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ABSTRACT

Background: Penile cancer is now a rare condition. The low incidence of the disease makes a valid estimation of
its prognosis difficult. In this study, we made an attempt and propose a nomogram to develop a prognostic rule
that could predict the Cancer-Specific Mortality (CSM) free rates in patients with primary penile squamous cell
carcinoma of the penis (PPSCC).

Methods: This study included 1304 patients diagnosed with PPSCC between the years 2004 & 2011 and treated
with penile tumor excision. Subjects were staged as per Surveillance, Epidemiology & End Results stage (SEER),
American Joint Committee on Cancer (AJCC), TNM classification and tumor grade (TG). CSM free rates were
determined. Univariate and multivariate Cox regression model was used to test the prediction of the CSM free
rate. The predictive rule accuracy was created using the receiver operating characteristic curve.

Results: The clinico-pathological profile depicts a mean age of 64.66 + 14.38 yrs. The most common primary site
involved was glans penis (n= 483, 37%) and the disease was most commonly diagnosed at AJCC stage | (n= 670,
51.4%) disease. The cumulative 5-year CSM free rates according to Fine & Gray, & Kaplan-Meier methods were
81.8% and 79.8%, respectively. The predictive accuracy as per SEER stage, AJCC stage, TNM stage alone were
68.8%, 70.3%, 72.3%, respectively. When TG was combined, the predictive accuracy increased to 72.8%, 73.1%,
and 75.0%, respectively. TNM stage with TG was most accurate in predicting CSM free rate compared to other
models.

Conclusions: TNM stage with TG and AJCC stage with TG appear to have comparable accuracy to predict the CSM
free rate in patients with PPSCC, the TNM stage with TG is the most accurate (75%) method to predict the CSM
free rates. The addition of the TG variable improved the accuracy of these prognostic models.
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Introduction for urologist and onco-surgeons as it carries significant
Penile cancer is now a rare condition, accounting for ~ morbidity and mortality with approximately 50%, 5-year
less than 1% of cancers diagnosed in men in the United ~ cancer-specific survival.! With an improvement in the
States. Most of the penile cancers are squamous cell ~— understanding of the natural history of the disease, the
carcinoma. Though rare, the disease itself is a challenge ~ curerate has increased from 50% in 1990 to 80% in recent
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years.” Lower incidence of the disease makes the valid
estimation of prognosis of primary penile squamous
cell carcinoma (PPSCC) difficult. To address this issue
many investigators Kattan et al, Zini et al, and Thuret et
al developed various models to predict Cancer-Specific
Mortality (CSM) free rates for PPSCC.**

The pathological presence of lymph node metastases is
the most powerful predictor of cancer-specific survival
in patients with PPSCC.° In clinically lymph node-
negative patients, this information is only available in
those patients when they undergo inguinal lymph node
dissection (ILND). However, due to a higher incidence
of postoperative local complications all the patients do
not undergo ILND. Evidence suggests though micro-
metastasis may be present in up to 25% of patient with
clinically negative nodes.”

In this present study, we made an attempt to reconfirm
the findings of the previous studies after many years now
and propose a nomogram to develop a prognostic rule
that could be applied to US men to predict the CSM free
rates in patients with PPSCC after penile tumor excision
(PTE).

Methods

The Surveillance, epidemiology and end results
(SEER) database consisting of 18 SEER registries of
the National Cancer Institute (NCI) program covers
approximately 34.6 % of the US population and is
considered the representative of the United States
with regard to demographic composition, as well as
of cancer incidence and mortality. In this study, it was
used to extract information on subjects diagnosed
with PPSCC between the years 2004 and 2011. Patients
were identified according to diagnostic codes: the tenth
revision of the International Classification of Disease
(ICD) for Oncology [C60.0-60.9] and the ICD-O-3
codes for histological subtype (squamous cell carcinoma
type; ICD-O-3: 8050-8089). All subjects were staged
according to the American Joint Committee on Cancer
(AJCC) sixth edition (2002), 2002 TNM system based
on the SEER Extent of Disease Classification. Variables
analyzed were: Age, race, marital status, tumor stage and
grade, TNM stage distribution and SEER registry. The
extent was grouped as localized (cancer was limited to
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the penis), regional (cancer extended outside the penis
to lymph nodes in the pelvic area), distant metastasis.

The point of observation was from PTE. Only patients
who had PTE were included in the study. Those who
didn’t undergo surgery or when the surgical procedure
was not specified or when surgery type was unknown
were excluded. Patients with unknown SEER Stage, AJCC
stage, unknown grade, and unknown metastatic status
were also excluded. Similarly, the number of patients
from Alaska Natives and Rural Georgia were very less
and were also excluded ( detailed in Figure 1). Patients
whose nodal status was not accessed were considered as
NO. The patients in whom T stage and M stage could not
be accessed were also less in number, and were excluded.
The cause of death was defined according to SEER
specific cause of death codes. And for the analysis, death
from other cause was considered as censored or as other
cause mortality on competing risk analysis. (Figure 1)
Descriptive statistics were used to summarize the
cohort, including mean * SD, median and range
for continuous variables, or counts and percentages
for categorical variables. Kaplan-Meier plots were
performed to determine CSM-free survival rates in the
study population, and after stratifying by SEER and
AJCC stage, TNM classification and TG. Log-rank test
was performed to compare the categories within AJCC
stage, TNM, and TG and p-value was adjusted as per
Bonferroni corrections.

[ Squamous cell Carcinoma of Penis (n=2280) ]

( . w
Exclusions: Surgery not
performed(n=184) or other
treatments(n=28) or surgery type
\_ unknown(n=13) Local Tumor excision or partial penectomy or
total penectomy or Radical penectomy (n=2055)

Exclusions: Unavailable Tumor ]
stage (0=91) or Grade(n=314) J

r
Exclusions:l. Alaska Natives(n=5) and Rural
Georgia(n=3)2. Cause of death
unknown(n=336), 3. Tx(n=1) and Mx(r=1)
.

)

Figure 1: Flow chart describing inclusion and
exclusion criteria of patients
Three multivariable proportional hazard Cox regression
models were used to test the accuracy of SEER stage vs
AJCC stage vs TNM classification to predict CSM. The
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proportionality assumption was tested using Schoenfeld
residual graphs and also by the statistical test. An
additional * Cox regression models were fitted using
the same disease stages after adding of TG. Likelihood
ratio test was applied to test the additional advantage
of TG. These models were used to develop nomograms.
The prognostic ability of nomogram was quantified with
receiver operating characteristic (ROC) curve derived
area under the curve (AUC) estimates. The prognostic
ability of the 3 staging systems with and without TG was
tested for predicting the 5-year CSM-free rate.

Since a proportion of patients with PPSCC die of other
causes, we used univariate and multivariate competing
risks regression models, as described by Fine and Gray,
to test the significance of the variables in predicting CSM
free rates.®

Competing risks regression models allow us to account
for the effect of other cause mortality. All statistical
analyses were performed using SEER*Stat (version 8.3.5;
National Cancer Institute, Bethesda,Md) and survival
curves were generated with the survival function from
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the R statistical package for Windows version 3.5.2. All
statistical tests were done with R statistical package.
Statistical significance was set at 0.05.

Results

The clinicopathological profile of all patients of PPSCC
who underwent PTE between 2004-2011 is summarized
in Table 1. The mean age was 64.66 + 14.38 years and
most were married (n= 762, 58.4%). Most of the men
belong to the white race (n= 1094, 83.9%). The most
common primary site involved was glans penis (n= 483,
37%). According to SEER stage, the disease was localized
in most of the patients (n=777, 59.6%). Majority (n= 719,
55.1%) of cases underwent partial penectomy followed
by local tumor excision in (n=372, 28.5%) of patients.
Most were confirmed as moderately differentiated
grade II followed by well-differentiated grade squamous
cell carcinoma. However, lympho-vascular invasion
was identified only in 4.8% (n= 63) of patients. Most
common pathological T stage was T1 (56.7%, n = 740),
N stage was NO (n= 1055, 80.9%) and M stage was MO
(n=1269, 97.3%). Most commonly diagnosed AJCC was
stage I (n= 670, 51.4%).
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Figure 2: Cumulative incidence graphs shows CSM-free and other cause mortality-free rates in overall population
of 1,304 men (A). Kaplan-Meier survival curve represents CSM-free rate in overall cohort (B). Kaplan-Meier
survival curve shows CSM-free rate by localized vs regional vs distant SEER stage (C). Kaplan-Meier survival
curve demonstrates CSM-free rate AJCC stages I vs II vs ITII vs IV (D).
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Figure 2 (A and B) shows the cumulative 5-year CSM free
survival rates according to Fine and Gray, and according
to Kaplan-Meier method. Both the graphs were virtually
superimposed. The Cumulative 5-year CSM incidence-
free rates according to Fine and Gray, and according to
Kaplan-Meier method was 81.8% and 79.8% respectively.
Figure 2 (C and D) and figure 3 (A-D) shows 5 years CSM
free rate according to different groups. In the SEER stage
localized, regional and distant CSM free rates were found
to be 88.3%, 72.7%, and 26.6% respectively. According
to AJCC 6th ed, stage 1/0, stage II, stage III and stage
IV were 90.3%,75.7%, 68.3%, 42.6% respectively. After
stratifying TNM staging, T1/Ta, T2, T3 and T4, 5 years
CSM free rates were 86.7%, 72.0%, 66.5% and 80.0%
respectively. Likewise, CSM free rate for nodal stage NO,
N1, N2 and N3 were 86.6%, 55.8%,47.6% and 35.4%
respectively. Those cases with no metastasis had CSM
free rate of 81.2%. According to tumor grading, CSM free
rate in grade I, IT and III were 90.4%, 77.7%, and 66.6%
respectively. All log ranks were statistically significant
except Tlavs T4, T2 vs T3, T2 vs T4, T3 vs T4 and N1 vs
N2 after Bonferroni corrections.

The Cox regression analysis was done to generate a
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table predicting individualized CSM probabilities at
5-year after surgical removal of PPSCC (Table 2). Most
of the variables were found to be statistically significant
(except T1 vs T4). The predictive accuracy as per SEER
stage, AJCC stage, TNM stage were 68.8%, 70.3%, 72.3%
respectively. Similarly, the predictive accuracy of TG
alone was 64.0%. However, when the SEER stage, AJCC
stage, and TNM stage were combined with TG there
was an increase in predictive accuracy which resulted in
72.8%, 73.1%, and 75.0% respectively. When the SEER
stage, AJCC Stage and TNM stage were analyzed in a
combination of TG stage and found the contribution
of TG in the presence of above factor was found to be
statistically significant. There was an increment of 4%
in SEER stage, 2.8% in AJCC stage and 2.7% in TNM
staging in AUC when TG was added in the model.

The competing risk regression model was used to adjust
the patients for non-penile cancer-related mortality
(Table 3). The competing risk model for predictors of
CSM free mortality SEER stage, AJCC stage, TNM stage,
and TG stage was observed to be statistically significant.
When each stage was combined with TG stage it was still
found to be significant except for T4 versus T1.
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Figure 3: Kaplan-Meier plots show CSM-free rate after stratification by T (A), N (B) and M (C)

stages, and TG (D).
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Figure 4: Nomograms predicting CSM-free rate 5 years after primary tumor excision using SEER stage (A), TNM
classification (C) and AJCC stage (E) combined with TG. Calibration between predicted (x axis) and observed (y
axis) 5-year CSM free rate for SEER stage (B), TNM classification (D) and AJCC stage (F) models.

The models with or without TG to predict 5-year CSM
free mortality for the penile cancer were calibrated using
nomograms (Figure 4, A-F). In nomograms based on
SEER stage and TG, distant metastasis was the most
powerful CSM predictor. Similarly, in nomogram based
on AJCC stage and TG, AJCC stage IV PPSCC was the
most powerful predictor respectively. However, in each
nomogram, high TG was a less influential variable than
SEER stage distant and AJCC stage IV. Nodal status N3
also had a powerful effect. However, Nodal status (N1
and N2) and TG II and III had an intermediate effect.
T substage was an even less influential variable. The
internal calibration done with nomogram shows a good
relationship between predicted and observed rate.

Discussion

This study included 1304 cases from SEER registry that
addresses 34.6% of the USA population and its one of the
largest cancer databases.” Here, all penile cancer patients who
underwent penile tumor excision were included and analysis
was done taking their SEER stage, AJCC stage, TNM stage
and combining tumor grade with them. We made an attempt
to develop a simple prognostic rule that could be applied
to the US men to predict the CSM after penile cancer. This
study is done to know if findings in previous studies were
consistent even after many years now.**

Penile cancer, though more common among elderly men
(above 60 years), in small percentage it can also occur
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in younger males.'”'* In this study, we found it be more  are atrisk.">'* The disease may occur at any site, however,
common in men above 60 years. Men who are unmarried,  the glans penis is the most common primary site and well
divorced or separated are more prone to the disease.  to moderately differentiated squamous cell carcinoma is
Moreover, multiple sexual partners or history of sexually ~ the most common histological grade.'> "

transmitted diseases or no use of barrier contraceptives

Table 1: Clinical- pathological profile of patients with PPSCC

Patients Characteristic Frequency
Percentage (%)
Age Meant SD 64.66 + 14.38
20-29 years 7 5
30-39 years 58 4.4
40-49 years 136 10.4
50-59 years 252 19.3
Age Group 60-69 years 347 26.6
70-79 years 292 22.4
80-89 years 179 13.7
90-99 years 32 2.5
100-109 years 1 .1
White 1094 83.9
Race Black 126 9.7
Other 72 5.5
Unknown 12 9
Single (never married) 216 16.6
Married (including common law) 762 58.4
. Separated 13 1.0
Marital Status — I'pyivorced 116 8.9
Widowed 115 8.8
Unknown 82 6.3
C60.0-Prepuce 155 11.9
C60.1-Glans penis 483 37.0
Primary Site C60.2-Body of penis 63 4.8
C60.8-Overlapping lesion of penis 55 4.2
C60.9-Penis, NOS 548 42.0
Well Differentiated 435 334
Grade Moderately Differentiated 599 45.9
Poorly Differentiated/ Undifferentiated 270 20.7
Localized 777 59.6
SEER Stage Regional 456 35.0
Distant 71 54
Stage 1/0 670 51.4
Stage I1 298 22.9
OGS Stage 111 232 17.8
Stage IV 104 8.0
T1/Ta 740 56.7
T2 328 25.2
WSz T3 214 16.4
T4 22 1.7
NO/NX 1066 81.74
N1 88 6.7
ISEE N2 88 6.7
N3 62 4.8
MO 1269 97.3
M Stage M1 35 2.7
Local tumor excision 372 28.5
Type of surgery Simple/partial removal of primary site 719 55.1
Total removal of the primary site 164 12.6
Radical surgery 49 3.8
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Table 2: Univariate and multivariate cox regression models to predict CSM in 1304 patients.

s ks Staging system alone Staging system + Grade
HR (95%CI) p-value % AUC HR (95%CI) p-value % AUC

SEER 68.8 72.8
Regional vs. localized | 2.65(2.0-3.51) <0.001 2.18(1.63-2.91) <0.001
Distant vs. localized 13.08(9.09-18.8) <0.001 10.17(7.0-14.74) <0.001
AJCC 70.3 73.1
M vs. I 2.60(1.83-3.69) <0.001 2.29(1.61-3.26) <0.001
IIvs. 1 3.64(2.57-5.19) <0.001 2.91(2.04-4.15) <0.001
IVwvs. 1 9.44(6.52-13.68) <0.001 7.35(5.02-10.75) <0.001
jlk; 62.6 68.4
T2 vs. T1 2.20(1.63-2.97) <0.001 1.92(1.42-2.59) <0.001
T3 vs. T1 2.98(2.17-4.08) <0.001 2.36(1.71-3.26) <0.001
T4 vs. T1 2.10(0.85-5.17) 0.106 1.72(0.70-4.24) 0.239
N: 67.0 72.3
N1 vs. NO 3.92(2.70-5.69) <0.001 3.11(2.13-4.56) <0.001
N2 vs. NO 5.01(3.53-7.12) <0.001 3.98(2.78-5.72) <0.001
N3 vs. NO 8.06(5.54-11.73) <0.001 6.37(4.34-9.36) <0.001
M1 vs. MO 9.38(6.07-14.49) <0.001 54.9 7.37(4.75-11.44) <0.001 66.8
Stage 64.0
IMvs. 1 2.59(1.81-3.72) <0.001
T vs. I 4.37(2.99-6.41) <0.001
TNM combined 72.3 75.0
Ik
T2 vs. T1 1.64(1.21-2.24) 0.002 1.57(1.15-2.14) 0.0042
T3 vs. T1 1.80(1.29-2.52) 0.0005 1.66(1.19-2.32) 0.0029
T4 vs. T1 1.30(0.52-2.32) 0.574 1.16(0.46-2.89) 0.750
N:
N1 vs. NO 3.04(2.06-4.47) <0.001 2.52(1.70-3.73) <0.001
N2 vs. NO 4.00(2.77-5.77) <0.001 3.43(2.38-4.97) <0.001
N3 vs. NO 4.92(3.21-7.55) <0.001 4.04(2.61-6.25) <0.001
M1 vs. MO 3.17(1.96-5.13) <0.001 3.27(2.01-5.31) <0.001

Patients usually presented early when the disease is
localized to the organ itself or at an early stage (AJCC
stage I/O). Many efforts have been made to find the best
and simple way to predict the CSM free rates and check
the accuracy of predictors as to know the chances of
survival, recurrence and the extent of the disease before
the event happens.

In 2006, Kattan et al (2006) studied 175 Italian patients
from 1998-2002 included detailed pathological variables
(tumor thickness, growth pattern, grading, lymphatic/
corpora cavernous/corpora
spongiosum infiltration, urethral infiltration, regional
LN treatment and pathological required LN involvement)
to predict the 5-year CSM free rate for penile cancer.
This study had 72.8% accuracy on the prediction of CSM
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tumor venous emboli,

rate.”> However, to find all these details were impractical,
as most of the time all the details are not mentioned in
the pathology report and it wasn't found to be useful in
all setting.

Similarly, in 2011, Zini et al studied 856 American
patients from 1988-2004 from 9 SEER cancer registries
and claimed that the 5-year CSM free rates could be
calculated in a simple way by just including SEER stage
and grading in together. They found the SEER stage when
combined with TG was 73.8% accurate in predicating
CSM free mortality rate.”

In the present study, we compared the SEER stage, AJCC
stage, and TNM stage with or without TG to predict
the CSM free survival after PTE. Our model showed

Official Journal of B P Koirala Memorial Cancer Hospital




the TNM stage had the highest accuracy (72.3%) and
when combined with TG the accuracy increased to 75%.
Similarly, the AJCC stage had an accuracy of 70.3% and
when combined with TG, accuracy was 73.1%. Similarly,
SEER stage with TG had the least accurate predictability
of CSM free rate compared to TNM stage with TG
(72.8% vs 75%). Relative to nomogram of Kattan et al
and Zini et al our model is found to be more accurate to
predict the CSM free rates because these are based on the
SEER data.*®

Our results are comparable to the results of the study
conducted by Thuret et al. Analyzing their findings, TNM
stage (78%) was more accurate than AJCC stage (77.2%)
in predicting 5-year CSM free rates. When TG was

NEPALESE JOURNAL OF CANCER (NJC)

combined to both of the models, it definitely improved the
accuracy of both the models and there was an only slight
difference of accuracy 0.2% TNM stage with TG (80.7%)
versus AJCC stage with TG (80.9%).*

Thuret et al included 1324 patients from 15 SEER registries
from the year 1988-2006 with histological subtype of
PPSCC (8070-8076). Then it represented 26% of the US
population. However, in this study, we included 1304
men from 16 SEER registries from year 2004-2011and
all histological subtype of PPSCC (8050-8089). Now,
it represents the 34.6% percent of the US population.
Moreover, our sample size is comparable to the sample size
of Thuret et al (1324) and larger than the study conducted
by Zini et al (856) and Kattan et al (175).

Table 3: Univariate and multivariate competing risk regression models to predict CSM

Staging system alone

Staging system + Grade

Predictors(stage) HR (95%CI) p-value HR (95%CI) p-value
SEER
Regional vs. localized 2.51(1.97-3.20) <0.001 2.08(1.56-2.79) <0.001
Distant vs. localized 10.8(7.46-15.63) <0.001 8.50(5.70-12.70) <0.001
AJCC
I vs. I 2.15(1.59-2.91) <0.001 2.21(1.56-3.13) <0.001
IMvs. 1 3.38(2.51-4.56) <0.001 2.79(1.94-4.00) <0.001
IVvs. 1 7.48(5.30-10.55) <0.001 6.15(4.13-9.15) <0.001
jli;
T2 vs. T1 2.10(1.57-2.83) <0.001 1.62(1.24-2.12) <0.001
T3 vs. T1 2.78(2.03-3.82) <0.001 2.18(1.63-2.91) <0.001
T4vs. T1 1.95(0.78-4.90) 0.160 1.96(0.98-3.92) 0.056
N:
N1 vs. NO 3.73(2.59-5.37) <0.001 3.08(2.10-4.53) <0.001
N2 vs. NO 4.72(3.33-6.69) <0.001 3.84(2.66-5.54) <0.001
N3 vs. NO 6.75(4.57-9.98) <0.001 5.44(3.63-8.15) <0.001
M1 vs. MO 7.73(4.32-11.8) <0.001 5.38(3.33-9.34) <0.001
Stage
IMvs. I
IMlvs. 1
TNM combined
T:
T2 vs. T1 1.60(1.17-2.20) 0.0034 1.52(1.11-2.08) 0.009
T3 vs. T1 1.72(1.22-2.44) 0.0022 1.56(1.10-2.21) 0.013
T4 vs. T1 1.20(0.48-3.03) 0.070 1.07(0.42-2.72) 0.088
N:
N1 vs. NO 2.98(2.02-4.39) <0.001 2.59(1.73-3.87) <0.001
N2 vs. NO 3.84(2.62-5.62) <0.001 3.37(2.29-4.94) <0.001
N3 vs. NO 4.35(2.73-6.94) <0.001 3.74(2.35-5.97) <0.001
M1 vs. MO 2.96(1.66-5.29) <0.001 2.93(1.65-5.19) <0.001
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The current prognostic rule (TNM stage with TG),
therefore, more accurately stratify the risk in patients
with penile cancer than the use of other models. Such
prognostic rule helps us to determine the consideration
of adjuvant therapy and also the determination of the
frequency of follow up.

As a number of penile cancer patients die of the
noncancer-related cause, the Cox regression model may
overestimate the true CSM free rates. To avoid such bias,
we also used competing risk regression model. CSM
free rate according to both models Cox regression and
competing risk were calculated.

The CSM free rates according to Kaplan Meir based
estimation was strikingly similar to cumulative incidence
estimation by Fine and Gray methodology. Both curves
superimposed each other. Thus, we relied on the Cox
regression model to develop our prediction rule.

Our proposed four variables model TNM stage and TG
though may appear more complex than two variable
AJCC stage and TG, but this former model had better
accuracy than later and this may provide the clinician an
excellent ability to predict the CSM free rates.

Even though data collected in the SEER database is
considered reliable it has some limitations. It may have
variations in data entry or miscoding or incomplete
data of various variables. The database didn’t include
information regarding co-morbidities like phimosis,
smoking and other medical problems. Surgical details
like margin status, which are important prognostic
factors. Lack of central pathology review and accuracy of
the available pathological report may inaccurately stage
the disease. Likewise, Information regarding disease
recurrence, adjuvant therapy, and long-term follow-up
data is under addressed.'s "’

The external validity of the nomograms is required
for wide acceptance and clinical application of the
observation. The ideal validation should be obtained
in a prospective series of patients. This SEER database
includes patients from USA and for external validation
purpose, an additional patient from a second institution,
or other countries Asia or South America with similar
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protocol with respect to surgery type indications need
to be included. External validation was not done in this
study.

Conclusion

TNM stage with TG and AJCC stage with TG appear
to have comparable accuracy to predict the CSM free
rate in patients with PPSCC, TNM stage with TG is the
most accurate (75%) method to predict the CSM free
rates. Addition of TG variable definitely improved the
accuracy of these prognostic model.
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