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Abstract

Objectives: To improve the prognostic allocation of patients with penile squamous-cell carcinoma (PSCC) receiving regional lymph
node dissection (LND).

Patients and methods: An international, multicenter, retrospective study was performed on patients with PSCC who received regional
LND, with or without perioperative therapy, from 1980 to 2017. We first used a random forest (RF) method with missing data imputation.
Additionally, data were modeled using Cox proportional hazard regression, and a Cox model was also fit including prespecified variables.
Based on the latter model, a nomogram for estimating 12-month and 24-month overall survival (OS) was developed.

Results: There were 743 patients who received LND at 7 referral centers from Europe, the USA, Brazil, and China. Of these patients,
689 were analyzed: 86 (12.5%) received neoadjuvant chemotherapy (NAC); 171 (24.8%) received adjuvant chemotherapy (AC), and 74
(10.7%) received adjuvant radiotherapy.

The variables significantly associated with OS were age (P < 0.001), the pathologically involved/total removed LN ratio (P < 0.001), pN
stage (overall P < 0.001), and NAC (P =0.013). NAC and AC were ineffective in N1-2 patients (clinical and pathological, respectively),
whereas they provided OS improvements in N3 patients. Finally, we developed a nomogram predicting 12- and 24-month OS based on pre-
specified variables (c-index: 0.75). The study is limited by its retrospective nature.

Conclusions: We propose a tool that can be offered as an aid to physicians to enhance decision-making, clinical research, and patient
counseling whenever LND is needed for PSCC. Administration of NAC and AC should be restricted to clinical and pathological N3
patients, respectively. © 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Penile squamous-cell carcinoma (PSCC) is an aggres-
sive tumor characterized by huge differences in incidence
and prevalence depending on the geographical region [1,2].
Despite patient prognosis being highly variable, PSCC has
a generally predictable clinical course with regional lymph
node involvement representing the key prognostic factor
for survival [3—5].

In patients with disseminated inguinal or pelvic lymph
node involvement, long-term survival is reported in less than
15% after surgery (the mainstay of treatment). There are also
several limitations in the therapeutic workup of patients with
locally advanced disease because the lymph node dissection
(LND) template is not standardized and multimodal therapies
are infrequently used [6]. With regard to the extent of LND,
there are still controversies regarding the indications of pelvic
LND and the prognostic impact of bilateral inguinal LND on
the survival of patients presenting with unilaterally clinically
involved inguinal lymph nodes [5,7,8]. For these patients,
lack of both finer selection criteria other than the clinical stag-
ing and indications on personalized therapeutic workup still
affect the European and U.S. guidelines [3,9,10].

Additionally, chemotherapy is frustratingly ineffective
in PSCC [11,12], and guidance for clinical practice is pre-
vented by the fact that results are biased by the small num-
ber of patients included in each study and by the
retrospective quality of the data.

The role of radiotherapy is even more controversial, as
either neoadjuvant or adjuvant therapy, and the few avail-
able results are discouraging [13].

The aim of this study was to develop a new prognostic
tool for patients with PSCC treated with regional LND with
or without complementary therapy to help clinical decision
making and assist ongoing prospective studies aimed at
improving the standard management of PSCC.

2. Patients and methods

2.1. Patient selection

This retrospective study included individual patient-
level data from patients with PSCC gathered from January
Ist, 1980 to December 31st, 2017 from hospitals in the
United States, Europe, United Kingdom, Brazil, and China.
Selection of the year of treatment was made a priori and
corroborated by the analysis on the influence of year of
treatment. The study was approved by the ethics commit-
tees at each participating institution. At the end of May
2018, data were extracted to select patients who had
received regional LND for PSCC. Details about the surgical
templates and indications for pelvic LND across the centers
are provided in the Supplementary Appendix. Regarding
the patients who received neoadjuvant chemotherapy, 27
were excluded because they had received single-agent che-
motherapy or >6 cycles and were deemed to be unreliable

for the analyses. All intraoperative and permanent sections
were evaluated by dedicated genitourinary pathologists at
each institution. Staging was assigned according to the 7th
edition of the American Joint Committee on Cancer staging
manual. Cases prior to 2010 were reclassified according to
this same edition [14], and the positive lymph node ratio
(LNR) was used as a prognostic factor as previously
reported [15—17]. Patient and disease characteristics are
relative to the time of the first treatment.

2.2. Statistical analyses

Descriptive analyses were based on standard methods.
Median patient follow-up was quantified with the reverse
Kaplan-Meier estimator. The study endpoints were overall
survival (OS) and relapse-free survival (RFS), calculated
from the date of LND. Survival analysis methods were
adopted for the purpose of detecting and modeling putative
prognostic factors and eventually developing a prognostic
stratification tool. The analysis was performed in 2 steps. In
the first step, we modeled outcome data and covariates by
resorting to a random forest (RF) method. This is an
“ensemble” machine-learning approach that can be described
by the high-level algorithm [18], which is described further
in the Supplementary Appendix. An additional advantage of
RFs is the possibility of incorporating observations with par-
tially missing data during model building or even to impute
missing data for other modeling purposes. We therefore used
an ad hoc RF approach for missing data imputation and
repeated the process ten times for multiple imputation [19].

In the second step, data were modeled using Cox propor-
tional hazard regression. The RF approach had shown that
all covariates could be retained as well as the presence of
nonlinear effects of age and positive lymph node ratio and
a lack of noticeable interactions between covariates.
Accordingly, a Cox model was tried first with all covariates
(full model), modeling age, and positive lymph node ratio
with restricted 3-knot cubic splines. Subsequently, we car-
ried out backward variable selection based on the Akaike
Information Criterion (AIC). The procedure was repeated
for each imputed data set; the variables that were retained
in >5 datasets were finally selected, and a Cox model only
including these covariates was fit.

Such a procedure was followed for both study endpoints.
For OS, in addition, a Cox model including prespecified
variables that were deemed to be relevant for clinical use
was fit. From the latter model, we built a nomogram for
estimating 12- and 24-month OS probability. Performance
testing of the nomogram was assessed in terms of discrimi-
nation (Harrell’s c-index). Furthermore, we plotted decision
curves to assess the benefits of nomogram-assisted deci-
sions in a clinical context [20].

Statistical analyses were carried out with SAS (version
9.4, SAS Institute, Cary, NC) and R software (version
3.5.0, R Foundation for Statistical Computing, Vienna,
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Austria). Statistical significance was set at the conventional
5% two-sided threshold.

3. Results

3.1. Patient and treatment characteristics

The study flow chart is presented in Supplementary
Figure 1. A substantially stable pattern of survival was
observed throughout the time period. Of the 924 registered
cases, 743 were eligible; among these cases, 54 (7.3%) were
excluded from the analysis because of a lack of or inconsis-
tent information regarding the time of treatment or follow-
up. Thus, the outcomes of the remaining 689 patients, from 7
contributing centers, were suitable for analyses. The main
characteristics of the study population are shown in Table 1.
There were 69 (14.4%) patients who had HPV-positive
tumors: 446 (64.7%) had undergone a partial penile amputa-
tion; 159 (23.1%) had a total amputation, and 122 (17.7%)
had received a sentinel lymph node biopsy (SLNB).

In total, 346 patients (50.2%) presented with clinically
lymph node negative stage before LND; 266 (38.6%) had
clinical N1-2 stage, and 77 (11.2%) had clinical N3 stage.
Of the latter cases, 48 (62.7%) were classified due the pres-
ence of clinically involved pelvic lymph nodes.

In total, 414 patients (60.1%) received inguinal LND,
and 275 (39.9%) received inguinal and pelvic LND. Pelvic
LND was performed in 158/246 patients (64.2%) who had
>2 pathologically involved inguinal lymph nodes; 574
(83.3%) patients had received a bilateral LND.

Pathological stage classes are also shown in Table I: in
total, 485 patients (73.6%) had pathologic lymph node
involvement versus 177 who had not (26.7%, 27 missing
data); 274 (41.4%) had pN3 stage; 102 (37.2%) had the
involvement of pelvic lymph nodes, and 188 (39.4%) had
extranodal extension.

In total, 86 patients (14.9%) received neoadjuvant che-
motherapy, and the regimen used is detailed in Supplemen-
tary Table 1. The median number of administered cycles
was 3 (IQR: 3—4). Only 9 patients (1.6%) received neoad-
juvant RT.

Postoperatively, 171 patients (32.1%) received adjuvant
chemotherapy with a median of 3 (IQR: 3—12) cycles (regi-
mens shown in Supplementary Table 1), and 74 (13.8%)
received adjuvant RT (pelvic RT in 11 patients and inguinal
RT in 63). The frequency of patients receiving periopera-
tive chemotherapy did not change substantially throughout
the years as shown in Supplementary Table 2. After a
median follow-up of 50 months (interquartile range [IQR]:
22.4—60), there were 203 relapses and 238 death events. Of
the latter, 41 (17.2%) were due to other causes.

3.2. Prognostic factors for RFS and OS

The variables selected for analyses of RFS and OS after
the RF procedure, and their performance, are provided in
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Table 1
Patient, disease, and treatment characteristics
No. %

Total number of patients 689 -
Age, years: median (IQR) 59 (49-68)
Smoking history

Current smoker 145 35.1

Former smoker 87 21.1

Never smoker 181 43.8

Missing data 276 -
Previous circumcision

Yes 135 24.2

No 424 75.8

Missing data 130 -
HPYV status

Negative 346 72.4

Positive 69 14.4

Unknown 63 13.2

Missing data 211 -
Histology

Pure SCC 603 96.2

SCC with sarcomatoid variant 24 3.8

Missing data 62 -
ECOG-performance status

0 277 65.3

1 112 26.4

2 24 5.7

>2 11 2.6

Missing data 265 -
Clinical TNM stage

cT<3NOMO 324 47.0

cT3-4NOMO 22 32

cTanyN1-2MO 266 38.6

cTanyN3MO 77 11.2
Previous SLNB 122 17.7
Neoadjuvant chemotherapy

Yes 86 14.9

Missing data 113 -
Neoadjuvant RT

Yes 9 1.6

Missing data 112 -
Surgery of the primary penile tumor

Not done 84 12.2

Partial amputation 446 64.7

Total amputation 159 23.1
Proximal margin involvement

Yes 61 13.1

Missing data 224 -
Pelvic LND 275 39.9
Bilateral LND 574 83.3
Pathological TNM stage

pT<3NOMO 149 22.5

pT3-4NOMO 28 4.2

pTanyN1-2MO 211 31.9

pTanyN3MO 274 41.4

Missing data 27 -
Vascular invasion

Yes 141 24.1

Missing data 105 -
Total number of removed LN (median, IQR) 20 (13-28)
Positive LN ratio, % (median, IQR) 11.1 (0-23.5)
Extranodal extension

Yes 188 39.4

Missing data 212 -

(continued)
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Table 1 (Continued)

No. %

Total number of patients 689 -
Adjuvant chemotherapy

Yes 171 32.1

Missing data 157 -
Adjuvant radiotherapy, overall 74 13.8

Yes, inguinal 63 11.8

Yes, pelvic 11 2.1

Missing data 155 -

Abbreviations: ECOG = Eastern Cooperative Oncology Group; HPV =
human papillomavirus; IQR = interquartile range; LND; lymph node
dissection; RT radiotherapy; SCC = squamous cell carcinoma.

Supplementary Table 3. Similar results were obtained by
including or excluding the treatment center among the
covariates. The corresponding performance assessed with
the multivariable Cox model is shown in Supplementary
Table 4. Of these variables, those retained for RFS and OS
after backward selection in the multivariable model are
shown in Table 2. For RFS, they had a positive lymph node
ratio (P < 0.001) and pN stage (overall P < 0.001); for OS:
age (P=<0.001), positive lymph node ratio (P < 0.001),
pN stage (overall P < 0.001), and neoadjuvant chemother-
apy (P=0.013). The bias-corrected c-index of the model
for OS was 0.711 (95% confidence interval [CI]: 0.710
—0.713) for RFS and 0.749 (95%CI: 0.747—0.750) for OS.

3.3. Development of a nomogram for OS

The nomogram estimating 12-month and 24-month OS,
based on the model with prespecified variables shown in
Table 3, is provided in Fig. 1A. The bias-corrected c-index
of the model was 0.754 (95% CI: 0.753—0.756).

To help readers use the nomogram, vertical lines should
be drawn from the correct status of each prognostic factor

Table 2

Results of the Cox multivariate model on OS and RFS after backward selection
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Table 3
Results of the Cox multivariate model on OS incorporating prespecified
variables deemed to be clinically relevant for nomogram-based prediction

(N

Factor HR 95% CI P*

Age™: 0.002
68 (03) vs. 49 (Q1) 1.12 0.91-1.37

Neoadjuvant chemotherapy: 0.007
Yes vs. No 1.76 1.17-2.65

Pelvic LND: 0.109
Yes vs. No 0.76 0.54—1.06

Bilateral LND: 0.010
Yes vs. No 1.72 1.14-2.60

Pathological N-stage: <0.001
pNO Ref. Ref. -
pN1 1.66 0.77-3.59 0.199
pN2 2.36 1.03-5.41 0.043
pN3 4.32 1.91-9.76 <0.001

Positive LN ratio™: <0.001
23.5(Q3)vs. 0(Q1) 2.38 1.24—-4.54

Adjuvant chemotherapy: 0.801
Yes vs. No 0.96 0.69—1.33

Abbreviations: CI: confidence interval; HR: hazard ratio; LND: lymph
node dissection; OS: overall survival; Q1: I*' quartile of the variable
distribution; Q3: 3" quartile of the variable distribution.

*P: two-sided Wald test P value.

?Continuous predictor modeled by means of restricted 3-knot cubic

splines.

to the top axis (points). After adding all the points, a verti-
cal line should be drawn from the “total points™ axis to the
bottom axes to make the conversion into an OS probability
based on the chosen time-point. Decision curves for the
OS model are shown in Fig. IB. The plots show that
model-based decisions are supported in the range of thresh-
old probabilities of 20—60% at 12 months (left panel) and
20—80% at 24 months (right panel). Fig. 1C shows the OS
curves according to the nomogram score tertiles.

(o RFS
Factor HR 95% CI pP* HR 95% CI pP*
Age™ <0.001
68(0Q3) vs. 49 (Q1) 1.13 0.77—1.65
Neoadjuvant chemotherapy: 0.013
Yes vs. No 1.58 1.10-2.26
Pathological N-stage: <0.001 <0.001
pNO Ref. Ref. - Ref. Ref. -
pNI 1.34 0.63—2.84 0.446 1.59 0.76—3.33 0.216
PN2 1.92 0.87—4.26 0.109 1.41 0.63-3.19 0.404
pN3 3.02 1.43—-6.39 0.004 2.95 1.39-6.26 0.005
Positive LN ratio™: <0.001 <0.001
23.5(03)vs. 0(Q1) 2.79 1.46—5.31 2.49 1.31-4.73

Abbreviations: CI = confidence interval; HR = hazard ratio; LN = lymph node; OS = overall survival; Q1 = Ist quartile of the variable distribution; Q3 =
3rd quartile of the variable distribution; RF = random forest; RFS = relapse-free survival.

* P: two-sided Wald test P value.

 Continuous predictor modeled by means of restricted 3-knot cubic splines.
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Fig. 1 (A). Nomogram to predict individual patient-level 12-month and 24-month overall survival based on baseline factors and administered therapies.

Abbreviations: CT = chemotherapy; LND = lymph node dissection.

3.4. OS analyses based on perioperative therapy
administration

Neoadjuvant chemotherapy was confirmed to be ineffec-
tive in Kaplan-Meyer analyses on OS in the subgroups of
patients with cNO and cN1-2 (Supplementary Figure 2A,B),
and similar results were obtained with adjuvant chemother-
apy (Supplementary Figure 2C). For patients with N3 stage,

0.15

0.10

005

Net benefit

0.00 {——x—

-0.05

= Treat none
Treat all
=== Putative model

00 02 04 06 08 10

T T T T

Threshold probability

Net benefit

0.30

0.25

0.20

(=]
-
o

0.10

0.05

0.00

-0.05

\ —— Treat none
3y Treat all
\ === Putatve model
143
)
M
L]
i
]
\
- 3
L]
1
3
- L
A}
Ay
¥
_ ]
.
-
\‘/1
-
4 —
]
»

T L . LU
0.0 02 04 06 08 1.0

Threshold probability

Fig. 1 (B). Decision curves for overall survival at 12 months (left panel)
and 24 months (right panel) applied to the nomogram. Legend: Solid thin
line: Net benefit of a strategy of treating all patients; solid bold line: net
benefit of treating no patients; dotted line: net benefit of a strategy of treat-
ing patients according to the nomogram predictions.

there was a numerically improved OS (not statistically sig-
nificant) with neoadjuvant chemotherapy (P = 0.15, referred
to cN3 patients) as well as with adjuvant chemotherapy
(P =0.12, referred to pN3 patients, Fig. 2A and B). The dif-
ference became statistically significant in favor of adjuvant
chemotherapy in the subgroup of patients with pN3 due to
pelvic lymph node involvement (P=0.046, Fig. 20),
whereas no difference was found for extranodal extension
(P=0.41, Supplementary Figure 3A). The latter cases
benefited from a numerical improvement in OS (not
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Fig. 1 (C). Kaplan-Meier curves of overall survival based on the nomo-
gram score tertiles.
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Fig. 2 (A—B). Kaplan-Meier curves of overall survival based on the administration of neoadjuvant chemotherapy (A) or adjuvant chemotherapy (B) in the

subgroup of patients with clinical or pathological N3 stage.

Abbreviations: AC = adjuvant chemotherapy; NAC = neoadjuvant chemotherapy.

statistically significant) with adjuvant radiotherapy as well
(Supplementary Figure 3B), whereas the number of patients
with pelvic pN3 who received adjuvant RT (N=11) was
too small for any statistical inference. A summary of the
present findings, to help the readers use perioperative ther-
apy in clinical practice, is provided in Fig. 3.

4. Discussion

In one of the largest analyses of PSCC patients receiving
LND, we were able to develop a nomogram predicting OS,
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Fig. 2 (C). Kaplan-Meier curves of overall survival based on the adminis-
tration of adjuvant chemotherapy in the subgroup of patients with patho-
logical N3 stage due to pelvic lymph node involvement.

Abbreviation: AC = adjuvant chemotherapy.

which implies the use of perioperative chemotherapy and
accounts for the extent of LND. To our knowledge, no simi-
lar tools are available that include key information on the
extent of LND and multimodal strategies. OS yields the
advantage of being a reliable endpoint to use in retrospec-
tive studies, and the generally poor prognosis of these
patients, mainly represented here among those with inter-
mediate or high nomogram score, would allow for prospec-
tively designing clinical studies based on model OS
estimation with a permissive sample size.

The model was endowed with a good prognostic perfor-
mance (c-index); although its external validation remains
warranted, it should be noted that, in the context of a rare
tumor, it is extremely challenging to collect data on a sig-
nificant number of patients to allow for conventional statis-
tical procedures. In addition, in a rare tumor for which
centralization of cases to high surgical volume centers is a
key for survival, external validation of data generated from
tertiary cancer centers may not be always feasible.

A few important findings were obtained from the present
analyses. First, the extent of pathologic lymph node involve-
ment is confirmed to be the major negative prognostic factor.
Bilateral lymph node extent was analyzed here by means of
the surrogate variable of bilateral LND, and in fact, this factor
resulted in negatively impacting OS in multivariable analyses.

One general finding was that chemotherapy exerts very
limited activity in patients with limited lymph node
involvement (i.e., clinical or pathological NO-2 stages). The
detrimental HR of neoadjuvant chemotherapy from multi-
variable models is plausible, because patients with high-
risk disease on pathological examination do usually worse
than those who are chemonaive and harbor a potentially
chemosensitive disease at the time of relapse. This hypothe-
sis was proven in penile cancer patients by the present



A. Necchi et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 531.e7—531.el15
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CN3 — pelvic LN+
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pNO,1,2
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Recommendation
Neoadjuvant chemotherapy may be recommended in selected cases.
Present findings: trend to numerically-improved OS versus LND upfront

(p=0.15).
No data exists on neoadjuvant radiotherapy.

l[: Chemotherapy details: 3 cycles of cisplatin-based chemotherapy.

Adjuvant chemotherapy may be recommended.
Chemotherapy details: 3 cycles of cisplatin or non cisplatin-based

chemotherapy.
Present findings: Improved OS on Kaplan-Meier analyses (p=0.046)

Adjuvant radiotherapy may be recommended.

Present findings: trend to numerically-improved OS on Kaplan-Meier
analyses (p=0.359)

No neoadjuvant chemotherapy is indicated.

:> Present findings: detrimental OS in subgroup analyses (p=0.009).

No data exists on neoadjuvant radiotherapy.
Clinical trials are warranted.

No adjuvant chemotherapy is indicated.
Present findings: no effect on OS from subgroup analyses (p=0.73).

Clinical trials are warranted.

Fig. 3. Perioperative therapy strategies for patients with penile squamous-cell carcinoma and lymph node involvement, based on the evidence of the present study.

Abbreviations: LND = lymph node dissection; OS = overall survival.

authors in previous studies [21]. Conversely, the detrimen-
tal effect of neoadjuvant chemotherapy that is observed
from Kaplan-Meier analyses means that other negative
prognostic factors are unaccounted for retrospectively.

Adjuvant chemotherapy relies on a generally more accu-
rate patient prognostication based on the use of pathologic
lymph node staging. Similar results were generally obtained
compared to neoadjuvant chemotherapy.

For both of these strategies, there was a trend toward OS
improvement, and the difference became statistically sig-
nificant with adjuvant chemotherapy in the pelvic lymph
node-positive patients. This information confirms previous
findings from the present authors [22,23].

Therefore, an important message to guide clinical trial
development in PSCC is that new therapeutic strategies are
warranted for patients with limited lymph node involve-
ment (clinical or pathological N1-2 stage). In fact, the 5-
year OS probability of these patients remains suboptimal
and approximates 60% in the present study with very few
advances made in the last decades with multimodality ther-
apy. Of note, promising responses have been obtained in
these patients with the use of a novel neoadjuvant targeted
therapy in a phase 2 trial, but more data are certainly
needed [24].

For more advanced patients (N3 stage), present findings
on chemotherapy efficacy support the EAU guidelines [3]
and further refine the recommendations for the use of adju-
vant chemotherapy in a more selected patient population.
Additionally, the optimal regimen to use postoperatively
remains debated: present data include the use of cisplatin-
or non—cisplatin-based regimens such as the combination
of vincristine, bleomycin and methotrexate that was
reported to be one of the first adjuvant regimens in PSCC
[25]. Indeed, the possibility of administering effective

platinum-free combinations postoperatively is intriguing
for PSCC patients who may be frail and ineligible to
receive cisplatin-based chemotherapy, being tolerability of
chemotherapy a substantial issue also because of issues
related to wound healing or infection. Clinical trials of new
adjuvant chemotherapies are warranted, as the small num-
bers prevented us from further analyzing the subgroups of
the adjuvant chemotherapy regimen. In particular, vinflu-
nine has proven activity in patients with measurable disease
in a phase 2 trial and could be a rational therapy to test in
the adjuvant context [26].

Regarding the role of perioperative radiotherapy, in the
context of very limited literature, the present authors have
already reported that pelvic radiotherapy may have a role in
improving RFS, although much less data have been
reported on the role of inguinal radiotherapy in patients
with extranodal lymph node extension. In the present study,
adjuvant radiotherapy exerted a trend toward OS improve-
ment in the latter category [27] and may be regarded as an
optional therapy for pN3 patients with or without adjuvant
chemotherapy.

Of course, substantial limitations apply to the present
study, most of which are inherent to its retrospective nature.
First, we were unable to obtain more precise data on the
type of chemotherapy regimens (e.g., use of cisplatin- ver-
sus non—cisplatin-based chemotherapy) as well as on the
extent and doses of RT (e.g., unilateral vs. bilateral, or
detailed lymph node fields). This limitation prevented us
from incorporating adjuvant RT into the nomogram to
allow for improved patient prognostication. Second, despite
the significant number of LNDs, small patient subgroups
could have been analyzed in each stage category, thus limit-
ing the power of statistical analyses. Third, the positive
lymph node ratio, which resulted as one of the most
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important prognostic factors as previously reported, suffers
from inherent limitations due to the tumor sampling and
examination and is pathologist-dependent. Finally, despite
the decision to perform bilateral or pelvic LND being made
in high-volume single institutions or according to clinical
practice guidelines, the heterogeneity across the inguinal
LND templates represented an inherent bias of the results
that could not be accommodated with advanced statistics.
This limitation is also reflected by the small number of
patients that have received a SLNB prior to LND, and it is
possible that modern patient series, by relying upon more
SLNB procedures, will result in more patients presenting
with limited lymph node involvement. A fine tuning of the
model by adding more detailed indications on surgical tem-
plates and of chemotherapy regimen and number of cycles
should represent future research.

5. Conclusions

In conclusion, for the first time to our knowledge, we
were able to develop a prognostic tool that may be used to
make patient prognostication that includes perioperative
chemotherapy as well as different LND procedures. Pending
validation, this tool may be used in routine clinical practice
to improve patient counseling and, in clinical trials, to more
finely assess the net benefit of new therapies or therapeutic
modalities over the results achievable with the standard-of-
care. For example, the role of new neoadjuvant or adjuvant
therapies can be framed into a more precise patient prognos-
tication that accounts for pelvic and bilateral dissection.
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