, the five-year survival can be as high as 80%
compared to a 5-year cancer-specific survival of 42% in
patients with ENE.

In 2020, the NCCN guidelines recommended that PLND
should be performed at the time or following ILND in the
presence of ENE on final pathologic review (2). In addition,
adjuvant external beam radiation therapy (EBRT) or
chemoradiotherapy can be considered for patients with ENE.
This means that patients with ENE are recommended to receive
subsequent PLND and postoperative adjuvant therapy.
Therefore, the prediction of lymph node ENE prior to ILND is
important for selecting the most appropriate surgical procedure
and postoperative adjuvant therapy. For patients with lower-risk
Frontiers in Oncology | www.frontiersin.org 447
or high-risk tumors who didn’t received immediate ILND, we
recommend active surveillance and partially patients may
experience an inguinal nodal recurrence during follow-up.
Some patients underwent secondary inguinal lymph node
dissection after primary surgery. For this patient group, if any
patients that have predicted ENE according to their nomogram,
we suggest 4 courses of neoadjuvant TIP and stable or
responding disease should then undergo a PLND together with
ILND and thereby avoid secondary procedures.

The pT-stage of the primary tumor is a strong predictor of
high cancer-specific mortality (CSS) (12). Previous studies
confirmed that patients with LVI seem to have systemic
disease and is related to an addition risk of invasion and
metastasis and was a significant independent predictor of a
shorter OS (1, 2, 11, 12). As everyone knows, the infiltration of
TABLE 2 | Patient characteristics and descriptive statistics between different and lymph node status.

Variable LNM no LNM n = 131 P

with ENEa

n = 53
without ENEa

n = 50

Age, yr, median (IQR) 55.0 (46.0-65.0) 58.5 (48.8-70.0) 54.0 (44.0-62.0) 0.0502
pT-stage p<0.0001

≤pT1 3 (5.7) 12 (24.0) 64 (48.9)
pT2 14 (26.4) 9 (18.0) 26 (19.8)
pT3 31 (58.5) 27 (54.0) 41 (31.3)
pT4 5 (9.4) 2 (4.0) 0 (0.0)

Grade p<0.001
G1 16 (30.2) 16 (51.7) 91
G2 29 (54.7) 29 (39.7) 35
G3 8 (15.1) 5 (7.7) 5

Adjuvant therapy p<0.001
Yes 44 (83.0) 28 (56.0) 0
NAC 0 0 0
AC 42 (79.2) 26 (52.0) 0
AC + AR 2 (3.8) 2 (4.0) 0
June 2021 | Volume 11 | Artic
RT, radiotherapy; pT-stage, pathology tumor stage; pN-stage, pathology lymph node metastasis stage; IQR, interquartile range; M stage, distant metastasis stage; G, tumor grade; ENE,
extranodal extension.
aENE, Extranodal extension was defined as extension of the tumor through the lymph node capsule into the perinodal fibrous-adipose tissue.
A B

FIGURE 1 | Texture feature selection using the LASSO binary logistic regression model. (A) By selecting a 10-fold cross-validation in the LASSO model with
minimum standards. The binomial deviance was plotted versus log (l). Dotted vertical lines were drawn at the optimal l values based on the minimum criteria and 1
standard error of the minimum standards and the optimal l was 0.069. (B) The LASSO logistic regression algorithm was used to screen out 2 features with non-
zero coefficients out of 46 features. LASSO, least absolute shrinkage and selection operator.
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tumor cells into lymphatic vessels or blood vessels is the
committed step of tumor diffusion.

A recent study (13, 14) investigated the prognostic value of the
preoperative tumor marker SCC-Ag and systemic inflammatory
factors in penile cancer. Interestingly, similar to our results, we
found that SCC-Ag andPLRare highly correlatedwith the presence
of ENE. SCC-Ag levels have been validated to predict LNM and
Frontiers in Oncology | www.frontiersin.org 548
have prognostic significance for disease-free survival(DFS) in
patients with penile cancer treated with surgery (15). The
predictive value of PLR has been investigated in various cancers
(16, 17). The pretreatment PLR has been demonstrated to be a
significant predictor in patients with cervical (18–20), colon, and
colorectal cancer (21). The precise molecular mechanisms
underlying the repercussion of PLR in PSCC remain unknown.
FIGURE 2 | Predicted nomogram for PCCS patients: a line was drawn straight down to predict the risk of ENE. T, Pathology T stage; PLR, platelet-lymphocyte
ratio; SCC-Ag, Squamous cell carcinoma antigen.
TABLE 3 | Univariable and multivariable analyses.

Characteristic Univariable Multivariable

Odds Ratio (95% CI) Pa value Odds Ratio (95% CI) Pa value

SCC-Ag 1.123 (1.072-1.177) <0.001 1.090 (1.035-1.148) 0.001
PLR 1.014 (1.008-1.020) <0.001 1.012 (1.006-1.019) <0.001
pT-stage
≤pT1 reference reference
pT2 6.205 (1.909-20.161) 0.002 6.522 (1.716-24.791) 0.006
pT3 9.667 (3.233-28.900) <0.001 8.077 (2.322-28.103) 0.001
pT4 52.500 (7.680-358.906) <0.001 23.258 (2.431-222.560) 0.006
Grade
G1 reference
G2 3.871 (1.896-7.902) <0.001
G3 5.026 (1.682-15.02) 0.004
PNI 2.424 (1.213-4.845) 0.012
LVI 5.773 (2.736-12.181) <0.001 3.205 (1.227-8.371) 0.017
June 2021 | Volume 11 | Articl
CI, Confidence Interval; OR, odds ratio; PLR, platelet-lymphocyte ratio; SCC-Ag, squamous cell carcinoma antigen; pT-stage, pathology tumor stage; IQR, interquartile range; G, tumor
grade; PNI, Perineural invasion; LVI, Lymphovascular invasion.
aP values were calculated using Logistic regression model.
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FIGURE 4 | The Area Under Curve (AUC) of the prediction nomogram on T, Grade, Risk model and nomogram. T, tumor stage.
FIGURE 3 | Nomogram calibration between the predicted risk and observed incidence. Calibration curves depict the calibration of models in terms of the agreement
between the predicted risks of ENE and observed outcomes of ENE. The y-axis represents the actual ENE rate. The x-axis represents the predicted ENE risk. The
diagonal dotted line represents a perfect prediction by an ideal model.
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Platelets, as a critical source of cytokines, bind FGF, PDGF, VEGF,
andTGF-b family proteins, permittingplts to serve as a reservoir for
secreted growth factors that promote tumorigenesis and the
development of metastasis (22–24). Lymphocytes act a pivotal
part in withstanding cancer cells by inducing cytotoxic cell death
and inhibiting tumor cell proliferation and migration. Tumor
infiltrating lymphocytes (TILs) are vital immune cells found in
tumors, eligible for anti-tumor immune response (25). Taken
together, PLR combined with the effects of platelets and
lymphocytes may predict the presence of lymph node ENE.

The generalisability of these results suffer from several
limitations. First, there was an inevitable selection bias, as the
study was retrospectively designed. Secondly, imaging features
Frontiers in Oncology | www.frontiersin.org 750
were not included in our analysis. We see this investigation as an
exploratory study and our aim is to provide clinicians with a good
predictive tool which can serve as effective adjunctive tools with
anatomic imaging, instead of contain imaging features. We believe
that the present analysis or others which including imaging features
variables will be important in future validation studies of larger and
multicenter cohorts. Another limitation may be the smaller
proportion of ENE-positive patients (22.6% [53/234]), although
this study had a relatively large sample size. However, as our study
included all patients who underwent bilateral ILND (including
prophylactic ILND), the relatively small proportionwhowereENE-
positive could thusbeexplained. Fourth,wedidn’t test ourdatawith
an independent external validation set.
TABLE 4 | Comparisons of different predictive models of Lymph Node ENE in Penile cancer.

Intercept and Variable Clinical-laboratory nomogram Model 2 Model 3 Model 4

Odds Ratio (95% CI) Pa Odds Ratio (95% CI) Pa Odds Ratio (95% CI) Pa Odds Ratio (95% CI) Pa

Intercept 50
SCC-Ag 1.088 (1.035-1.143) 0.001 NA NA 1.095(1.042-1.152) <0.001 NA NA
PLR 1.013 (1.006-1.019) <0.001 1.013 (1.007-1.02) <0.0001 NA NA NA NA
pT-stage 2.385( 1.488-3.823) 0.006 2.481 (1.574-3.912) <0.0001 2.549 (1.628-3.991) <0.0001 2.661(1.74-4.069) <0.0001
LVI 3.077 (1.193-7.938) 0.017 4.976 (2.1-11.789) <0.001 2.642 (1.067-6.539) 0.036 4.892 (2.19-10.925) <0.001
C-index 0.817(0.745-0.890) 0.799 (0.724-0.874) 0.781(0.709-0.853) 0.640 (0.570-0.710)
AIC 180.034 189.824 197.480 211.036
June 20
21 | Volume 11 | Article
A higher C-index indicates better discrimination and a lower AIC indicates superior model-fitting.
Clinical-laboratory nomogram, variables included, SCC-Ag, PLR, pT-stage, and LVI. Model 2, variables included, PLR, pT-stage, and LVI. Model 3, variables included, SCC-Ag, pT-stage,
and LVI. Model 4, variables included, pT-stage, and LVI.
CI, Confidence Interval; OR, odds ratio; PLR, platelet-lymphocyte ratio; SCC-Ag, squamous cell carcinoma antigen; pT-stage, pathology tumor stage; LVI, Lymphovascular invasion.
aP values were calculated using Logistic regression model.
FIGURE 5 | Decision curve analysis to assess the clinical usefulness of the nomogram, T stage, grade, Risk model and ENE. T stage, tumor stage; ENE, extranodal extension.
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CONCLUSION

This study presents a clinicopathologic and laboratory-based
nomogram that incorporates PLR, SCC-Ag, lymphovascular
invasion (LVI), and pT-stage, which can be easily utilized to
promote the individualized prediction of lymph node ENE in
patients with PSCC.
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Background: Few studies have explored the optimal examined lymph node count and
lymph node density cutoff values that could be used to predict the survival of patients with
penile cancer. We further clarify the prognostic value of lymph node density and examined
lymph node count in penile cancer.

Methods: The Surveillance, Epidemiology, and End Results (SEER) database was
explored to recruit penile cancer patients from 2010 to 2015. A retrospective analysis
of penile cancer patients’ data from the First Affiliated Hospital of Anhui Medical University
was performed for verification (2006–2016). The cutoff values of examined lymph node
count and lymph node density were performed according to the ROC curve. Kaplan-
Meier survival analysis was used to compare survival differences among different groups.
Univariate and multivariate Cox proportional hazard regression analyses were used to
determine the significant variables. On the basis of Cox proportional hazards regression
model, a nomogram was established and validated by calibration plot diagrams and
concordance index (C-index).

Results: A total of 528 patients in the Surveillance, Epidemiology, and End Results cohort
and 156 patients in the Chinese cohort were included in this study. Using the ROC curve,
we found that the recommended cutoff values of ELN and LND were 13 and 9.3%,
respectively (P <0.001). Kaplan–Meier curves suggested the significant differences of
overall survival among different examined lymph nodes and lymph node density.
Multivariate analysis indicated ELN and LND were independent prognostic factor for OS
of penile cancer patients. Nomogram showed the contribution of ELN and LND to
predicting OS was large. The C-index at 3-, and 5-year were 0.744 for overall survival
(95% CI 0.711–0.777).

Conclusions: The more lymph nodes examined, the lower the density of lymph nodes,
and the higher the long-term survival rate of penile cancer. We recommended 13
examined lymph nodes and lymph node density >9.3% as the cutoff value for
evaluating the prognosis of penile cancer patients.
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INTRODUCTION

Penile cancer (PeCa) is a rare disease, but its incidence has been
rising slowly in recent years. According to the 2020 Cancer
Research UK (CRUK) report, the incidence rate has increased by
15% over the past decades (1).

As we all know, PeCa is an aggressive urological malignancy,
which follows the pattern of gradual invasion from the primary
tumor site to inguinal lymph nodes (LNs) before its systemic
spread (2, 3). Previous studies have shown that nodal
involvement is the most important prognostic factor in PeCa
(4). Patients with pN2 and pN3 stages have a 5-year cancer
specific survival ranging from 17 to 60% and 0–17%, respectively
(5). Although according to the current research on the TNM
staging of PeCa, the number of positive LNs can predict the
overall survival (OS), like other tumors, the resection quantity of
LN metastasis is affected by various factors in survival analysis,
such as LN resection method, pathologist’s evaluation and
individual physiological changes, these mask the true degree of
LN involvement to a certain extent (6–9). Therefore, a more
optimized variable is needed to evaluate the OS.

From the previous studies we have known that examined
lymph node (ELN) count and lymph node density (LND) are the
percentage of positive LNs, which have been used as a prognostic
factor for other tumors, such as esophageal cancer, non-small-
cell lung cancer and bladder cancer (2, 10–14). Unfortunately,
these were rarely studied in PeCa. A study conducted by Li et al.
determined the prognostic value of ELN in patients with PeCa,
but the number of patients was relatively small (6). Additionally,
Pettaway et al. first reported the significance of LND for PeCa in
2009 and also, the European Urological Association (EAU)
recommended LND for the first time to predict the prognosis
of PeCa patients in 2014 (15, 16). However, they didn’t calculate
the exact optimal cutoff value.

Nomogram, a statistical forecasting tool, has the advantages
of low cost and strong reliability, which is used to quantify
individual risks according to forecasting factors (4, 17). However,
nomogram for predicting the survival of penile cancer patients is
rarely constructed. Zheng et al. developed a nomogram that
incorporated age, N classification, and log odds of positive LNs
which could be conveniently used to predict the long-term OS of
patients with penile squamous cell carcinoma (18). However, the
variable of ELN and LND was not included in their study.

Therefore, in the current study, we analyzed the effect of ELN
and LND on OS in patients with PeCa and evaluated the extent
of this effect. Moreover, we included the variable ELN and LND
to create an accurate and personalized prognostic nomogram for
predicting OS in patients with PeCa, in order to further clarify
the prognostic value of ELN and LND in PeCa.
MATERIALS AND METHODS

Study Design and Data Source
This is a retrospective study, using the clinical data of two groups
of people diagnosed with PeCa: one from the Surveillance,
Frontiers in Oncology | www.frontiersin.org 254
Epidemiology, and End Results (SEER) database as the training
cohort (1975–2016) and the other from Blinded for peer review
of China as the validation cohort (2006–2016). All patients in
both cohorts underwent radical lymphoadenectomy in addition
to surgery of primary tumor site. In patients with nonpalpable
nodes, a superficial dissection above the fascia lata was
performed. In cases with palpable adenopathy or suspicious
nodes encountered during superficial dissection, a deep
dissection was performed. Pelvic lymphadenectomy was
performed in patients with positive deep inguinal lymph nodes
or with enlarged pelvic lymph nodes on cross sectional imaging.
The demographic information of age at diagnosis, marital status
at diagnosis, ELN, LND, surgery of primary site and tumor
characteristics of differentiation grade, histological type, T-stage,
N-stage, M-stage and tumor size were collected. Incompletely
documented variables such as primary surgical site, grade, TNM
stage, marital status, tumor size, ELN, and positive lymph nodes
were excluded from this study. In the calculation of “examined
lymph node count” and “lymph node density”, inguinal and
pelvic lymph nodes were included.

OS is defined as the time from diagnosis to original death,
whatever the reasons. TNM staging and histopathological
grading of PeCa were determined according to the American
Joint Committee on Cancer (AJCC) 6th edition staging system
and SEER cancer grading system, respectively.

The SEER database is a publicly available, federally funded
cancer reporting system and also the largest publicly available
cancer data set. Institutional review committees and ethics
committees allow the use of public database data without
patient identity information (19). Additionally, this study was
approved by our University Research Subject Review Board.

Statistical Methods
All statistical analyses were performed using SPSS version 20.0
(SPSS Inc, Chicago, IL, USA). Chi-square, Pearson’s chi-square,
and Fisher’s exact tests were used to determine the significance of
differences between continuous variables and categorical
variables. Kaplan–Meier analysis was used to estimate survival
and compare different variables, namely, average survival time,
median survival time and 95% confidence interval (95% CI).
Based on Cox proportional hazard regression analysis,
multivariate and univariate survival analyses were conducted.
As for the evaluation of the model performance and the
verification of the accuracy of the new scoring system, we use
the Harrell concordance index (C-index) and calibration curve,
respectively. Moreover, the receiver operating characteristic
(ROC) curve was used to evaluate the effectiveness of the
nomogram. P <0.05 values were considered statistically
significant for all.
RESULTS

Cutoff Values of ELN and LND
At present, in clinical diagnostic trials, an ROC curve is used to
select the critical value reasonably. The curve area under the
July 2021 | Volume 11 | Article 706531
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optimal critical point is the largest, its sensitivity and specificity
are relatively high, and the number of misdiagnosis and missed
diagnosis is also the smallest. Using the ROC curve, we found
that the recommended cutoff values of ELN and LND were 13
[sensitivity, 50.9; specificity, 64.4; AUC (area under the ROC
curve), 0.59; P <0.001] and 9.3% [sensitivity, 59.6; specificity,
78.4; AUC, 0.717; P <0.001], respectively (Figure 1).

Patient Characteristics
After screening, 528 patients in the SEER cohort and 156 patients
in the China cohort were included in this study. As shown in
Table 1, all variables had no statistical difference between the
training group and the validation group (P >0.05 for all).

Relationship Between LND and
Demographics/Clinicopathologic
Characteristics
With the cutoff value obtained by ROC curve, we divided all the
patients of the training group into two groups: LND ≤rain and
LND >9.3%, the numbers were 328 (62.1%) and 200 (37.9%),
respectively. The connection is displayed in Table 2. LND wasn’t
significantly correlated with marital status (P = 0.6); however, the
association between LND and age at diagnosis (P = 0.003), grade
(P <0.001), T-stage (P = 0.001), N-stage (P <0.001), M-stage (P =
0.002), histological type (P = 0.007), ELN (P <0.001), tumor size
(P = 0.012) and surgery of primary site (P = 0.012)
were significant.

Comparison of Oncology Features of
Patients With Different LND
Patients were divided into groups according to LND, and the
oncology characteristics of each group were compared (shown in
Figure 2). There are significant differences in the distribution of
T-, N-, and M-stages, histological type, tumor grade and size
among different LND patients (P <0.05 for all). Generally
speaking, LND is closely related to the pathological features
of tumors.
Frontiers in Oncology | www.frontiersin.org 355
Distribution and Correlation of
Clinicopathological Features of Patients
The distribution and correlation of clinical and pathological
characteristics of patients in the training group were represented
by themosaic plot towhich areaof the nestedmatrix is proportional
to the unit frequency, and the frequency is the frequency in the
multi-dimensional contingency table. The residual value of fitted
model are represented by color and shading. Patients with LND
>9.3%have the characteristics of higher tumorgrade,more prone to
distantmetastasis, higher clinical tumor stage and larger tumor size.
Also, their histopathological types are significantly different from
LND (Figure 3).

Univariate and Multivariate Analyses and
Identification of Predictors of OS
Univariate risk factors of OS are shown inTable 3. We can see that
age at diagnosis, marital status, grade, N- and M-stages, surgery of
primary site, tumor size, ELN and LNDwere significant prognostic
factors. Besides, as indicated by multivariate analysis, age at
diagnosis, N- and M-stages, ELN and LND were independent
prognostic factors for OS.

Kaplan–Meier Survival Analysis for
Different LND/ELN
In order to evaluate the OS of PeCa patients with different LND/
ELN, the Kaplan–Meier survival analysis was performed on all
patients. As shown in Figure 4, the significant differences of OS
were seen among different LND/ELN (P < 0.001 for all). Patients
with LND ≤9.3% had the highest OS (median OS and 95%CI
undefined), followed by LND >9.3% (median OS = 23, 95%CI =
16.565–29.435). Similarly, patients with ELN >13 have the highest
survival rate (medianOS=114, 95%CI=88.966–139.034), followed
by ELN ≤39 (median OS = 58, 95%CI = 36.546–79.454).

Construct and Validate Nomogram
On the basis of Cox proportional hazards regression model, age,
N- and M-stages, ELN and LND were selected as variables to
A B

FIGURE 1 | ROC curves for (A) LND and (B) ELN. ROC, Receiver operating characteristic; LND, Lymph node density; ELN, Examined lymph node.
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construct nomogram (Figure 5). Each variable has a
corresponding score from 0 to 100 according to its
contribution to the result variable. Then add the scores to get
the total score at the bottom, and finally calculate the predicted
value of the individual outcome event through the functional
transformation relationship between the total score and the
probability of occurrence of the outcome event. From the
Frontiers in Oncology | www.frontiersin.org 456
nomogram, we know the selected factors had varying degrees
of influence on OS. The nomogram scoring system is displayed
in Table 4.

As shown in Figure 6A, the ability of the model to predict the
3- and 5-year OS of PeCa patients was verified by the calibration
TABLE 1 | Demographics and clinicopathological characteristics of patients in
training cohort and validation cohort.

Demographics and
clinicopathologic
characteristics

Training set
(n = 528)

Validation set
(n = 156)

P-value

No. of patients % No. of patients %
Age at diagnosis (year) 0.825
<50 96 18.2 25 16.0
50–69 271 51.3 82 52.6
≥70 161 30.5 49 31.4

Marital status 0.877
Married 306 60.0 85 54.5
Divorced 64 12.1 21 13.5
Widowed 39 7.4 14 9.0
Single 101 19.1 32 20.5
Unknown 18 1.4 4 2.5

Grade 0.763
G1 73 13.8 23 14.7
G2 283 53.6 82 52.6
G3 142 26.9 46 29.5
G4 7 1.3 1 0.6
Unknown 23 4.4 4 2.6

T-stage 0.656
T1 138 26.1 41 26.3
T2 219 41.5 59 37.8
T3 + T4 171 32.4 56 35.9

N-stage 0.793
N0 238 45.1 75 48.1
N1 115 21.8 30 19.2
N2 115 21.8 36 23.1
N3 60 11.3 15 9.6

M-stage 0.477
M0 510 96.6 149 95.5
M1 18 3.4 7 4.5

Histological type 0.804
SCC 491 93.0 144
PC 15 2.8 5
LC 18 3.4 7
BCC 1 0.2 0 92.3
TCC 3 0.6 0 7.7

ELN 0.854
≤13 221 41.9 67 42.9
>13 307 58.1 89 57.1

LND 0.707
≤9.3% 328 62.1 100 64.1
>9.3% 200 37.9 56 35.9

Tumor size 0.467
≤3.5 cm 285 54.0 79 50.6
>3.5 cm 243 46.0 77 49.4

Surgery of primary site 0.927
LTE 60 11.4 18 11.5
SS 432 81.8 126 80.8
RS 36 6.8 12 7.7
SCC, Squamous cell carcinoma; PC, Papillary carcinoma; LC, Lymphoepithelial
carcinoma; BCC, Basal cell carcinoma; TCC, Transitional cell carcinoma; LTE, Local
tumor excision; SS, Simple/partial surgical removal of primary site; RS, Radical surgery;
ELN, Examined lymph node; LND, Lymph node density.
TABLE 2 | Relationship between LND and demographics/clinicopathologic
characteristics.

Demographics/
clinicopathologic
characteristics

LND (n = 528) P-
value

≤9.3%
(n = 328)

>9.3%
(n = 200)

No. of
patients

% No. of
patients

%

Age at diagnosis
(year)

35 17.5 0.003

<50 61 18.6 87 43.5
50–69 184 56.1 78 39.0
≥70 83 25.3

Marital status 0.6
Married 189 57.6 117 58.5
divorced 35 10.7 29 14.5
widowed 25 7.6 14 7.0
single 68 20.7 33 16.5
unknown 11 3.4 7 3.5

Grade 0.000
G1 61 18.6 12 6.0
G2 182 55.5 101 50.5
G3 67 20.4 75 37.5
G4 2 0.6 5 2.5
Unknown 16 4.9 7 3.5

T-stage 0.001
T1 93 28.4 45 22.5
T2 148 45.1 71 35.5
T3 + T4 87 26.5 84 42.0

N-stage 0.000
N0 238 72.6 0 0.0
N1 52 15.9 63 31.5
N2 27 8.2 88 44.0
N3 11 11.3 49 24.5

M-stage 0.002
M0 323 98.5 187 93.5
M1 5 1.5 13 6.5

Histological type 0.007
SCC 300 91.5 191 95.5
PC 13 4.0 2 1.0
LC 15 4.5 3 1.5
BCC 0 0.0 1 0.5
TCC 0 0.0 3 1.5

ELN 0.000
≤13 109 33.2 112 56.0
>13 219 66.8 88 44.0

Tumor size 0.012
≤3.5 cm 191 58.2 94 47.0
>3.5 cm 137 41.8 106 53.0

Surgery of primary
site

0.012

LTE 38 11.6 22 11.0
SS 276 84.1 156 78.0
RS 14 4.3 22 11.0
July 2021 | Volume 11 | Article
SCC, Squamous cell carcinoma; PC, Papillary carcinoma; LC, Lymphoepithelial
carcinoma; BCC, Basal cell carcinoma; TCC, Transitional cell carcinoma; LTE, Local
tumor excision; SS, Simple/partial surgical removal of primary site; RS, Radical surgery;
ELN, Examined lymph node; LND, Lymph node density.
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curve (C-index value: 0.744 >0.7, suggesting that our nomogram
is suitable for patients with PeCa). To further validate the
performance of the model, the ROC curve was plotted for the
nomogram (Figure 6B), and the AUC of the nomogram was
large, which shows that the accuracy of nomogram was good.

Verified by External Population
On the basis of the nomogram, we drew 3- and 5-year calibration
curves and ROC curves from our single center population for
independent verification, and the results of the curves were in
high agreement with the results of our training group
(Figures 6C, D).
DISCUSSION

Previous studies have shown that LN status is the most
important prognostic factor of PeCa, and its influence on the
prognosis of the disease is more significant than that of the tumor
grade, general appearance, morphology or microscopic pattern
of the primary tumor (20–23). ELN and LND are two basic
aspects to determine the status of LNs, which are considered to
be predictive factors for the survival of patients with other types
of cancer (7, 24). However, up to now, there is no suggestion
about ELN count in the National Comprehensive Cancer
Network (NCCN) PeCa Guide, although some studies tried to
set a benchmark, and the results are not satisfactory (16, 25–27).
Recently, Mao et al. used multivariate Cox regression analysis to
show that ≥ RLNs removed indicates lower all-cause mortality,
PeCa-specific mortality, and lower 5-year mortality, but they had
no data to indicate why the cutoff value of the removed LN was 8
(28). Another study conducted by Li et al. reported that the
removal of at least 16 lymph nodes in PeCa patients is related to
the significant prolongation of disease-specific survival rate,
however, they did not have any data on the correlation
between the number of LNs removed and OS (6).

Of note, as illustrated in our study, we not only show that
ELN is an independent predictor of survival of PeCa, but also
that OS with ELN >13 are significantly higher than OS with ELN
≤13. The key point is that we calculate the appropriate threshold
for ELN is 13. This shows from another perspective that the more
LNs are examined, the less positive LNs are not detected, and this
may lead to more thorough removal of remnants to improve
long-term survival. Therefore, in PeCa patients with positive and
negative LN status, the more the number of LNs examined, the
higher the OS, and there is a consistent positive correlation
between them.

Additionally, previous studies have shown that the burden of
LNs expressed by the number of positive LNs is related to poor
prognosis (29, 30). Compared with the number of positive LNs,
LND is a more optimized index in the prognosis of PeCa, which
can reflect both the degree of LN dissection and the disease
burden of LNs (2, 9). The significance of the LND for PeCa was
first reported by Pettaway et al. in 2009. In their study, they
proved that LND is a better index to predict the disease specific
survival of PeCa than the TNM LN staging system (15).
Subsequently, in 2014, LND was first recommended by EAU to
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A B

FIGURE 3 | Mosaic plot. (A) Distribution and relationship of LND, T-stage, N-stage and M-stage. (B) Distribution and relationship of LND, tumor grade, and tumor
size. LND, Lymph node density.
TABLE 3 | Univariate and multivariate analysis of the training cohort.

Variables Univariate analysis Variables Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value

Statistically significant factors Statistically significant factors
Age at diagnosis (years) Age at diagnosis (years)
<50 vs. 50–59 1.009 (0.686–1.486) 0.961 <50 vs. 50–59 1.093 (0.733–1.631) 0.661
<50 vs. ≥70 1.702 (1.144–2.531) 0.009 <50 vs. ≥70 1.637 (1.066–2.514) 0.024

Marital status at diagnosis N-stage
Married vs. divorced 1.332 (0.899–1.975) 0.152 N0 vs. N1 1.904 (1.182–3.069) 0.008
Married vs. widowed 1.663 (1.066–2.596) 0.024 N0 vs. N2 1.960 (1.143–3.362) 0.014
Married vs. single 1.198 (0.847–1.693) 0.305 N0 vs. N3 4.045 (2.303–7.103) <0.001
Married vs. unknown 0.419 (0.133–1.317) 0.136 M-stage

Grade M0 vs. M1 2.154 (1.212–3.826) 0.009
G1 vs. G2 1.197 (0.792–1.809) 0.391 ELN
G1 vs. G3 1.740 (1.121–2.700) 0.013 ≤13 vs. >13 0.718 (0.524–0.983) 0.039
G1 vs. G4 1.421 (0.431–4.679) 0.562 LND
G1 vs. Unknown 0.772 (0.350–1.700) 0.521 ≤9.3% vs. >9.3% 1.903 (1.218–2.974) 0.005

N-stage Statistically non-significant factors
N0 vs. N1 2.874 (2.010–4.109) <0.001 Marital status at diagnosis
N0 vs. N2 3.081 (2.148–4.418) <0.001 Married vs. divorced 1.197 (0.797–1.798) 0.387
N0 vs. N3 5.851 (3.955–8.654) <0.001 Married vs. widowed 1.443 (0.903–2.306) 0.125

M-stage Married vs. single 1.165 (0.810–1.677) 0.410
M0 vs. M1 3.558 (2.062–6.138) <0.001 Married vs. unknown 0.457 (0.142–1.472) 0.190

Surgery of primary site Grade
LTE vs. SS 1.1040 (0.721–1.691) 0.649 G1 vs. G2 0.760 (0.489–1.181) 0.222
LTE vs. RS 2.207 (1.260–3.867) 0.006 G1 vs. G3 0.813 (0.496–1.333) 0.412

ELN G1 vs. G4 0.696 (0.203–2.380) 0.563
≤13 vs. >13 0.644 (0.470–0.836) 0.001 G1 vs. Unknown 0.493 (0.221–1.103) 0.085

LND Surgery of primary site
≤9.3% vs. >9.3% 0.261 (0.200–0.342) <0.001 LTE vs. SS 1.028 (0.644–1.640) 0.909

Tumor size LTE vs. RS 1.467 (0.807–2.668) 0.209
≤3.5 cm vs. >3.5 cm 1.421 (1.095–1.844) 0.008 Tumor size

Statistically non-significant factors ≤3.5 cm vs. >3.5 cm 1.237 (0.936–1.636) 0.135
Histological type
SCC vs. PC 0.386 (0.123–1.205) 0.101
SCC vs. LC 0.812 (0.360–1.829) 0.615
SCC vs. BCC 0 (0.000–7.615E+102) 0.943
SCC vs. TCC 0.867 (0.121–6.195) 0.887

T-stage
T1 vs. T2 0.847 (0.609–1.179) 0.326
T1 vs. T3 + T4 1.251 (0.898–1.744) 0.184
SCC, Squamous cell carcinoma; PC, Papillary carcinoma; LC, Lymphoepithelial carcinoma; BCC, Basal cell carcinoma; TCC, Transitional cell carcinoma; LTE, Local tumor excision; SS
Simple/partial surgical removal of primary site; RS, Radical surgery; ELN, Examined lymph node; LND, Lymph node density.
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predict the prognosis of PeCa patients (16). However, in limited
studies, the critical value of optimal LND varies widely, ranging
from 6.7 to 33% (6, 10, 31). Unlike previous studies, in our study,
we not only conformed that LND is a predictor of PeCa, but also,
we determined that the recommended cutoff value for LND is
9.3%. More significantly, we found that LND has a good
predictive significance for OS in the nomogram and it is
verified by external data.

In recent years, nomogram, as a statistical model, shows high
reliability in predicting tumor progression (32). Zheng et al.
established a simple nomogram for predicting OS for the first
Frontiers in Oncology | www.frontiersin.org 759
time by using the cohort of contemporary penile squamous cell
carcinoma patients from the SEER database, in which only three
variables were integrated, including age, nitrogen classification
and log odds of positive LNs in 2020 (18). Svatek et al. also
conducted similar research; they stratified survival outcomes
simply according to its median LND of 6.7%, which limits its
clinical applicability (15). So far, no studies have included ELN
and LND to build nomogram to predict OS of PeCa. Our
research indicates that the following five factors are
independently related to OS of PeCa patients, including age,
N- and M-stages, ELN and LND. All the above factors are
included in the construction of the nomogram. As seen in our
nomogram, LND contributes more to prognosis than ELN,
suggesting that LND has better prognostic value than ELN.

To our knowledge, our study was the first to thoroughly
examine the prognostic role of ELN and LND in PeCa and to
A B

FIGURE 4 | Kaplan–Meier survival analysis for different (A) LND and (B) ELN (P < 0.001 for all). LND, Lymph node density; ELN, Examined lymph node.
FIGURE 5 | A nomogram for predicting the OS. In order to use the
nomogram, the value of each predicted value is determined by drawing a line
up to the point reference line, these points are summed, and drawing a line
down from the total point line to find the predicted probability of OS. OS,
Overall survival; LND, Lymph node density; ELN, Examined lymph node.
TABLE 4 | Nomogram scoring system.

Variables Points Variables Points

Age at diagnosis (years) M-stage
<50 0 M0 0
50–69 7 M1 65
≥70 38 ELN

N-stage ≤13 28
N0 0 >13 0
N1 38 LND
N2 45 ≤9.3% 0
N3 100 >9.3% 53

3-Year OS probability Points 5-Year OS probability Points
0.1 218 0.1 191
0.2 190 0.2 164
0.3 169 0.3 142
0.4 148 0.4 121
0.5 128 0.5 100
0.6 102 0.6 78
0.7 78 0.7 50
0.8 41 0.8 28
0.9 0
July
 2021 | Volume 11 | Article
ELN, Examined lymph node; LND, Lymph node density; OS, Overall survival.
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B

D

he ROC curve of the prognostic nomogram in the training set. (C) Calibration curves of the prognostic
validation set. ROC, Receiver operating characteristic; OS, Overall survival.
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FIGURE 6 | (A) Calibration curves of the prognostic nomogram for 3-, and 5-year OS in the training set. (B) T
nomogram for 3-, and 5-year OS in the validation set. (D) The ROC curve of the prognostic nomogram in the
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develop a nomogram to predict its impact on the OS. What is
important is that we use real-world data sets with reliable statistics
for verification.We sought to emphasize twomajor points: (I) ELN
and LND are independent predictors for survival of PeCa. (II) A
greater number of ELNs and lower LND are associated with better
long-term survival of PeCa. We recommended 13 ELNs and LND
>9.3% as the cutoff value for evaluating the prognosis of PeCa
patients. Therefore, surgeons and pathologists should try their best
to explore the LNs and the minimum recommended number for
assessing the integrity of LN sampling is 13 and LNDneeds to be at
least 9.3%. Based on real patient data, our research emphasize that
surgeons should fully sample and dissect LNs in clinical practice,
and carefully explore LNs.

Due to the limitation of retrospective and small-scale real data,
the prognostic significance of our results may be discounted a little.
First, themain limitation is that the universality of our studymaybe
limited by the fact that it is conducted in a single cultural/social
context. Our research is carried out in one country, which is
probably a relatively homogeneous population. Due to the lack of
sample size and stratified sampling, it cannot represent the true
situation of all PeCa patients, and the results will inevitably be
influenced by local culture. Therefore, this research needs to be
carried out in more countries and regions. Second, the results may
still be affected by the selection bias inherent in the design of this
study, because adjuvant therapy (including adjuvant chemotherapy
and/or radiotherapy) and pelvic lymphadenectomy may affect
other parameters. Third, we were unable to investigate other
important issues, such as the influence of the number of LNs at
stations N1 and N2. As the treatment of PeCa progresses, the
prognostic significance of our ELN and LND cut-off values may be
changed, so this finding needs to be verified in other cohorts.
Fourth, SEER databases may include inhomogeneous data about
data collectionderiving also fromdifferent internprotocols adopted
by each center enrolled patients coming from.

Despite these limitations, our analysis demonstrates that the
greater the number of LNs examined, the smaller the LND value,
Frontiers in Oncology | www.frontiersin.org 961
and the higher the long-term OS of patients with PeCa. We
recommend checking at least 13 LNs and LND >9.3% as a cut-off
point for assessing the prognostic stratification of patients with
PeCa. This further proves that ELN and LND are tools for
predicting PeCa. More institutional research is needed to further
determine the clinically relevant prognosis data of the disease.
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Deep Inguinal Lymph Node
Metastases Can Predict Pelvic
Lymph Node Metastases and
Prognosis in Penile Squamous
Cell Carcinoma
Zhenyu Yang1,2,3, Xingliang Tan1,2,3, Yanjun Wang1,2,3, Yuantao Zou1,2,3, Dong Chen1,2,3,
Zhiming Wu1,2,3, Zhuowei Liu1,2,3, Yonghong Li1,2,3, Zike Qin1,2,3, Hui Han1,2,3*,
Fangjian Zhou1,2,3* and Kai Yao1,2,3*

1 Department of Urology, Sun Yat-sen University Cancer Center, Guangzhou, China, 2 State Key Laboratory of Oncology in
South China, Sun Yat-sen University Cancer Center, Guangzhou, China, 3 Collaborative Innovation Center for Cancer
Medicine, Sun Yat-sen University Cancer Center, Guangzhou, China

Objectives: To evaluate the relationship between deep inguinal lymph node metastasis
(ILNM) and pelvic lymph node metastasis (PLNM) and explore the prognostic value of
deep ILNM in penile squamous cell carcinoma (PSCC).

Materials and Methods: The records of 189 patients with ILNM treated for PSCC were
analysed retrospectively. Logistic regression models were used to test for predictors of
PLNM. Cox regression was performed in univariable and multivariable analyses of cancer-
specific survival (CSS). CSS was compared using Kaplan-Meier analyses and log rank tests.

Results: PLNM were observed in 53 cases (28.0%). According to logistic regression
models, only deep ILNM (OR 9.72, p<0.001) and number (≥3) of metastatic inguinal lymph
nodes (ILNs) (OR 2.36, p=0.03) were independent predictors of PLNM. The incidences of
PLNM were 18% and 19% with negative deep ILNM and extranodal extension (ENE); and
76% and 42% with positive deep ILNM and ENE, respectively. The accuracy of deep
ILNM, ENE, bilateral involvement and number (≥3) of ILNMs for predicting PLNM were
81.0%, 65.6%, 63.5% and 67.2%, respectively. The CSS was significantly different in
patients with positive and negative deep ILNM (median 1.7 years vs not reached, p<0.01).
Patients who presented with deep ILNM had worse CSS (median 3.8 years vs not
reached, p<0.01) in those with negative PLNs.

Conclusions: Deep ILNM is the most accurate factor for predicting PLNM in PSCC
according to our data. We recommend that patients with deep ILNM should be referred
for pelvic lymph node dissection. Involvement of deep ILNs indicates poor prognosis. We
propose that patients with metastases of deep ILNs may be staged as pN3.

Keywords: lymph node dissection, neoplasm metastasis, penile neoplasms, prognosis, staging
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INTRODUCTION

Lymph node metastasis (LNM) is the major prognostic factor for
survival of penile squamous cell carcinoma (PSCC) (1). Regional
lymph nodes (LNs) of the penis include inguinal and pelvic
nodes. Therapeutic radical inguinal lymph node dissection
(ILND) and pelvic lymph node dissection (PLND) are
important treatments for PSCC (2). Inguinal lymph nodes
(ILNs) consist of superficial and deep nodes, and both
superficial and deep ILNs should be removed in complete
ILND (3). Lymphatic drainage of the penis is to the superficial
and deep ILNs and to the pelvic lymph nodes (PLNs) (4). Thus,
PSCC metastasizes in a stepwise fashion from the primary tumor
to the ILNs and PLNs (4, 5).

PLND is not recommended when metastasis of deep ILNM is
observed according to latest guidelines on penile cancer,
although it was recommended before 2014 (6, 7). Additionally,
superficial and deep ILNs were not distinguished according to
guidelines. The recommendation is mainly based on a study by
Leijte et al. (8). However, the relationship between deep inguinal
LNM (ILNM) and pelvic LNM (PLNM) and the prognosis of
deep ILNM were not evaluated in that study. Interestingly, ILND
is routinely performed in patients with groin LNM from
melanoma. PLND should be performed if deep ILNs are
positive according to NCCN guidelines for cutaneous
melanoma (9). The tumor status of deep ILNs is associated
with PLNM and survival in melanoma and vulvar cancer
(10, 11).

Few studies with small series of cases have evaluated the
relationship between the tumor status of deep ILNs and PLNs in
penile cancer (12, 13), which showed that deep ILNM may be
associated with PLNM. Unfortunately, data on the clinical
characteristics of deep ILNM in penile cancer are still scarce.
Thus, the tumor status of deep ILNs is ignored by the latest
guidelines on penile cancer.

In this retrospective study, we aimed to assess whether deep
ILNM is associated with PLNM and explore the prognostic value
of deep ILNM in PSCC.
MATERIALS AND METHODS

Study Population
After institutional review board and ethics committee approval
was obtained, data were collected on patients in our institution
with PSCC treated between January 2000 and June 2020. The
informed consent was waived since the retrospective nature of
this study. Patients were screened according to following
inclusion criterions: 1) Pathologically confirmed PSCC;
2) Bilateral ILND were performed and pathologically confirmed
Abbreviations: AUC, area under the curve; CSS, cancer-specific survival; ENE,
extranodal extension; ILND, inguinal lymph node dissection; ILNM, inguinal
lymph node metastasis; ILN, Inguinal lymph node; LNM, lymph node metastasis;
LN, lymph node; NPV, negative predictive value; PLND, pelvic lymph node
dissection; PLNM, pelvic lymph node metastasis; PLN, pelvic lymph node; PPV,
positive predictive value; PSCC, penile squamous cell carcinoma.
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with nodes metastases; 3) Deep inguinal lymphatic tissues were
dissected separately; 4) Bilateral PLND were performed, or not
performed but followed up with more than two years without
evidence of PLNM. Patients who did not receive bilateral PLND
were grouped with those without PLNM at histopathological
evaluation (8, 14, 15). Patients who received neoadjuvant therapy
or had less than 10 total ILNs removed without a fixed nodal mass
were excluded.

Indications and Surgical Technique
All the surgeries were performed by experienced surgeons. ILND
was indicated according to established guidelines, which have
been discussed previously (16, 17). After superficial nodes were
removed, the cribriform fascia near the femoral canal was
divided. Deep ILNs lying in the femoral canal medial to the
femoral vein were dissected (Figure 1A). The femoral canal and
obturator foramen can be communicated after removal of deep
inguinal lymphatic tissue and PLNs (Figures 1B, C). The
femoral canal should be closed after dissection of deep ILNs
(Figure 1D) in cases of hernia.

It was controversial to perform PLND in penile cancer before
2009. The decision to perform PLND varied over time and at
each institution (14, 18, 19). Thus, only some patients at our
institution received PLND before 2009. After that time,
synchronous or secondary PLND was indicated for patients if
two or more positive ILNs, ENE, or suspicious pelvic imaging
were found following radical ILND. PLND consisted of the
removal of common iliac, external iliac, internal iliac, obturator
and presacral LNs, which was described previously (15, 20).

Staging, Node Count and Follow-Up
All LN specimens were reviewed by two dedicated
uropathologists at our institution. After pathological review,
clinical and pathological nodal categories were determined
according to the 8th edition AJCC staging system for penile
cancer. A fixed or gross nodal mass was counted as one LN
regardless of size and ENE (14, 21). Deep inguinal LNs were
counted as zero and categorized as negative if no LNs were
identified in deep inguinal lymphatic tissue. Previous studies
revealed that having more than 2 positive ILNs was an
independent predictive factor for PLNM (14, 19). Thus, a
positive ILNs cutoff of 3 or greater was set in this study for the
logistic regression analyses. Follow-up, including physical
examination, ultrasound, CT scan or MRI, was performed
every 3 months for the first 2 years, every 6 months for the
next 3 years, and annually thereafter, for all patients enrolled.

Statistical Analysis
Mann-Whitney U and chi-square tests were used to compare
continuous and categorical variables, respectively. Univariate
and multivariable logistic regression models were used to
determine independent predictors for PLNM. Univariable and
multivariable Cox regression models were used to test factors of
cancer-specific survival (CSS). The Kaplan-Meier method was
used to explore CSS rates, and differences were assessed using the
log rank test. All reported p values are two-sided, with statistical
significance considered at p<0.05. All statistical analyses were
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performed with SPSS version 22 (SPSS Inc., Chicago, IL, USA)
and R statistical package version 3.6.3 (R Project for Statistical
Computing, www.r-project.org).
RESULTS

Patient Characteristics
A total of 632 patients received penectomies during the period
we analysed, and 189 of them were eligible and included in this
study. PLNM was confirmed histopathologically based on PLND
in 53 (28.0%) patients. A total of 128 (67.7%) patients received
bilateral PLND. 61 patients (32.3%) who did not receive bilateral
PLND with negative follow-up were grouped with negative
PLNM. Deep ILNs were not identified in 95 (25.1%) groins.
Clinical and pathological characteristics are summarized in
Table 1. Mean follow-up was 4.1 (IQR 1.5-5.9) years.
Predicting PLNM by Pathological
Characteristics of ILNs
Patients who presented with PLNM had a significantly higher
incidence of deep ILNM (47.2% vs 5.9%, p<0.001), ENE (58.5%
vs 31.6%, p=0.001), bilateral involvement of ILNs (60.4% vs
35.3%, p=0.002), and a greater number of positive ILNs
(median 4 vs 2, p<0.001) than those with negative PLNs
Frontiers in Oncology | www.frontiersin.org 365
(Table 1). On univariable logistic regression analyses, deep
ILNM (OR 14.29, p<0.001), ENE (OR 3.05, p=0.001), 3 or
more positive ILNs (OR 4.52, p<0.001) and bilateral
involvement (OR 2.79, p=0.002) were significant predictors of
PLNM (Table 2). Only 2 factors (deep ILNM and 3 or more
positive ILNs) emerged as independent predictors of PLNM in
the multivariable logistic regression models (Table 2). When
patients were classified based on the number of positive ILNs, the
incidence of PLNM increased in parallel with the number of
positive ILNs for patients with positive and negative ENE
(Supplementary Table 1). This was also observed in patients
with bilateral and unilateral involvement. However, the
incidence of PLNM was relatively lower in patients with
negative deep ILNs than in those with positive deep ILNs.
PLNM incidences were consistently high in patients with
positive deep ILNs (Supplementary Table 1).

The predictive values of ILNs characteristics for predicting
PLNM are shown in Figure 2. The specificity (94.1%) and
positive predictive value (PPV) (75.8%) of deep ILNM were
higher than those of any other predictor, although the sensitivity
(47.2%) was relatively low. The negative predictive value (NPV)
was comparable for all predictors. ENE, ≥3 positive ILNs and
bilateral involvement had similar predictive values. The accuracy
(81.0% vs 65.6% vs 57.2% vs 63.5%) (true positive and true
negative) and the area under the curve (AUC) (0.71) of deep
ILNM were better than those of any other factors.
FIGURE 1 | Deep inguinal lymph nodes dissection. (A) Position of deep inguinal lymph nodes. (B) The femoral canal is empty after removal of DILT. (C) Femoral
canal communicates with obturator after removal of DILT and pelvic LNs. (D) Closing the femoral canal. DILT, deep inguinal lymphatic tissue; FA, femoral artery;
FC, femoral canal; FV, femoral vein; IL, inguinal ligament; OF, oval fossa; SC, spermatic cord; SV, saphenous vein.
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Survival Analysis
The median CSS was 2.9 (IQR 1.5-5.9) years. Univariable Cox
regression analyses showed that deep ILNM, ENE, bilateral
Frontiers in Oncology | www.frontiersin.org 466
involvement, 3 or more positive inguinal LNs and diameter of
metastatic ILNs were significant prognostic factors of CSS
(Table 3). In multivariable Cox regression analyses, deep ILNM
TABLE 1 | Clinical and pathological characteristics of the 189 patients with penile SCC.

Characteristics Overall ILNM only ILNM and PLNM p value

Number of patients 189 136 53 –

Age, Median (IQR) 52 (44–62) 51 (43-59) 55 (47-67) 0.423^
Treatment of primary tumor, n (%) 0.714*
Circumcision 16 (8.5%) 10 (7.4%) 6 (11.3%)
Partial penectomy 137 (72.5%) 100 (73.5%) 37 (69.8%)
Total penectomy 25 (13.2%) 19 (14.0%) 6 (11.3%)
Unknow 11 (5.8%) 7 (5.1%) 4 (7.5%)

pT stage, n (%) 0.428*
≤pT1 79 (41.8%) 62 (45.6%) 17 (32.1%)
pT2 56 (29.6%) 37 (27.2%) 19 (35.8%)
pT3 39 (20.6%) 26 (19.1%) 13 (24.5%)
pT4 5 (2.6%) 3 (2.2%) 2 (3.8%)
pTx 10 (5.3%) 8 (5.9%) 2 (3.8%)

Tumor grade, n (%) 0.229*
G1 73 (38.6%) 58 (42.6%) 15 (28.3%)
G2 88 (46.6%) 61 (44.9%) 27 (50.9%)
≥G3 19 (10.1%) 11 (8.1%) 8 (15.1%)
Gx 9 (4.8%) 6 (4.4%) 3 (5.7%)

No. of ILNs removed, Median (IQR) 24 (17-29) 24 (18-30) 20 (16-27) 0.058^
No. of deep ILNs removed, Median (IQR) 3 (2-4) 3 (2-4) 3 (2-4) 0.641^
No. of PLNs removed, Median (IQR) 20 (14-28) 20 (14-30) 21 (14-27) 0.827^
No. of positive ILNs, Median (IQR) 2 (1-4) 2 (1-3) 4 (2-6) <0.001^
Deep ILNs, n (%) <0.001*
Positive 33 (17.5%) 8 (5.9%) 25 (47.2%)
Negative 156 (82.5%) 128 (94.1%) 28 (52.8%)

Extranodal extension of ILNs, n (%) 0.001*
Present 74 (39.2%) 43 (31.6%) 31 (58.5%)
Absent 115 (60.8%) 93 (68.4%) 22 (41.5%)

Diameter of ILN, n (%) 0.101*
<30 mm 88 (46.6%) 68 (50.0%) 20 (37.7%)
≥30 mm 92 (48.7%) 60 (44.1%) 32 (60.4%)
Unknow 9 (4.8%) 8 (5.9%) 1 (1.9%)

Side involvement of ILNs, n (%) 0.002*
Bilateral 80 (42.3%) 48 (35.3%) 32 (60.4%)
Unilateral 109 (57.7%) 88 (64.7%) 21 (40.6%)

Lymphovascular invasion, n (%) 0.087*
Present 66 (34.9%) 41 (30.1%) 25 (47.2%)
Absent 118 (62.4%) 91 (66.9%) 27 (50.9%)
Unknow 5 (2.6%) 4 (2.9%) 1 (1.9%)

Adjuvant therapy, n (%) 0.01*
Positive 98 (51.9%) 62 (45.6%) 32 (61.4%)
Negative 75 (39.7%) 66 (48.5%) 13 (24.5%)
Unknow 16 (8.5%) 8 (5.9%) 8 (15.1%)
S
eptember 2021 | Volume 11 | Articl
SCC, squamous cell carcinoma; IQR, interquartile range; ILN, inguinal lymph nodes; ILNM, inguinal lymph node metastases; PLN, pelvic lymph nodes; PLNM, pelvic lymph node metastases.
*Chi-square test; ^Mann-Whitney’s test.
TABLE 2 | Univariable and multivariable logistic regression analysis predicting PLNM by inguinal lymph node characteristics.

Predictors Univariable Multivariable

OR (95% CI) p value OR (95% CI) p value

+ Deep ILN (no vs yes) 14.29 (5.84-34.96) <0.001 9.72 (3.77-25.08) <0.001
+ ENE (no vs yes) 3.05 (1.58-5.87) 0.001 – –

>2 Positive ILNs (no vs yes) 4.52 (2.28-8.98) <0.001 2.36 (1.09-5.13) 0.03
Bilateral involvement (no vs yes) 2.79 (1.45-5.37) 0.002 – –

>30mm diameter of metastatic (no vs yes) 1.81 (0.94-3.50) 0.076 – –
e

PLNM, pelvic lymph node metastasis; ILN, inguinal lymph node; ENE, extranodal extension.
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(HR 2.07, p =0.007), ENE (HR 2.72, p <0.001) and bilateral
involvement (HR 2.37, p <0.001) remained independent
prognostic factors for CSS (Table 3). The CSS was significantly
different in patients with positive and negative deep ILNM (median
1.7 years vs not reached) and in those with positive and negative
ENE (median 2.3 years vs not reached) (Figures 3A, B). Patients
who presented with deep ILNM still had worse CSS (median 3.8
years vs not reached) in those with negative PLNs. (Figure 3C).
CSS was similar between those with deep ILNM and ENE in
patients with PLNM (median 1.6 vs 1.6 years) (Supplementary
Figure 1). However, considering patients with negative PLNs, there
was still no significant difference in CSS between patients with deep
ILNM and ENE (median 3.8 vs 2.9 years) (Figure 3D).
DISCUSSION

PLNM is a major prognostic factor in PSCC patients, which results
in a 5-year survival of 12%~33% (14, 19, 22, 23). Approximately
one-third of patients with ILNM from PSCC have PLNM (14).
Thus, it is important to identify patients with PLNM early.
Conventional images, including CT and MRI, are limited in
identifying patients with PLNM and result in low sensitivity.
Thus, assessment of the pathological characteristics of ILNs is
indicated for PLND (6). In this retrospective study, we analyzed
whether metastases of deep ILNs can indicate involvement of PLNs.

Previous studies have shown that the histopathological
characteristics of ILNs, including the number of positive nodes,
Frontiers in Oncology | www.frontiersin.org 567
tumor grade of the involved nodes, lymph node density,
diameter, and ENE, are predictive factors associated with
PLNM (14, 18, 19). However, these studies ignored the tumor
status of deep ILNs. Although lymphatic drainage of the penis
occurs to the superficial and deep ILNs and to the PLNs
sequentially; PSCC metastasizes along a similar stepwise
pathway (4, 5). Thus, it is important to evaluate the status of
deep ILNs in PSCC. We usually dissected superficial and deep
ILNs separately in our center in the last 20 years, and we
observed that metastases of PLNs usually occurred when deep
ILNs were involved. Therefore, the significance of deep ILNM
needs to be evaluated due to the metastatic pathway of PSCC.

Leijte et al. (8) previously proposed that deep ILNM should be
removed from pN3 cases and the distinction between superficial
and deep ILNs should be eliminated, because they found that
superficial and deep ILNs cannot be easily distinguished (8).
These recommendations were later adopted by the AJCC staging
system and guidelines on penile cancer. However, the relationship
between deep ILNM and PLNM, and the prognostic value of deep
ILNM, were not analysed in that study. Furthermore, superficial and
deep ILNs can be distinguished during surgery according to our
experience, as their anatomical positions are totally different
(Figure 1A) (3). The indications for PLND in the latest guidelines
on penile cancer were mainly based on a study by Lughezzani et al.
(14). However, the relationship between metastases of deep ILNs
and metastases of PLNs was not analyzed in that study.

Although a few studies have evaluated the relationship between
the tumor status of deep ILNs and PLNs, the number of cases in
FIGURE 2 | Sensitivity, specificity, PPV, NPV and AUC of ILNs characteristics predicting PLNM. PLNM, pelvic lymph node metastasis; ILNM, inguinal lymph node
metastasis; ENE, extranodal extension; AUC, Area under the curve; PPV, positive predictive value; NPV, negative predictive value.
TABLE 3 | Univariable and multivariable Cox regression analyses of variables on CSS.

Prognostic variables Univariable Multivariable

HR (95% CI) P value HR (95% CI) P value

+ Deep ILN (no vs yes) 4.08 (2.51-6.64) <0.001 2.07 (1.22-3.50) 0.007
+ ENE (no vs yes) 3.76 (2.38-5.99) <0.001 2.72 (1.66-4.45) <0.001
>2 Positive ILNs (no vs yes) 3.11 (1.98-4.89) <0.001 2.37 (1.49-3.78) <0.001
Bilateral involvement (no vs yes) 3.38 (2.14-5.34) <0.001 – –

>30mm diameter of metastatic (no vs yes) 1.63 (1.04-2.57) 0.035 – –
Sep
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these studies is very small (24 and 30 patients with positive inguinal
nodes, respectively) (12, 13). Our study shows that deep ILNM
emerged as an independent predictor of PLNM. The specificity,
PPV, accuracy and AUC of deep ILNM were higher than those of
any other factors evaluated in this study. PLNMpresented in 75% of
patients with deep ILNM, which only occurred in 46%, 42%, and
40% of patients with ≥3 positive inguinal LNs, ENE, and bilateral
involvement, respectively. Moreover, PLNM incidence was high in
all patients with deep ILNM, regardless of the number of positive
ILNs in our study, even in those with only 2 positive ILNs (75%).
This may endorse the recommendation that patients with deep
ILNM should receive PLND. Deep ILNM was not observed in
patients with 1 positive inguinal LN. This may indicate that deep
ILNs are not sentinel nodes. The sensitivity (47.2%) of deep ILNM
for predicting PLNM is relatively low. This result suggests that
negative deep ILNs cannot rule out PLNM. One possible
explanation is that occult metastases of deep ILNs were not
identified histopathologically; and another is that there may be
other direct pathways of lymphatic drainage from superficial ILNs
to PLNs, bypassing deep ILNs.

The prognostic value of deep ILNs in penile cancer was not
evaluated previously. Notably, when all patients were considered,
patients with positive deep ILNM had a significantly worse
prognosis than those with negative ILNM in our study. This was
also observed in patients with negative PLNM. Furthermore, the
prognosis was similar between patients with positive deep ILNM
and ENE in negative PLN patients. All these results indicate that
deep ILNM is a prognostic factor associated with poor survival,
which is similar to inguinal ENE (24). ENE is categorized as pN3
according to AJCC staging system, thus, metastases of deep ILNs
may be categorized as pN3 according to our data. However, this
Frontiers in Oncology | www.frontiersin.org 668
proposal is not validated yet, and more data are required to
verify it.

The retrospective nature and long interval of our series
represents a potential limitation. However, All the surgeries
were performed by experienced surgeons. Additionally, to the
best of our knowledge, this study has the largest sample size
evaluating the relationship between the tumor status of ILNs and
PLNs. Therefore, large sample size, standardized and similar
treatment strategy minimized the shortcomings of retrospective
design. Penile cancer is rare, so long duration is required to
collect enough cases. Previous studies focus on penile cancer
even across longer period of time (14, 19). Also, prospective
studies evaluating relationship of inguinal and pelvic metastases
are unlikely, due to the low incidence of penile cancer.

There were 95 groins (25.1%) with no LNs identified in deep
inguinal lymphatic tissue, which could be considered a limitation
of our study. However, the average number of deep inguinal LNs
dissected was 1.4 per groin, which is consistent with previous
studies (11, 25). Inguinal regions of 19 male cadavers were
dissected by de Carvalho et al. (25). Deep ILNs were not
encountered in all cases, even though all cadavers were
dissected carefully. Absence of deep inguinal LNs was also
observed in a study by Zhu et al. (13). Several factors
contribute to the lack of confirmation of deep ILNs. First, deep
ILNs may be absent in some groins. In addition, deep ILNs may
be missed during histopathological analyses due to their small
size and number. Patients with deep ILNs not identified were
categorized as negative in our study. This may lower the
sensitivity of deep ILNs predicting PLNM. However, this does
not change our opinion that patients with deep ILNM should
receive PLND.
A B

DC

FIGURE 3 | Kaplan-Meier CSS curve of patients with different ILN and PLN characteristics. (A), deep ILN. (B), ENE. (C), deep ILNM without PLNM. (D), deep ILNM
and ENE without PLNM. CSS, cancer-specific survival; PLN, pelvic lymph node; ILN, inguinal lymph node; ENE, extranodal extension.
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The inclusion of patients (32.3%, 61) who did not receive
PLND may also be considered a limitation. However, these
patients were followed up more than two years, and no pelvic
metastases occurred. Virtually all metastases manifest within this
period (8, 14, 15). The follow-up of some patients with negative
PLNs was relatively short. However, all patients received
standardized surgery. The recurrence rate was relatively low in
our institution, which was reported previously (16, 17).
Furthermore, bilateral, rather than unilateral, PLND was
performed in our study, although the guidelines recommend
that bilateral PLND is not necessary for all patients. Zargar-
Shoshtari et al. (26) found that metastases can spread from ILNs
on one side to the PLNs on the other side. This was also found in
our previous study (20). As such, metastatic PLNs can be
removed more completely by bilateral PLND.

There are other limitations to our data and findings. Patients who
received neoadjuvant chemotherapy were excluded from our study.
Though this avoided the impact of a therapy response from
neoadjuvant chemotherapy, bias may have occurred as some
advanced patients were not included. However, approximately 16%
of patients can achieve a pathological complete response with
neoadjuvant chemotherapy (27). It is difficult to distinguish patients
with pathological complete response and absent pelvic metastases.
Thus, patients who received neoadjuvant chemotherapy had to be
excluded. Additionally, a bulky nodalmass was counted as one lymph
node in our study. The true number of involved LNs is unknown in
such cases. The number of positive ILNs remained statistically
significant in the multivariable analysis, even though a bulky nodal
mass was counted as one.

In conclusion, metastases of deep ILNs is the most accurate
nodal feature predicting PLNM in PSCC according to our data.
We recommend that patients with deep ILNM should receive
PLND according to our findings, regardless of the number of
positive ILNs and other histopathological characteristics of ILNs.
Additionally, metastases of deep ILNs affect prognosis. We
propose that patients with involvement of deep ILNs may be
staged as pN3, but this proposal need to be verified in the future.
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Warthy-Basaloid Squamous Cell
Carcinoma of Penile – Case Report
Natalia Domian1†, Grzegorz Młynarczyk2† and Irena Kasacka1*†

1 Department of Histology and Cytophysiology, Medical University of Białystok, Białystok, Poland, 2 Department of Urology,
Medical University of Białystok, Białystok, Poland

Objective: The aim of the study was to present a case of penile squamous cell
carcinoma and immunohistochemical identification and evaluation of E-cadherin and
b-catenin expression.

Methods: We are presenting a 70-year old man with a variant of penile squamous cell
carcinoma with mixed warty and basaloid features. After diagnosis, the patient
underwent partial penectomy. Samples taken from the material after surgery were
subjected to basic histological staining and immunohistochemical identification of E-
cadherin and b-catenin. A Real-time PCR study was conducted to investigate the
expression of E-cadherin and b-catenin.

Results: Routine histopathological examinations revealed the characteristic features
of warty-basaloid squamous cell carcinoma. In the case studied, a positive
immunohistochemical reaction was observed for E-cadherin and b-catenin. QRT-PCR
analysis showed a statistically significant decrease in E-cadherin expression in tumor
samples compared to healthy tissue. In contrast, expression of the gene encoding b-
catenin was slightly higher in tumor samples compared to normal tissue.

Conclusions: The reduced level of the complex of adhesive elements, E-cadherin-b-
catenin, disturbs cell differentiation, promotes a more invasive phenotype-stromal
infiltration and the formation of distant metastases. In the described case of the penile
tumor, a decrease in E-cadherin expression was noted, which could be related to the
occurrence of neoplastic infiltration of the spongy body space. In summary, E-cadherin
and b-catenin expression and the immunoreactivity of these proteins are expressed at
different levels in tumor cells and in penile interstitial cells. Regulation of expression during
various physiological and pathophysiological processes indicates a potentially important
role of E-cadherin and b-catenin in cell proliferation and adhesion.

Keywords: penile squamous cell carcinoma, warty carcinoma, basaloid carcinoma, human papillomavirus,
adhesion molecules
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INTRODUCTION

The human papillomavirus (HPV) is the most common viral
infection of the reproductive tract. Wherein, it does not cause
systemic infection, but a local one and most of them are
asymptomatic and resolves spontaneously. Persistent infections
cause changes to the skin (warts) and can lead to the
development of cancer. HPV infects epithelial cells of the skin
and mucous membranes, and their development cycle is related
to the differentiation of infected cells. HPV infection is closely
related to penile cancer, but the relationship between HPV
infection and cancer formation is not fully understood (1, 2).

Penile cancer is a fairly rare cancer with approximately 26 000
cases diagnosed worldwide each year. Most penis cancers are
squamous cell carcinomas, but there is a wide spectrum of
histological subtypes. Numerous observations indicate the
participation of HPV in the incidence of penile cancer. The
role of HPV has been confirmed in the etiology of squamous cell
carcinoma of the penis in men, but it has been established that
other factors are also involved in this process (3, 4).

There are three types of penile squamous cell carcinoma,
usually associated with the HPV: warty-basaloid, warty
carcinomas and basaloid. In invasive penile tumors, papillary-
basal carcinomas were most often associated with HPV. It is
supposed that these viruses are present only in the initial stage of
the precancerous state, and later, along with the development of
neoplastic changes, their genes cannot be found. So they are
undetectable at this stage (5).

HPV infection is not able to induce complete neoplastic
transformation. This process requires the participation of other
factors, such as the escape of cells from the control of the
immune system, changes in the expression of viral genes, and
subsequent genetic changes. Studies have shown that an
interaction can occur between the HPV oncoprotein and p53,
which leads to the inactivation of the p53 gene, which is a
negative regulator of tumor cell growth. In response to DNA
damage, it may arrest the G1 cell cycle and/or apoptosis.
Research is constantly being carried out to identify successive
genetic changes related to the oncogenesis process stimulated by
HPV, or involving HPV (6, 7).

In the course of tumor progression, epithelial cells, in the
course of oncogenesis, begin to acquire the features of
mesenchymal cells. It is associated with the loss or reduction of
intercellular connections, and weakened interaction with the
basement membrane. Intercellular junctions maintain apical-
basal polarization, maintain tissue integrity, and enable
interaction and signal transmission between cells and between
the extracellular matrix. Weak cell adherence may lead to
impaired control of the cell cycle, separation of single cells
from the primary site, which creates conditions for the
formation of neoplastic metastases (8).

One of the basic adhesion molecules responsible for the
formation of intercellular connections and the mutual
recognition of cells is E-cadherin. As a result of its loss, the
accumulation of b-catenin in the cytoplasm of the cell occurs and
Frontiers in Oncology | www.frontiersin.org 272
its translocation to the cell nucleus, where it regulates the
transcription of many genes involved in the proliferation and
differentiation of cells.

E-cadherin expression reduction or function shutdown is
associated with the loss of intercellular connections, proper
polarity and the acquisition of the ability to migrate and
invade, which are key phenomena responsible for the
progression of neoplastic disease (8, 9).

Warthy-basal cell carcinoma of the penis is a rare disease that
is clinically and pathologically diverse. New factors involved in
the cancer progression are still being searched for. E-cadherin
and B-catenin could prove to be important biomarkers that have
not yet been assessed together in this type of cancer.

The aim of the study was to present the case of penile
squamous cell carcinoma and immunohistochemical
identification and evaluation of E-cadherin and B-catenin
expression. This study is rare and contains new data.
MATERIAL AND METHODS

Clinical Presentation
We are presenting a 70-year old male patient who noticed a
change in the area of the glans penis in 2017. In July 2019, a
biopsy was performed. The histopathological analysis of this
biopsy was found (hist-pat. Planocellulare invasivum). The
patient was proposed a partial penile amputation, for which
the patient did not consent.

He was hospitalized only at the beginning of 2021 at the
Clinical Hospital in Białystok, the lesion has increased by about
10-15 mm. Before the surgery color Doppler ultrasound of the
penis was performed. There was a suspicion of cavernous
infiltration. This was confirmed in histopathomorphology.
Patient underwent a partial penectomy procedure.

The study protocol was approved by the Bioethics Committee,
Medical University of Bialystok (R-I-002/282/2019) and prior
written informed consent was obtained from patient.

Clinicopathologic Features
The distal part of the penis measures 5 x 3.2 x 3.5 cm. In the area
of the glans and foreskin, there is an exophytic ulcerative tumor
3.7x2x1.5 cm. On the glans cross-sections, a whitish infiltrate is
present, covering the distal part of the corpora cavernosa and
penetrating superficially into the left corpora cavernosa.

Pathomorphological Diagnosis
Histological type: warthy-basaloid squamous cell carcinoma.
Histological maturity grade: G2 - moderately differentiated.
The tumor invades the spongy body, the infiltration is at least
8 mm thick. There was no invasion of the perineural spaces.
Pathomorphological stage (pTNM): pT2 pNx pMx. Inguinal
nodes were not palpable.

The diagnosed variant of squamous cell carcinoma is typically
associated with an HPV infection. P16 test - diffuse positive.
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Immunohistochemistry
Material were embedded in paraffin in a routine manner. The
paraffin blocks were cut into 4 µm sections and attached to
positively charged glass slides and stained in hematoxylin and
eosin for general histological evaluation. Immunostaining was
performed by the following protocol: sections were deparaffined
and hydrated in pure alcohols. For antigen retrieval, the sections
were subjected to pretreatment in pressure chamber and heated
for 1 min at 21 psi at 125°C, using Target Retrieval Solution
Citrate pH=6.0 (S 2369 Agilent Technologies, Inc. 5301 Stevens
Creek Blvd Santa Clara, CA 95051, USA). After cooling down to
room temperature, the sections were incubated with Dako REAL
Peroxidase-Blocking Solution (S 2023 Agilent Technologies,
Inc.) for 10 minutes to block endogenous peroxidase activity.
The sections with the primary antibodies: b-catenin, (ab32572
Abcam, UK) and E-cadherin (ab76055 Abcam, UK) were
incubated 24 hours at +4°C in a humidified chamber. The
antibodies were previously diluted in Antibody Diluent
Background Reducing (S 3022 Agilent Technologies, Inc.) in
relation 1: 2 000 for b-catenin and 1: 500 for E-cadherin.
Procedure was followed by incubation (1 hour) with secondary
antibody (EnVision FLEX, High pH (Link), HRP. Rabbit/Mouse.
(K800021-2 Agilent Technologies, Inc.). The bound antibodies
were visualized by 1-min incubation with DAB Flex chromogen.
The sections were finally counterstained in hematoxylin QS (H-
3404, Vector Laboratories; Burlingame, CA), mounted and
evaluated under light microscope. Appropriate washing with
Wash Buffer (S 3006 Agilent Technologies, Inc.) was
performed between each step (3 times for 2 minutes). Sections
were dehydrated with absolute alcohol followed by xylene, and
coverslipped with Entellan (Merck). The specificity of the
antibodies was confirmed using a negative control, which
involved replacing the antibodies with the Antibody Diluent
(no staining).

Real-Time PCR
Tumor and normal tissue samples taken from the material after
partial penectomy were placed in an RNA-later solution. Total
RNA was isolated using NucleoSpin® RNA Isolation Kit
(Machery-Nagel). Quantification and quality control of total
RNA was determined using a spectrophotometer - NanoDrop
2000 (ThermoScientific). An aliquot of 1 µg of total RNA was
reverse transcribed into cDNA using iScript™ Advanced cDNA
Synthesis Kit for RT-qPCR (BIO-RAD). Synthesis of cDNA was
performed in a final volume of 20 ml using an Thermal Cycler
(Model SureCycler 8800, Aligent Technologies). For reverse
transcription, the mixtures were incubated at 46°C for 20 min,
then heated to 95°C for 1 min and finally cooled quickly at 4°C.
Quantitative real-time PCR reactions were performed using
Stratagene Mx3005P (Aligent Technologies) with the
SsoAdvanced™ Universal SYBER® Green Supermix (BIO-
RAD). Specific primers for E-cadherin, b-catenin and GAPDH
(GAPDH) were designed by BIO-RAD Company. The
housekeeping gene GAPDH (GAPDH) was used as a reference
gene for quantification. To determine the amounts of levels of
test genes expression, standard curves were constructed for each
Frontiers in Oncology | www.frontiersin.org 373
gene separately with serially diluted PCR products. PCR
products were obtained by cDNA amplification using specific
primers as follows: E-cadherin (qHsaCEP0049339, BIO-RAD),
b-catenin (qHsaCID0010363, BIO-RAD), and GAPDH
(qHsaCED0038674, BIO-RAD). QRT-PCR was carried out in a
doublet in a final volume of 20 ml under the following conditions:
2 min polymerase activation at 95°C, 5 s denaturation at 95°C,
30 s annealing at 60°C for 35 cycles. PCR reactions were checked,
including no-RT-controls, omitting of templates, and melting
curve to ensure only one product was amplified. The relative
quantification of gene expression was determined by comparing
Ct values using the DDCt method. All results were normalized
to GAPDH.

Statistical Analysis
All data were analyzed for statistical significance using the
Statistica version 12.0 computer software package. The mean
values were computed automatically; significant differences
were determined by one-way ANOVA test; p < 0.05 was
considered significant.
RESULTS

Routine histopathological examinations showed the characteristic
features of warty-basaloid squamous cell carcinoma (Figure 1).
Invasive tumor nest with central atypical parakeratosis,
pleomorphic koilocytosis and peripheral small and uniform
cells with basaloid features. The papillae had conspicuous
fibrovascular cores. Cells with basaloid features predominated,
although rounded and spindle cells were also noted. An
evident clear cell koilocytosis on surface was present in this
case (Figure 1).

A positive immunohistochemical reaction for E-cadherin and
b-catenin was observed in the studied warty-basaloid squamous
cell carcinoma case (Figures 2, 3).

The immunoreactivity of E-cadherin in penile cancer
neoplastic cells is mainly located in the cell membrane
(Figure 2). Cells with a highly stained cell membrane were
adjacent to weakly stained or negative cells (Figure 2).

In the attached photos (Figure 3) we observe the membrane
immunoexpression of b-catenin, as well as the presence of b-
catenin in the cytoplasmic compartment and translocation to the
cell nucleus.

QRT-PCR analysis showed a statistically significant decrease
in E-cadherin expression in tumor samples compared to healthy
tissue. In contrast, expression of the gene encoding b-catenin was
slightly higher in tumor samples compared to normal
tissue (Figure 4).
DISCUSSION

Penile cancer can follow various etiological pathways, one of them
is associated with HPV infection, and the others are associated
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with chronic inflammation, phimosis, etc. The prevalence of
different histological types of penile cancer varies, the most
common type is papillary and/or basal cell carcinoma, less
frequently keratinizing variants. The presence of cancer cells
with basaloid features is strongly associated with the presence of
HPV (5, 10, 11).

We describe a mixed neoplasm exhibiting warty and basaloid
features. Considering the pathogenesis associated with the
human papilloma virus, as well as mixed morphological forms,
Frontiers in Oncology | www.frontiersin.org 474
warty and basaloid carcinomas would represent the low- and
high-grade ends of a clinicopathological spectrum (4, 12, 13).

E-cadherin, as a component of the E-cadherin-catenin
adhesive complex, acts as an “invasion suppressor”. Reducing
its level leads to a weakening of intercellular adhesive
interactions, disrupts the integrity and structure of the tissue,
and promotes the aggressive features of neoplastic cells -
infiltration of the stroma, invasion of blood vessel and
formation of metastasis (14, 15).
FIGURE 1 | Microscopic features of warty–basaloid carcinoma (H+E).
FIGURE 2 | Immunoidentification of E-cadherin in warty–basaloid carcinoma of penile.
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The decreased level of E-cadherin stimulates the proliferative
activity of cells, as well as the process of epithelial-mesenchymal
transformation, during which neoplastic cells lose the ability to
form epithelial structures and develop a mesenchymal
phenotype, which allows for cell dissociation, invasion of the
environment and the formation of metastases (16).

In the described case of a penile tumor, a decrease in the
expression of E-cadherin was noted, which could be related to
the occurrence of a neoplastic infiltration of the spongy
body space.

In normal epithelium, b-catenin is located in the cell
membrane. Reduced membrane immunoexpression, as well as
Frontiers in Oncology | www.frontiersin.org 575
the presence of b-catenin in the cytoplasmic compartment and
translocation to the cell nucleus are interpreted as indicators of
decreased immunoexpression of this protein (17).

In the performed immunohistochemical reaction showing
b-catenin in the examined penile tumor, positive membrane,
cytoplasmic and nuclear reactions were observed. Furthermore,
we found a slight increase in the expression of the gene
encoding beta-catenin in the tumor tissue as compared to
the control.

In over half of all cancer cases, such as breast cancer,
leukemia, melanoma, colorectal cancer and liver cancer, b-
catenin accumulates in the nucleus or the cytoplasm. Research
FIGURE 4 | Expression of E-cadherin and b-catenin in normal penile tissue (control) and penile tumor. *p < 0.05 was considered significant.
FIGURE 3 | Immunoidentification of b-catenin in warty–basaloid carcinoma of penile.
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has shown that b-catenin promotes the progression of tumors
via suppressing the T-cell responses (18, 19).

Reduced level of E-cadherin-b-catenin adhesive complex
elements disturbs cell differentiation, promotes a more invasive
phenotype-stromal infiltration and the formation of distant
metastases (8).

In conclusion, E-cadherin and b-catenin expression and the
immunoreactivity of these proteins are expressed at different
levels in tumor cells and in penile interstitial cells. Regulation of
expression during various physiological and pathophysiological
processes indicates a potentially important role of E-cadherin
and b-catenin in cell proliferation and adhesion. The reduced
level of E-cadherin-b-catenin, disturbs cell differentiation,
promotes a more invasive phenotype-stromal infiltration and
the formation of distant metastases.
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Background: Penile cancer represents a rare malignant disease, whereby a small
caseload is associated with the risk of inadequate treatment expertise. Thus, we
hypothesized that strict guideline adherence might be considered a potential surrogate
for treatment quality. This study investigated the influence of the annual hospital caseload
on guideline adherence regarding treatment recommendations for penile cancer.

Methods: In a 2018 survey study, 681 urologists from 45 hospitals in four European
countries were queried about six hypothetical case scenarios (CS): local treatment of the
primary tumor pTis (CS1) and pT1b (CS2); lymph node surgery inguinal (CS3) and pelvic
(CS4); and chemotherapy neoadjuvant (CS5) and adjuvant (CS6). Only the responses
from 206 head and senior physicians, as decision makers, were evaluated. The answers
were assessed based on the applicable European Association of Urology (EAU) guidelines
regarding their correctness. The real hospital caseload was analyzed based on
multivariate logistic regression models regarding its effect on guideline adherence.
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Results: The median annual hospital caseload was 6 (interquartile range (IQR) 3–9).
Recommendations for CS1–6 were correct in 79%, 66%, 39%, 27%, 28%, and 28%,
respectively. The probability of a guideline-adherent recommendation increased with each
patient treated per year in a clinic for CS1, CS2, CS3, and CS6 by 16%, 7.8%, 7.2%, and
9.5%, respectively (each p < 0.05); CS4 and CS5 were not influenced by caseload. A
caseload threshold with a higher guideline adherence for all endpoints could not be
perceived. The type of hospital care (academic vs. non-academic) did not affect guideline
adherence in any scenario.

Conclusions: Guideline adherence for most treatment recommendations increases with
growing annual penile cancer caseload. Thus, the results of our study call for a stronger
centralization of diagnosis and treatment strategies regarding penile cancer.
Keywords: penile neoplasms, guideline adherence, organ-sparing treatment, lymph node dissection, chemotherapy
INTRODUCTION

In Europe, the age-standardized incidence rate for penile cancer in
2018 was 0.9/100,000 (1). Penile cancer represents a rare
malignant disease, whereby due to a low annual caseload, most
centers have limited experience in the accurate management of
such patients (2). Hence, it is difficult to conduct prospective
randomized studies on penile cancer since the evidence
supporting guideline recommendations and the research interest
are scarce (3). However, an evaluation of guideline
recommendations may help pool the currently reported expertise.

Guideline adherence in the treatment of penile cancer is low
(4, 5). In an evaluation of the Swedish National penile cancer
register from 2000 to 2012, Kirrander et al. found 71% guideline
adherence for organ-preserving surgery and 50% for lymph node
dissection (4). Moreover, according to the Surveillance,
Epidemiology, and End Results Program from 1998 to 2015,
guideline adherence for inguinal lymphadenectomy (ILND) did
not reach 25% (5). Concurrently, several studies support the
association between annual caseload and outcomes, suggesting
that improved guideline adherence has a beneficial impact on the
prognosis of penile cancer patients (6–11).

Regarding guideline-adherent ILND, Mistretta and colleagues
demonstrated a 75% reduction in cancer-specific mortality and
58% in N1–3 stages (5). Furthermore, in a retrospective study
involving 425 patients from 12 European and American centers,
Cindolo et al. showed a 41% reduction in overall mortality and
49% when guidelines on primary tumor and lymph node
management were strictly followed (12).

There has been an urge to centralize treatment of penile
cancer in certified cancer centers despite the largely inconsistent
results (13, 14). Kilsdonk et al. reported that centralized
treatment in Great Britain since 2002 has resulted in a much
higher uptake of organ-preserving surgery but not in an
improvement of 1- and 5-year survival rates (15). Other
studies have shown a favorable influence of treatment
centralization on overall survival, though these effects are
largely attributed to an adequate use of ILND and indication-
specific perioperative chemotherapy (14, 16–18).
279
Reaching an established minimum caseload for specific tumor
entities is an important criterion for certified cancer centers. To
the best of our knowledge, no reliable data are available to date
on the impact of caseload and treatment setting (academic vs.
non-academic) on penile cancer guideline adherence. The
purpose of this study was to examine the impact of hospitals’
annual caseload of penile cancer patients on adherence to key
clinical aspects of current guideline recommendations. A
questionnaire-based compilation of fictitious treatment
decisions was distributed among urological chief physicians
and senior staff members to determine a potential minimum
caseload in specialized penile cancer centers.
MATERIALS AND METHODS

Study Design, Participants, and Endpoints
The E-PROPS working group (European PROspective Penile
Cancer Study) intends to collate the therapeutic procedures in
penile cancer patients using three sequential modules. Module 1
involves data collection/evaluation of a questionnaire addressed
to 681 urologists from 45 hospitals in Germany (n = 34), Austria
(n = 8), Switzerland (n = 2), and Italy/South Tyrol (n = 1) in
2018. It contained 14 questions evaluating the position of
respondents in their respective hospitals, their responsibility in
treatment decisions, and their theoretical knowledge on surgery
on primary tumors, inguinal/pelvic lymph node dissection, and
perioperative chemotherapy in penile cancer patients. The
following parameters of participating centers were additionally
recorded: level of care (university hospital, maximum care
hospital, specialized hospital, and primary care hospital),
responsibility for penile cancer chemotherapy at the hospital
(urology only, oncology only, or both), number of beds and staff,
and the number of penile cancer patients treated in 2017.

The survey was established and analyzed in accordance with
the STROBE criteria (19–22) and granted approval by the
Institutional Review Board of the University of Regensburg.

Of 557 evaluable questionnaires, only those completed by
chief physicians and senior staff members (n = 206) were selected
November 2021 | Volume 11 | Article 759362
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for analysis, assuming that this occupational group is largely
responsible for all treatment decisions in penile cancer patients.
Specifically, this involved decisions in six case scenarios (CS):
local treatment of primary tumor stages pTis (CS1) and pT1b
(CS2), indication for inguinal (CS3) and pelvic (CS4)
lymphadenectomy, and neoadjuvant (CS5) and adjuvant
(CS6) chemotherapy.

The endpoint in all statistical tests was a guideline-adherent
recommendation for the prespecified CS, whereby the accuracy
of the answers was assessed according to European Association
of Urology (EAU) guidelines on penile cancer applicable at the
time (23).

The real annual caseload of penile cancer patients treated in
all participating institutions was reviewed in unadjusted and
multivariate analyses to assess the potential influence on
guideline adherence. The inclusion of penile cancer caseload
reported per center for 2017 was continuous and dichotomized
into 1–5 vs. >5, 1–7 vs. >7, 1–8 vs. >8, and 1–9 vs. >9 patients.
Dichotomization was based on the number of cases reported and
introduced to potentially obtain an idea of a threshold for an
annual caseload.
Statistical Analysis
Metric variables are presented as medians and interquartile
ranges (IQRs). The relationship between metric and categorical
variables was investigated using Spearman’s rank correlation,
between categorical variables using the chi2 test. The effect size of
significant results is indicated by the rank correlation coefficient
Rho, using the chi2 test with Phi. In both cases, a value of 0.1
corresponds to a weak effect, 0.3 to a medium effect, and ≥0.5 to a
strong effect (24).

The independent influence of the annual caseload on
guideline adherence was analyzed using multivariate binary
logistic regression models with stepwise backward variable
selection, whereby the following independent variables were
included into the regression models: level of care (university
hospital yes/no), responsibility for chemotherapy (oncology
alone vs. urology alone or in cooperation with oncology),
number of staff and beds in the hospital (continuously coded),
and providing the following relevant treatment options regarding
penile cancer in the hospital (yes/no): radiotherapy, organ
preservation, laser therapy, and annual penile cancer caseload
of the hospital (continuously coded, as well as according to the
abovementioned dichotomies).

A probability of error of <5% was accepted as a significant
result in all tests (p < 0.05). All statistical analyses were
performed using SPSS®V26 (IBM, Armonk, USA).
RESULTS

Descriptive Results
The overall response rate was 81.8%, with 557/681
questionnaires answered. In the study group considered here
Frontiers in Oncology | www.frontiersin.org 380
(n = 206), four (1.9%), 15 (7.3%), 40 (19%), and 147 (71%) of
completed questionnaires came from hospitals in Italy/South
Tyrol, Switzerland, Austria, and Germany, respectively.
Answers from university (n = 99; 48%) and non-university
hospitals (n = 107; 52%) were almost equally distributed. The
participating clinics had 40 (IQR 33–53) beds with 16 (IQR 11–
20) medical staff and treated six (IQR 3–9) penile cancer
patients in 2017. Of the respondents, 182 (88%) performed
penile cancer operations on their own. Radiation therapy,
organ-preserving procedures, and laser therapy for penile
cancer patients were available in 46%, 91%, and 82% of cases,
respectively. Chemotherapy in penile cancer was performed by
urology alone, urology and oncology together, or oncology
alone in 35%, 21%, and 44% of cases, respectively.

University hospitals treated significantly more penile
cancer patients per year than non-university hospitals, with
seven (IQR 5–8) and five cases (IQR 2–9; p < 0.0001; Rho
0.269), respectively.

Figure 1 shows an overview of the proportion of guideline-
adherent recommendations with regard to scenarios CS1–CS6.
Unadjusted Relationship Analysis Between
Annual Penile Cancer Caseload and
Guideline-Adherent Recommendation
With continuous inclusion of the caseload, recommended
treatment only complies with guidelines for treatment of
primary tumors in stages pTis (CS1) and pT1b (CS2), while
the effect size (Spearman’s Rho) tends to be low (Table 1).

With dichotomous inclusion of the annual caseload, a
dichotomization of ≤8 vs. >8 cases seems to discriminate best
between the chance of guideline-adherent and non-guideline-
adherent recommendations, at least with regard to the therapy of
the primary tumor. A higher caseload had a significant effect on
CS1 and CS2, although the effect size (Phi) of <0.2 must be
equally considered as low (Table 1).
Multivariate Relationship Analysis
Between Annual Penile Cancer Caseload
and Guideline-Adherent Recommendation
Table 2 shows the results of the multivariate analysis.
Regarding the different CS, most often, an independent
positive influence of the annual penile cancer caseload on
the probability of a guideline-adherent recommendation for
the treatment of the primary tumor in the pTis-stage (CS1)
was observed.

Essentially, for four out of the six endpoints (CS1–3 and CS6), a
significant influence of the annual caseload continuously included
into the models on guideline-adherent recommendation
was noted.

The dichotomized inclusion of caseloads presented a rather
inconsistent picture: only a dichotomization at eight was able to
predict two out of six endpoints. Respondents from clinics with
an annual caseload >8 (compared to ≤8) made guideline-
adherent decisions for surgical treatment of primary tumor
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stages pTis (CS1) and pT1b (CS2) at respectively 3.4 times (p =
0.031) and 2.7 times (p = 0.011) more frequently.

Regarding the indications for pelvic lymphadenectomy and
neoadjuvant chemotherapy, an independent influence of the
annual caseload on the probability of a guideline-adherent
recommendation was not observed, neither for its continuous
nor for its dichotomized inclusion (Table 3).

Unadjusted and Multivariate Relationship
Analyses Between the Level of Care in the
Hospital and Guideline-Adherent
Treatment Recommendations
In all CS, the level of care (academic vs. non-academic) did not
significantly influence the probability of a guideline-adherent
treatment recommendation, neither in an unadjusted model nor
in a multivariate model (Table 3).
Frontiers in Oncology | www.frontiersin.org 481
DISCUSSION

Satisfactory functional and cosmetic results of primary tumor
surgery, as well as lymph node management, are considered
essential cornerstones for the quality of surgical treatment in
penile cancer.

This study was designed to give an indication of the minimum
annual case numbers of specialized penile cancer centers based on
international survey results from hospitals in Germany, Austria,
Switzerland, and Italy/South Tyrol by using treatment
recommendations of clinical decision makers.The qualification of
the respondents is shown exemplarily in the high proportion of
surgeons (88%) who performed penile cancer procedures
independently. In a comprehensive evaluation of 409 procedures
for penile cancer (USA 1998–2013) by Matulewicz et al., this only
applied to 4.1% (346/8,545) of urologists included (25).
FIGURE 1 | Proportion of treatment recommendations in line with the guidelines in terms of scenarios CS1–CS6. CSn, case scenario.
TABLE 1 | Unadjusted relationship between number of cases and guideline-adherent treatment recommendation.

Scenarios

Inclusion CS1 CS2 CS3 CS4 CS5 CS6

Continuous p 0.001 0.016 n.s. n.s. n.s. n.s.
Rho 0.221 0.168

Dicho ≤5 vs. >5 p 0.001 n.s. n.s. n.s. n.s. n.s.
Phi 0.225

Dicho ≤7 vs. >7 p 0.004 n.s. n.s. n.s. n.s. n.s.
Phi 0.199

Dicho ≤8 vs. >8 p 0.007 0.009 n.s. n.s. n.s. n.s.
Phi 0.188 0.181

Dicho ≤9 vs. >9 p 0.025 n.s. n.s. n.s. n.s. n.s.
Phi 0.156
November 2021 | Vo
lume 11 | Article 75
Significant results (p < 0.05) with indication of the effect size: Rho = effect size rank-sum correlation; Phi = effect size chi2 test.
Inclusion, inclusion of case number; CSn, case scenario; n.s., test result not significant.
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Despite this selection bias, the descriptive results (Figure 1)
clearly show that four out of five respondents gave a guideline-
adherent recommendation for the treatment of a pTis primary
tumor, while in the case of a pT1b tumor, it was two out of three.
In view of possibly considerable psychosocial implications of
primary tumor treatment in penile cancer, this represents a
worrisome finding (26). Although organ-sparing surgery
carries an inherent increased risk of recurrence, they are not
per se associated with compromised overall survival rates, thus
providing a strong rationale for complying with guidelines to
perform organ preservation when feasible (27).

Kirrander et al. showed a 5-year survival rate of 82% (95% CI
78%–85%) for penile cancer irrespective of tumor stage, which
decreased to 46% (95% CI 36%–56%), particularly with the
extent of nodal metastases. Nevertheless, guideline adherence
recorded in this Swedish registry study on lymph node staging
was only 50% in clinically normal inguinal lymph nodes in stages
≥pT1G2 (4). For neoadjuvant chemotherapy of patients with
stage cN2-3 lymph node metastases, response rates of 43%
(complete remission in 14%) were reported, with sustained
remission in the adjuvant setting in a pN2-3 stage reported in
53% (median follow-up 42.6 months) (28–30). Particularly with
regard to the prognosis-determining management of inguinal
lymph nodes (including perioperative chemotherapy),
recommendations that were not in adherence with guidelines
predominated in our study. Based on these results, we believe
that it is highly unlikely that a multimodal approach with
adequate inclusion of neoadjuvant and/or adjuvant
chemotherapy would be recommended in a N2-3 stage setting,
where less than 30% of respondents actually gave a guideline-
adherent treatment recommendation.

Based on the unadjusted and multivariate analyses of the
correlation between the annual penile cancer caseload in a hospital
and the likelihood of guideline-adherent recommendation, it was not
possible to gain a reliable picture on a specific minimum number of
cases. Although a statistically significant influence of caseload was
Frontiers in Oncology | www.frontiersin.org 582
shown in four out of six CS, with continuous inclusion (odds ratios
of 1.07–1.16), every additional penile cancer patient treated per
center translates into a 7%–16% increased chance of a guideline-
adherent recommendation. At least regarding primary tumor
treatment (pTis and pT1b), a clear increase in guideline-adherent
recommendations was shown, where the annual caseload was ≥8
penile cancer patients. Although university hospitals treated
significantly more penile cancer patients, the degree of care
(academic vs. non-academic) demonstrated no influence on
guideline-adherent recommendations.

Naturally, the results of a survey study set out here are not
without important limitations. Even in a population-based
sample area of 4 million and an annual minimum of 25
penile cancer patients, Kilsdonk et al. were unable to
demonstrate a reliable effect on overall survival (15). In our
own study group, 84% of respondents treated a maximum of 10
penile cancer patients annually in their hospital; another 14%
treated 11 to 20, and only 2% treated 25 patients. None of the
participating centers treated more than 25 penile cancer
patients. In this respect, the number of patients in our study
(n = 45 European hospitals, including 19 university hospitals) is
probably too low to reliably demonstrate that guideline-
adherent treatment recommendations correlate with case
numbers. However, these caseloads do reflect a real-life
scenario in countries where there is no legally underpinned
centralization of penile cancer patients.

From a methodological point of view, regression models
basically contain the risk of overfitting. Taking into account
the relationship between predictors and number of events, step-
by-step procedures, in particular the backward elimination, are a
feasible way of counteracting overfitting.

In addition, we considered fictitious CS where each
respondent was given individual recommendations; we did not
consider treatments that were actually carried out. In daily
clinical routine, it can be assumed that corresponding decisions
are made by a number of qualified specialists or in an
TABLE 2 | Multivariate relationship between number of cases and guideline-adherent treatment recommendation.

Scenarios

Inclusion CS1 CS2 CS3 CS4 CS5 CS6

Continuous p 0.003 0.023 0.023 n.s. n.s. 0.012
OR 1.16 1.08 1.07 1.10
95% CI 1.05–1.28 1.01–1.15 1.01–1.14 1.02–1.18

Dicho ≤5 vs. >5 p <0.001 n.s. n.s. n.s. n.s. n.s.
OR 3.80
95% CI 1.79–8.03

Dicho ≤7 vs. >7 p 0.006 n.s. n.s. n.s. n.s. n.s.
OR 3.21
95% CI 1.40–7.35

Dicho ≤8 vs. >8 p 0.031 0.011 n.s. n.s. n.s. n.s.
OR 3.38 2.68
95% CI 1.12–10.2 1.25–5.74

Dicho ≤9 vs. >9 p n.s. n.s. 0.018 n.s. n.s. n.s.
OR 2.44
95% CI 1.17–5.10
N
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Significant results (p < 0.05) with odds ratio (OR) and 95% CI.
Inclusion, inclusion of case number; CSn, case scenario; n.s., test result not significant.
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interdisciplinary tumor panel. Bearing this in mind, it might be
further assumed that the proportion of guideline-adherent
treatment decisions might be higher in reality.

Although it is hypothesized that the correlation between
annual caseload, guideline-adherent treatment decisions, and
functional as well as oncological outcomes might be confirmed
in the case of penile cancer, solid and robust evidence
underpinning the guidelines is somewhat limited (3, 14). The
introduction of the EAU guidelines on penile cancer rightly
points this out: “It must be emphasised that clinical guidelines
present the best evidence available to the experts but following
guideline recommendations will not necessarily result in the best
outcome. Guidelines can never replace clinical expertise when
making treatment decisions for individual patients, but rather
help to focus decisions - also taking personal values and
preferences/individual circumstances of patients into account.
Frontiers in Oncology | www.frontiersin.org 683
Guidelines are not mandates and do not purport to be a legal
standard of care” (23).
CONCLUSIONS

With a median annual caseload of six penile cancer patients
per hospital, an indication for a significant correlation between the
number of cases and guideline-adherent treatment recommendations
could be hypothesized. However, in significantly larger study groups,
no clear and significant effect of treatment centralization on penile
cancer patients’ overall survival could be demonstrated, even in
hospitals with a minimal annual caseload of 25.

Thus, the results of our study call for a stronger centralization
of diagnosis and treatment strategies regarding penile cancer.
This goal of course must not be compromised by possibly higher
TABLE 3 | Summary of the regression models on the influence of the annual caseload and other predictor variables on the probability of guideline-adherent treatment
recommendations in the queried case scenarios.

Variable Case scenario

CS1 CS2 CS3 CS4 CS5 CS6

Number of penile cancer patients treated in 2017 Elimination No No No Step 5 Step 5 No
(cont.) p 0 .003 0.023 0.023 n.a. n.a. 0.012

OR 1.16 1.08 1.07 1.10
95% CI 1.05–

1.28
1.01–
1.15

1.01–
1.14

1.02–
1.18

Academic centers Elimination Step 7 Step 3 Step 5 Step 2 Step 2 Step 6
(vs. non-academic) p n.a. n.a. n.a. n.a. n.a. n.a.

OR
95% CI

In-house patient capacity per department Elimination Step 6 Step 4 Step 3 Step 7 Step 4 Step 4
(cont.) p n.a. n.a. n.a. n.a. n.a. n.a.

OR
95% CI

Number of urologists in the department Elimination Step 4 Step 8 Step 2 Step 6 Step 6 No
(cont.) p n.a. n.a. n.a. n.a. n.a. 0.055

OR 0.95
95% CI 0.90–

1.01
Urologists performing chemotherapy for penile cancer patients Elimination No Step 7 Step 6 Step 8 No Step 2
(vs. urologists not performing chemotherapy) p 0.103 n.a. n.a. n.a. 0.030 n.a.

OR 0.55 2.06
95% CI 0.26–

1.13
1.07–
3.96

Surgical organ-preserving treatments in penile cancer patients are
provided

Elimination Step 2 Step 2 No Step 4 Step 7 Step 7

(vs. no) p n.a. n.a. 0.016 n.a. n.a. n.a.
OR 0.26
95% CI 0.09–

0.78
Local laser therapies in penile cancer patients are provided Elimination Step 5 Step 5 Step 4 Step 3 Step 3 Step 5
(vs. no) p n.a. n.a. n.a. n.a. n.a. n.a.

OR
95% CI

Local radiotherapies in penile cancer patients are provided Elimination Step 3 Step 6 No No No Step 3
(vs. no) p n.a. n.a. 0.089 0.064 0.028 n.a.

OR 0.57 1.80 0.49
95% CI 0.30–

1.09
0.97–
3.37

0.25–
0.92
November 2
021 | Volum
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Green highlight = significant in the last step. Yellow highlight = no elimination, but insignificant in the last step. Orange highlight = elimination before the last step.
CSn, case scenario; OR, odds ratio; n.a., not applicable.
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Purpose: To construct a prognostic model to predict the cancer-specific survival (CSS)
for bladder cancer patients with lymph node-positive.

Patients and Methods: We enrolled 2,050 patients diagnosed with lymph node-positive
bladder cancer from the Surveillance Epidemiology and End Results (SEER) database (2004–
2015). All patients were randomly split into development cohort (n = 1,438) and validation
cohort (n = 612) at a ratio of 7:3. The univariate and multivariate Cox regression analysis were
performed to identify prognostic factors. A nomogram predicting CSSwas established based
on the results of multivariate Cox analysis. Its performance was evaluated by calibration
curves, the receiver operating characteristic (ROC) curves, and the concordance index (C-
index). Internal verification was performed in the validation cohort. The Kaplan–Meier method
with the log-rank test was applied in the different risk groups.

Results: The nomogram incorporated summary stage, tumor size, chemotherapy,
regional nodes examined and positive lymph nodes. The C-index of the nomogram in
the development cohort was 0.716 (0.707–0.725), while the value of the C-index was
0.691 (0.689–0.693) in the validation cohort. The AUC of the nomogram was 0.803 for 3-
year and 0.854 for 5-year in the development cohort, while was 0.773 for 3-year and
0.809 for 5-year in the validation cohort. Calibration plots for 3-year and 5-year CSS
showed good concordance. Significant differences were observed between high,
medium, and low risk groups (P <0.001).

Conclusions: We have established a prognostic nomogram providing an accurate
individualized probability of cancer-specific survival in bladder cancer patients with
February 2022 | Volume 12 | Article 789028186
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lymph node-positive. The nomogram could contribute to patient counseling, follow-up
scheduling, and selection of treatment.
Keywords: lymph node-positive, bladder cancer, SEER, prognosis, nomogram
INTRODUCTION

Bladder cancer (BC) is a common malignancy globally, with an
estimated 500,000 new cases and 200,000 deaths worldwide in
2018 (1, 2). In addition, bladder cancer is also a severe and
heterogeneous disease with a poor prognosis, especially for those
patients with lymph node-positive (3). A retrospective study
showed that approximately 25–30% of BC patients undergoing
radical cystectomy presented with lymph node-positive after
pathologic examination. Moreover, only a 25% disease-free
survival rate was observed in these patients (4). Several
retrospective studies had confirmed the poor prognosis of the
higher recurrence and poorer survival rate in node-positive
patients compared with those without (4–7). For example, a
survey demonstrated that up to 70–80% of node-positive patients
experienced disease recurrence, while this data was only 30% in
patients with negative pathological nodes.

Over the course of the past years, some urologists were
committed to stratifying patients with lymph node metastasis
because a few studies suggested that a part of node-positive
patients was still potentially curable (8). Jensen revealed better
prognosis was observed in patients with a single node-positive
compared with those patients with multiple (9). Meanwhile, a
more prolonged overall survival (OS) and cancer-specific
survival (CSS) were seen in patients staged N1 in comparison
to patients with more extensive node involvement, according to
the results of some retrospective studies (10). All these studies
intended to meticulously stratify node-positive patients and pick
out patients with better prognosis to take more suitable
treatment. The eighth edition TNM system of the American
Joint Committee on Cancer (AJCC), which divided node-
positive patients into N1, N2, and N3 stages was used widely
to simply evaluate the prognosis (2). However, lack of high
accuracy and vital tumor characteristics like the number of
positive nodes were its limitations. When compared with the
conventional TNM system, a few studies suggested that the
number of positive nodes seemed to be a more promising
predictor of the outcome for node-positive BC patients (3, 11).
Thus, it is imperative to build an exact model to evaluate the
prognosis of BC patients with node-positive.

Nomogram is a visible and trustworthy statistical prediction tool,
which was utilized widely to provide tailored individual prognostic
information. Nomogram was composed of fundamental variables
like demographics, tumor characteristics, and treatment features
(12). Rink had constructed a nomogram that included gender, T
stage, margin status, LN-density, and adjuvant chemotherapy to
predict recurrence and cancer-specific survival for patients with a
single lymph node metastasis (13). Meanwhile, a nomogram
integrating multiple molecular markers was constructed to access
disease recurrence and cancer-specific mortality for BC patients
287
with locally advanced and node-positive (14). However, these
models failed to obtain high accuracy (C-index 0.63 and 0.66 for
Rink’s model) and incorporate variables not easily available.
Moreover, the models were not specially designed for all bladder
cancer patients with positive lymph nodes. To our knowledge, it is
the first study to construct a prognostic nomogram to predict
cancer-specific survival (CSS) in all node-positive patients.

In our study, we searched patients with node-positive and
collected all information available from the Surveillance,
Epidemiology, and End Results (SEER) database from 2004 to
2015. We were committed to establishing a prognostic
nomogram that incorporated significant factors to estimate the
CSS and make direct decisions on treatment for those patients
with node-positive. In addition, the performance of the
nomogram was evaluated, and an assessment of applicability
with internal verification was also performed in this study.
PATIENTS AND METHOD

Data Source and Patient Selection
All patients were collected from the Surveillance, Epidemiology,
and End Results (SEER), which included particular patient
demographic and cancer information of the US population.
The following inclusion criteria were applied: (1) diagnosed
from 2004 to 2014; (2) number of positive lymph nodes more
than 1; (3) surgical approach to confirm positive lymph nodes:
partial cystectomy, radical cystectomy and pelvic exenteration
(Code 30,50,61,62,63,64,71,72,73,74,80). (4) Histology behavior:
Transitional cell carcinoma. The exclusion criteria were as
follows: (1) race unknown (n = 8); (2) grade unknown (n =
241); (3) Tx (n = 15); (4) Nx (n = 4); (5) chemotherapy unknown
(n = 814); (6) tumor size unknown (n = 598); (7) marital status
unknown (n = 78); (8) M1 and Mx stage (n = 317).

Variables Defined and End Point
The variables in the selected cohorts included: demographic
characteristics (age, sex, race, marital status), tumor
characteristics (tumor size, grade, histology, T stage, N stage,
summary stage), treatment information (chemotherapy and
radiotherapy), and other variables (regional nodes examined
and positive lymph nodes). The prime endpoint in this study
was cancer-specific mortality (CSM), which referred to the death
of bladder cancer.

For conveniently analyzing, we had processed some variables
in the SEER database. Some continuous variables, namely, age,
tumor size, regional nodes examined and positive lymph nodes
were transformed into categorical variables: age (<60, 60–70, 70–
80, >80); tumor size (<3 cm, ≥3 cm); positive lymph nodes (1, 2–
10, >10). Sex was divided into male and female, and race
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included white, black, others which contained American, Indian,
Alaska, Native, Asian, and Pacific Island. We defined marital
status as married, separated, divorced or widowed (SDW), and
single. Our study only was committed to the common histology
with transitional cell carcinoma (TCC) and papillary transitional
cell carcinoma (PTCC). Grades I and II were combined,
considering the small sample size. According to the sixth
edition of the AJCC stages, precise information on the TMN
system was recorded in this study.
Statistical Analysis
We randomly split the study population into development and
validation cohorts based on the ratio of 7:3. The Student’s t-test and
Chi-square test were performed for continuous and categorical
variables, respectively, to explore the baseline characteristics of
patients in the two groups. Categorical variables were presented
as frequencies and their proportions, while continuous variables
were the mean ± Standard Deviation (SD). In the development
cohort, the univariate Cox regression analysis was applied to
recognize potential significant prognostic factors. They were
incorporated in the multiple Cox proportional hazards regression
modelwhen theirP-valuewas under 0.05. All results were shown as
hazards ratios (HR) and 95% confidence intervals (95%CI).

A nomogram incorporated the selected variables from the
multiple Cox model, and the critical P-value was 0.05. the
nomogram was built for visualized prediction of 3- and 5-year
survival probability in the development cohort. We used Harrell’s
concordance-index (C-index) and the receiver operating
characteristic (ROC) curves with the calculated area under the
curve (AUC) to assess the performances of the model. Moreover,
the consistency of predicted and actual outcomes of 3- and 5-year
survival time was evaluated by the calibration plots, and it was
performed with the package of rms in Rstudio. Patients in the
development cohort were divided into three levels of risk group
based on the total obtaining points.Meanwhile, theKaplan–Meier
method with the log-rank test was applied to analyze the
differences of CSS between the three risk groups. SPSS 22.0
(IBM Corp, Armonk, NY) and R version 3.6.3 (https://cran.r-
project.org/bin/windows/base/old/3.6.3) were utilized for
all statistic analysis.
RESULTS

Characteristics of Study Population
Finally, 2,050 patients with lymph node-positive were enrolled in
our study, and 1,438 patients (70%) were distributed into the
development cohort while 612 patients (30%) into the validation
cohort. Baseline demographical and clinicopathological
characteristics of the study population are shown in Table 1.
There were statistical differences between development and
validation cohorts on the grade (P = 0.013), and patients in the
development cohort tended to have a higher proportion of
distant stage (43.9% vs 30.6%, P <0.001). Statistical differences
on other variables between the two groups were failed to observe.
The 3- and 5-year CSS rates were 43.17% (n = 885) and 37.56%
Frontiers in Oncology | www.frontiersin.org 388
(n = 770) in total cohort, respectively, while 43.6% (n = 627) and
37.83% (n = 544) in the development cohort, respectively. The
mean survival time was 34.16, 35.12, and 31.9 months in the total
cohort, development cohort, and validation cohort, respectively.

Prognostic Factors of Node-Positive
Patients in Development Cohort
Ultimately, five factors, namely, summary stage, tumor size,
chemotherapy, regional nodes examined and positive lymph
nodes were selected from the multivariate cox model. Five
independent factors were determined as following: distant
stage (HR = 3.927, 95%CI: 3.393–4.545, P <0.001); tumor
size >3 cm (HR = 1.240, 95%CI: 1.075–1.430, P = 0.003);
receiving chemotherapy (HR = 0.684, 95%CI: 0.594–0.787,
P <0.001); regional nodes examined of 20–30 (HR = 0.784,
95%CI: 0.638–0.963, P = 0.021), >30 (HR = 0.673, 95%CI:
0.545–0.830, P <0.001); positive lymph nodes of 2–10 (HR =
1.234, 95%CI: 1.018–1.496, P = 0.032), >10 (HR = 1.687, 95%CI:
1.219–2.336, P = 0.002) (Table 2).

Prognostic Nomogram for OS
A nomogram predicted the 3- and 5-year CSS of node-positive
patients based on the Cox regression models (Figure 1). All
variables in the nomogram were assigned a corresponding score
of 0 to 100 based on the contribution to this nomogram
(Table 3). Each patient could obtain a total score by adding
scores in every subgroup. The nomogram revealed that the
summary stage was the most significant contributor to the
prognosis model of CSS.

Validation of the Nomogram
The C-index of this nomogram for CSS was 0.716 (0.707–0.725)
in the development cohort, which was more significant than
0.605 of the TNM system (P <0.05). Meanwhile, the
discriminative ability of the nomogram was evaluated by ROC
curves. The AUC of the nomogram was significantly higher than
the TMN system both for 3-year (0.803 vs 0.675) and 5-year
(0.854 vs 0.669) CSS prediction (all P <0.05) (Figures 3A, B).
The calibration plots of the development cohort for 3-year and 5-
year all demonstrated good agreement between actual
observations and predicted outcomes (Figures 2A, B) All these
results suggested that better performance of our model in
comparison to the traditional TNM system. In addition,
internal verification of the nomogram was performed in the
validation cohort to evaluate the applicability. The C-index of
this nomogram was 0.691 (0.689–0.693), and AUC was 0.773
and also 0.809 for 3-year and 5-year, respectively
(Figures 3C, D). The calibration curve of the validation cohort
all gained good correlation between nomogram prediction and
actual outcomes, especially for 5-year prediction. The results of
internal validation suggested that this nomogram had satisfying
applicability for node-positive patients (Figures 2C, D).

Survival Curve for Nomogram
All variables in the nomogram have authorized a score based on
the contribution to the CSS, and we provided a corresponding
score of 3-year and 5-year cancer-specific mortality probability,
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TABLE 1 | Baseline demographical and clinicopathological characteristics of patients.

Characteristics Total cohort N (%) Development cohort N (%) Validation cohort N (%) p-value

Number of patients 2,050 1,438 (70%) 612 (30%)
Median age (25th–75th percentile) 67.5 (62–77.5) 67.5 (62–77.5) 67.5 (62–77.5) 0.328
Mean age 67.85 67.68 68.25 0.253
Age 0.310
<60 463 (22.6%) 332 (23.1%) 131 (21.4%)
60–70 683 (33.3%) 472 (32.8%) 211 (34.5%)
70–80 595 (29.0%) 428 (29.8%) 167 (27.3%)
>80 309 (15.1%) 206 (14.3%) 103 (16.8%)
Sex 0.092
Female 544 (26.5%) 397 (27.6%) 147 (24.0%)
male 1,506 (73.5%) 1,041 (72.4%) 465 (76.0%)
Race 0.935
White 1,806 (88.1%) 1,265 (88.0%) 541 (88.4%)
Black 137 (6.7%) 98 (6.8%) 39 (6.4%)
others 107 (5.2%) 75 (5.2%) 32 (5.2%)
Marital status 0.854
Married 1,275 (62.2%) 900 (62.6%) 375 (61.3%)
SDW 524 (25.6%) 364 (25.3%) 160 (26.1%)
Single 251 (12.2%) 174 (12.1%) 77 (12.6%)
Histology 0.793
TCC 1,452 (70.8%) 1,021 (71.0%) 431 (70.4%)
PTCC 598 (29.2%) 417 (29.0%) 181 (29.6%)
Grade 0.013※

Grade I or II 31 (1.5%) 27 (1.9%) 4 (0.7%)
Grade III 576 (28.1%) 422 (29.3%) 154 (25.2%)
Grade IV 1,443 (70.4%) 989 (68.8%) 454 (74.2%)
T stage 0.809
T1 25 (1.2%) 16 (1.1%) 9 (1.5%)
T2 394 (19.2%) 281 (19.5%) 113 (18.5%)
T3 1,046 (51.0%) 736 (51.2%) 310 (50.7%)
T4 585 (28.5%) 405 (28.2) 180 (29.4%)
N stage 0.834
N1 978 (47.7%) 680 (47.3%) 298 (48.7%)
N2 1,033 (50.4%) 730 (50.8%) 303 (49.5%)
N3 39 (1.9%) 28 (1.9%) 11 (1.8%)
Summary Stage <0.001※

Regional 1,232 (60.1%) 807 (56.1%) 425 (69.4%)
Distant 818 (39.9%) 631 (43.9%) 187 (30.6%)
Tumor size 0.216
<3 cm 670 (32.7%) 482 (33.5%) 188 (30.7%)
>3 cm 1,380 (67.3%) 956 (66.5%) 424 (69.3%)
Chemotherapy 0.411
No 823 (40.1%) 569 (39.6%) 254 (41.5%)
Yes 1,227 (59.9%) 869 (60.4%) 358 (58.5%)
Radiotherapy 0.391
No 1,930 (94.1%) 1,358 (94.4%) 572 (93.5%)
Yes 120 (5.9%) 80 (5.6%) 40 (6.5%)
Regional nodes examined 0.455
<10 603 (29.4%) 420 (29.2%) 183 (29.9%)
10–20 784 (38.2%) 544 (37.8%) 240 (39.2%)
20–30 348 (17.0%) 241 (16.8%) 107 (17.5%)
>30 315 (15.4%) 233 (16.2%) 82 (13.4%)
Positive lymph nodes 0.721
1 850 (41.5%) 588 (40.9%) 262 (42.8%)
2–10 1,086 (53.0%) 769 (53.5%) 317 (51.8%)
>10 114 (5.6%) 81 (5.6%) 33 (5.4%)
Survival time(month)
mean 34.16 35.12 31.9 0.056
median
(25th–75th percentile)

20 (10–47) 20 (10–49) 18 (9–42) 0.051
Frontiers in Oncology | www.frontiersin.org
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Other race, American/Indian/Alaska/Native/Asian/Pacific Islands; SDW, separated, divorced or widowed; TCC, Transitional cell carcinoma; PTCC, papillary Transitional cell carcinoma.
※:Statistical significance.
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respectively. The lymph node-positive patients were divided into
three risk subgroups according to the total points obtained: Low
risk group: >198; medium risk group: 148–198; high risk group:
<148. As Figure 4 showed, significant differences in CSS were
observed between the three risk subgroups (P <0.001).
Frontiers in Oncology | www.frontiersin.org 590
DISCUSSION

Lymph node-positive bladder cancer was considered as a severe
stage associated with a high recurrence rate and mortality rate (8,
14). However, a part of patients with node metastasis still could
TABLE 2 | Univariate and multivariate regression analyses for CSM.

Characteristics Univariate analysis p-value Multivariate analysis p-value
HR (95%CI) HR (95%CI)

Age
<60 Ref. Ref.
60–70 1.082 (0.917–1.277) 0.351 0.884 (0.737–1.060) 0.184
70–80 1.390 (1.178–1.640) <0.001※ 1.062 (0.884–1.277) 0.519
>80 1.815 (1.493–2.205) <0.001※ 1.140 (0.908–1.433) 0.259
Sex
Female Ref.
male 1.112 (0.973–1.270) 0.119
Race
White Ref.
Black 1.113 (0.861–1.439) 0.412
others 0.898 (0.671–1.201) 0.468
Marital status
Married Ref.
SDW 1.133 (0.973–1.319) 0.108
Single 1.108 (0.908–1.350) 0.312
Histology
TCC Ref.
PTCC 0.868 (0.752–1.003) 0.055
Grade
Grade I or II Ref.
Grade III 0.862 (0.548–1.357) 0.522
Grade IV 0.782 (0.501–1.220) 0.278
T stage
T1 Ref. Ref.
T2 1.306 (0.576–2.960) 0.523 0.879 (0.386–2.001) 0.759
T3 2.455 (1.097–5.494) 0.029※ 1.377 (0.612–3.097) 0.440
T4 3.800 (1.693–8.531) 0.001※ 1.718 (0.760–3.882) 0.193
N stage
N1 Ref. Ref.
N2 1.397 (1.225–1.593) <0.001※ 1.056 (0.877–1.272) 0.563
N3 1.599 (1.020–2.506) 0.041※ 1.066 (0.663–1.713) 0.792
Summary Stage
Regional Ref. Ref.
Distant 4.413 (3.827–5.091) <0.001※ 3.927 (3.393–4.545) <0.001※

Tumor size
<3 cm Ref. Ref.
>3 cm 1.339 (1.165–1.539) <0.001※ 1.240 (1.075–1.430) 0.003※

Chemotherapy
No Ref. Ref.
Yes 0.705 (0.619–0.804) <0.001※ 0.684 (0.594–0.787) <0.001※

Radiotherapy
No Ref. Ref.
Yes 1.378 (1.058–1.794) 0.017※ 1.285 (0.981–1.684) 0.069
Regional nodes examined
<10 Ref.
10–20 0.918 (0.785–1.072) 0.279 0.916 (0.782–1.073) 0.279
20–30 0.782 (0.641–0.955) 0.016 0.784 (0.638–0.963) 0.021※

>30 0.684 (0.557–0.839) <0.001※ 0.673 (0.545–0.830) <0.001※

Positive lymph nodes
1
2–10 1.456 (1.269–1.671) <0.001※ 1.234 (1.018–1.496) 0.032※

>10 2.014 (1.535–2.643) <0.001※ 1.687 (1.219–2.336) 0.002※
February 2022 | Volume 12 | Article
CSM, Cancer-specific mortality; Other race, American/Indian/Alaska/Native/Asian/Pacific Islands; SDW, separated, divorced or widowed; TCC, Transitional cell carcinoma, PTCC,
papillary Transitional cell carcinoma.
※:Statistical significance.
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be curable after active treatment (13). In addition, with the
development of the treatment for bladder cancer patients, a lot
of novel treatments such extend lymph node dissection,
neoadjuvant chemotherapy, and targeted molecular therapy
were proposed, and they acquired better prognosis possible for
part node-positive patients (8, 14, 15). However, the prognostic
stratification for patients with node-positive is still lacking.
Frontiers in Oncology | www.frontiersin.org 691
Therefore, it is urgent to establish an accurate and suitable
predictive model for patients with lymph node metastasis.

This study comprehensively explored the effect of all factors
available in the SEER database in CSS in node-positive patients.
Meanwhile, we constructed and internally validated a relatively
accurate and discriminating nomogram for the prediction of CSS by
incorporating variables from the multivariate cox model. This
TABLE 3 | Nomogram scoring system.

Variables Points Variables Points

Summary stage Regional nodes positive
Regional 100 1 94.04
Distant 0 2–10 47.02
Chemotherapy 3 0
No 0 Regional nodes examined
Yes 65.52 <10 0
Tumor size 10–20 18.67
<3 cm 25 20–30 37.35
≥3 cm 0 >30 56.02

3-Year CSM probability Points 5-Year CSM probability Points
0.1 39 0.1 78
0.2 73 0.2 119
0.3 107 0.3 148
0.4 129 0.4 169
0.5 151 0.5 190
0.6 173 0.6 218
0.7 198 0.7 238
0.8 224 0.8 264
0.9 262 0.9
February 2022 | Volume 12 | Article
SDW, separated, divorced or widowed; STBS, Systemic therapy before surgery; STAS, Systemic therapy after surgery; IST, Intraoperative systemic therapy; CSM, Cancer-specific
mortality.
FIGURE 1 | Nomogram predicting 3- and 5-year cancer-specific survival probability for bladder cancer patients with lymph node-positive. use: locate patient values
at each axis. Draw a vertical line to the “Point” axis to determine how many points are attributed for each variable value. Sum the points for all variables. Locate
the sum on the “Total Points” line. Draw a vertical line towards the 3Yrs.Surv. Prob. and 5Yrs.Surv. Prob, Prob. axes to determine respectively the 3-, and 5-year
survival probabilities.
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approach produced a relatively easy and accurate tool, which only
incorporated the significant variables associated with survival
outcome but without sacrificing accuracy. The final survival
nomogram yielded highly accurate prediction far exceeded the
accuracy of individual predictors. In addition, the other advantage
of nomogram over standard multivariate regression model was
providing the individual probability of survival outcome at specific
time points instead of a relative risk concept. Meanwhile, using
Harrell’s concordance index, which was a global measure of model
accuracy to evaluate the accuracy of the nomogram, was also the
advantage compared to conventional Cox regression models (12,
16–18). Furthermore, different levels of risk groups could be
constructed based on the points of the nomogram, and individual
patient counseling and follow-up scheduling were tailored for
different risk groups (16).

We had compared our nomogram with the traditional AJCC
TNM classification on clinical performance by the C-index and
AUC. The results showed that our model obtained a greater C-
index and AUC composed to the TNM system in the
Frontiers in Oncology | www.frontiersin.org 792
development cohort. Bruins et al. retrospectively enrolled 146
node-positive patients to evaluate the effect of the TNM system
and failed to obtain differences on overall survival and disease-
free survival (DFS) between patients staging N1–3 (19).
Meanwhile, Jensen had constructed a nomogram based on 381
pN1 patients, namely, gender, T stage, margin status, LN density,
and adjuvant chemotherapy. However, only focusing on pN1
patients and excluding patients with neoadjuvant chemotherapy
limited its applicability in all node-positive patients. Moreover,
the C-index of the model was 0.66 and 0.63, respectively, and it
seemed to not be enough to satisfy the accuracy of the model (9).
A nomogram in the combination of multiple molecular markers
incorporating p53, pRB, p21, and p27 applied for predicting
recurrence and cancer-specific survival (CSS) in pT3–4 or node-
positive patients (14). Nevertheless, adding the molecular
markers to the model failed to significantly improve the
performance of outcome prediction (3.9% for recurrence, 4.3%
for CSS) (20). Moreover, the application of molecular marker
was still limited on account of ambiguously effect and expensive
A B

C D

FIGURE 2 | Calibration plots of the nomogram describing 3- (A) and 5-year (B) CSS in the development cohort; 3- (C) and 5-year (D) CSS in the validation cohort.
February 2022 | Volume 12 | Article 789028
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cost. The nomogram in this study had a great clinical
performance in CSS prediction and variables incorporated
relatively easily accessible in most hospitals. In detail, the good
discriminative ability and accuracy of the nomogram were
confirmed with the relatively high C-index and AUC of 3-year
and 5-year in development and validation cohorts. The
calibration curves also revealed a perfect consistency between
the prediction of the nomogram and the actual outcome.

This novel nomogram for CSS probability prediction
incorporated five factors, which included summary stage, regional
nodes positive, tumor size, regional nodes examined, and
chemotherapy. Studies suggested that a number of positive nodes
seem to be a more promising predictor of outcome in node-positive
patients than the conventional TNM system (3). In addition, some
researchers found significant differences in disease outcome
between patients with one and more nodes positive (9, 13, 21).
Meanwhile, a retrospective study with 244 node-positive patients
obtained the result that the 10-year disease-free survival rate in
patients with eight or fewer positive nodes was significantly higher
than those with greater than eight positive nodes. The degree of the
Frontiers in Oncology | www.frontiersin.org 893
number of positive nodes had been confirmed to strongly associate
with prognosis in node-positive patients. Furthermore, receiving
chemotherapy was shown as a protective factor for patients with
node-positive. Several retrospective studies enrolling bladder cancer
patients with node-positive observed higher overall survival and
cancer-specific survival rates in patients with chemotherapy than
those patients without (9, 15, 21). Therefore, chemotherapy might
be a suitable and meaningful treatment for patients with
node-positive.

Several significant advantages were worth noting in this
study. First, it is the first study, up to our knowledge, to
perform a prognostic nomogram for the prediction of CSS for
all bladder cancer patients with lymph node-positive. Then, the
number of patients in this study was relatively great and enough
to construct a prognostic nomogram with good performance
(n = 2,050). Finally, the variables in the nomogram were easily
available in most hospitals, and the good applicability was
obtained in our nomogram. Meanwhile, we divided study
population into three risk groups based on the prognostic
nomogram, and it was easier to detect patients with worse
A B

C D

FIGURE 3 | ROC curves of the nomogram predicting 3-year (A) and 5-year (B) CSS in the development cohort; 3- (C) and 5-year (D) CSS in the validation cohort.
February 2022 | Volume 12 | Article 789028
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survival outcomes. Nevertheless, some limitations in this study
should be noticed. First of all, this is a retrospective study based
on the SEER database, which means the results of this study were
inevitably influenced by selection biases. In addition, we
excluded patients with unknown variable information, and it
was also a significant source of selection biases. Second, there
were some limitations in the SEER database. Such as the SEER
database collected massive information of patients from multiple
regions and hospitals, and it seemed impossible to balance the
differences in treatment and pathological evaluation standards.
Moreover, some vital factors like drugs of chemotherapy and
course of treatment of radiotherapy, which were also vital for
node-positive patients, were lacking in the SEER database.
Simultaneously, novel treatment such as target therapy is a
growing field, and they need more research to verify the effect
(8). Finally, although internal verification was performed in the
validation cohort, the result of this verification method was not
perfect because the patients in the development and validation
came from the same database. Therefore, a large prospective
clinical trial was demanded for external validation.

CONCLUSION

The study based on the SEER database revealed several
demographics, lymph node characteristics, and therapeutic
features, which were significantly associated with the cancer-
specific survival of bladder cancer patients with lymph node-
positive. A prognostic nomogram was constructed and validated
to predict the individualized probability of cancer-specific
survival at the time of 3- and 5-year. The nomogram could
Frontiers in Oncology | www.frontiersin.org 994
contribute to patient counseling, follow-up scheduling, and
selection of treatment. Nonetheless, external and prospective
validation was demanded for widely applying.
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Penile squamous cell carcinoma is a rare malignant tumor of the male reproductive
system. We report two cases of advanced penile squamous cell carcinoma with persistent
partial response/complete response after sintilimab combined with chemotherapy and
analyze the relevant tumor biomarkers.

Keywords: penile cancer, immune checkpoint inhibitors, biomarkers, tumor immune microenvironment,
case report
INTRODUCTION

Penile cancer is considered a rare malignancy, with an incidence of penile squamous cell carcinoma
in the United States ranging from 0.1 to 1 per 10,0000 (1). Squamous cell carcinoma is the most
common histological type, and its pathogenesis is closely related to chronic human papillomavirus
(HPV) infection. Immunotherapy has made progress in many malignant tumors, especially in
squamous cell carcinomas, such as head and neck squamous cell carcinoma, lung squamous cell
carcinoma, and esophageal squamous cell carcinoma. The predictors of efficacy in immunotherapy
for these squamous cell carcinomas are unclear. The two most commonly used biomarkers are
programmed death ligand-1 (PD-L1) expression and tumor mutation burden (TMB); however,
neither PD-L1 expression nor TMB is a definite biomarker for immune therapy prediction in
squamous cell carcinoma, as responses are also observed in PD-L1-negative and low TMB patients
(2). In penile squamous cell carcinoma, the expression of PD-L1 has been reported to range from
40% to 62% (3). Studies have shown that PD-L1 expression is independent of patient age, tumor
location, histological subtype, tumor stage, anatomical depth of tumor invasion, and tumor grade in
patients with advanced penile squamous cell carcinoma (4). HPV-negative tumors have a significant
proportion of PD-L1 expression compared with HPV-positive tumors (5). Tumor PD-L1
expression is significantly associated with lymph node metastasis. Tumors with diffuse positivity
for PD-L1 show a higher probability of lymph node metastasis than tumors with a marginal
expression of PD-L1 or tumors with negative expression of PD-L1, present a higher risk of disease-
specific death (6, 7). High expression of PD-L1 is associated with short survival, so it can be used as a
factor to identify a poor prognosis in penile cancer (3). TMB is defined as the total number of
somatic/acquired mutations per coding area of a tumor genome; in penile cancer, TMB values
between 3.6 and 4.5 mutations/Mb have been reported (5).
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Immunotherapy forpenile squamous cell carcinoma is currently
under clinical study; some results showed that immunotherapy
could effectively improve the disease control and prognosis (8, 9).
Sintilimab is an immune checkpoint inhibitor that acts on
programmed cell death-1 (PD-1). It has been confirmed to have a
good efficacy in a variety of advanced tumors, such as lung cancer,
esophageal cancer, and gastric cancer. Here, we report two patients
with advanced penile squamous cell carcinoma who were
administered chemotherapy combined with sintilimab and
discuss associated tumor biomarkers.
CASE REPORTS

Patient A, a 63-year-old man, was diagnosed with well-
differentiated squamous cell carcinoma of the penis in February
2014. He received partial penectomy without postoperative
chemoradiotherapy. In December 2018, the patient presented a
local recurrence of penile cancer and received a further partial
penectomy. The postoperative pathology showed moderate to
poorly differentiated squamous cell carcinoma of the penis
invading the corpus cavernosum. The patient did not receive
chemoradiotherapy after surgery. In November 2019, lung
metastases were found, and the TNM stage of which was
T3NxM0. From November 2019 to March 2020, the patient
received paclitaxel 180 mg + nedaplatin 120 mg + sintilimab
200 mg for 6 cycles, and the treatment efficacy indicated a
partial response. From April 2020 to March 2021, the patient
was given maintenance immunotherapy with sintilimab 200 mg
for 1 year. The sustained partial response was achieved during
this period. The drug was subsequently discontinued due to a
grade III immune-related rash. The patient was followed up
regularly and currently maintains a persistent partial response.

PatientB, a39-year-oldman,underwentpartial penectomydue to
moderately differentiated squamous cell carcinoma of the penis in
February 2016. The postoperative pathology revealed the tumor had
Frontiers in Oncology | www.frontiersin.org 297
invaded into the corpus cavernosum in the absence of
chemoradiotherapy. In February 2017, the patient was found to
have lymph node metastasis in the inguinal region, and the TNM
stage of which was T3N3M0. He then received 60 GY/30 F three-
dimensional modulated intensity radiotherapy for cavernous
metastasis, bilateral inguinal, right pelvic enlarged lymph nodes,
and corresponding lymphatic drainage area, and received
concurrently, 2 cycles of TPF chemotherapy (docetaxel + cisplatin
+ tegafur). A partial responsewas achieved after 2 cycles, and 4 cycles
of TPF chemotherapy were continued after the concurrent
chemoradiotherapy. The patient achieved a progression-free
survival of approximately 35.9 months after the first-line treatment.
In March 2019, the patient’s lymph nodes in the inguinal region of
the right radiation field continued to expand, and the puncture
confirmed metastatic squamous cell carcinoma. The patient
received 2 cycles of second-line chemotherapy with nedaplatin +
capecitabine, and in June 2019, the disease progressed, although
multiple ulcers on the skin of the right abdominal region were
observed, accompanied by pain and exudation. From June 2019
to September 2019, the patient was treated with a third-line
regimen of sintilimab 200 mg + ifosfamide 2 g + estradiol 40 mg +
mesna 0.4 g for 5 cycles. A partial response was evaluated after 2
cycles, and a complete response was achieved after 4 cycles. From
November 2019 to July 2021, the patient received maintenance
immunotherapy with sintilimab 200 mg. Currently, the patient
has completed a 2-year treatment with sintilimab. Treatment has
been stopped, and the patient is being followed up regularly. The
evaluation shows a sustained complete response (Figures 1, 2).
TUMOR BIOMARKER DETECTION

Immunohistochemical examinations were performed using
surgically excised specimens obtained from 2 patients. Patient
A was wild-type p53, which is established as a potent tumor
suppressor; whereas, patient B was mutant p53, which is often
FIGURE 1 | Timeline of the two patients’s therapy and effect of therapy.
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associated with tumor malignancy and therapy resistance. Both
patients were P16 negative, HPV negative, and proficient for
mismatch repair proteins (MMR proficient). P16 has been used
as a surrogate marker for active HPV infection (10). MMR
proficient and microsatellite stable have been shown in clinical
studies for colorectal cancer to be associated with limited
immunotherapy efficacy (11).

The entire exon regions of 310 genes and the hotspot
mutation regions of 210 genes were evaluated by probe
hybridization and high-throughput sequencing in primary
tumor tissue samples from the two patients. TMB values were
calculated, and microsatellite instability was detected. The
VENTANA PD-L1 (SP263) assay (Roche) (Ventana Medical
Systems, Inc., Tucson, AZ, USA) was used to determine the PD-
L1 expression. Multiplex fluorescence immunohistochemistry
was used to detect the expression of CD8, CD3, PD-L1, and
PD-1 in tumor tissue samples. Mantra System (PerkinElmer,
Waltham, MA, USA) was used for imaging studies. InForm
image analysis software (Version 2.4, PerkinElmer, Waltham,
MA, USA) was used for the identification of tumor tissues and
cells. The density and percentage of positive cells with different
markers were calculated in the tumor parenchyma and stroma,
Frontiers in Oncology | www.frontiersin.org 398
respectively, to evaluate the tumor immune microenvironment
(Figure 3 and Table 1).

No genetic mutations of definite clinical significance were
detected in the two patients, but 3 genetic mutations with
potential clinical significance were found in patient A. Studies
of relevant tumor biological markers for the two patients showed
that both were HPV negative, but the expression levels of PD-L1
and TMB levels were very different. The reality is that both are
effective for immunotherapy and show sustained partial
response/complete response. By analyzing the tumor immune
microenvironment (TIME), it is found that both TIME have high
expressions of CD3+/CD8+ cells in tumor parenchyma and
tumor stroma.
DISCUSSION

The TIME is a key target for immunotherapy in cancer patients.
The expression of tumor-related immune markers to define the
TIME can be divided into subtypes according to the expression
levels of PD-L1 and the presence of tumor-infiltrating lymphocytes
(TIL): immune neglect type (B7−H1−/TIL−), adaptive immune
A B

FIGURE 3 | PD-L1 immunohistochemistry test (antibody model: SP263). (A) Patient A has a positive PD-L1 immunohistochemistry with 50% to 60% PD-L1-positive
tumor cells (TC) and 15% PD-L1-positive tumor-associated immune cells (IC). (B) Patient B was negative for PD-L1 immunohistochemistry with <1% TC and 1% IC.
A B C

FIGURE 2 | Inguinal metastasis imaging of patient B (A) before sintilimab plus chemotherapy (June 13, 2019), (B) 6 months after sintilimab plus chemotherapy
(December 20 2019), and (C) 2 months after the end of sintilimab maintenance therapy (September 08, 2021).
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tolerance type (B7-H1+/TIL+), other pathway-dependent immune
evasion types (B7−H1−/TIL+), and primary induced expression type
(B7−H1+/TIL−) (12). Immunotherapy is most likely to be effective
in the presence of TILs and B7-H1 expression. Little is known
about the use of TIME in patients with penile cancer. In this study,
it is found that the TIME of both is considered an adaptive immune
tolerance type, which may provide explain the good efficacy of
immunotherapy. We speculate that the presence of TILs in penile
squamous cell carcinoma can be used as potent predictive
biomarkers for the efficacy of immunotherapy, so TIME can be
used to develop immunotherapeutic targets or evaluate whether
immunotherapy is effective. These are just two cases, but since
penile cancer is a rare tumor, further research can be carried out
based on this study’s result.

In head and neck squamous cell carcinoma, a higher degree of
T-cell infiltration was found in HPV-positive tumors compared
with HPV-negative tumors, and involved CD8+ T cells within the
tumor and stroma (13), with an increased rate of CD8+ T-cell
infiltration in the tumor-associated stroma being significantly
associated with lymph node metastasis. HPV-positive tumors are
characterized by a rich TIME, which has a better prognosis.
Furthermore, patients with positive PD-L1 expression in tumor
cells and higher levels of CD8+ TILs presented a shorter cancer-
specific survival (14). In patients with penile squamous cell
carcinoma, the relationship between HPV infection status, PD-
L1 expression, and the TIME warrants further investigation and
may help predict immunotherapy efficacy and screening
effective populations.

Currently, clinical studies are being conducted to evaluate the
use of immune checkpoint inhibitors in advanced penile cancer,
and the exploration of biomarkers is also a focus of intense
research. Our findings relative to the detection of tumor
Frontiers in Oncology | www.frontiersin.org 499
molecular markers and successful treatment of two patients
with penile squamous cell carcinoma may provide new insights.
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TABLE 1 | Detection of biomarkers in patients A and B.

Test items Patient A Patient B

Gene mutations with clinically significant HRAS LRP1B TERT Null
Microsatellite instability Microsatellite stable Microsatellite stable
TMB 17.95 mutations /Mb 0 mutations /Mb
PD - L1 expression
PD-L1 positive tumor cells(TC) 50%-60% <1%
PD-L1 positive tumor associated immune cells(IC) 15% 1%

Tumor Parenchyma
CD8+T cells Density 121 cells/mm2 201 cells/mm2

Positive rate 1.70% 3.28%
CD3+T cells Density 439 cells/mm2 315 cells/mm2

Positive rate 6.19% 5.14%
PD-L1+T cells Density 1268 cells/mm2 261 cells/mm2

Positive rate 17.88% 4.26%
PD-1+T cells Density 8 cells/mm2 18 cells/mm2

Positive rate 0.12% 0.30%
Tumor Stroma
CD8+T cells Density 837 cells/mm2 801 cells/mm2

Positive rate 8.06% 11.14%
CD3+T cells Density 2599 cells/mm2 1455 cells/mm2

Positive rate 25.02% 20.24%
PD-L1+T cells Density 1302 cells/mm2 367 cells/mm2

Positive rate 12.53% 5.10%
PD-1+T cells Density 141 cells/mm2 95 cells/mm2

Positive rate 1.36% 1.33%
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Lymph node (LN) management is critical for survival in patients with penile cancer.
However, radical inguinal lymphadenectomy carries a high risk of postoperative
complications such as lymphedema, lymphocele, wound infection, and skin necrosis.
The European Association of Urology guidelines therefore recommend invasive LN
staging by modified inguinal lymphadenectomy or dynamic sentinel node biopsy
(DSNB) in clinically node-negative patients (cN0) with intermediate- and high-risk
tumors (≥ T1G2). However, the timing of DSNB (simultaneous vs. subsequent to partial
or total penile resection) is controversial and the low incidence of penile cancer means that
data on the long-term outcomes of DSNB are limited. The present study aimed to analyze
the reliability and morbidity of DSNB in patients with penile cancer during long-term follow-
up. This retrospective study included 41 patients (76 groins) who underwent radioisotope-
guided DSNB simultaneously or secondarily after penile surgery from June 2004 to
November 2018. In total, 193 sentinel LNs (SLNs) and 39 non-SLNs were removed. The
median number of dissected LNs was 2.5 (interquartile range 2–4). Histopathological
analysis showed that five of the 76 groins (6.6%) contained metastases. None of the non-
SLNs were tumor-positive. In accordance with the guidelines, all inguinal regions with
positive SLNs underwent secondary radical inguinal lymphadenectomy, which revealed
three additional metastases in one groin. Regional LN recurrence was detected in three
patients (four groins) during a median follow-up of 70 months, including two patients in
whom DSNB had been performed secondarily after repetitive penile tumor resections.
DSNB-related complications occurred in 15.8% of groins. Most complications were mild
(Clavien–Dindo grade I; 50%) or moderate (II; 25%), and invasive intervention was only
required in 3.9% of groins (IIIa: n = 1; IIIb: n = 2). In summary, this study suggests that the
current radioisotope-guided DSNB procedure may reduce the complication rate of
inguinal lymphadenectomy in patients with cN0 penile cancer. However, DSNB and
penile surgery should be performed simultaneously to minimize the false-negative rate.
Recent advances, such as new tracers and imaging techniques, may help to reduce the
false-negative rate of DSNB further.

Keywords: penile cancer, sentinel lymph node, dynamic sentinel node biopsy, inguinal lymphadenectomy, lymph
node metastases
April 2022 | Volume 12 | Article 8509051101

https://www.frontiersin.org/articles/10.3389/fonc.2022.850905/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.850905/full
https://www.frontiersin.org/articles/10.3389/fonc.2022.850905/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:Winter.Alexander@klinkum-oldenburg.de
https://doi.org/10.3389/fonc.2022.850905
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2022.850905
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2022.850905&domain=pdf&date_stamp=2022-04-14


Nemitz et al. Sentinel Lymphadenectomy in Penile Cancer
INTRODUCTION

Penile cancer is a rare disease with an overall incidence of less than
one case in 100,000 persons worldwide (1). Lack of knowledge
about the disease and the feeling of embarrassment often lead to a
delay in diagnosis (2). The most important prognostic factor in
patients with penile carcinoma is the presence of lymph node (LN)
metastases (3, 4). Metastatic spread of penile cancer typically occurs
in a stepwise fashion with the inguinal LNs affected first, followed by
spread to the pelvic and distant LNs (5). An analysis of 944 patients
with penile squamous cell carcinoma revealed that patients without
nodal involvement had a 5-year cancer-specific survival rate of 90%,
but this rate was considerably reduced to 56% in patients with LN
metastases (6). Further studies showed that early “prophylactic”
inguinal lymphadenectomy improved survival compared with
delayed lymphadenectomy when metastases became clinically
evident (7, 8). The management of regional LNs is thus essential
in the treatment of penile cancer.

According to the European Association of Urology (EAU)
guidelines on penile cancer, the management of LNs depends on
the clinical LN status (9). Patients with palpable inguinal LNs are
at high risk of lymphatic spread, and radical inguinal
lymphadenectomy is therefore indicated in these patients.
However, the optimal management of regional LNs in patients
with clinically normal LNs (cN0) is more controversial.
Approximately 20%–25% of these patients harbor occult LN
metastases (10–12). Unfortunately, current imaging modalities,
such as computed tomography, positron emission tomography/
computed tomography, and magnetic resonance imaging cannot
reliably detect micrometastases (13). Clinical surveillance of cN0
patients carries the risk of not detecting metastases until a later
stage, with a negative effect on patient prognosis (7, 8). In
contrast, radical inguinal lymphadenectomy is associated with
a high rate of complications, such as skin-edge necrosis, wound
infection, seroma, and lymphedema, and may result in
overtreatment in 75%–80% of these patients (14, 15). The EAU
guidelines thus recommend invasive LN staging by either
modified inguinal lymphadenectomy or dynamic sentinel node
biopsy (DSNB) for cN0 patients with intermediate- (pT1G2) or
high-risk (≥ T1G3) tumors.

Modified inguinal lymphadenectomy aims to reduce the
morbidity associated with radical inguinal lymphadenectomy
by limiting the dissection area and preserving the saphenous
vein (16–23). However, the false-negative rate of modified
inguinal lymphadenectomy is unknown (9).

The concept of sentinel node biopsy was first described by
Cabañas more than 40 years ago (24). This method relies on the
principle that the first LNs on the direct drainage pathway of a
tumor, referred to as the sentinel LNs (SLNs), will be the first sites of
metastasis. Based on this assumption, a negative SLN biopsy
indicates the absence of lymphatic spread and radical inguinal
lymphadenectomy can thus be avoided. Using lymphangiography,
Cabañas identified a LN at the anterior or medial aspect of the
superficial epigastric vein as the SLN for the penis. However,
consideration of this static model resulted in a large number of
false-negative results (25–27). In 2000, the concept of DSNB was
introduced in cases of penile cancer (28, 29). DSNB enabled the
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individual patient’s SLNs to be identified by peritumoral injection of
a radioactive tracer, preoperative lymphoscintigraphy, and
intraoperative detection of radioactive LNs using a gamma probe.
Continuous improvements of this method have reduced the
complication and false-negative rates of DSNB to 5.7% and 4.8%,
respectively (30). The reliability and morbidity of this technique
have also been investigated in several other studies; however, most
have included small patient numbers and reported highly variable
complication and false-negative rates (31–37). The timing of DSNB
is controversial. Two single-center studies suggested that DSNB was
a reliable procedure for LN staging in cN0 patients after previous
resection of the primary tumor (38, 39), while other authors
observed regional recurrence after secondary, but not after
primary DSNB, arguing against this hypothesis (40, 41).

We previously reported an initial experience of radioisotope-
guided DSNB in patients with penile cancer in our center (42). A
retrospective analysis of 32 patients with a median follow-up of
30.5 months revealed a complication rate of 11.1%, with no nodal
recurrence. The present study aimed to update the outcomes of
patients with penile cancer undergoing DSNB at our hospital,
and to evaluate the reliability and morbidity of radioisotope-
guided DSNB in a larger cohort with long-term follow-up.
MATERIALS AND METHODS

Patients
Fifty-three patients with intermediate- or high-risk penile cancer
(≥ T1G2) underwent radioisotope-guided DSNB at the
University Hospital for Urology in Oldenburg, Germany,
between July 2004 and November 2018. All patients were
informed about DSNB verbally and in writing and provided
signed consent. Four patients were excluded from this study
because they did not want to participate. Another eight patients
were excluded because they could not be followed up for at least 2
years or until regional recurrence or death. None of these
patients developed tumor recurrence during follow-up. A total
of 41 patients were left for analysis (Figure 1). Pre-existing
cardiovascular diseases in the patient cohort were chronic
rheumatic heart diseases, hypertension, coronary heart disease,
myocardial infarction, peripheral atrial disease, cerebrovascular
disease, stroke, and atrial fibrillation.

Of the 41 patients included in this study, 38 patients were
newly diagnosed with penile cancer and three patients presented
with recurrent tumors of the penis. The histological subtypes of
penile tumors were categorized according to the respective current
World Health Organization classification. Thirty-eight patients
underwent surgical treatment of the primary tumor at our
hospital, while three patients were initially treated in another
hospital and referred to us for DSNB. DSNB was either performed
during surgery for the primary tumor (n = 24) or as a secondary
procedure (n = 17). Thirty-five patients underwent bilateral
DSNB, and the remaining six patients received unilateral DSNB
and unilateral modified or radical inguinal lymphadenectomy due
to ipsilateral suspicious LNs (n = 2), histologically confirmed LN
metastases (n = 2), or non-visualization of SLNs during DSNB
(n = 2) in the same operation.
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This study is registered in an international clinical trials
register (Research Registry, researchregistry7492).

Dynamic Sentinel Node Biopsy and
Surgical Treatment
All patients underwent preoperative ultrasonography of both
inguinal regions. 99mTechnetium (99mTc) nanocolloid
(radioactivity ca. 30 Mbq) was injected peritumorally or in a
two-step procedure into the resection area approximately 4
hours before surgery. Preoperative visualization of SLNs was
achieved by lymphoscintigraphy. SLNs were detected
intraoperatively using a gamma probe (C-Trak System, Care
Wise, Morgan Hill, CA, USA; Crystal Probe SG04, Crystal
Photonics GmbH, Berlin, Germany). Non-SLNs directly
adjoining SLNs were also removed if in situ separation was not
possible. Intraoperative palpation of the wound was also
performed to identify and dissect clinically suspicious LNs.

In accordance with the EAU guidelines, patients with at least
one positive LN were offered secondary ipsilateral radical inguinal
lymphadenectomy and patients with at least two positive LNs were
offered additional ipsilateral pelvic lymphadenectomy.

Histopathological Examination
All dissected LNs were fixed in formalin, embedded in paraffin,
and cut into 3-mm transverse sections. After deparaffinization
and rehydration, 4- to 5-µm sections were stained with
Frontiers in Oncology | www.frontiersin.org 3103
hematoxylin-eosin and examined by one of three pathologists
with high experience in urological malignancies. If conventional
histology was inconclusive, immunohistochemistry with a
pancytokeratin antibody (AE1/AE3) was carried out using a
DAKO Autostainer (Agilent Technologies, Santa Clara, CA,
USA). In cases of false-negative DSNB results, SLNs were
histopathologically reexamined by one pathologist.

Definitions of Tumor Recurrences
and Follow-Up
Tumor recurrences were classified into local, regional and distant
recurrences. Local recurrence was defined as recurrent disease on
the penis, regional recurrence was defined as recurrent disease in
inguinal and/or pelvic LNs, and distant recurrence was defined as
recurrent disease in distant LNs or other organs.

Follow-up was performed by resident urologists on an
outpatient basis. Control visits were carried out at 3-, 6-, or 12-
month intervals. Local or regional recurrence was detected by
physical examination of the penis and groins, with ultrasound,
computed tomography, or magnetic resonance imaging if
indicated. The time of follow-up was defined as the time from
DSNB to the latest follow-up, regional recurrence, or death of the
patient. DSNB-related complications were assessed by analyzing
hospital and outpatient clinical records and questionnaires
completed by the patients and urologists. All complications were
categorized according to the Clavien–Dindo classification (43).
FIGURE 1 | Flowchart of included and excluded patients.
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Analysis
DSNB was defined as a false-negative procedure if all SLNs were
negative but non-SLNs were positive, or if regional recurrence
occurred after a negative DSNB procedure without evidence of a
new primary tumor or local recurrence. We calculated the false-
negative rate according to the standard formula: false-negative
rate = false-negative procedures/(true-positive procedures +
false-negative procedures).
RESULTS

Patient Characteristics and
Histopathological Analysis
This study included 41 patients with penile cancer who
underwent radioisotope-guided DSNB. The patient and tumor
characteristics, including potential risk factors for postoperative
complications after inguinal lymphadenectomy, such as obesity
(BMI>25),diabetesmellitus andcardiovasculardisease (15, 44, 45),
are listed in Table 1. Among the 76 groins that received DSNB,
a total of 193 SLNs and 39 non-SLNs were removed. The
median number of dissected LNs (SLNs + non-SLNs) per groin
was 2.5 (interquartile range 2–4). Two patients had radioactive
LNs located in the pelvis that were not dissected because they
Frontiers in Oncology | www.frontiersin.org 4104
were not accessible through the incision of inguinal DSNB and
considered second echelon LNs.

Histopathological examination revealed that five of the 76
groins (6.6%) contained metastases. Three patients had unilateral
and one patient had bilateral LN involvement. One patient with
unilateral metastatic disease had two positive SLNs. Two of the
four patients with LN metastases underwent primary DSNB and
two underwent secondary DSNB. None of the non-SLNs
harbored metastases. In accordance with the EAU guidelines,
all groins with positive SLNs underwent secondary radical
inguinal lymphadenectomy, which revealed three additional
metastases in one patient with unilateral nodal involvement.
This patient had a transient ischemic attack 1 month after radical
inguinal lymphadenectomy and died a few months later, and no
pelvic lymphadenectomy was therefore performed. None of the
other patients showed further metastases at complementary
radical inguinal lymphadenectomy. A summary of the
histopathological findings is presented in Table 2. The
histopathological results of the six groins that underwent
radical or modified inguinal lymphadenectomy are given
in Table 3.

False-Negative Procedures and
False-Negative Rate
The median follow-up was 70 (range 6–158, interquartile range
36–96) months. In total, three patients with bilateral negative
DSNB developed regional recurrence. One patient underwent
local tumor excision (R1 resection) and partial penectomy (R0
resection) before referral to our hospital for DSNB. Bilateral
inguinal metastases and systemic metastatic disease were
detected 32 months after DSNB and the patient died of penile
cancer 4 months later. Another patient underwent partial
penectomy simultaneously with DSNB. However, due to
inaccessibility, a radioactive pelvic LN remained and the patient
was diagnosed with left-sided inguinal and iliac LNmetastases and
pulmonary metastatic disease 7 months after DSNB. A third
patient underwent radical circumcision and circular re-resection
of the penile shaft skin in another hospital. He presented with an
enlarged LN in the right groin 12 months after negative
DSNB. This LN was dissected 2 months later and
histopathological analysis revealed metastasis. The patient
declined complementary radical inguinal lymphadenectomy
because of the high morbidity risk, but he remained alive
without evidence of disease at 13 months. The clinical and
pathological characteristics of the false-negative patients are
TABLE 1 | Patient and tumor characteristics.

Characteristic

Patients, n 41
Median age, years (interquartile range) 67 (61–73)
BMI, kg/m2, n
< 25 13
> 25 28

Diabetes mellitus, n
Yes 5
No 36

Cardiovascular disease, n
Yes 26
No 15

Previous inguinal surgery, n
Yes 5
No 36

Histological type of penile cancer, n
Squamous cell carcinoma, usual type (with or without verrucous
areas)

38

Papillary squamous cell carcinoma 1
Mixed squamous cell carcinoma 1
Papillary-basaloid carcinoma (HPV-related) 1

Tumor stage, n
pT1G2 23
pT1G3 3
pT2G1 1
pT2G2 11
pT3G2 1
pT3G3 2

Surgical treatment of primary tumor, n
Circumcision 4
Local excision at the penis shaft 2
Glansectomy with or without circumcision 16
Partial penectomy 19
TABLE 2 | Histopathological results of DSNB.

Tumor stage pN0 (n = 37) pN+ inguinal (n = 4) pN+ pelvic (n = 0)

pT1G2 21 2 0
pT1G3 3 0 0
pT2G1 1 0 0
pT2G2 10 1* 0
pT3G2 1 0 0
pT3G3 1 1 0
April 2022 | Volume
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shown in Table 4. None of these patients had locally recurrent
penile tumors or previous inguinal surgeries.

In summary, we encountered four true-positive and three
false-negative patients (false-negative rate of 42.9%). However,
two of the three false-negative patients had repetitive penile
tumor resections prior to DSNB.

Histopathological Re-Evaluation of SLNs
in False-Negative Cases
Histopathological reexamination of the SLNs from the false-
negative groins revealed normal lymphatic tissue. In the third
false-negative patient (regional recurrence on the right side), one
previously undetected micrometastasis (2 mm) was found in an
SLN from the left groin. The results of the histopathological
reexamination are summarized in Table 5.

Follow-Up
During follow-up, four patients developed distant recurrences.
Two of these patients had false-negative DSNB results (Table 4,
patients 17 and 39). The third patient underwent unilateral
DSNB (right groin, pN0) and unilateral radical inguinal and
pelvic lymphadenectomy due to histologically confirmed lymph
node metastasis (left groin) (Table 3, patient 25). 10 months after
DSNB and radical inguinal lymphadenectomy, he presented with
distant metastases. However, he did not show recurrent disease
in inguinal or pelvic LNs of the right side and was therefore not
classified false-negative. The fourth patient received unilateral
DSNB (right groin, pN0) and unilateral modified inguinal
lymphadenectomy due to non-visualization of SLNs (left groin,
pN0) (Table 3, patient 29). 14 months later, he was diagnosed
with retroperitoneal metastasis on the left side. The modified
inguinal lymphadenectomy procedure was therefore considered
false-negative.

Five other patients presented with local relapse and
underwent further surgery (glansectomy or partial penectomy).
One of these patients received a second bilateral DSNB, which
did not reveal metastases. However, this patient was lost to
follow-up after the hospital stay. Another patient with local
recurrence was subsequently diagnosed with LN metastasis in
the right groin and underwent radiotherapy.

Nine patients died during follow-up. The median follow-up of
these patients was 33 (range 6-132, interquartile range 17–55)
months. Two of the patients with distant metastases died of
penile cancer (Tables 3, 4, patients 17 and 25), one patient with
systemic metastatic disease died 1 day after retroperitoneal
tumor extirpation (R2 resection) due to pre-existing conditions
Frontiers in Oncology | www.frontiersin.org 5105
(Table 3, patient 29), three patients died from causes unrelated to
penile cancer (advanced lung cancer, renal cell carcinoma,
pulmonary emphysema), and three other patients died of
unknown causes.

Complications
Postoperative complications after DSNB occurred in 12 groins,
with a morbidity rate of 15.8% per inguinal region. Most
complications were mild or moderate and non-invasive or
invasive intervention was only required in six groins (7.9%).
No patient died from complications. The DSNB-related
complications graded according to Clavien–Dindo are shown
in Table 6.
DISCUSSION

In this retrospective study, we investigated the reliability and
morbidity of radioisotope-guided DSNB in a cohort of patients
with penile cancer who underwent long-term follow-up in a
tertiary referral hospital. This study represents the largest
German series of penile cancer patients treated with DSNB to
date. Notably, unlike other European countries, the treatment of
penile cancer in Germany is not centralized. The current analysis
revealed that DSNB was associated with a low complication rate
of 15.8%. In total, we encountered four true-positive and three
false-negative patients in our cohort of 41 patients; however, two
of the three false-negative patients underwent repetitive penile
tumor resections prior to DSNB.

The optimal management of regional LNs in cN0 patients
with penile cancer has been controversial for many years.
Clinical surveillance carries the risk of detecting metastases at a
later stage, thereby compromising the oncological outcome (7,
8), whereas radical inguinal lymphadenectomy is associated with
high morbidity and may result in overtreatment in 75%–80% of
patients (14, 15). To reduce the morbidity associated with
inguinal lymphadenectomy, the EAU guidelines recommend
invasive LN staging by modified inguinal lymphadenectomy or
DSNB in cN0 patients with ≥ T1G2 tumors (9).

In the present study, we reported a complication rate of 15.8%
for radioisotope-guided DSNB, which was considerably lower than
most of the published contemporary complication rates for radical
inguinal lymphadenectomy ranging between 49% and 58% (14, 15,
46). Only one study by Koifman et al. revealed a lower complication
rate of 10.3% (47). DSNB thus seems to be a suitable procedure for
decreasing the morbidity risk in patients with cN0 penile cancer.
TABLE 3 | Histopathological results of unilateral modified or radical inguinal lymphadenectomy in six patients.

Patient No. Tumor stage Type of lymphadenectomy Groin Reason Number of
dissected LNs

Number of
positive LNs

LN status

2 pT3G3 Radical inguinal Right Suspicious LNs 3 0 pN0
25 pT1G3 Radical inguinal (+ pelvic) Left LN metastasis 5 (+ 11) 2 (+ 3) pN+ inguinal (+ pelvic)
29 pT2G2 Modified inguinal Left Non-visualization 5 0 pN0
35 pT2G2 Radical inguinal (+ pelvic) Left Suspicious LNs 8 (+ 3) 2 (+ 0) pN+ inguinal
38 pT1G2 Modified + radical inguinal Left Non-visualization 0 + 12 0 + 0 pN0
41 pT1G3 Radical inguinal Right LN metastasis 8 1 pN+ inguinal
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Compared to the complication rate of 10–45% for modified inguinal
lymphadenectomy, our complication rate for DSNBwas similar (19,
21, 48). Previous studies showed high variability in complication
rates for DSNB. A two-center study of 323 patients from the
Netherlands and England found a morbidity rate of 4.7%, with
most of the complications being transient and managed
conservatively (49). Lam et al. found DSNB-related complications
in 20 of 264 patients (7.6%), including lymphocele, wound infection,
hematoma, penoscrotal lymphedema, and wound bleeding (35). In
contrast, Dimopoulos et al. reported a higher overall morbidity rate
of 21.4%, although, similar to the current study, most of the
complications were categorized as Clavien-Dindo grade I–II (36).
The apparently large variability in morbidity rates may be due to
underreporting or differences in the definitions of complications
(e.g., exclusion of complications without intervention). Although
DSNB may avoid overtreatment in patients with penile cancer, it
carries the risk of false-negative results, and a delayed detection of
LN metastases may have a negative effect on patient survival (7, 8).

Several studies have investigated the reliability of DSNB in
patients with penile cancer. The Netherlands Cancer Institute,
which introduced DSNB in penile cancer, reported an initial
false-negative rate of 19.2%–22% (30, 50). The initial DSNB
procedure consisted of preoperative lymphoscintigraphy,
sentinel node biopsy after peritumoral injection of blue dye,
and histopathological examination. Detailed analysis of the false-
negative cases led to several procedural modifications, including
the addition of preoperative ultrasonography with fine needle
aspiration cytology of suspicious LNs, followed by radical
inguinal lymphadenectomy if the results were positive. In
addition, scintigraphically non-visualized groins were surgically
explored, the wound was intraoperatively palpated, and
histopathological analysis was extended by serial sectioning
and immunohistochemistry. These modifications reduced the
false-negative rate to 4.8% per groin (30). A prospective study by
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TABLE 5 | Results of histopathological reexamination of SLNs from false-
negative patients.

Patient No. False-negative groin Metastasis

Left groin Right groin

17 Left + right No No
39 Left No No
40 Right Yes

(micrometastasis, 2 mm)
No
A
pril 2022 | Volume 12 | Ar
TABLE 6 | DSNB-related complications.

Complication No. of DSNB
procedures
(n = 76)

Clavien–Dindo
classification,

grade

Lymphocele/seroma (no intervention) 4 I
Hematoma (no intervention) 2 I
Wound infection requiring antibiotics 3 II
Lymphocele requiring drainage 1 IIIa
Wound infection requiring revision
operation

2 IIIb

Total (%) 12 (15.8%)
ticle 850905
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Lam et al. analyzed 500 groins that underwent DSNB and found
a false-negative rate of 5% per inguinal region (35). Two
European multicenter studies reported false-negative rates of
7% and 10.8% per groin, respectively (37, 49). However, in line
with our results, some other studies showed considerably higher
false-negative rates. Using the isolated gamma probe technique,
Gonzaga-Silva et al. found only one patient with LN metastases
in a cohort of 27 patients, but three patients with a negative
DSNB procedure developed regional recurrence during a mean
follow-up of 36 months, resulting in a false-negative rate of 75%
per patient. The authors concluded that the isolated gamma
probe technique was not reliable for detecting LN metastases in
patients with penile cancer (31). A study of 21 patients by Spiess
et al. found a false-negative rate of 28.6% per groin (33). A recent
review and meta-analysis of 27 articles on radioisotope-guided
DSNB in penile cancer reported pooled sensitivity and negative-
predictive values of 88% and 99%, respectively (51). The large
variability in false-negative rates may be explained by the small
patient cohorts, heterogeneity of DSNB protocols, and different
levels of experience with the technique.

There are several possible reasons for false-negative DSNB
results. One possibility is that histopathological analysis may fail
to detect micrometastases; however, pathological reevaluation of
the SLNs from the four false-negative groins in the current study
revealed normal lymphatic tissue. False-negative results may also
be due to tumor blockage, in which lymphatic drainage is
obstructed by tumor cells leading to rerouting of the
radioactive tracer to a “neo-SLN” (52). DSNB is thus not
recommended in patients with palpable LNs because of the
high risk of LN metastases and thus tumor blockage (9). False-
negative procedures may also be caused by alteration of the
lymphatic drainage as a result of the previous removal of the
primary tumor. In the present study, two of the three patients
with false-negative results had multiple primary tumor resections
prior to DSNB. Graafland et al. investigated the reliability of
postresection DSNB in a cohort of 40 patients and found no
regional recurrence after a median follow-up of 28 months (38).
In a study by Omorphos et al., one of 92 patients who underwent
secondary DSNB developed regional recurrence during a median
follow-up of 22 months, and the false-negative rate was 11.1%
per patient (39). The results of these studies indicate that DSNB
is reliable after previous removal of the primary tumor. In
contrast, however, Fuchs et al. and Lützen et al. only observed
regional recurrence after secondary but not after primary DSNB,
which argues against this hypothesis (40, 41). Similarly, it is
unclear whether DSNB is reliable in patients with local
recurrence or previous inguinal surgeries who may have an
altered lymphatic drainage, e.g. due to scarring. In the present
study, none of the patients with locally recurrent tumors or
previous groin surgeries developed regional recurrence.
However, further studies with larger patient cohorts and long-
term follow-up are needed to confirm or disprove the reliability
of DSNB after surgical treatment of the primary tumor, local
recurrence or previous inguinal surgeries.

In addition to the above reasons, several studies have
suggested that the false-negative rate of DSNB depends on the
Frontiers in Oncology | www.frontiersin.org 7107
protocol used. Dimopoulos et al. compared the results of 1- and
2-day protocols for DSNB in patients with penile cancer. The 1-
day protocol resulted in harvesting of significantly more LNs
than the 2-day protocol, with false-negative rates of 0% and 6.8%,
respectively, suggesting that the 1-day protocol may be more
reliable for the detection of LN metastases in patients with cN0
penile cancer (36). Moreover, preoperative ultrasonography and
intraoperative palpation of the wound are suggested to improve
the false-negative rate by identifying suspect LNs that are not
visualized due to tumor blockage (30). In contrast, fine needle
aspiration cytology is no longer recommended in cN0 patients
because of its low sensitivity of 39% (9, 53). Many groups
performed additional injection of blue dye to visualize the
SLNs; however, several studies using a combination of 99mTc
nanocolloid and blue dye found no SLNs that were stained with
blue dye but were not radioactive (32, 34, 54), suggesting that the
addition of blue dye may not reduce the false-negative rate
of DSNB. Our DSNB procedure included preoperative
ultrasonography, 99mTc nanocolloid injection on the day of
surgery, and palpation of the exposed wound, and this
protocol therefore cannot explain the high false-negative rate
in our study.

Recent efforts have been made to further refine the DSNB
technique in patients with penile cancer. The introduction of the
hybrid radioactive and fluorescent tracer indocyanine
green-99mTc nanocolloid significantly improved the optical
detection of SLNs compared with blue dye (55). Dell’Oglio
et al. recently confirmed the reliability of indocyanine
green-99mTc nanocolloid for DSNB in a large cohort of 400
patients and reported false-negative rates of 10% per patient and
8.9% per groin (56). Moreover, initial results indicated that
magnetometer-guided DSNB using superparamagnetic iron
oxide nanoparticles was a feasible, radiation-free technique for
the identification of SLNs in penile cancer (57, 58). Another
recent study investigated the use of intraoperative freehand
magnetic particle imaging together with a hybrid indocyanine
green–superparamagnetic iron oxide nanoparticle tracer for
intraoperative SLN detection (59). The feasibility of this
method was confirmed in ex vivo human skin transplants and
in a porcine model, but the results need to be verified in human
patients. Further refinements of the DSNB technique will
hopefully reduce the false-negative rate of the procedure in the
future. Apart from that, Choo et al. recently reported that adding
postoperative adjuvant concurrent radiotherapy and
chemotherapy may have a therapeutic benefit and may help to
further improve survival in patients with penile cancer and
regional LN metastases (60).

The present study had some limitations. One limitation was
the retrospective nature of the study with all its drawbacks, such
as a possible information bias due to incomplete data in
medical records. Moreover, our analysis relied on a single
center and included a relatively small number of patients
because of the low incidence of penile cancer and the non-
centralized treatment of penile cancer in Germany. These issues
should be taken into account when interpreting the results of
the present study. Only nine groins that underwent DSNB
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contained LN metastases (true-positive + false-negative
procedures), and a single false-negative event thus had a great
impact on the false-negative rate. Nonetheless, our study
represents the largest German series of the use of DSNB in
patients with penile cancer published to date. The study was
also limited by the follow-up time; although 86.1% of regional
recurrences occur within 2 years after primary treatment (61),
we cannot rule out the possibility that further false-negative
procedures would come to light in the future.

In conclusion, the results of this study suggest that
radioisotope-guided DSNB may reduce the morbidity of
inguinal lymphadenectomy in patients with cN0 penile
cancer. However, DSNB and primary tumor resection
should be performed simultaneously to avoid false-negative
results. Recent advances, such as new tracers and imaging
techniques, may help to further reduce the false-negative rate
of DSNB.
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Penile leiomyosarcoma isz an extremely uncommon entity that rarely occurs in the glans.
Due to the limited number of cases described in literature, guidelines regarding non-
surgical treatment, prognosis, and management remain equivocal. Among the
mesenchymal tumors of the penis, leiomyosarcoma has the highest propensity for
recurrence. It originates in the smooth muscle cells from two distinct locations:
superficial and deep. The deep subtype is the most aggressive and has the highest
potential for metastasis. Surgical treatment should be implemented early and must be
locally aggressive. Herein, we present a rare case of a 54-year-old patient with deep
localized leiomyosarcoma of the glans, albeit with superficial characteristics. A review of
the main histopathological, clinical, immunohistochemical, and therapeutic aspects of this
unusual entity is presented.

Keywords: leiomyosarcoma, penile tumors, immunohistochemistry, histopathological, glans
INTRODUCTION

In the penis, squamous cell carcinoma (SCC) is by far the most common neoplasm, accounting for 95%
of all neoplasms. Mesenchymal tumors are extremely rare, representing <5% of all types of malignant
tumors (1). According to the World Health Organization, leiomyosarcoma is the second most common
penile sarcoma after Kaposi’s sarcoma. The patients’ age at leiomyosarcoma diagnosis ranges from 6 (2)
to 80 (1) years, and the most prevalent age group is 42–63 years (mean age, 52 years). Pathologically,
leiomyosarcomas are classified into superficial and deep lesions (1, 2). The superficial type usually
appears in areas of integumentary support, and the deep type originates from the support structures of
the corpora cavernosa and corpus spongiosum (3). We herein report a rare case of leiomyosarcoma of
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the glans in a 54-year-old patient who underwent surgical resection
of the lesion. In addition, we review the histopathological,
immunohistochemical, clinical, and therapeutic aspects of this
unusual entity.
CASE REPORT

A 54-year-old male patient visited the urology department with a 6-
month history of a “nodule (similar to callus)” on the glans. The
lesion was exophytic and grew gradually and painlessly. The patient
had no history of bleeding or weight loss. A physical examination
identified a nodule at the tip of the penis, measuring 2.0 × 1.0 cm
(Figure 1). Inguinal lymphadenopathy was not detected. On
palpation, the nodule had a soft consistency. The lesion was
excised, and histopathological examination of the specimen under
a microscope revealed a morphology similar to that of malignant
spindle cell neoplasm, with high mitoses and atypical mitoses. The
surgical margin had neoplasm. However, neither angiolymphatic
nor perineural invasion were observed. The corpus spongiosum,
tunica albuginea, corpora cavernosa, and urethra were all free from
neoplasia. A focal area compatible with Penile intraepithelial
neoplasia (PeIN) was also observed, with epithelial layers showing
immunostaining for P16, P53, and Ki67 (Figure 2).

Immunohistochemical tests were positive and diffuse formuscle
antigens, specifically smooth muscle actin (SMA), calponin, and
HHF35. Tumor cells were negative for, CD34, CD31, v-ets
erythroblastosis virus E26 oncogene like isoform 2 (ERG), and
FLI1 (Figure 3). Polymerase chain reaction assay for human
papillomavirus (HPV) in two fresh samples of the invasive tumor
showed no viral infection. Eventually, a case of high-grade penile
leiomyosarcoma was diagnosed with a focus on PeIN.
Frontiers in Oncology | www.frontiersin.org 2112
At 5 months since presentation, the patient shows no signs of
recurrence. The patient has been advised a reoperation to enlarge
the compromised surgical margin. However, so far, the patient
refuses to resurgery.
FIGURE 1 | A 54-years-old patient with a pedunculated nodule at the tip of
glans that was show to be leiomyosarcoma on histopathological exam.
FIGURE 2 | Features of Penile intraepithelial neoplasia in the glans of a patient with leiomyosarcoma. Dysplastic epithelial cell in all squamous layers (A).
Immunohistochemistry staing for: Ki67 in suprabasal layers (B), p16 (C) and p53 (D).
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DISCUSSION

Primary mesenchymal tumors of the penis are among the least
common tumors of the male genitourinary tract (1, 4, 5). The
first case of penile leiomyosarcoma was described by Levi in 1930
(1). The total number of superficial leiomyosarcoma reported
cases was 30 in 2013 (6), and although current data regarding the
exact number of cases superficial and deep are disparate, there
are certainly fewer than 60 cases reported to date (7–9).

There are two types of leiomyosarcomas of the penis that are
classified into two clinically and pathologically distinct entities:
superficial and deep leiomyosarcomas (1). Superficial leiom
yosarcomas usually manifest as lesions in the distal and dorsal
regions of the penis. They typically occur in young patients, are
asymptomatic, and show slow tumor growth and low metastatic
potential but are locally aggressive. The origin of these superficial
neoplasms ispresumably thepiloerectormuscleof the skinor smooth
muscle elements of the subcutaneous cellular tissue (1, 5).

Deep leiomyosarcomas are most frequently found in the glans
and proximal region of the corpora cavernosa and corpus
spongiosum and occur in older adult patients. Unlike
superficial tumors, these deep lesions have a higher metastatic
potential, with a worse prognosis, increased aggressiveness, and a
tendency to infiltrate the urethra and produce symptoms, such as
urethrocutaneous fistula and urinary obstruction. These deep
lesions can result from the progression of initially superficial
lesions or from the smooth muscle cells of the corpora cavernosa
and corpus spongiosum (5).

Leiomyosarcoma is described as a mesenchymal tumor prone
to recurrence, which becomes increasingly histologically
undifferentiated after each recurrence (3, 10). Our patient
presented with a leiomyosarcoma that behaved like a superficial
leiomyosarcoma, but in a region of the penis more characteristic of
a deep leiomyosarcoma. This suggests that deep leiomyosarcomas
can result from the progression of an initially superficial lesion (5).
Additionally, the lesion was located in the glans. Of a total of 30
cases leimyosarcoma superficial reviewed, in only 3 cases, it
Frontiers in Oncology | www.frontiersin.org 3113
occurred exclusively in the glans (6). As in our case, the three
cases of glans tumors did not show recurrence or metastasis.
Despite being considered a deep lesion, leiomyosarcomas that
affect the glans seem to behave as superficial lesions.

Differential diagnoses of this neoplasm include sarcomatoid
SCC, neurogenic sarcoma, angiosarcoma, fibrosarcoma, and,
most importantly, Kaposi’s sarcoma. Immunohistochemistry is
essential for a definitive diagnosis. Leiomyosarcoma is
distinguished from sarcomatoid carcinoma by its negative
immunoreactivity to cytokeratin’s. Kaposi’s sarcoma has a
prominent lymphoplasmacytic infiltrate and is immunoreactive
for CD31, CD34, and HHV8. Fibrosarcomas are rare in the penis
and are smooth muscle actin-negative. In our case, the tumor cells
were positive for SMA (strong and diffuse), calponin (strong and
diffuse), and HHF35, which are muscle antigens, and negative for
pan-cytokeratin (AE1AE3), CK18 and EMA (all epithelial
markers), s100 (neural/melanocytic marker), and CD31, CD34,
ERG, and FLI1 (all endothelial/vascular markers).

Surprisingly, our patient also had a focal area of PeIN, with
immunoreactivity for p16, p53, and Ki67, but with no human
papillomavirus (HPV) infection. However, HPV research was
not performed around the in situ lesions. Due to the high
frequency of HPV and associated lesions in our region, the
PeIN is likely a fortuitous finding. However, the presence this
lesion makes it essential to completely exclude the possibility of
the sarcomatoid variant of the SCC through a wide panel of
epithelial markers, as performed in our patient. Interestingly, to
date, this is the only case of a penile leiomyosarcoma associated
with PeIN reported in the literature. Of all cases included in our
records from 2004 to date (>600), this is the first case of a non-
epithelial neoplasm (11, 12).

Local recurrence is frequent in penile leiomyosarcoma ranging
from 23% to 29% of cases depending on the deepness of the
primary lesion (3) and if there is no distant metastasis, surgery, if
possible, would be the preferential salvage approach. The
extension of the procedure (amputation vs partial penectomy)
depends on the location and extension of the lesion on the penis
FIGURE 3 | Histopathological and immunohistochemical aspects of leiomyosarcoma of the penis: spindle cell malignant neoplasm with a high number of mitoses
(white arrow) and atypical mitoses (black arrow) (A); the neoplasm was negative for epithelial markers: epithelial membrane antigen (B) and pan-cytokeratin (C); the
immunohistochemical expression was strong and diffuse for smooth muscle markers: alpha-smooth muscle actin (D) and calponin (E); the neoplasm is also negative
expression for: p16 (F), S100 (G) and CD34 (H).
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an invasion of adjacent tissues and structures. Radiotherapy would
be reserved to palliation in inoperable tumors, since
leiomyosarcomas are not listed at as the most sensitives
sarcomas to radiation therapy (13).

Because of the high risk of distant metastasis (50%) of deep
primary tumors (3), in these cases we could consider neoadjuvant
chemotherapy as an option in large and more aggressive recurrent
lesions in order to select in vivo good responders and avoid futile
aggressive surgery in patients who would inevitably progress to
distant metastatic disease. However, these are data extrapolated
from extremities high grade leiomyosarcomas, since there is no
available data from prospective studies of chemotherapy in penile
leiomyosarcomas dur to its rarity (14, 15).

In conclusion, penile leiomyosarcoma has rarely been
described in the literature. Hence, reporting this neoplasm will
improve recognition and management of this occurrence. This
leiomyosarcoma can behave mildly aggressive, with local growth,
and indolent, like a superficial leiomyosarcoma, or more
aggressive, with rapid progression, and potentially metastatic,
like a deep leiomyosarcomas. An accurate histopathological
diagnosis, from macroscopy to microscopy, complemented by
immunohistochemistry, is essential to avoid misdiagnosis and,
consequently, incorrect treatment, especially in regions with a
high incidence of penile cancer, such as in our case. Surgical
treatment must be locally aggressive to prevent recurrence.
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Penile cancer (PC) still presents a health threat for developing countries, in particular Brazil.
Despite this, little progress has been made on the study of markers, including molecular
ones, that can aid in the correct management of the patient, especially concerning
lymphadenectomy. As in other neoplasms, non-coding RNAs (ncRNAs) have been
investigated for penile cancer, with emphasis on microRNAs, piRNAs (PIWI-interacting
small RNAs), and long non-coding RNAs (LncRNAs). In this context, this review aims to
assemble the available knowledge on non-coding RNA linked in PC, contributing to our
understanding of the penile carcinogenesis process and addressing their clinical
relevance. ncRNAs are part of the novel generation of biomarkers, with high potential
for diagnosis and prognosis, orientating the type of treatment. Furthermore, its versatility
regarding the use of paraffin samples makes it possible to carry out retrospective studies.

Keywords: non coding RNAs (ncRNAs), penile cancer, biomarkers, piRNAs, miRNA
INTRODUCTION

Penile cancer (PC) is highly incident in developing regions such as Asia, Africa, and South America,
with Brazil having the highest incidence rate in the world, 6.15/100,000 inhabitants (1, 2). The
etiology of penile cancer is not fully understood, but some risk factors have been strongly associated
with this malignant neoplasm. Among them stand out the presence of phimosis, poor hygiene of the
organ, and infection by the Human Papilloma Virus (HPV) (1).

HPV prevalence in male genital cancer is highly variable, reflecting differences in sensitivity in
the methods used to detect the virus, and also associated with the histological subtype of the tumor,
being more frequent in condylomatous and basaloid tumors (3, 4). The global prevalence is 36-40%,
with a more significant contribution from subtypes HPV16 and HPV18 (3, 5).

Penectomy is still the “gold standard” for the treatment of primary tumors. It can be partial or
total, depending on the extension of the lesion (6, 7). In some patients, lymphadenectomy is
essential for surgical management, although it presents risks of complications and has high
morbidity. At some health services, this type of procedure has been performed prophylactically,
especially in developing regions, where many patients have difficulties maintaining medical care (8).
Furthermore, patients without palpable lymph nodes at diagnosis may present micrometastases.
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The rate of occurrence of micrometastases is 25%, and the
involvement of more than two inguinal lymph nodes is
associated with a greater risk of recurrence (9). Therefore, the
concern with lymph node involvement is justified by the
significant impact on prognosis (6, 9, 10). Thus, biological
markers that can predict or assist in diagnosing this
phenomenon are of great clinical importance. Some markers
based on ncRNAs have been investigated, especially those
associated with lymph node metastasis (11, 12), perineural
invasion (13), and HPV (14).

For several decades, ncRNAs were considered ‘evolutionary
junk.’ They can be classified according to their size, with those up
to 200 nucleotides in length being considered small non-coding
RNAs (sncRNA). Those with more than 200 nucleotides are long
non-coding RNAs (lncRNA). Among the sncRNAs, we highlight
microRNAs, piRNAs, and snoRNAs (Small nucleolar RNAs)
(15) (Figure 1). When interacting with DNA, RNA, or proteins,
ncRNAs have many essential functions, such as epigenetic
regulation, chromatin remodeling, protein modification, and
RNA degradation. Furthermore, they can function as
important regulators of gene expression and play crucial roles
in many physiological and pathological processes, so much that
the abnormal expression of these sncRNAs is involved in many
human diseases, including cancer (16).

ncRNAs are involved in the deregulation of several signaling
pathways, similar to miRNAs that have several target genes that
regulate the expression of epithelial mesenchymal transition
(EMT) transcription factors, and also direct genes involved in
the encoding of signaling mediators, adhesion junction and
polarity complex proteins (17). LncRNAs have also been
documented to be involved in the regulation of key factors
such as: oxidative stress and inflammation (18). In addition to
these, other ncRNAs have also been considered in crucial
processes in cancer, among which we have piRNAs that are
involved in apoptosis and proliferation (19), and snoRNAs,
Frontiers in Oncology | www.frontiersin.org 2117
involved in invasion and metastasis (20). These data point to
the importance of studying ncRNAs as potential biomarkers
in PC.

In this context, this review aims to interconnect the
information produced on non-coding RNAs addressed in PC,
relating them to their clinical importance, with perspectives of
use as markers that aid in management, in addition to helping to
understand the process of carcinogenesis.

MicroRNAs and Penile Cancer
MicroRNAs (miRNAs or miRs) are small non-coding RNAs (19-
23 nt) involved in regulating gene expression at the
transcriptional and post-transcriptional levels. These
biomolecules constitute one of the most abundant classes of
ncRNAs, being widely studied due to their high mRNA silencing
potential, regulating relevant processes of gene expression, such
as apoptosis, proliferation, and differentiation (21). Gene
regulation and expression occur through the complementarity
of microRNA and mRNA in the 3’UTR region, with the
consequent degradation or repression of target gene
transcripts (22).

The dysregulation in the expression of these biomolecules has
been related to different pathologies, including cancer (23, 24).
There is evidence that the differential expression allows not only
the identification of neoplastic tissue but also the different
subtypes of malignant lesions, being also helpful in
determining the stage and progression of cancer and prognosis
and response to treatment (25). Because of this, microRNAs have
been considered potential biomarkers for diagnosis, prognosis,
and therapy (22, 24, 25).

It is worth noting that there are two forms of therapeutic
approaches based on microRNAs. The first approach aims to
inhibit the activity of oncogenic miRNAs using miRNA
antagonists such as antagomiRs or mimic miRNAs (25).
AntagomiRs act by reducing the levels of intracellular
overexpression of miRNAs, through their specific binding to
mature target miRNA. Meanwhile, mimic miRNAs or mimics
are constructed with the aim of replacing the deleted tumor
suppressor miRNA (26). The action of antagomiRs and mimics
has already been assessed with promising results in malignant
neoplasms, such as leukemia (26) and prostate cancer (27). The
second specific microRNA therapeutic strategy can be performed
using synthetic oligonucleotides that act as microRNA sponges
(28) (Figure 2).

Furthermore, microRNAs have been used as biomarkers of
metastatic disease, which can be termed as metastamiRs. These
microRNAs do not influence the initial steps of tumorigenesis,
but regulate processes such as transition-mesenchymal
epithelium (TEM), apoptosis and angiogenesis (29).

There are few studies that address the role of microRNAs in
PC; mainly, they provide important information about HPV
infection and/or worse prognostic factors, which are described
in Table 1.

The first study showcasing the participation of microRNAs in
PC was described by Barzon et al. (30). They observed that miR-
218 was down-regulated in those samples from patients with
high-risk HPV (hrHPV) and with negative protein expression of
FIGURE 1 | The top of the flowchart (balloons) represents non-coding RNA
types based on transcript length (nt). Below the nt size divider (red line) are
the subclass with their respective functions.
May 2022 | Volume 12 | Article 812008

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Pinho et al. ncRNA in Penile Cancer
p53. In oral cancer with HR-HPV+, it has been reported that the
dysregulation of miR-218 is mediated by dysregulation
oncoprotein E6 (34).

Later, it was also observed that the reduced expression of
miR-146a is mediated by oncoprotein E6. The high expression of
EGFR (Epidermal Growth Factor Receptor) was associated with
Frontiers in Oncology | www.frontiersin.org 3118
the reduced expression (14). The target genes of this microRNA
are involved in migration, metastasis formation, and
proliferation, such as NOTCH1 (Notch Receptor 1), ROCK1
(Rho Associated Coiled-Coil Containing Protein Kinase 1), and
EGFR. The EGFR gene has been extensively studied for PC, and
its protein and gene dysregulation has been associated with
advanced stage, lower overall survival, and lymph node status.
It is, therefore, a vital target marker for therapy (35, 36).

Kuasne et al. (31) found relevant data, who identified some
microRNAs with decreased expression (let-7b-5p, miR-185-5p,
miR-29b-3p, miR-505-3p miR-146-5p), in a group of seven
patients, five of which hrHPV positive. These microRNAs
regulate genes; MMP2 (Metalanoprotease 2), MMP9
(Metalanoprotease 9), IGF1R (Insulin Like Growth Factor 1
Receptor), and PTEN (Phosphatase and Tensin homologue),
which regulate important mechanisms in the progression of
carcinogenesis.In addition to the microRNAs as mentioned
above, this same study highlighted three other microRNAs
(miR-31-5p, miR-224-5p, and miR-223-3p) that presented
high sensitivity and specificity to distinguish between tumoral
and non-neoplastic penile tissue. MicroRNA miR-31-5p
regulates the AR gene (Androgen Receptor), which is pointed
out as the driver gene in penile cancer (37).

Regarding the PTEN gene, it has been reported to be
inactivated in several types of cancers (38, 39), including penile
cancer (40, 41), either by deletions, mutations, methylation in the
promoter region and/or transcriptional post-regulation, through
the action of microRNAs (42–44).

As for the relationship between PTEN and microRNAs, it is
necessary to mention the data found by Yayu et al. (45), which
revealed the increased expression of miR-26a in blood and urine
samples from patients with penile cancer. This high expression
FIGURE 2 | The AntagomiR (in red) is an oligonucleotide sequence
complementary to the endogenous target miRNA, leading to functional
inhibition. MiRNA sponge (in gray) are RNA transcripts containing binding
sites that sequester specific miRNAs to prevent them from interacting with
their target sequence. The miRNA mimic (in blue) is an RNA fragment that
acts by mimicking an endogenous miRNA that can specifically bind to its
target gene.
TABLE 1 | Main microRNA linked to penile cancer.

MicroRNAs Function/
Expression

Clinical Significance Method References

miR-218 TsmiR/Down miR-218 was less expressed in hrHPV samples RT-qPCR (30)
miR-146a TsmiR/Down miR-146a had a decreased expression in hrHPV samples. Its low expression was mediated by

oncoprotein E6.
RT-qPCR (14)

miR-223-3p oncomiR/Up Specificity and sensibility to distinct between tumor and non-tumor samples Microarray/qRT-PCR (31)
NGS/qRT-PCR (32)

Associated lymph node metastasis. qRT-PCR (12)
miR-224-5p TsmiR/Down Specificity and sensibility to distinct between tumor and non-tumor samples Microarray/qRT-PCR (31)
miR-31-5p OncomiR/Up The AR gene is targeted by miR-31-5p. This gene has already been observed as a driver gene

in penile cancer.
miR-145-5p TsmiR/Down miR-145-5p targets gene MMP1, which showed increased expression levels in samples from

patients with lymph node metastasis
Microarray/qRT-PCR (31)

Reduced expression was associated with perineural invasion qRT-PCR (13)
miR-1 TsmiR/Down The reduced expression of these three microRNAs can predict metastasis. TaqMan Array (11)
miR-101
miR-204
miR-107 OncomiR/Up High expression when comparing tumor and non-tumor samples. NGS/qRT-PCR (32)

Associated with worsening of prognosis: histological grade II and III, tumors bigger than 2.0 cm,
stage III and IV, and lower disease-free survival

qRT-PCR (12)

miR-21-5p OncomiR/Up Was correlated to the absence of PTEN protein expression qRT-PCR (12)
miR-137 TsmiR/Down Reduced expression in patients with lymph node metastasis. Microarray qRT-PCR (33)
miR-328-3p
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was associated with low expression of PTEN tumors from HPV-
positive patients. The authors suggest that miR-26a can regulate
the progression of HPV-positive penile tumors through
PTEN modulation.

IGF1R, regulated by the microRNA let-7b-5, is a
transmembrane receptor tyrosine kinase that is overexpressed
in several malignant neoplasms, including urologic cancers (46).
This receptor plays a critical role in cell proliferation,
differentiation, and malignant transformation. Protein
overexpression of IGF1R has been associated with lower
disease-free survival in penile cancer (47).

In PC, the high expression of metalloproteases (MMP2 and
MMP9), regulated by miR-29b-3p, correlated with a higher
incidence of distant metastasis and lower survival (48).

Only three studies addressed the relationship between alteration
in microRNAs expression and lymph node metastasis in PC, as
summarized inTable 1. Hartz et al. (11) observed thatmiR-1,miR-
101, and miR-204 were under-expressed in penile metastatic
tumors. Low expression of miR-1 has been reported for colorectal
(49) and cervical (50) cancers. MiR-101 is related to clinical
outcomes of worse prognosis in several types of tumors, such as
cervical cancer (51) and pancreatic cancer (52), regulating genes
such as: mTor (mammalian target of rapamycin), ROCK1, ACKR3
(atypical chemokine receptor 3), MCL1 (MCL1Apoptosis
Regulator, BCL2 Family Member) and RAC1 (Rac Family Small
GTPase 1), which participate in important pathways in the
mechanism of carcinogenesis (53).

In a study carried out by our group, it was possible to identify
that the high expression of miR-223-3p is associated with lymph
node metastasis. Furthermore, the increased expression of miR-
107 and the absence of protein expression of PTEN were observed
in patients at more advanced stages of the disease (12). In this
same study, we observed that the expression or miR-21 was higher
in tumoral samples when compared to non-tumoral ones.
According to Gao et al. (54), miR-223-3p can also regulate
several pathways in the promotion of tumor metastases, local
invasion, transport, extravasation, colonization, and epithelial-
mesenchymal transition.

In another study, our group also observed that miR-145-5p is
a potential biomarker for perineural invasion (13), an indicator
of worse survival in patients with penile cancer (55). MiR-145-5p
also has therapeutic potential since the use of mimics of this
microRNA in cervical cancer can inhibit cell proliferation (56)
and metastasis in ovarian cancer (57).

MiR-21 indirectly modulates PDL-1 expression (58) and
miR-145 is able to downregulate the expression of this same
marker through its direct binding to 3’UTR (59) PD-L1, which is
the main immune checkpoint receptor expressed on cells of the
immune system and plays a significant role in cell adhesion,
proliferation and cytokine signaling (60). The use of immune
checkpoint inhibitors has shown considerable interest as a
chemotherapeutic agent in penile cancer and results of clinical
trials have provided valuable information for the treatment of
aggressive disease (61–63). The use of these two microRNAs can
aid in the study and development of these chemotherapeutics,
with potential utility in penile cancer, because as we modulate the
Frontiers in Oncology | www.frontiersin.org 4119
expression of a microRNA through a single therapeutic
approach, the expression of all its target genes returns to baseline.

Recently, Ayoubian et al. (33) identified a low expression of
miR-137 and miR-328-3p in usual metastatic penile cancer
tumors. Overexpression of miR-137 acts to inhibit tumor
growth, in addition to having been assessed as holding
therapeutic potential in lung cancer (64). Overexpression of
miR-328-3p inhibits cell proliferation, migration, invasion, and
transition epithelial-mesenchymal (EMT), acting by inactivating
the PI3K/Akt signaling pathway colon-rectal cancer (65).

piRNAs and Penile Cancer
piRNAs are a type of ncRNA, with a size between 26-31nt. They
are so named because they interact with members of the
Argonaut family, namely the PIWI (P-element-induced wimpy
tests) proteins. With PIWI proteins, piRNAs form a gene
silencing complex (66). These silencing complexes act by
suppressing transposable elements (TE), which are responsible
for maintaining the integrity of the genome, in addition to
transcriptionally regulating gene expression, inducing
chromatin remodeling and repressing mRNAs that harbor
transposon sequences in the 3’UTR or regions 5’UTR (67).

In recent years, some studies have shown, mainly in gastric
cancer, that abnormal expression of piRNAs is associated with
cancer initiation, progression, and metastasis (67–70). In this
context, piRNAs can become a diagnostic tool, therapeutic
targets, besides being prognostic cancer biomarkers (67). Using
next-generation sequencing, the only work with piRNAs for PC
highlighted the ten most abundant piRNAs with a difference in
expression when comparing tumor tissue with normal tissue
(32). Among the piRNAs highlighted in this work, piR-49145 has
already been observed with altered expression in gastric cancer
samples compared to adjacent tissue (69).

Long Non-Coding RNA in Penile Cancer
LncRNAs are transcribed from non-protein-coding mRNAs
greater than 200nt. According to their position relative to the
protein-coding genes, the lncRNAs can be divided into; a) sense;
b) antisense: transcripts located on the opposite strand of
protein-coding genes; c) bidirectional; d) intronic: transcripts
that are located within introns of protein-coding genes; e)
intergenic: lncRNAs that are located in the region between two
protein-coding genes (71).

LncRNAs can regulate gene expression through multiple
mechanisms, including epigenetic, transcriptional, and post-
transcriptional levels. Furthermore, these biomolecules
participate in regulating various cellular activities, such as cell
differentiation, proliferation, invasion, apoptosis, and autophagy
through interaction with RNA, DNA, or proteins (71).

Several studies have shown that LncRNAs are deregulated in
pathologies such as cancer, acting as oncogenes or tumor
suppressors. Furthermore, these molecules have been identified
as clinically useful diagnostic or prognostic biomarkers or
therapeutic targets for cancer (71, 72).

In penile cancer, only a single work refers to alterations in
LncRNA. Macedo et al. (73) observed amplification in
May 2022 | Volume 12 | Article 812008

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Pinho et al. ncRNA in Penile Cancer
LINC00226 and LINC00221. LINC00221 when positively
regulated can serve as a potential diagnostic and prognostic
biomarker in hepatocellular cancer (74), and its dysregulation
has already been associated with a worse prognosis in cisplatin-
resistant non-small cell lung cancer (75), evidencing the
relevance of this biomolecule for the carcinogenesis process.

Perspectives
ncRNAs comprehend the novel generation of biomarkers, with
potential use in diagnosis and prognosis, and possibly even aiding in
the choice of treatments, especially those with high sensitivity and
specificity in distinguishing different tumor stages. The microRNAs
discussed in this article are already known to participate in the
carcinogenic process. In the literature, some of these have been
investigated in clinical routine, using non-invasive samples (blood
and urine), such as miR-145-5p and miR-26a, possible targets to be
explored in PC. Embora ainda não haja informações sobre o papel
destes ncRNAs

In addition, ncRNAs, especially microRNAs, demonstrate to be
resistant to the process of formalin-fixed paraffin inclusion, enabling
their study in cases where fresh material was not collected and in
studies with a retrospective sampling (76). Finally, it is important to
Frontiers in Oncology | www.frontiersin.org 5120
consider the importance of researching other ncRNAs such as;
snoRNAs, circRNAs (circular RNAs), siRNAs (small interfering
RNAs), which have already been observed altered in gastric cancer
(44, 69), cervical cancer (51, 56), hepatocellular carcinoma (74) and
vulvar cancer (72) in order to understand the role of these
biomolecules in penile carcinogenesis.
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Purpose: The aim of this study is to investigate the trends in incidence and mortality, and
explore any change in survival of penile cancer in the United States.

Methods: We obtained data from the Surveillance, Epidemiology, and End Results
(SEER) database (2000–2018) utilizing the SEER Stat software. The joinpoint regression
was used to analyze the secular trend of incidence and incidence-based mortality (IBM)
stratified by age, race, and summary stage. The 5-year relative survival rate was also
calculated.

Result: The age-adjusted rates of penile cancer patients were 0.38 (0.37–0.39) and 0.21
(0.2–0.21) for overall incidence and IBM, respectively. The 5-year relative survival rates
were 67.7%, 66.99%, and 65.67% for the calendar periods of 2000–2004, 2005–2009,
and 2010–2014, respectively. No significant changes in incidence by era were observed
from 2000 to 2018 [annual percentage change (APC) = 0.5%, p = 0.064]. The IBM rate of
penile cancer showed an initial significant increase from 2000 to 2002 (APC = 78.6%,
95% CI, −1.7–224.6) followed by a deceleration rate of 4.6% (95% CI, 3.9–5.3) during
2002 to 2018. No significant improvement in 5-year relative survival was observed. The
trends by age, race, and summary stage in incidence and IBM were significantly different.

Conclusion: This study, using population-level data from the SEER database, showed an
increasing trend in IBM and no significant improvement in the 5-year relative survival rate.
Meanwhile, the incidence of penile cancer exhibited a relatively stable trend during the
study period. These results might be due to the lack of significant progress in the
treatment and management of penile cancer patients in the United States in recent
decades. More efforts, like increasing awareness among the general population and
doctors, and centralized management, might be needed in the future to improve the
survival of this rare disease.
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INTRODUCTION

Penile cancer is a relatively rare neoplasm in Western countries,
presenting an incidence rate of less than 1 per 100,000 men (1).
However, a prominent geographic variation in incidence can be
observed, and it may be due to different socioeconomic status,
hygiene, religious, and cultural conditions (2, 3). For example,
incidence rates in some developing countries like India (up to 2.3
per 100,000) and Eastern and Southern Africa (up to 2.7 per
100,000) were significantly higher than 1 per 100,000 men (1, 4).
Brazil is one of the countries with the highest penile cancer
incidence rates, which reached up to 3.3 per 100,000 based on
record. A relatively higher mortality and a gradually increasing
trend with an annual percent change (APC) of 1.4% are also
reported in these countries during 1996 to 2010 (1, 5). Relative
survival rates also showed a geographic variation between
countries. For instance, the relative 5-year survival rate in
Norway is 80%, while this value is only 62% in Finland from
1999 to 2003 (6). Risk factors confirmed to be associated with
penile cancer include human papillomavirus (HPV) infection,
smoking, circumcision status, and lower socioeconomic status
(7–9). Although the exact pathogenesis is still unclear, some
studies suggested that inflammation may play an essential role in
tumor development or progression because tumors may likely
arise from sites of penile infection and chronic irritation (10, 11).

Significant differences in incidence and mortality rate trends
of penile cancer existed among different countries. For example,
the trend in the incidence of penile cancer has been presented as
increasing in Denmark during 1978–2008. However, in the
United States, the trend of penile cancer incidence showed a
significant decrease with a rate of 0.84, 0.69, and 0.58 per 100,000
for 1973 −1982, 1982−1992, and 1993−2002, respectively (12).

The trend of incidence rate and mortality rate of a disease can
reflect the prevention, treatment, and management level of the
disease, thereby deepening the understanding of disease and
making recommendations for disease guidelines. As a developed
country, America’s advanced medical technology and disease
management strategy are often explored and used for reference
by other countries. To our knowledge, there has been a lack of
studies describing the trend of incidence, mortality, and survival
of penile cancer in the United States over the past 10 years. In
addition, a comparative study to explore the association between
incidence, mortality, and survival rate has not been performed.
This analysis, based on the Surveillance, Epidemiology, and End
Results (SEER) database (2000–2018), aims to explore the up-to-
date epidemiology of penile cancer in the United States. The
trends in incidence, mortality, and survival of penile cancer by
age, race, and summary stage are investigated according to the
up-to-date information of epidemiology.
MATERIALS AND METHODS

Data Sources and Study Population
We obtained penile cancer patients from the SEER Program of
the National Cancer Institute (ID: 20420-Nov2020). Patients
Frontiers in Oncology | www.frontiersin.org 2124
diagnosed with penile cancer as their first malignancy
according to the list of Site Recode the International
Classification of Diseases for Oncology, Third Edition (ICD-O-3)
and cases who were coded with penis were enrolled in our study.

Incident cases were obtained from the database of incidence–
SEER 18 registries of the US National Cancer Institute from 2000
to 2018, which collected data on cancer incidence and mortality
involving approximately 26.4% of the U.S. population.

Incidence-based mortality (IBM) cases were obtained from
the database of IBM–SEER 18 registries of the US National
Cancer Institute from 2000 to 2018.

Survival cases were obtained from the database of incidence–
SEER 18 registries of the U.S. National Cancer Institute from
2000 to 2014. We failed to acquire more data considering the 5-
year relative survival rate was not recorded after 2014 in the
SEER database. The study period was averagely divided into
three time periods (2000–2004, 2005–2009, and 2010–2014) to
observe prominent survival rate disparities.

Outcomes and Descriptions
Three primary outcomes were calculated in this study: incidence,
IBM, and 5-year relative survival rate. Incidence and IBM rates
were adjusted to the 2000 U.S. standard population and
calculated by 100,000 person-years. We calculated IBM rates as
the number of all-cause death cases diagnosed with penile cancer
among cases diagnosed over person-time at risk among people in
areas of the SEER. In the registries of population-based SEER
cancer, the incidence of individuals was linked to their mortality
outcomes. It could calculate mortality rates by variables like the
stage at diagnosis. This special mortality measure was defined as
IBM (13, 14). Relative survival estimates were defined as the ratio
of the observed survival of penile cancer patients and the
expected survival of the underlying general population (15).

Then, we analyzed the annual percentage change (APC) of
incidence and IBM rates stratified by age (15–44, 45–54, 55–64,
65–74, and 75+), race [White, Black, American/Indian/Alaska/
Native (AIAN), and Asian/Pacific Islander (API)], and summary
stage (localized, regional, and distant). Localized stage referred to
an invasive neoplasm confined entirely to the penis (mainly
including T1-4N0M0) and tumor staged as regional was defined as
extending to surrounding organs, tissues, or regional lymph
nodes (mainly including T4N0M0 or T1-4N1-3M0). Distant
disease referred to the tumor that had spread to remote sites of
the body (mainly including M1).

Statistical Analysis
SEER_Stat version 8.3.2 was used to calculate incidence,
mortality rates, and 5-year relative survival rate of penile
cancer. Then, joinpoint regression was performed to identify
the best-fitting log-linear regression model, which appropriately
demonstrated the incidence and mortality rate trend by era. The
National Cancer Institute’s Joinpoint Regression Program,
Version 4.6.0.0, was utilized to calculate the APC and 95%
confidence intervals (95% CIs) (16). The Joinpoint Regression
software utilized t-tests to confirm whether statistical differences
existed between APC and zero, and p < 0.05 was considered
statistically significant. All statistical results were two-sided.
June 2022 | Volume 12 | Article 891623
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Notably, we excluded the data not recorded from the joinpoint
regression because no cases were reported at a certain year.
RESULTS

Patient Characteristics
Finally, 6,397 patients diagnosed with penile cancer, who were
from 18 SEER registries from 2000 to 2018, were enrolled in our
study. Table 1 demonstrates the characteristics of patients for
incidence and IBM analysis. For all cases, the most common age
group was 75+ years [2,132 (33.33%)], and White cases accounted
for the most significant proportion in the study population [5,017
(83.55%)]. Compared to patients with other stages, patients with
localized stage were more commonly seen [3,032 (47.4%)]. Of the
eligible patients, 3,348 patients with penile cancer died during the
study period. Of all the deaths, 1,399 (45.85%) patients were
observed to be aged 75+ years, and 2,572 (84.3%) cases wereWhite
patients. A total of 1,495 (49%) patients who were recorded as
dead were diagnosed with localized stage.

Overall Incidence and Mortality Rates and
Trends Over Time
Of all study populations, the age-adjusted rates of penile cancer
patients were 0.38 (0.37–0.39) and 0.21 (0.2–0.21) for incidence
and IBM rate, respectively (Table 1). The incidence of penile
cancer had no significant change from 2000 to 2018 (APC =
0.5%, 95% CI = −1.1–2.0; p = 0.064) (Figure 1A and Table 2).
The IBM rate of penile cancer showed an initial significant
increase from 2000 to 2002 (APC = 78.6%, 95% CI, −1.7–
Frontiers in Oncology | www.frontiersin.org 3125
224.6) followed by a deceleration rate of 4.6% (95% CI, 3.9–
5.3) during 2002 to 2018 (Figure 1B and Table 2).

Incidence and Mortality Rates and Trends
by Age, Race, and Summary Stage
The penile cancer incidence rates were highest among cases aged
over 75 years (2.31, 95% CI, 2.22–2.42), White patients (0.402,
95% CI, 0.391–0.413), and patients diagnosed with localized
stage (0.18, 95% CI, 0.18–0.19) (Table 1). Similarly, the IBM
rates of penile cancer were highest among patients aged 75+
years (0.094, 95% CI, 0.089–0.099), AIAN patients (0.259, 95%
CI, 0.172–0.37), and patients with localized stage (0.098, 95% CI,
0.093–0.104) (Table 1).

The incidence rates among penile cancer patients in the age
group of 45–54 and 75+ years exhibited a slight increase with an
APC of 1.9% (95% CI, 0.1–3.7, p = 0.043) and 1.2% (95% CI, 0.5–
1.9, p = 0.002), respectively, for the period of 2000–2018
(Figures 2B, E and Table 2). We did not obtain statistically
significant trends in incidence rates in other age groups. For IBM
rate analysis by age, patients diagnosed at ages 45–54, 55–64, and
75+ years exhibited an increasing trend at the rate of 7.1% (95%
CI, 3.4–10.8, p = 0.001), 1.8% (95% CI, 0.6–3.2, p = 0.008), and
4.8% (95% CI, 2.6–7.0, p = 0.001), respectively, in 2000 to 2017
(Figures 2G, H, J and Table 2). In addition, for those aged 65–74
years, the trend of IBM presented a rapid initial increase (APC =
99.1%, 95% CI, −0.2–297.1) and then showed a deceleration for
2002–2017 (APC = 4.3%, 95% CI, 2.8–5.8, p < 0.001). (Figure 2I
and Table 2).

A slightly increased incidence trend was observed from 2000 to
2017 with an APC of 0.7% (95% CI, 0.01–1.5, p = 0.044) among
TABLE 1 | Penile cancer incidence (2000–2018) and incidence-based mortality (2000–2018): the SEER-18 registry database.

Characteristic Incidence Incidence-based mortality Rate (95% CI)
Cases No. (%) Rate (95% CI) Deaths No. (%)

All patients (2000–2018) 6,397 (100) 0.38 (0.37–0.39) 3,348 (100) 0.21 (0.2–0.21)
Age, years
Overall (2000–2018) 6,397 (100) 3,051 (100)
15–44 478 (7.47) 0.08 (0.07–0.08) 122 (4) 0.009 (0.007–0.01)
45–54 779 (12.18) 0.34 (0.32–0.37) 245 (8.03) 0.014 (0.013–0.016)
55–64 1,358 (21.23) 0.77 (0.73–0.81) 514 (16.85) 0.029 (0.027–0.032)
65–74 1,650 (25.79) 1.51 (1.44–1.59) 771 (25.27) 0.054 (0.05–0.058)
75+ 2,132 (33.33) 2.31 (2.22–2.42) 1,399 (45.85) 0.094 (0.089–0.099)
Race1

Overall (2000–2017) 6,005 (100) 3,051 (100)
White 5,017 (83.55) 0.402 (0.391–0.413) 2,572 (84.3) 0.205 (0.198–0.214)
Black 597 (9.94) 0.401 (0.368–0.435) 328 (10.75) 0.241 (0.215–0.269)
AIAN 56 (0.92) 0.4 (0.296–0.525) 31 (1.02) 0.259 (0.172–0.37)
API 272 (4.53) 0.198 (0.175–0.223) 117 (3.83) 0.093 (0.077–0.112)
Summary stage2

Overall (2000–2018) 6,397 (100) 3,051 (100)
Localized 3,032 (47.4) 0.18 (0.18–0.19) 1,495 (49) 0.098 (0.093–0.104)
Regional 1,564 (24.45) 0.09 (0.09–0.1) 964 (31.6) 0.063 (0.063–0.067)
Distant 296 (4.63) 0.02 (0.02–0.02) 259 (8.49) 0.017 (0.015–0.019)
June 2022 | Volume
1: The limited number of patients whose race was unknown was excluded from further evaluation in the incidence and incidence-based mortality (IBM) (n = 63 and n = 3, respectively)
analyses. Therefore, the percentages of patients of different races in the incidence and IBM analyses do not add up to 100%.
2: The limited number of patients whose summary was unknown was excluded from further evaluation in the incidence and incidence-based mortality (IBM) (n = 1505 and n = 332,
respectively) analyses. Therefore, the percentages of patients of different races in the incidence and IBM analyses do not add up to 100%.
CI, confidence interval; SEER, Surveillance, Epidemiology, and End Results database. AIAN, American/Indian/Alaska/Native; API, Asian/Pacific Islander; NA, not applicable.
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White penile cancer patients (Figure 3A and Table 2). No
noticeable change in incidence was observed in other races. Of
Black and API patients, the trend of IBM rates demonstrated a
slowly rising trend with an APC of 4.6% (95% CI, 3.6–5.5, p <
0.001) and 4.9% (95% CI, 0.6–9.4, p = 0.029), respectively
(Figures 3F, H and Table 2). The IBM rate in White patients
increased sharply at the initial time of 2000 to 2002 (APC = 96.2%,
95% CI 24.0–210.4, p = 0.007), and the increasing trend had
slowed down in 2002 (APC = 4.6%, 95% CI 3.6–5.5, p < 0.001).
(Figure 3E and Table 2).

No significant changes were observed in the incidence trend by
summary stage from 2000 to 2015. We failed to obtain a best-fitting
line and APC for patients with distant stage due to the relatively low
incidence and the lack of regular variation (Figure 4F). Of patients
diagnosed with localized stage, the trend of IBM rates showed an
Frontiers in Oncology | www.frontiersin.org 4126
initial prominent increase during 2000 to 2005 (APC = 29.6%, 95%
CI = 11.2–51.1, p = 0.003), followed by a deceleration thereafter
(APC = 2.7%, 95% CI, 0.6–4.9, p = 0.015) (Figure 4A and Table 2).
For patients with regional stage, a continuous increasing IBM rate
was observed from 2002 to 2015 (APC = 4.7%, 95% CI, 3.0–6.5; p <
0.001), but a steep decline in the trend of IBM rates was exhibited
after 2015 (APC = −32.5%, 95% CI, −49.9–−9.2, p = 0.014)
(Figure 4B and Table 2).

Trend of the 5-Year Relative Survival Rate
of Penile Cancer
The overall 5-year relative survival rates showed a slight decrease
with a rate of 67.7% (SE = 1.76%), 66.99% (SE = 1.7%), and 65.67%
(SE = 1.66%) for the time periods 2000–2004, 2005–2009, and
2010–2014, respectively (Table 3). However, this change was not
A

B

FIGURE 1 | The overall trends in incidence (A) and incidence-based mortality (B) of penile cancer.
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statistically significant (p = 0.12). The descending trend in relative
survival rates was observed in White and Black patients, and it was
relatively prominent in Black patients (change −8.08%, p < 0.001)
(Table 3). For patients diagnosed with localized stage, the 5-year
relative survival rates exhibited an increasing trend with a rate of
76.6% (SE = 2.2%), 79.57% (SE = 2.11%), and 81.55% (SE = 2.1%)
for time periods 2000–2004, 2005–2009, and 2010–2014,
respectively (change 4.95%, p < 0.001) (Table 3). For API, the 5-
year relative survival rates increased from 72.62% in 2000–2004 to
91.52% in 2005–2009, and then dropped to 65.72% in 2010–2014.
Similar trends were observed in patients diagnosed with regional
Frontiers in Oncology | www.frontiersin.org 5127
stage and diagnosed at 15–44, 45–54, and 75+ years. However, none
of these trends was regular and easily to explain.
DISCUSSION

This study comprehensively explored the trend of incidence, IBM,
and 5-year relative survival rate of penile cancer in the United States
during 2000–2018, and further examined the trend by stratifying
age, race, and tumor stage. There were no significant changes in the
trend of incidence of penile cancer from 2000 to 2018. However, we
TABLE 2 | Trends in the incidence rates and incidence-based mortality of penile cancer (2000–2018): the SEER-18 registry database.

Characteristic Incidence Incidence-based mortality

Year APC (95% CI) p-value Year APC (95% CI) p-value

All patients 2000–2018 0.5 (–1.1–2.0) 0.064 2000–2002 78.6 (−1.7–224.6) 0.052
2002–2018 4.6 (3.9–5.3) <0.001※

Age, years
15–44 2000–2018 −0.5 (−2.0–1.1) 0.506 2000–2017 1.5 (−0.01–3.1) 0.054
45–54 2000–2018 1.9 (0.1–3.7) 0.043※ 2000–2017 7.1 (3.4–10.8) 0.001※

55–64 2000–2018 0.9 (−1.7–3.5) 0.491 2000–2017 1.8 (0.6–3.2) 0.008※

65–74 2000–2018 −0.2 (−1.1–0.8) 0.741 2000–2002 99.1 (−0.2–297.1) 0.050
2002–2017 4.3 (2.8–5.8) <0.001※

75+ 2000–2018 1.2 (0.5–1.9) 0.002※ 2000–2017 4.8 (2.6–7.0) <0.001※

Race
White 2000–2017 0.7 (0.01–1.5) 0.044※ 2000–2002 96.2 (24.0–210.4) 0.007※

2002–2017 4.6 (3.6–5.5) <0.001※

Black 2000–2017 0.4 (−0.8–1.6) 0.472 2000–2017 3.6 (0.6–6.6) 0.021※

AIAN 2000–2017 2.7 (−2.5–8.1) 0.289 2000–2017 1.7 (−0.5–4.0) 0.118
API 2000–2017 −0.7 (−3.1–1.7) 0.546 2000–2017 4.9 (0.6–9.4) 0.029※

Summary stage
Localized 2000–2015 0.5 (−0.5–1.5) 0.313 2000–2005 29.6 (11.2–51.1) 0.003※

2005–2017 2.7 (0.6–4.9) 0.015※

Regional 2000–2015 0.5 (−0.9–1.9) 0.459 2000–2002 94.8 (−1.0–283.5) 0.053
2002–2015 4.7 (3.0–6.5) <0.001※

2015–2017 −32.5 (−49.9–−9.2) 0.014※

Distant NA NA NA 2000–2017 1.8 (−1.0–4.6) 0.203
June 2022 | Volume 12 | Article
AIAN, American/Indian/Alaska/Native; API, Asian/Pacific Islander; NA, not applicable.
※: Statistical significance.
A B D E

F G IH J

C

FIGURE 2 | Trends in the annual incidence (A–E) and incidence-based mortality (F–J) of penile cancer in patients stratified by age at diagnosis.
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found that the IBM rate of penile cancer significantly increased and
that there was no significant improvement in the 5-year relative
survival rate over the study period.

The incidence rate of penile cancer, at 0.38 per 100,000 over
2000 to 2018, was relatively lower than the result from a previous
study based on the SEER database (12). They found an incidence
rate of 0.84, 0.69, and 0.58 per 100,000 for the calendar periods
1973−1982, 1982−1992, and 1993−2002, respectively, and the
data were collected from 9 SEER registries, which cover
approximately 9.4% of the U.S. population. Compared to the
previous incidence, the incidence in this study had still
decreased. However, considering the geographical variation, we
Frontiers in Oncology | www.frontiersin.org 6128
should seriously explain this discrepancy considering that our
data came from 18 registries.

There is a relatively big difference between the trend in the
incidence rate of different countries. For instance, the trend in the
incidence of penile cancer was increasing for Denmark over 1978–
2008 and England over 1979–2009 (17, 18), whereas this tendency
was inverse in Finland during 1971–1995 and the United States
during 1973–2002 (19, 20). In this study, we found a stable trend in
the incidence of penile cancer in the United States during 2000–
2018, although we obtained a slight upward best-fitting line (p >
0.05, Figure 1A). Although we observed a slight increase in
incidence rate for patients aged 45–54 and 75+ years and White
A B D

E F G H

C

FIGURE 3 | Trends in the annual incidence (A–D) and incidence-based mortality (E–H) of penile cancer in patients stratified by race.
A B

D E F

C

FIGURE 4 | Trends in the annual incidence (D–F) and incidence-based mortality (A–C) of penile cancer in patients stratified by summary stage.
June 2022 | Volume 12 | Article 891623
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patients, the extent of this change was quite small. Previous studies
usually explain the decreasing incidence rate with improved
sanitation, declining smoking rate, and newborn male
circumcision (21–23). For example, several data-based studies
suggested that the rate of male circumcision ranged from 42% to
80% in the United States, and the procedure is commonly
performed during the newborn period (24). The available
evidence proved that male circumcision had special benefits in
preventing urinary tract infection, HIV infection, the transmission
of some sexually transmitted infections, and penile cancer (25). A
relatively higher rate of male circumcision was considered a
protective factor for penile cancer, and it might be a crucial
reason for the stable incidence in the United States. Another
notable reason was chronic inflammation, which was considered
as a significant pathogenic pathway of penile cancer (25–28). A
relatively perfect healthcare system and universal sex education
might account for the lower rate of chronic inflammation than
those in developing countries. These results showed that the
prevention of penile cancer in the United States had a
good performance.

There were relatively few studies focusing on the trend of
penile cancer mortality. A retrospective study, whose data were
from the Netherlands during 1989–2006, suggested a slight
decrease in mortality (11, 29). Similarly, a decrease in mortality
was also observed in England for 1979–2009 (30). Nevertheless,
we found a prominent increase in the IBM rate in the United
States for the period of 2000–2018. Interestingly, a rapid increase
of IBM was observed at the initial period of 2000–2002 (APC =
78.6%), but it failed to obtain a statistically significant p-value
due to the relatively short study period. Similarly, of patients
aged 65–74 years, White cases, and patients with regional stage,
we also observed a sharp increase in IBM in the initial period of
2000–2002 (Figures 2I, 3A, 4B). In addition, we also did not
observe any improvement in the 5-year relative survival rate of
Frontiers in Oncology | www.frontiersin.org 7129
penile cancer in the United States. The phenomenon of no
significant improvement in the 5-year survival rate and
increased mortality of penile cancer might be due to the lack
of significant progress in the treatment and management of
penile cancer (31).

A likely explanation for these results was difficult to make. A
recent study suggested that penile sparing surgery had been
increasingly adopted, and no prominent differences in survival
were observed between patients undergoing sparing and
complete surgery (32). This improved surgical approach might
lead to a better quality of life. Still, its contribution to high-risk
patients, especially those with positive lymph nodes and distant
metastasis, was not remarkable. In the past two decades, the most
significant progress in the treatment of penile cancer was treating
primary lesions, modified lymphadenectomy, and identifying
and treating occult regional lymph node metastasis with the
help of sentinel lymph node biopsy (SNB) (33, 34). About 80% of
patients with one or two lymph nodes involved can be cured by
lymphadenectomy. Even patients with pelvic lymph node
involvement can still be cured by surgery.

The main goal of SNB was to reduce mortality and improve
survival in clinical lymph node-negative (cN0) patients.
Reported data showed that about 20% to 25% of the cN0
penile cancer patients had occult lymph node metastases at
diagnosis, and early surgical resection of these occult lymph
nodes could obtain better survival than those with clinically
apparent nodes (35). The introduction of SNB might thus have
improved survival, especially those with occult lymph nodes. An
unpublished study from the Netherlands does show that cancer-
specific survival in cN0 patients had improved since the
introduction of SNB. However, we did not observe an
improvement in 5-year relative survival, and even an increase
in mortality in patients with penile cancer was obtained in this
study. This result might account for the relatively low referral
TABLE 3 | Five-year relative survival rate of penile cancer patients by race, stage, and age.

Characteristic Year diagnosed Change※

2000–2004 2005–2009 2010–2014

N 5-year rate SE N 5-year rate SE N 5-year rate SE
Overall 1,175 67.7% 1.76% 1,187 66.99% 1.7% 1,379 65.67% 1.66% −2.03%
Race
White 996 67.18% 1.91% 1,007 66% 1.86% 1,133 65.63% 1.85% −1.55%
Black 122 67.66% 5.64% 105 65.88% 5.61% 140 59.58% 4.9% −8.08%
API 46 72.62% 7.68% 52 91.52% 4.61% 71 65.72% 6.37% −6.87%
Stage
Localized 687 76.6% 2.2% 703 79.57% 2.11% 800 81.55% 2.1% 4.95%
Regional 371 59.74% 3.21% 367 62.03% 3.11% 422 52.69% 2.91% −7.05%
Distant 59 17.29% 5.51% 61 14.75% 4.83% 96 15.56% 4.03% −1.73%
Age
15–44 145 77.61% 3.75% 121 78.51% 4% 123 73.34% 4.44% −4.27%
45–54 201 69.93% 3.46% 175 81.31% 3.22% 184 69.42% 3.69% −0.54%
55–64 305 72.7% 2.9% 278 69.58% 3.07% 342 69.74% 2.86% −2.96%
65–74 353 67.62% 3.09% 291 65.82% 3.36% 351 71.11% 3.16% 3.49%
75+ 391 56.83% 3.92% 322 63.77% 4.2% 379 54.86% 4.17% −1.97%
June 2022 | Volum
e 12 | Article
Change※: in the 5-year relative survival between 2000–2004 and 2010–2014, in % units.
5-year rate: 5-year relative survival rate.
N, number of patients; SE, standard error; API, Asian/Pacific Islander.
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rate to hospitals specializing in the treatment of penile cancer, or
the improvement of penile cancer treatment had not been fully
implemented in hospitals.

For the management of penile cancer, several European
countries have centralized management of penile cancer. The
interval between diagnosis and treatment was significantly
shortened, and compliance with the guidelines for patients with
penile cancer was improved through this method (36, 37).
Notably, the major delay in diagnosis of penile cancer was the
time between the first symptom and diagnostic confirmation
considering that patients and doctors might misinterpret the
symptoms of penile cancer as condyloma, benign phimosis, or
benign skin disease. This centralized management strategy could
shorten this interval. In addition, this strategy was proved to work
in improving survival and reducing mortality in the long run.
Verhoeven et al. compared the 5-year relative survival rate of
penile cancer patients between Europe and the United States over
1985–2007, and they found an increase from 65% to 70% and a
decrease from 72% to 63% in the 5-year relative survival rate for
Europe and the United States, respectively (38). For Norway and
Denmark, the 5-year relative survival increased from 61% to 80%
and 63% to 74%, respectively (6). However, the United States had
not fully adopted this centralized management system, which
might be an important explanation for the condition.

Another possible explanation for this result was that the main
population of penile cancer patients was aging. For example,
previous studies showed that the most common age of penile
cancer patients was between 50 and 70 years (29, 39). However,
patients aged 75+ years were the main population age group in
our study. A higher proportion of elderly patients might lead to
higher mortality and poor survival in penile cancer patients.

This is the first study that comprehensively explored the
epidemiology of a rare disease from incidence, IBM, and 5-year
relative survival for the period of 2000 to 2018 in the United States.
The condition of penile cancer patients seemed to not have a
noticeable improvement and progression considering the increasing
IBM and the lack of significant change in the 5-year relative survival
rate. Multiple comprehensive factors like changes in treatment and
demographics, increase in exposure to HPV, and variation of cancer
should be considered when interpreting results (22, 23, 40).

Several limitations should be noted when interpreting the
results of this study. First, we selected a data list that collected
epidemic information of approximately 26.4% of the U.S.
population. Meanwhile, a relatively shorter study period was
also chosen compared to previous similar studies. In addition,
except for the low case numbers resulting in high standard errors
of incidence, IBM, and survival estimates, essential pieces of
information such as HPV infection, smoking, diagnosis, and
follow-up treatment were not obtained in the SEER database.
Finally, similar to the limitations of most epidemiological studies,
Frontiers in Oncology | www.frontiersin.org 8130
our study has revealed a phenomenon in a period but cannot
provide a definite explanation for the condition (6, 23, 38, 41).
Therefore, more evidence was needed to explain these results.
CONCLUSION

The current study, using population-level data from the SEER
database, provides valuable data on penile cancer. It shows an
increasing trend in IBM and no significant improvement in the
5-year relative survival rate among penile cancer patients for
the period of 2000 to 2018 in the United States. Meanwhile, the
incidence of penile cancer exhibited a relatively stable trend
during the study period. These results indicate the lack of
significant progress in the treatment and management of
penile cancer patients in the United States in recent decades.
More efforts, like increasing awareness among the general
population and doctors, and centralized management, may be
needed in the future to improve the survival of this rare disease.
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Advances in the treatment of rare tumors like penile cancer were always hampered by the
lack of deep comprehension of the molecular biology and genomic and epigenomic
alterations involved in carcinogenesis and tumor progression, as well as by the difficulty in
recruitment of patients for prospective clinical trials. Despite the high rates of cure in early
localized penile cancers with surgery or other local procedures, locally advanced and
metastatic tumors require systemic treatment, with chemotherapy being the current
standard, but with high toxicity and no proven real impact on survival. Recent important
findings of frequent genomic alterations and mutation signatures in penile cancer have
motivated several trials in new modalities of systemic treatments, especially
immunotherapy. This review aims to present the most recent advances and the
prospect of new modalities of systemic therapies with ongoing studies in penile cancer.

Keywords: penile cancer, human papilloma virus, chemotherapy, immune therapy, targeted therapy
INTRODUCTION

Penile cancer is a rare disease with a total number of cases estimated at 36,068 globally in 2020 (0.92
cases/100,000 people) (1). However, these tumors have a higher incidence in developing countries,
reaching up to 6.1 cases/100,000 people (2). The most frequent histology, responsible for almost the
totality of cases, is squamous cell carcinoma (SCC). Overall survival (OS) in early disease without
nodal involvement is 96% in 10 years with curative surgery (3), while 5-year median OS of patients
with regional node disease and distant metastatic disease are, respectively, 50% and 12% (4).

Cytotoxic chemotherapy plays a key role in the systemic treatment and consists mainly of
platinum and taxane combination regimens based on the results of small phase II trials, with typical
chemotherapeutic toxicities and modest survival outcomes, both in advanced disease treatment
(5, 6) and in the neoadjuvant setting (7, 8). There are no prospective randomized trials that address
this issue. In the adjuvant and neoadjuvant scenario, the real role and better sequence of multimodal
treatment with radiotherapy, surgery, and chemotherapy in patients with operable nodal
involvement are still under investigation in the ongoing phase III International Penile Advanced
Cancer trial (InPACT) study (NCT02305654).

There is an urgent need for more efficient and less toxic new modalities of systemic treatment for
advanced penile SCC based on the current knowledge of its molecular pathogenesis, including
targeted therapy, immunotherapy, and new classes of drugs and combinations regimens that can
meet this demand. This review displays the current therapies available and the perspective of novel
therapies under investigation.
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CURRENT STANDARD OF SYSTEMIC
TREATMENT: CYTOTOXIC
CHEMOTHERAPY

Cytotoxic chemotherapy, based on different combinations that
include platinum, 5-FU, taxanes, and ifosfamide remains the
mainstay of systemic treatment. For patients with locally
advanced disease (T3N+, T4, or N2/N3) overall response rate
(ORR) with neoadjuvant chemotherapy varies from 50% to 60%
(7, 8). The most recommended combination is paclitaxel,
ifosfamide, and cisplatin (TIP). In a phase II trial, 30 patients
with N2 or N3 disease were treated with neoadjuvant TIP and
pathologic complete response occurred in 10%. Surgery was
performed in 73.3% of patients and the median OS was 17.1
months (7). A different drug combination containing paclitaxel,
5-FU, and cisplatin (TPF) was evaluated in a phase II trial that
included 26 patients with a successful surgery rate of 53% and
median OS of 10.1 months (8). However, there are no phase III
trial results to date that supports the use of neoadjuvant
chemotherapy, and the rate of grade 3 toxicity of neoadjuvant
chemotherapy containing taxanes is 49% (9). The InPACT
(NCT02305654) is the first phase III trial of neoadjuvant
chemotherapy in penile cancer and its results are expected in
July 2022. This trial evaluates the role of neoadjuvant
chemotherapy with or without radiation before surgery and the
role of prophylactic pelvic lymph node dissection in those
receiving adjuvant chemoradiation for high-risk inguinal node-
positive disease. Regarding systemic treatment, there are three
arms comparing no neoadjuvant treatment (arm A) vs.
neoadjuvant TIP (arm B) vs. neoadjuvant chemoradiotherapy
(radiation therapy + cisplatin).

In distant metastatic disease in patients with good
performance status, TIP or TPF are frequently the first choice
of treatment, although TIP was only evaluated in the
neoadjuvant setting. The ORR with TPF was 38.5% and
median OS of 7 months, but with grade 3 toxicities in 65% of
patients (6). A less toxic two-drug regimen with cisplatin and 5-
FU had an ORR of 32% and a median OS of 8 months (10). All
the above results are from phase II trials, since there is no phase
III trial in first or subsequent lines of treatment of metastatic
penile SCC. No major advances have been made in recent years
in this field. The most recent study with a different cytotoxic
agent, vinflunine, showed a 27.3% ORR and 8.4 months OS (11).
A phase II trial with gemcitabine and cisplatin, a widely used
regimen in other advanced SCC, was completed, but the results
were not published until this date (NCT00210041). In second-
line treatment, a small phase II trial demonstrated an ORR of
20% and 5 months of median OS with paclitaxel in
monotherapy (12).
GENOMIC LANDSCAPE

In the last few years, with the advances in next-generation
sequencing (NGS) technologies, most of the genomic
landscape of penile SCC became known (Figure 1), although
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the molecular signaling pathways and its role in carcinogenesis
and tumor progression are yet to be better understood. Few
studies have been reported from low-income countries, where
the highest incidences of penile SCC are registered, especially in
South America and Africa, and this can hamper a broader
comprehension of the molecular pathogenesis of this disease.
Some of the most relevant studies were analyzed in a very recent
systematic review (13), where the most frequent somatic
mutations found were TP53 (in up to 48%), CDKN2A,
NOTCH1, PIK3CA, FAT1, CASP8, and FBXW7, and the most
common copy number variations included gains in MYC (8q24)
and amplification on EGFR (in up to 70% of cases).
Amplifications or gains at HPV integration sites were
identified in high frequencies (85 – 100%) in a single Brazilian
study (14). The mutational burden was generally low and was
found to be higher in HPV negative than in HPV positive
associated penile SCC (15) and an even lower mutational
burden was present in HPV positive malignancies with high
viral load (16). HPV positive tumors were also associated with a
lack of TP53 and CDKN2A mutations (15).

The most altered signaling pathways in penile SCC were
NOTCH, RTK-RAS, and Hippo pathway (which frequently
involves PIK3CA and EGFR alterations) in one recent study,
which accounted for over 50% of tumors, and the frequently
altered genes in these pathways were expressed in
immunohistochemistry assay. RAS and Hippo pathways are
potentially targetable with EGFR and mTOR inhibitors. Two
mutation signatures were also identified in this study: the
APOBEC-related signature, with a higher tumor mutational
burden (TMB) with great potential to benefit from
immunotherapy with checkpoint inhibitors, and the defective
DNA repair system signature, which involves mutations in
BRCA1, BRCA2, ARID1A, ATR, CHEK2, PARP1, FANCA,
PALB2, and RAD51, a favorable scenario for treatment with
immunotherapy and PARP inhibitors. The enrichment of
NOTCH pathway alterations and the mutation signatures
found in penile SCC in this trial were similar to head and neck
SCC (17).

A study that performed comparative genomic profiling of
refractory and metastatic penile and nonpenile cutaneous SCCs
found a distinctive genomic pattern in penile SCC cases,
including alterations in the mTOR pathway (NF1 and PTEN),
in the DNA repair pathway (BRCA2 and ATM), and tyrosine
kinase (EGFR, FGFR3, and ERBB2), all of them actionable
therapeutic targets (18).
TARGETED AND ANTI-ANGIOGENIC
AGENT THERAPY

The EGFR family is important in penile SCC biology. One of the
largest series, with 112 patients, showed that 44% had high
expression of EGFR by immunohistochemistry, despite
histologic subtype, histologic grade, or HPV status (19), and
since KRAS mutations (which confers resistance to EGFR
blockage in cancer treatment) are rare in these tumors (20),
June 2022 | Volume 12 | Article 910335
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EGFR inhibitors have a potential role as systemic treatment. In a
retrospective study, of 28 patients that received anti-EGFR
monoclonal antibodies (cetuximab and panitumumab), alone
or in combination with chemotherapy, 50% had a response to
treatment and the median PFS was 3 months (21). One phase II
trial with 11 advanced penile SCC pretreated patients that
received panitumumab as a salvage therapy reached complete
response in two patients and partial response in one, all of them
with skin or lymph node metastasis, with a 1.9 months PFS and
9.5 months OS. Patients with visceral metastasis had no
response. Grade 3 toxicity occurred in four patients (22). The
NCCN lists monoclonal antibody EGFR inhibitors cetuximab or
panitumumab as potential options based on modest datasets of
retrospective and prospective studies demonstrating evidence of
activity. The pan-HER (EGFR/HER1, HER2, and HER4)
inhibitor dacomitinib produced a complete response in one
and partial responses in eight of 28 patients (ORR 32.1%) in a
single-arm phase II trial. The 12-month progression-free survival
(PFS) was 26.2% and 12-month OS was 54.9% (23). The
PENILANE trial (NCT02014831), a phase II with the
association of cetuximab + TIP chemotherapy, active from
2013 to 2016, was withdrawn by the industry sponsor.

Vascular endothelial growth factor-A (VEGF-A) is the
activating ligand of the VEGF receptor (VEGF-R), which plays
a major role in cancer angiogenesis, and was overexpressed in
53.7% of penile SCC in a retrospective study (24). A small series
of anti-angiogenic tyrosine kinase inhibitors sorafenib or
sunitinib in six pretreated advanced penile SCC patients did
not show exciting results. One partial response and four stable
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diseases were observed. Three patients showed pain response and
had an improvement in quality of life (25). The phase II
PAZOPEN-SOGUG trial (NCT02279576) that was evaluating
the use of pazopanib with low doses of paclitaxel in advanced
penile cancer was not completed due to its low recruitment.
IMMUNE THERAPY

Immune Checkpoint Inhibitors
Many HPV related cancers, with the similar histologic,
epidemiologic, and therapeutic background to penile SCC, like
head and neck, cervical, and anal carcinomas, have demonstrated
good responses to immunotherapy with checkpoint inhibitors
(26), due to its immunologic profile probably related to a higher
mutational load and a high expression of PD-L1 (27). PD-L1 is
expressed in 32.1% to 51.4% of penile cancer cells and 62.4% of
tumor immune infiltrating cells and this biomarker is related to
poor survival (28, 29).

Recently presented results of PERICLES phase II trial
(NCT03686332), which included 32 patients with advanced penile
cancer treated with atezolizumab, an anti-PD-L1 monoclonal
antibody, alone or associated with local radiotherapy, showed a
30% oobjective response rate among 10 evaluable patients for
response by RECIST 1.1 (including two complete responses), but
the trial did not reach the expected PFS, its primary endpoint.
Immunotherapy-related grade 3 or 4 adverse events occurred in
9.4% of patients (30). Avelumab, another anti-PD-L1 antibody
already approved for the treatment of advanced urothelial cancer,
FIGURE 1 | Genomic alterations, mutation signatures, and tumor microenvironment on penile SCC.
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is also under investigation in penile cancer as maintenance
(NCT03774901) or second-line therapy (NCT03391479) after
chemotherapy. Pembrolizumab, an anti-PD1 antibody already
approved in a variety of advanced solid tumors, has shown
durable responses (until 38 months) in case reports of penile
cancer (31, 32), and the results of a prospective trial with this
drug as monotherapy (NCT02721732) is expected (Table 1). This is
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a drug with a large experience in clinical practice and wide
availability. Pembrolizumab is already US FDA approved for the
agnostic treatment of high microsatellite instability (MSI-H) and
high tumor mutational burden (TMB) ≥10 mutations/megabase in
advanced solid tumors. However, the frequency of MSI-H penile
SCC is very low (17) to translate the use of this drug commonly in
practice following this criterion.
TABLE 1 | Ongoing clinical trials in advanced penile cancer.

Status Prior therapy
required?

Tumors Agent Phase Primary endpoint n ID

Single agent immune checkpoint inhibitors
Active, not
recruiting

yes Rare tumors Pembrolizumab 2 Non-progression
rateIncidence of adverse
events

202 NCT02721732

Recruiting no Advanced solid tumors INCB099318 1 Number of treatment
emergent adverse events

100 NCT04272034

Active, not
recruiting

no Penile Cancer INCMGA0012 (Retifanlimab) 2 ORR 18 NCT04231981
(ORPHEUS)

Recruiting no Male genital tumors LPD 2 pCR, ORR 127 NCT04718584
Recruiting yes Penile carcinoma Avelumab (maintainance) 2 PFS 32 NCT03774901

(PULSE)
Recruiting no Penile carcinoma Avelumab +/- radiotherapy 2 PFS 32 NCT03686332

(PERICLES)
Recruiting yes Penile carcinoma Avelumab 2 ORR 24 NCT03391479
Recruiting yes Advanced solid tumors XmAb20717 1 Safety and tolerability 154 NCT03517488

(DUET-2)
Combinations of immune checkpoint inhibitors
Recruiting no Rare genitourinary tumors Nivolumab + Ipilimumab 2 ORR 100 NCT03333616
Recruiting yes Rare tumors Nivolumab + Ipilimumab 2 ORR 818 NCT02834013
Recruiting yes Advanced solid tumors XmAb 22841 + Pembrolizumab 1 Safety and tolerability 242 NCT03849469

(DUET-4)
Immune checkpoint inhibitors + chemotherapy
Recruiting neoadjuvant Penile Cancer TIP + Nimotuzumab + Triprilimab 2 pCR 29 NCT04475016
Recruiting no Penile Carcinoma Pembrolizumab + Cisplatin/

Carboplatin + 5-FU
2 ORR 33 NCT04224740

(HERCULES)
Immune checkpoint inhibitors + anti-angiogenicg agents
Recruiting no Rare genitourinary tumors Nivolumab + Ipilimumab +

Cabozantinib
2 ORR 224 NCT03866382

Active, not
recruiting

yes Genitourinary tumors Nivolumab + Cabozantinib +/-
Ipilimumab

1 Recommended phase II
dose
Incidence of adverse events

152 NCT02496208

Active, not
recruiting

no Rare solid tumors Avelumab + Bevacizumab 2 137 NCT03074513

Immune checkpoint inhibitors + epigenetic modifying agents
Recruiting no Advanced mucosal cancer Pembrolizumab + Vorinostat 2 ORR 111 NCT04357873

(PEVOsq)
Recruiting no Virus-associated cancers Avelumab + valproic acid 2 ORR 39 NCT03357757

(LATENT)
HPV-directed therapies +/- combinations
Recruiting yes HPV-associated Squamous cell

carcinomas
HB-201 and HB-202
(Arenavirus vectors)

1/2 Dose escalation
Dose expansion

200 NCT04180215

Active, not
recruiting

yes HPV-associated cancers DNA plasmids therapeutic vaccine
MEDI0457 + Durvalumab

2 ORR 77 NCT03439085

Active, not
recruiting

yes Head and neck, cervical and penile
squamous cell carcinomas

HPV anti-CD40 RNA vaccine 1/2 Safety and tolerability 44 NCT03418480
(HARE-40)

Completed no HPV-indeuced cancers P16_37-63 peptide vaccination +
cisplatin based chemotherapy

1 Immune response 11 NCT02526316
(VICORYX-2)

Active, not
recruiting

no HPV associated cancers HPV specific T cells + Nivolumab 1 Safety and tolerability 32 NCT02379520
(HESTIA)
NCT00019110

Drug conjugate
Recruiting yes Advanced solid malignancies PEN-866 1/2 Safety and tolerability

ORR
340 NCT03221400
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The combined therapy with two classes of checkpoint inhibitors,
anti-PD-1/PD-L1 and anti-CTLA4 antibodies, can improve the
response to immunotherapy, as the blockage of B7-CTLA-4
pathway leads to increased activation of CD8+ cells in the lymph
nodes as well as increased infiltration of activated CD8+ T cells into
the tumor, which enhances the antitumor immunity induced by
anti-PD-1/PD-L1 drugs (33). The combination of nivolumab plus
ipilimumab has demonstrated higher efficacy than monotherapy in
advanced melanoma (34), lung cancer (35), renal cancer (36),
hepatocellular carcinoma (37), and MSI-H colorectal cancer (38).
A multi-cohort phase II trial investigated the combination of
nivolumab and ipilimumab in 56 patients with advanced rare
genitourinary cancers. Despite the 16% ORR in the entire cohort,
there were, unfortunately, no objective responses among the five
penile cancer patients, and only two stable diseases. Grade 3 or
higher toxicity was observed in 39% of patients (39). Nivolumab
plus Ipilimumab is being tested in penile cancer in one ongoing trial
(NCT02834013) and this checkpoint inhibitors combination is in
association with cabozantinib in two other ongoing trials
(NCT03866382, NCT02496208) (Table 1).

Immune Checkpoint Inhibitors Combined
With Cytotoxic Chemotherapy
It is known that even with a minor response, cytotoxic chemotherapy
is associated with tumor cell death and antigen shedding, which can
be taken up by monocytes, macrophages, and dendritic cells and
presented to T cells, initiating an antitumor immune response (40).
Chemotherapy can also have an inhibitory effect on regulatory cells
and myeloid suppressive cells (41). Immunotherapy with checkpoint
inhibitors can enhance the response to chemotherapy by blocking the
“silencing” signals of the immune response.

An association of pembrolizumab with cisplatin/carboplatin and 5-
FU in inoperable andmetastatic penile SCC is being evaluated on phase
II LACOG0218 trial (NCT04224740), which deserves special attention,
as it is one of the few prospective studies underway in developing
countries that have areas of higher incidence of this neoplasia (Table 1).

The single-center and single-arm phase II B2020-103-01 trial
(NCT04475016) is evaluating the combination of TIP with
nimotuzumab and triprilimab as a neoadjuvant treatment in
locally advanced penile cancer (Table 1). Nimotuzumab is an
intermediate affinity anti-EGFR antibody that inhibits cell
proliferation and angiogenesis, activates natural killer cells,
stimulates dendritic cell maturation, induces cytotoxic T cells, and
restores MHC-I expression on tumor cells, hindering one of the
EGFR immune-escape ways. In patients with locally advanced SCC
of the head and neck, nimotuzumab in combination with low-dose
cisplatin and radiotherapy was superior to cisplatin and radiotherapy
in progression-free survival, disease-free survival, and locoregional
tumor control (42). Triprilimab (JS001) is a recombinant humanized
IgG4 anti-PD-1antibody that has demonstrated clinical activity in
heavily pretreated nasopharyngeal cancer (43).

Immune Checkpoint Inhibitors Combined
With Anti-Angiogenic Agents
The association of checkpoint inhibitors and anti-angiogenic
drugs is a well-known strategy that impacts on overall response
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rate and survival in another hypervascularized advanced
urological tumors such as renal cell cancer (44, 45). Results of
the phase I trial and expansion cohorts of Nivolumab,
Ipilimumab, and Cabozantinib, a multitarget tyrosine kinase
inhibitor (NCT02496208), presented at ASCO GU 2021,
demonstrated an ORR of 44% in the penile SCC group of nine
patients. The grade 3 or 4 treatment-related adverse events to the
whole population of the study was 80% with the three-drug
combination (46). Two phase II trials currently ongoing address
this therapeutic approach, all of them basket trials including
patients with penile SCC. One of them is also evaluating the
combination of Nivolumab and Ipilimumab with Cabozantinib
(NCT03866382), and the other one, the association of
Atezolizumab and Bevacizumab, an anti-VEGF antibody
(NCT03074513) (Table 1).

Immune Checkpoint Inhibitors Combined
With Epigenetic Modifying Agents
Although activity with immunotherapy is expected in penile
SCC, similar to SCCs originating in other organs, there is a subset
of tumors that presents with primary or secondary resistance to
checkpoint inhibitors. One of these mechanisms of resistance is
related to epigenetic processes that involve antitumor immunity
pathways by affecting the antigenic presentation machinery and/
or expression of the tumor antigen recognized by the immune
system. The frequency of mutations in epigenetic modulator
genes was found to be as high as 47% in SCCs (47). The Histone
Deacetylases (HDAC) are a class of enzymes that play a crucial
role of epigenetic modifications related to T cell differentiation
and effector functions (48). The use of HDAC inhibitors can
restore antigen presentation through an increase of TAP-1 and
TAP-2, which allows the formation of the MHC I-peptide
complex (49) and also increases PD-L1 expression (50).
Vorinostat is an HDAC inhibitor that has shown a higher
ORR when combined with pembrol izumab versus
pembrolizumab alone (48% versus 25%, P = 0.026) in
advanced PD-L1 > 1% NSCLC in the preliminary results of a
phase II trial in 47 patients, with patients in the combination arm
experiencing more fatigue, anorexia, and nausea, but with grade
3 or higher adverse events in only one out of 23 patients (51),
while Etinostat, another HDAC inhibitor, associated with
pembrolizumab, produced a 19% ORR in patients with
metastatic melanoma pretreated with anti-PD-1/PD-L1 drugs
(52). The combination of vorinostat and pembrolizumab is
under investigation in a phase II basket trial of metastatic
SCCs, including penile tumors (NCT04357873) (Table 1).

Other agents can lead to epigenetic modifications that
enhance responses to therapy. Valproic acid has been
demonstrated to enhance cisplatin-induced DNA damage
through the downregulation of Excision Repair Cross-
Complementing 1 (ERCC1), which is critical in DNA repair,
and by increasing cisplatin influx and decreasing cisplatin export
from human head and neck SCC cancer cells and decreases
cetuximab-induced nuclear translocation of EGFR, a mechanism
known to render chemotherapy resistance (53). Valproic acid
also has an immunoregulatory activity through inhibition of
June 2022 | Volume 12 | Article 910335
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histone deacetylases by decreasing the proportion of
polymorphonuclear myeloid-derived suppressor cells (MDSCs)
and attenuating the immunosuppressive function of these cells in
patients with cancer. It was also found that valproic acid
downregulates the expression of PD-L1 on MDSCs attenuating
the suppressive effect of PD-1 on CD8+ T cells and promoting
CD8+ T cells’ function (54). The ongoing phase II trial LATENT
(NCT03357757) combines avelumab with valproic acid in the
treatment of advanced viral-associated cancer (including penile
SCC) (Table 1).
NOVEL THERAPEUTIC TARGETS

Heat shock proteins (HSPs) are molecular chaperones that
function to maintain protein homeostasis through the proper
folding and activation of client proteins in the cell and are
characterized by their ability to become overexpressed under
conditions of stress. HSP90 is one of the best understood of these
proteins. Cancer cells are able to selectively modulate HSP90
activity through favorable complexes to satisfy the cells’
requirement to survive (55). A previous phase I study with a
small-molecule inhibitor that targets HSP90 (PU-H71) showed
objective responses in lymphomas and solid tumors, including
20.8% of tumor regression in a penile SCC patient (56).

PEN-866 is a miniature drug conjugate that targets and binds to
activated tumor HSP90 protein and releases an SN-38 (an active
metabolite of irinotecan) cytotoxic payload. This drug was well
tolerated and demonstrated preliminary evidence of antitumor
activity in a previous study (57). An ongoing phase I/IIa trial is
investigating the role of PEN-866 in previously treated advanced
solid malignancies, including penile SCC (NCT03221400) (Table 1).

M7824 is an innovative first-in-class bifunctional fusion
protein composed of a human IgG1 monoclonal antibody
against PD-L1 fused with two extracellular domains of TGF-
bRII (a TGF-b “trap”) (58) that have demonstrated signs of
efficacy in a phase I trial, with one complete response and partial
responses in other cervical and anal cancer patients, that are
HPV related tumors with histologic similarities to penile SCC. A
phase I trial of M7824 in 16 patients with HPV associated
malignancies showed a safety profile and a 37.5% ORR. The
ORR in 11 HPV+ patients was 45.5% (59). There is a completed
phase II trial with M7824 in the same subset of patients
(NCT03427411), but the results were not published to
date (Table 1).

A phase I trial with a small-molecule PD-L1 blocker,
INCB099318, an oral drug, is ongoing and includes many
advanced solid tumors, among which are penile SCCs
(NCT04272034) (Table 1). This is an innovative administration
of immunotherapy. Preliminary results of a phase I trial with a
similar drug, INCB086550, reported in 2021, showed a similar
toxicity profile to those seen with antibody immune checkpoint
inhibitors, with the exception of a higher incidence of peripheral
neuropathy (60).

XmAb22841 is a bispecific antibody that simultaneously targets
immune checkpoint receptors CTLA-4 and LAG-3 that has a
Frontiers in Oncology | www.frontiersin.org 6138
bispecific Fc domain to the two antigen-binding domains that
confers long circulating half-life and stability and have been
engineered to eliminate Fc gamma receptor (FcgR) binding, and
can prevent the inhibitory action of some FcgR, avoiding
resistance and improving the response to checkpoint inhibitors
antibodies (61). The effect of this new drug is being studied in
advanced solid tumors, including penile SCC, associated with
pembrolizumab in the phase I trial DUET-4 (NCT03849469).
Another bisepecific antibody, XmAb20717, which simultaneously
targets PD-1 and CTLA-4, is also under investigation in a phase I
trial (NCT03517488) for multiple types of advanced solid tumors,
and preliminary results of 110 patients with a median of four
previous systemic therapies (including immunotherapy
checkpoint inhibitors in 64.5%) showed an ORR of 13% with
very similar adverse events to anti-PD-1/PD-L1 antibodies
(62) (Table 1).
HPV-DIRECTED THERAPIES

Human papillomavirus (HPV) is strongly implicated in penile SCC
carcinogenesis, although exact pathways are not completely
understood, and is an important area of interest regarding tumor
prevention and treatment of this neoplasia, as well as in other HPV-
related neoplasia such as cervical cancer, where it is better
established. Approximately 20% to 50% of penile cancer is driven
by HPV infection (63). The largest analyzed sample relies on a
systematic review of 1266 invasive penile SCC patients in North
America and reported that up to 48.7% of penile SCC harbors HPV
DNA (64). Differently, we can find a higher proportion of HPV
positive tumors in populations with a higher incidence as in
northeast Brazil, where a study with 55 patients found that 89.1%
of samples were positive for HPV DNA (65). The majority of the
HPV infection in penile SCC is represented by the high-risk
subtypes 16 and 18 (30.8% and 6.6%, respectively) (66). HPV
positive tumors have a better prognosis than HPV negative tumors
and PD-L1 expression is higher in HPV negative than in HPV
positive penile SCC (49.4 vs. 32.7%, respectively, p = 0.03) (67).
Preclinical studies in head and neck SCC suggest that the use of the
HPV vaccine can upregulate PD-1 acting as a synergistic therapy
with PD-1 checkpoint inhibitors to enhance antitumor efficacy (68).

Patients with cervical intraepithelial neoplasia 2/3 were treated
with a therapeutic synthetic DNA vaccine targeting human
papillomavirus 16 and 18 E6 and E7 proteins in a phase IIb trial
and had a significantly higher histologic regression when compared
to placebo (48.2% vs. 30%, respectively, p = 0.034) demonstrating
that it is possible to block the progression tomalignant tumors using
an anti-viral immunotherapy (69). However, in HPV16-positive
advanced or recurrent gynecological carcinoma, an HPV16
synthetic long peptide vaccine produced an immune response,
but no tumor regression (70), suggesting that the action of
vaccine-activated T cells on invasive tumors is blocked by a
tumor-induced immunosuppressive microenvironment.

The association of an HPV vaccine and a checkpoint inhibitor
was evaluated in a single-arm phase II trial that enrolled 24
patients with incurable HPV-16-positive cancer, most of them
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with oropharyngeal cancer, treated with ISA101, a synthetic
long-peptide HPV-16 vaccine, and nivolumab. The ORR was
33%, median OS of 17.5 months and five patients had durable
responses. Grade 3 toxicity was observed in two patients (71).

Ongoing trials of HPV vaccines, which include penile cancer
patients, are a phase I/II trial of an HPV Anti-CD40 RNA Vaccine
(HARE-40) (NCT03418480); a phase I trial of vaccine with human
papillomavirus 16 E7 peptide and synthetic human papillomavirus
16 E6 peptide (NCT00019110); a phase I trial with a P16_37-63
peptide vaccine combined or not with ISA 51 VG (an emulsion with
immunomoadjuvant activity that enhancing the cytotoxic T-
lymphocyte response against antigens in vaccines) and associated
with cisplatin-based chemotherapy (NCT02526316); phase II trial
combining Durvalumab (an anti-PD-L1 antibody) with the DNA
Plasmid-encoding Interleukin-12/HPV DNA Plasmids Therapeutic
Vaccine MEDI0457 (NCT03439085); a phase I/II trial of treatment
of HPV16+ cancers with arenavirus vectors HB-201 and HB-202,
that expresses the same non-oncogenic HPV16 E7E6 fusion protein
and induces tumor-specific T-cell responses (NCT04180215)
(Table 1). In this last trial, in a preliminary analysis, two of 11
evaluable patients treated with HB-201 had a partial response and
six had stable disease, with a duration of response of 4.8 months. All
six evaluable patients that received HB-201/HB-202 had stable
disease and serious adverse events related to treatment occurred
in 24% of patients (72).

Adoptive T-cell therapy (ACT) is also a promising cancer
treatment modality that is showing encouraging results in clinical
trials. Infusion of tumor-infiltrating T cells preceded by a
lymphocyte-depleting conditioning regimen and followed by
systemic high-dose aldesleukin was performed in 29 patients with
metastatic HPV related cancers (18 cervical and 11 non-cervical).
Objective tumor responses occurred in 28% of patients in the
cervical cancer cohort and 18% of patients in the noncervical
cancer cohort. Two of the responses in cervical cancer were
complete and are ongoing 67 and 53 months after treatment.
Responses in the noncervical cancer cohort were in anal cancer
and oropharyngeal cancer. There were no acute infusion-related
toxicities and no autoimmune adverse events (73).

Successful expansion of tumor-reactive tumor-infiltrating
lymphocytes (TIL) from lymph nodal metastasis of penile
cancer patients, with 46.8% of CD8+ T cells and 45.4% from
expanded TIL secreting IFN-g in response to autologous tumor,
supports the development of ACT strategies using TIL for the
treatment of advanced and recurrent penile cancer (74).

Patients with penile cancer are currently included in the
eligibility criteria of the HESTIA trial, a phase I trial using HPV-
specific T cells collected from the blood of patients with HPV
cancers associated with nivolumab (NCT02379520) (Table 1).
Frontiers in Oncology | www.frontiersin.org 7139
CONCLUSIONS

Despite its rarity, advanced penile cancer is an important health
issue, considering the poorer prognosis compared to early disease
which is curable with surgery alone, and the absence of a highly
efficient standard systemic treatment. Cytotoxic chemotherapy
remains the mainstay of treatment, even though it is based on
small phase II trials, due to the lack of trials with a higher level of
evidence. Toxicity with chemotherapy combination regimens is
high to the point that about half of patients experience a grade 3
adverse event.

A better knowledge of the genomic landscape and immune
microenvironment of penile SCC demonstrated similarities with
head and neck SCC and allowed the development of clinical trials
with different modalities of systemic treatment. Alterations in
NOTCH, RTK-RAS, Hippo, mTOR, and DNA repair pathways
offer actionable targets with potential for new treatments. High T
cell infiltration and expression and PD-L1 in a large part of these
tumors led to trials with a variety of immune checkpoint inhibitors,
alone or in combination with other immunotherapies, cytotoxic
drugs, or targeted therapies, with favorable preliminary results for
some of them. Positivity for HPV infection is also propitious to
HPV-directed therapies, like vaccines and adoptive T-cell therapy,
since they have been demonstrated to have good preliminary results
with other HPV-associated cancers. However, most of these studies
are basket trials and include a wide range of rare tumors with similar
molecular alterations, for the extreme difficulty to recruit patients
precludes the execution of large prospective trials in penile
cancer exclusively.

The better way to increase accrual and consequently improve
clinical outcomes resides in global collaborative studies,
including centers located in proportionally higher incidence
areas. Additionally, a paradigm of decentralized accrual of
patients and global retrospective studies may be necessary to
make advances, which will require an extremely collaborative
effort with multiple stakeholders involved. Scientific
collaboration is also the key to a deeper knowledge of the
different genomic and epigenomic alterations in HPV positive
and negative tumors, in addition to the development and sharing
of penile SCC cell lines and animal models in order to boost a
more profound comprehension of the tumor biology and more
accurate planning of future trials.
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