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Objective: To evaluate the prognostic factors of penile cancer and the utility of prognostic
models.

Methods: We analyzed postoperatively collected data of 311 patients diagnosed with penile
cancer. Survival analysis (Kaplan—Meier and cox regression methods) was performed on this
cohort. The c-index was used to determine the predictive accuracies of potential prognostic factors.
The accuracies of four prognostic models were also evaluated, which were AJCC prognostic stage
group for three recent editions, and four nomograms constructed by the Surveillance,
Epidemiology, and End Results program (SEER). Two novel nomograms using our data were
created and AUC of 2-year survival were determined to compare existing and newly established
models.

Results: Tumor site, T and N stages, nuclear grade and lymph vascular invasion (LVI) signifi-
cantly influenced prognosis. The 8th T and N stages had better c-indexes than former editions,
while no improvement was seen in the 8thAJCC stage group. 6th AJCC+grade nomogram had
a higher c-index than other three nomograms (SEER-+grade, 6th TNM+grade, and 6th T, ;N3
+grade nomograms; c-index: 0.831 vs 0.738, 0.792 and 0.781). New nomogram 1 included the 8th
T and N stages, tumor site, nuclear grade, and LVI, with a c-index of 0.870. Novel nomogram 2
replaced the T and N stages with the AJCC stage group, which had a lower c-index of 0.855. The
order of prediction accuracy of 2-year survival in the old and new models is consistent with the
c-index results.

Conclusion: Tumor site, stages, grade, and LVI play important roles in predicting survival of
penile cancer. The 8th stages have better predictive accuracy than former editions. We proposed
two models with better predictive accuracy than former models; specifically, nomogram 1 may
be a more precise and convenient tool for predicting penile cancer outcomes.
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Introduction
Penile squamous cell carcinoma (PSCC) is a relative rare disease in USA and
Europe, with the overall incidence is <1 in 100,000;1 however, PSCC can account
for more than 10% of cancer among men in some parts of Asia, Africa and South
America.” Patient prognosis is highly variable, and can be affected by many
prognostic factors, especially lymph node involvement status.’ Inguinal lymph
node dissection (ILND) is the most important method for the diagnosis and treat-
ment for inguinal metastasis, but this technique has a high incidence of
complications® and is not necessary for all PSCC patients.

Regular follow-up is important for all patients after complete excision of the
penile cancer regardless of whether ILND performed. Accurate prognostication is
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helpful to develop individualized postoperative treatment
and follow-up plans. Beyond lymph node status, PSCC
prognosis can be also affected by clinicopathological fac-
tors such as tumor stage, grade and lymph-vascular inva-
sion (LVI).>® Models that combine these factors could
help accurately predict survival.>”* Thuret et al estab-
lished three prognostic nomograms based on 1324 cases
in the Surveillance, Epidemiology, and End Results data-
base (SEER) and separately combined nuclear grade with
SEER group/6th TNM
Committee on Cancer (AJCC) prognostic stage.” In their

stage/6th American Joint

internal validation, the predictive accuracies for these three
models were 77.8%, 80.7% and 80.9%, respectively. They
also created a nomogram based on T;_3M, subgroup cases
that included variants of 6th T stage, N stage and grade.®
This nomogram yielded predictive accuracies of 75.3%
and 78.1% at 2 and 5 years. In this study, we analyzed
the prognostic values of clinicopathological factors in
patients from West China Hospital of Sichuan University,
evaluated the clinical usefulness of three editions of AJCC
TNM  stage”" and the

nomograms,”® and developed a novel nomogram to

aforementioned  four
improve the predictive accuracy of survival in PSCC
patients.

Materials and Methods

Patient Selection

PSCC patients were selected who had their penile tumor
been complete excised by partial or radical penectomy in
the West China Hospital at Sichuan University from
September 2008 to October 2020, with or without ILND.
The exclusion criteria were: a) Eastern Cooperative
Oncology Group score higher than one b); unresectable
tumor; and c) unwillingness to provide disease-related
information. Informed written consent was provided by
patients prior to data collection. Finally, 311 PSCC
patients were included in this study.

Clinicopathological Features

Clinical data of patients (diagnostic age, disease duration,
smoking history, tumor growth velocity, tumor site, clin-
ical N stage) were retrieved from the medical records of
our institute. Pathological data (tumor size, pathological
T stage, grade and LVI) were collected from the patholo-
gical reports, which were all provided by Pathological
department of our institute. T stage was adjusted according
to the AJCC TNM classification system in the 6th, 7th and

8th editions. The clinical N stage was recorded at 1 month
after primary resection (the first time of outpatient visit),
and pathological N stage was recorded if patients under-
went ILND.

Follow-Up

ILND was recommended for patients with a) disease of
pT1G2 or higher stage, b) palpable inguinal lymph nodes
at 1 month after primary resection, or ¢) lymph node
enlargements found during follow-up. Patients underwent
clinical examination every three months in the first year
and then every six months. Groin ultrasonic testing was
performed every six months for the first two years after
operation. The primary outcome was the cancer-specific
survival (CSS).

Statistical Methods

The CSS rate of patients was estimated using the Kaplan-
Meier method, with the prognoses of different subgroups
compared by Log rank test. Cox regression analyses were
used to identify clinicopathological prognostic factors for
PSCC. Factors with statistical significance in the univari-
ate Cox analysis were included in the multivariate analy-
sis, and the prognostic predictive values for these factors
were evaluated using the concordance index (c-index).'”
Patients were scored with three editions of the AJCC
prognostic stage group (6th, 7th, and 8th editions) and
four prognostic models developed by Thuret et al.”* The
predictive abilities of these outcome models were also
tested by c-index. Two novel nomograms were estab-
lished based on the above prognostic factors and 8th
AJCC prognostic stage group. Bootstrapping was used
to calculate the corrected c-index, and a calibration
curve was created. Receiver operating characteristic
(ROC) curves were generated to evaluate the predictive
values of the aforementioned factors and nomograms for
2-year CSS. Statistical analyses were performed by
MedCalc 19.8 (MedCalc Ltd, Ostend,
Belgium), The R Programming Language 4.0.4 (R

Software

Foundation for Statistical Computing, Vienna, Austria),
and SPSS Statistics 25 (IBM Corporation, Armonk, NY,
USA), and P < 0.05 was
statistically.

considered significant

Results

Table 1 shows the clinicopathological data of 311 PSCC
patients. The mean age was 54.12 years (standard devia-
tion: 13.75 years), and the median time of follow-up was
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Table | Clinicopathological Features and CSS Rates for 311 PSCC Patients

Variants Number I-Year CSS 2-Year CSS 5-Year CSS P value

Age of diagnosis (years) 0.552

<50 132 88.2% 78.9% 76.5%

50-69 134 93.5% 85.7% 79.2%

270 45 90.5% 76.2% 76.2%

Smoking history 0.827

No 142 90.8% 84.8% 78.1%

Yes 169 90.8% 79.3% 77.2%

Tumor growth velocity 0.100

<I.5 em/ recent 3 months 158 91.9% 84.1% 81.0%

2.5 em/ recent 3 months 153 88.8% 80.2% 73.9%

Tumor location 0.078

Prepuse 15 93.3% 93.3% 93.3%

Glans of penis 288 90.8% 81.8% 77.2%

Body of penis 8 87.5% 48.6% 48.6%

Tumor size 0.127

<3cm 149 91.3% 83.9% 81.8%

23cm 162 90.3% 79.8% 73.8%

ILND operation 0.001

No surgery or unknown 165 97.3% 94.2% 92.1%

Prophylactic ILND 28 96.3% 92.3% 87.4%

Therapeutic ILND 118 80.3% 61.8% 55.4%

T stage (8th edition) 0.001

T 112 95.2% 93.0% 91.6%

T, 103 91.4% 77.8% 72.7%

T3 88 86.2% 74.1% 68.0%

T4 8 71.4% 57.1% 42.9%

T stage (7th and 6th editions)® 0.001

T 112 95.2% 93.0% 91.6%

T, 174 88.4% 75.3% 71.3%

T3 17 94.1% 81.6% 65.3%

Ts4 8 71.4% 57.1% 42.9%

Nuclear grade 0.001

Well differentiated 101 99.0% 96.6% 90.9%

Moderately differentiated 148 92.7% 83.8% 79.1%

Poorly/ undifferentiated 62 72.8% 53.0% 50.6%

Lymph vascular invasion 0.001

Negative 287 92.3% 85.6% 82.2%

Positive 24 74.1% 39.5% 24.7%

N stage (8th edition) 0.001

cNo 141 99.2% 97.2% 94.7%

cN. 23 90.4% 80.1% 80.1%

pNo 59 93.0% 89.3% 84.9%

pN; 26 95.8% 95.8% 79.9%

pN> 39 79.7% 47.5% 30.2%

pN3 23 42.9% 0.0% 0.0%

(Continued)
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Table | (Continued).

Variants Number I-Year CSS 2-Year CSS 5-Year CSS P value
N stage (7th edition) 0.001
cNo 141 99.2% 97.2% 94.7%

cN, 23 90.4% 80.1% 80.1%

pNo 59 93.0% 89.3% 84.9%

pN, 22 94.7% 94.7% 94.7%

pN, 42 81.5% 53.4% 38.2%

pN3 24 43.4% 0.0% 0.0%

N stage (6th edition) 0.001
cNo 141 99.2% 97.2% 94.7%

cN, 23 90.4% 80.1% 80.1%

pNo 59 93.0% 89.3% 84.9%

pN, 23 94.7% 94.7% 94.7%

pN, 43 78.5% 47.7% 33.0%

pN; 22 53.7% 7.4%% 0.0%

AJCC stage (8 and 7th editions)® 0.001
| 89 100.0% 98.6% 97.0%

I 107 94.7% 91.0% 87.1%

n 84 88.0% 73.3% 65.7%

v 31 53.3% 16.4% 12.3%

AJCC stage (6th editions) 0.001
| 89 100.0% 98.6% 97.0%

I 124 94.5% 92.3% 90.4%

n 70 84.0% 61.2% 50.1%

v 28 59.5% 25.7% 20.6%

Metastasis 0.001
No 274 94.7% 89.9% 88.8%

Yes 37 64.9% 30.4% 6.8%

Notes: *The same classificatory results for 7th and éth T stage were seen in our cohorts, so they were described together; °the same classificatory results for 8th/ 7th
AJCC prognostic stage group were seen in our cohorts, so they were described together.
Abbreviations: CSS, cancer specific survival; PSCC, penile squamous cell carcinoma; Cl, confidence interval; ILND, Inguinal lymph node dissection; AJCC, American Joint

Committee on Cancer.

42.34 months (interquartile range: 12.82—81.17 months).
Overall, 46.9% of patients underwent complete penile
surgery and ILND at the beginning of follow-up. During
follow-up, 37 patients experienced distant metastasis and
58 patients died of PSCC. The median survival duration
for these 58 deceased patients was 12.64 months (inter-
quartile range: 8.83-20.09 months). Survival analyses
showed that the two- and five-year CSS rates for all 311
cases and the pN,_; cohort were 81.8%/77.6% and 29.0%/
18.5%, respectively.

In our PSCC cohort, univariate analysis (Table 2)
revealed that tumor located in the penis body, higher T and
N stages (6th, 7th and 8th editions), poorer nuclear grade,
and LVI were significantly correlated with poorer survival
(P<0.05). Significant poorer survival was also seen in higher

AJCC prognostic stage group (6th, 7th and 8th editions).
The results showed that smoking, large tumor diameter, and
rapid tumor growth were potential prognostic risk factors
(Hazard ratio>1), but there were no significant differences
(all P>0.05). It is interesting that a tendency toward better
prognosis was found in patients between 50 and 70 years
old, compared with younger and older subgroups.

Two different Cox models were established in multivariate
analysis (Supplementary Table S1). The first Cox model com-
bined tumor location, nuclear grade and LVI with 8th T and

N stage separately, and the multivariate analysis showed that
only N stage was an independent predictor for survival
(P<0.05). The second Cox model replaced T and N stage as
the 8th AJCC prognostic stage group, and only AJCC stages
were independently correlated with survival (P<0.05).
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Table 2 Univariate Analysis for CSS in 311 PSCC Patients

Clinical Pathological Data P value Hazard Ratio 95% CI
Smoking® 0.827 1.059 0.631-1.778
50<Diagnosis age <70 years® 0.476 0.752 0.344-1.644
Diagnosis age >70 years® 0.967 1.016 0.479-2.155
Tumor in glans penis® 0.194 3.706 0.512-26.809
Tumor in body of penis® 0.048 9.830 1.019-94.802
Tumor size =3cm* 0.130 1.501 0.887-2.541
Tumor growth 21.5cm/ recent 3 months® 0.103 1.542 0.917-2.593

T, (7th and 6th editions)’ 0.001 3919 1.836-8.367

T3 (7th and 6th editions)’ 0.015 4.007 1.310-12.255
T4 (7th and 6th editions)’ 0.001 9.643 2.896-32.112
T, (8th edition)’ 0.003 3.360 1.495-7.553

T (8th edition)’ 0.001 4.652 2.087-10.366
T4 (8th edition)’ 0.001 9.647 2.897-32.123
Moderately differentiated® 0.011 2.968 1.286-6.848
Poorly/undifferentiated® 0.001 9.492 4.067-22.157
Lymph vascular invasion” 0.001 5.990 3.285-10.924
cN+ (8th edition)’ 0.056 2.983 0.973-9.152
pN, (8th edition)’ 0.363 1.790 0.510-6.285
pN, (8th edition)’ 0.001 14.822 7.243-30.332
pN; (8th edition)’ 0.001 58.254 26.594-127.605
cN+ (7th edition)’ 0.056 2.986 0.974-9.160
pN, (7th edition)’ 0.169 2417 0.688-8.489
pN, (7th edition)’ 0.001 10.881 5.344-22.155
pN; (7th edition)’ 0.001 55.582 25.528-121.020
cN+ (6th edition)' 0.013 3.708 1.322-10.403
pN;, (6th edition)’ 0.173 2.393 0.681-8.404
pN, (6th edition)’ 0.001 12.208 6.082-24.505
pN; (6th edition)’ 0.001 34.963 16.171-75.596
AJCC group Il (8th and 7th editions)’ 0.039 4.966 1.088-22.673
AJCC group Il (8th and 7th editions)’ 0.001 17.693 4.177-74.947
AJCC group IV (8th and 7th editions)’ 0.001 92914 21.591-399.845
AJCC group Il (6th edition)! 0.043 4.752 1.053-21.444
AJCC group Il (6th edition)! 0.001 25.505 6.065—-107.408
AJCC group IV (6th edition)’ 0.001 69.474 15.975-302.144

Notes: *Reference group is no-smoker; °reference group is diagnosis age <50; ‘reference group is tumor in prepuce; “reference group is tumor size < 3cm; ®reference
group is Tumor growth < 0.5 cm/month; fthe same classificatory results for 7th and 6th T stage were seen in our cohorts, so they were described together. The reference
group is T}, freference group is nuclear well differentiated group; "reference group is lymph vascular invasion negative group; ‘reference group is cNo/pNo group; ithe same
classificatory results for 8th/ 7th AJCC prognostic stage group were seen in our cohorts, so they were described together. The reference group is AJCC group .
Abbreviations: CSS, cancer specific survival; PSCC, penile squamous cell carcinoma; Cl, confidence interval; AJCC, American Joint Committee on Cancer.

The predictive abilities of the above prognostic factors
were evaluated (Table 3). N stage showed the strongest
predictive accuracy (c-indexes: 0.814, 0.811 and 0.801 for
8th, 7th, and 6th editions), followed by nuclear grade
(c-index: 0.711). However, none of the other factors had
predictive accuracies above 0.70. External evaluations for
AJCC prognostic stage group and four previously estab-
lished prognostic nomograms were also performed
(Table 3). Among them, the nomogram using the 6th
AJCC edition and nuclear grade had the highest predictive

accuracy (c-index: 0.837).

To better predict PSCC prognosis, two novel nomograms
were created (Figures 1 and 2; calibration curves shown in
Supplementary Figures 1 and 2). In novel nomogram 1, we

included 8th T stage, N stage, tumor location, nuclear grade,
and LVI. The bias-corrected c-index of the model was 0.870
(95% confidence interval: 0.829-0.911), which was better
than those of AJCC prognostic stage group and four previous
models. Novel nomogram 2 included tumor location, nuclear
grade and LVI, but T and N stage were replaced by AJCC
stage. The bias-corrected c-index of the model was 0.855
(95% confidence interval: 0.815-0.896).
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Table 3 Predictive Value of Different Variants and Prognostic
Models in 311 PSCC Patients

Variants and Prognostic Models c-Index (95% CI)

Tumor site® 0.535 0.496-0.573
T stage (8th edition) 0.650 0.582-0.718
T stage (7th and 6th edition)® 0.630 0.569-0.691
N stage (8th edition)® 0.814 0.756-0.873
N stage (7th edition)® 0811 0.752-0.869
N stage (6th edition)® 0.801 0.744-0.859
Nuclear grade 0.711 0.651-0.771
Lymph vascular invasion 0.600 0.548-0.653
AJCC stage (8 and 7th editions)® 0.821 0.774-0.868
AJCC stage (6th edition) 0.823 0.777-0.869
SEER + grade nomogram® 0.738 0.681-0.795
TNM + grade nomogram® 0.792 0.739-0.846
AJCC + grade nomogram® 0.831 0.787-0.875
T3 + N+ grade nomogram’ 0.781 0.710-0.851
Novel nomogram | 0.870 0.829-0.911
Novel nomogram 2 0.855 0.815-0.896

Notes: *Tumor site was distinguished as: prepuce, glans of penis, body of penis;
bthe same classificatory results for 7th and 6th T stage were seen in our cohorts, so
they were described together; “lymph node status was distinguished as: cNg/pNo,
eN., pNy, pNy, pN;. “The same classificatory results for 8th/ 7th AJCC prognostic
stage group were seen in our cohorts, so they were described together; “reported
by Thuret et aly’ ‘reported by Thuret et al®

Abbreviations: PSCC, penile squamous cell carcinoma; Cl, confidence interval;
SEER, Surveillance, Epidemiology, and End Results program; AJCC, American Joint
Committee on Cancer.

As our results showed that the majority of cancer-
specific death occurred within 2 years after surgery, the
predictive effects of previously reported models and
novel nomograms for 2-year CSS were evaluated with
ROC curves. Figure 3A shows the predictive accuracies
of models for 2-year survival in all 311 PSCC cases. The
top two accuracies were for novel nomograms 1 and 2,
with AUCs of 0.893 and 0.873, respectively. The predic-
tion efficacy of the SEER stage + grade nomogram was
the poorest performing models (AUC = 0.752). This
analysis was also performed in the T,_; subgroup (303
patients), so the 6th T;.3 + N + grade model nomogram
could be also evaluated® (Figure 3B). In this subgroup
analysis, the ranking of prediction accuracies of different
models was similar with a previous analysis in all 311
cases, and the 6th T;; + N + grade model nomogram
was second to the last (AUC = 0.802).

Discussion

This study analyzed the correlation between clinicopatho-
logical factors and CSS of postoperative PSCC patients.
We externally validated the predictive effects of the 6th to
8th versions of AJCC prognostic stage and four prognostic

nomograms reported previously, then constructed two
novel nomograms and compared their predictive ability
with previous stage groups and nomograms. We developed
new prediction scoring models using the 8th TN stage/
AJCC stage group with tumor location, nuclear grade and
LVI in a large sample size with long-term follow-up.
Lymphatic status is the most important prognostic fac-
tor for PSCC." Patients with no evidence of inguinal
metastasis have an average 5-year survival rate of 87%
to 100%."*'® The prognosis for patients with lymphatic
metastasis is significantly poorer, with an average 5-year
survival of ~60%.'> This metastatic population can be
further classified using the different version of AJCC

N stage.gf11

Significantly better S5-year survival rates
were observed in patients with no more than two unilateral
metastatic nodes compared to those with more positive
nodes (73-88% vs 7-50%)."'°""? After further subdivision,
superior survival was still observed in patients with one
positive node compared to two unilateral positive nodes,*
and both cases can be considered as minimal nodal
disease."® For those patients with extranodal-extension or
pelvic nodes metastasis, the 5-year survival rate can
decrease to <14%.'*'® The 8th AJCC N stage was
designed based on these data, which was slightly different
from former editions.””"" Our study showed similar survi-
val rates in different lymph node status as previous studies,
with better predictive accuracy of survival for 8th N stage
compared with the 6th and 7th editions. Hence, the latest
N stage version was used in our novel model.

Although clinical N stage was demonstrated as one of
the most important predictors for lymphatic metastasis in

several studies,”!

it cannot reflect the true pathological
status of PSCC. One analysis revealed a false-positive rate
that ranged from 8% to 65% and a false-negative rate that
ranged from 2% to 100%.'® Infection in primary tumor,
obesity, and low specificity of traditional imaging methods
might have contributed these results. Therefore, in our
study, patients who did not undergo ILND were differen-
tiated according to the presence or absence of clinically
positive lymph nodes; no further subdivision was con-
ducted on this basis.

Primer tumor invasion status, LVI and nuclear grade,
also significantly influence PSCC prognosis.” *** Tumor
invasion status in corpus cavernosa, corpus spongiosum
and urethra is significantly correlated with lymphatic
metastasis and poor prognosis in several studies.’®?%??
However, a lower rate of lymphatic metastasis and better

survival were seen in cohorts with invasion into the
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0.9 0.85 0.80 07 06 05 04 03 02 0.1
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Figure | Novel nomogram | predicting cancer-specific survival of postoperative PSCC patients.
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0.9 0.85 0.80 0.7 06 05 04 03 02 0.1
5 years cancer specific survival probability r T T T T T T T T 1
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Figure 2 Novel nomogram 2 predicting cancer-specific survival of postoperative PSCC patients.
Abbreviation: AJCC, American Joint Committee on Cancer.
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A ROC of predictive models in 311 PSCC cases
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" e Novel nomogram 2 0.873
. == SEER + grade model? 0.752
02 we  TNM + grade model? 0.823
AJCC + grade model® 0.857
w7 and 8™ AJCC stage group 0.833
6™ AJCC stage group 0.840
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B ROC of predictive models in 303 T1-3 cases
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04 Models AUC
f Novel nomogram 1 0.889
Novel nomogram 2 0.877
SEER + grade model? 0.748
TNM + grade model? 0.816
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Figure 3 ROC curve of different models. (A) ROC of predictive models in 311 PSCC cases. (B) ROC of predictive models in 303 TI-3 cases. *Reported by Thuret et al;’”

breported by Thuret et al®

Abbreviations: AJCC, American Joint Committee on Cancer; AUC, Area Under the Curve; ROC, Receiver Operating Characteristic Curve; SEER, Surveillance,

Epidemiology, and End Results Program.

corpus spongiosum versus corpora cavernosa.”>>° The
most recent 8th T stage revised the definition of pT,
disease to tumor invading into the corpus spongiosum
and pT; for corpora cavernosum invasion according to
results of papers aforementioned, and we also demon-
strated better prognostication for the latest T stage than
former editions. Besides, although the AJCC 7th and 8th
T stage separate Tla and Tlb patients based on LVI
status, we propose that LVI should be independently
used as prognostic predictor. Our cohort did not include
any T1b patients and patients with, and patients with LVI
had poorer survival than those without regardless of
tumor site, stage, nuclear grade and so other factors.
Tumor location was included in our model, and was
significant correlated with prognosis. In a recent study by
Reyes et al, the risk of death for patients with disease in
the prepuce/penis corpus/overlapping lesion was two-fold
than that of patients with disease in gland.”” However, this
difference was not significant in a recent study based on
populations from the SEER database.”® Anatomically,
tumors located in the body of penis seem to be closer to
the cavernosum, where it is easier to penetrate the thin
skin of the penis and invade the cavernosum. The prog-

nostic value of tumor site still needs further verification.

Although no significant prognostic difference was
found between age subgroups, there was an interesting
trend that patients between 50 and 70 years old had better
survival than younger or older patients. In a series of 378
patients reported by Paiva et al, the highest rate of cancer-
specific death was in patients <40 years old compared with
older cases (19% vs 11-13%), and these younger patients
were more likely to experience tumor recurrence and
growth.”” However, two other groups identified young
age as protective factors for survival.’’*® Considering
these nonsignificant and inconsistent results, we do not
think age is a useful predictive factor for PSCC survival.
In terms of tumor size and growth velocity, there were
trends that large and fast-growing tumors might be related
to poor prognosis. However, we did not find significant
cut-off values for these variables. Future studies with
larger sample sizes and longer follow-up time will hope-
fully clarify this issue.

To further predict PSCC survival, several prognostic
models combining the aforementioned factors were estab-
lished. Our study demonstrated that the predictive effect of
8th AJCC prognostic stage group did not improve with the
addition of T and N stages, suggesting that it is more
rational to consider these independently in prognostic
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models. This was also confirmed by our comparison of
nomograms 1 and 2. The lower predictive accuracies in
our external validation of four previous nomograms also
indicate that former edition of TNM stage might not be
that suitable for prognostic models. In fact, similar exter-
nal validation results were also reported by Zhu et al for
three of the aforementioned nomograms, with c-indexes of
0.728, 0.817, and 0.832 for SEER + grade nomogram, 6th
TNM + grade nomogram, and 6th AJCC + grade nomo-
gram, respectively.”* Our novel predictive model included
the latest versions of T and N stages in combination with
other important predictive factors and showed better pre-
dictive accuracy than previous published models. It is
anticipated that this novel model may have greater appli-
cation value for clinical practice.

Our results should be considered in the context of some
limitations. For one thing, the population used for nomogram
establishing came from a single source, which means useful-
ness of our new model in populations of other racial back-
ground or geographic regions could not be evaluated for the
moment. However, the good thing is that systematic errors
such as differences of medical-care conditions between popu-
lations of different religion and race can be reduced by
a homogeneous model-created population. For another, mole-
cular targets that may be associated with survival were not
analyzed in this study. Since the present nomogram incorpo-
rated the most important and routine clinicopathological fac-
tors, we hope that this approach will facilitate clinical decision
making in a more generalizable way.

Conclusions

Tumor site, T stage, N stage, nuclear grade, and LVI are
important predictors of survival in patients with PSCC. The
8th T and N stages have better predictive value for survival
than 6th and 7th edition. In external validation of three
versions of AJCC prognostic stage group and four nomo-
grams, each edition of AJCC stage groups and two nomo-
grams (6th AJCC stage group plus grade, 6th TNM stage plus
group) had c-indexes >0.800. Two novel nomograms were
developed that included prognostic predictors, and both
showed better predictive accuracy than the above prognostic
models. Nomogram 1 (8th T and N stage, tumor site, grade,
LVI) had a better predictive effect than nomogram 2 (8th
AJCC prognostic stage group, tumor site, grade, LVI).
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