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Abstract

Purpose Penile cancer is a rare male neoplasm with a wide variation in its global incidence. In this study, the prognostic value
of lymph node ratio (LNR) was compared to that of positive lymph node count (PLNC) in penile squamous cell carcinoma.
Methods A total of 249 patients with penile squamous cell carcinoma were enrolled from The Surveillance, Epidemiology,
and End Results (SEER) database between 2010 and 2015. The X-tile program was used to calculate the optimal cut-off values
of LNR and PLNC that discriminate survival. We used the X2 or the Fisher exact probability test to assess the association
between clinical-pathological characteristics and LNR or PLNC. Univariate and multivariate Cox regression analyses were
performed to identify independent prognostic factors for survival. Spearman correlation analysis was used to determine the
correlation between LNR and PLNC.

Results We found that patients with high LNR tended to have advanced N stage, the 7th AJCC stage, and higher pathologi-
cal grade, while patients with high PLNC had advanced N stage and the 7th AJCC stage. Univariate Cox regression analysis
revealed that the N stage, M stage, the 7th AJCC stage, lymph-vascular invasion, LNR, and PLNC were significantly asso-
ciated with prognosis. Multivariate Cox regression analysis demonstrated that LNR rather than PLNC was an independent
prognostic factor for cancer-specific survival. Subgroup analysis of node-positive patients showed that LNR was associated
with CSS, while PLNC was not.

Conclusion LNR was a better predictor for long-term prognosis than PLNC in patients with penile squamous cell carcinoma.

Keywords Lymph node ratio - Positive lymph node count - Penile squamous cell carcinoma - SEER

Introduction

Penile cancer (PC) is a relatively rare disease in devel-
oped countries, with approximately 2200 new cases of PC
reported in 2020 in the US [1]. However, PC remains a sig-
nificant public health concern since it has a considerably
higher incidence in developing countries [2, 3]. Besides,
PC is most common in men aged between 50 and 70 [4].
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Pathologically, squamous cell carcinoma (SCC) is the most
common type of penile cancer, accounting for approximately
95% of malignant neoplasms of the penis, although other
histological types have also been reported [5]. Patients
with early-stage PC generally have a favorable prognosis;
however, the 5-year cancer-specific survival precipitously
declines with lymph node metastasis [6]. Therefore, more
effective therapeutic strategies and better prognostic predic-
tors are needed for PSCC patients.

The TNM staging system is one of the most important
prognostic factors for survival, associated with tumor (T)/
lymph node metastasis (N)/distant metastasis (M) in cancers.
Recently, the lymph node ratio (LNR, the ratio of metastatic
to total examined lymph nodes) and positive lymph node
count (PLNC, the number of metastatic lymph nodes) have
been considered as powerful prognostic factors in various
tumors [7-12]. However, the prognostic value of LNR versus
PLNC in penile squamous cell carcinoma (PSCC) has not
been well established.
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Therefore, this study aimed to compare the prognostic
impact of PLNC versus LNR in PSCC patients.

Methods
Patients and variables

A total of 249 men diagnosed with PSCC between 2010 and
2015 were retrospectively identified using the SEER*Stat
software program. The inclusion criteria was as follows:
(1) ICD-0O-3 topography code of primary tumor site:
C60.0, C60.1, C60.2, C60.8, C60.9; (2) ICD-0-3 histology
code of malignant squamous cell carcinoma: 8051, 8052,
8070-8076, 8081, 8083 and 8084; (3) Complete survival
time information; (4) Active follow-up; (5) Diagnostic
period: 2010-2015. The exclusion criteria were as follows:
(1) AJCC stage: Unknown; (2) SEER cause-specific death
classification: NA/Unknown; (3) Regional nodes examined:
0-1 OR Unknown; (4) Regional nodes positive: Unknown;
(5) Grade: Unknown. The screening process is as presented
in Fig. 1.

The following variables were assessed: age, marital sta-
tus, the 7th AJCC/TNM stages, histology, grade, primary
site, lymph-vascular invasion, PLNC, and LNR. The age
was grouped by patients’ median age at diagnosis. Detailed
information is as shown in Table 1. The endpoints of this
study were overall survival (OS) and cancer-specific

Primary tumor site : penis

Histology : malignant squamous cell carcinoma
Full information of survival time

Active follow-up

2010-2015

(N=1945)

Excluded:

AJCC stage : Unknown (N=119)

SEER cause-specific death classification : NA/Unknown
(N=427)

Regional nodes examined : 0-1 OR Unknown (N=1141)
Regional nodes positive : Unknown (N=2)

Grade : Unknown (N=7)

Patients recruited : N=249

Fig.1 Flow diagram indicating patients from the SEER database
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Table 1 Characteristics of patients recruited from SEER

Characteristic Patients,
No.(%)
(N=249)
Age,y
Median (SD) 62(12.3)
<62 126(50.6)
>62 123(49.4)
Marital status
Married 149(59.8)
Single 52(20.9)
Unknown 10(4.0)
Divorced/Separated/Widowed 38(15.3)
T stage
Tla, T1b, TINOS 54(21.6)
T2 107(43.0)
T3 83(33.3)
T4 5(2.0)
N stage
NO 116(46.6)
N1 39(15.7)
N2 37(14.9)
N3 57(22.9)
M stage
MO 240(96.4)
M1 9(3.6)
The 7th AJCC stage
I 11(4.4)
I 101(40.6)
1A 36(14.5)
1IB 35(14.1)
v 66(26.5)
Histology
Verrucous carcinoma 6(2.4)
Papillary squamous cell carcinoma 2(0.8)
Squamous cell carcinoma, NOS 150(60.2)
Squamous cell carcinoma, keratinizing 69(27.7)
Squamous cell carcinoma, large cell, nonkeratiniz- 6(2.4)
ing
Squamous cell carcinoma, spindle cell 5(2.0)
Basaloid squamous cell carcinoma 11(4.4)
Grade
I-1I 175(70.3)
I-1v 74(29.7)
Primary site
Prepuce 18(7.2)
Glans penis 101(40.6)
Body of penis 16(6.4)
Overlapping lesion of penis 14(5.6)
Penis, NOS 100(40.2)
Lymph-vascular invasion
Unknown 35(14.1)
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Table 1 (continued)

Characteristic Patients,
No.(%)
(N=249)
Negative 134(53.8)
Positive 80(32.1)
LNR
<0.23 215(86.3)
>0.23 34(13.7)
PLNC(grouped by 1)
<1 162(65.1)
>1 87(34.9)
PLNC(grouped by 3)
<3 214(85.9)
>3 35(14.1)

LNR lymph node ratio, PLNC positive lymph node count

survival (CSS), which were determined by vital status
and SEER cause-specific death classification, respectively.

Statistical analysis

The lymph node ratio was calculated as the ratio of the
number of positive lymph nodes to the total number of
lymph nodes examined. The optimal cut-off value was
determined using the X-tile program. For OS, the optimal
cut-off value of LNR was 0.23, with values <0.23 consid-
ered low and values > 0.23 considered high. The optimal
cut-off value of PLNC was 3, with values <3 regarded as
low while those >3 were high. For CSS, the optimal cut-
off value of LNR was identical to OS. The optimal cut-off
value of PLNC was 1, with PLNC <1 considered low, and
PLNC > 1 high. The x 2 test or the Fisher exact probabil-
ity test was used to assess the association between the
clinical-pathological characteristics and LNR or PLNC.
Kaplan—Meier method was used to determine the survival
analysis and the Log-rank test was used to examine the sta-
tistical differences between LNR or PLNC groups in terms
of overall survival and cancer-specific survival. Spearman
correlation analysis was used to determine the correlation
between LNR and PLNC. Cox regression analysis was
used to compute the hazard ratios (HRs) and 95% confi-
dence intervals (95%Cls) for the identification of the prog-
nostic factors in the survival of PSCC patients. All statis-
tical analyses were performed using IBM SPSS Statistics
25. P values < 0.05 were considered statistically significant
in the X2 test, the Fisher exact probability test, the Log-
rank test, and multivariate Cox regression analysis, while
P values < 0.1 were considered significant in univariate
Cox regression analysis.

Results
Patients’ characteristics

A total of 249 patients with PSCC were recruited from the
SEER database. Of these, 132 (53%) patients were con-
firmed to have lymph node metastasis, whereas 117 (47%)
patients were free of lymph node metastasis. The median fol-
low-up time was 30 months (range of 0-82 months). At the
end of the follow-up, 57(22.9%) patients died from PSCC.
The median number of LNR, PLNC, and lymph nodes exam-
ined was 0.04 (range of 0.00—1.00), 1(range of 1-18), and 17
(range of 2-78), respectively. A detailed description of the
clinical-pathological characteristics of the enrolled patients
is shown in Table 1.

The relationship between LNR/PLNC and clinical
pathological characteristics in patients with PSCC

We used the X2 test or the Fisher exact probability test to
compare the characteristics between the LNR/PLNC groups
and clinical-pathological characteristics of PSCC patients.
Our results revealed that high LNR patients tended to
have advanced N stage (P <0.001), the 7th AJCC stage
(P <0.001), and higher pathological grade (P =0.048) while
no significant association was found with other character-
istics. PLNC was significantly associated with the N stage
(P<0.001) and the 7th AJCC stage (P <0.001) based on the
cut-off value of 1 and 3, while a significant association was
observed between the M stage and PLNC grouping based on
the cut-off value of 1 (P=0.010) (Table 2). These findings
suggested that both high LNR and PLNC were associated
with poor clinical-pathological characteristics in PSCC.
Consequently, LNR and PLNC can serve as potential prog-
nostic factors guiding clinical decisions.

The prognostic value of LNR and PLNC for survival
in patients with PSCC

To further explore the role of LNR and PLNC in predict-
ing the survival of PSCC patients, Kaplan—-Meier analysis
and the Log-rank test were used to estimate the overall sur-
vival and cancer-specific survival based on the LNR and
PLNC status. There were significant differences in overall
survival analysis between the LNR (Fig. 2A) and PLNC
groups (Fig. 2B). Patients with LNR <0.23 had a signifi-
cantly higher 5-year overall survival rate than those with
LNR>0.23 (67.5 vs. 27.3%). The 5-year overall survival
rate of patients with PLNC <3 and > 3 were 67.4 and 25.8%,
respectively. A similar trend was observed in cancer-spe-
cific survival analysis (Fig. 2C and Fig. 2D). The 5-year
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Kaplan-Meier Survival Curves of Overall Survival Stratified by LNR
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Fig.2 Kaplan—Meier survival curves of overall survival/cancer-specific survival A Overall survival analysis stratified by LNR; B Overall sur-
vival analysis stratified by PLNC; C Cancer-specific survival analysis stratified by LNR; D Cancer-specific survival analysis stratified by PLNC

cancer-specific survival rate of patients with LNR <0.23
was higher than LNR >0.23 (76.9 vs. 36.4%), whereas
the 5-year cancer-specific survival rate of patients with
PLNC<1 and> 1 were 81.7 and 51.1%, respectively. Even
for the P values <0.001, the X2 values of LNR were higher
than PLNC, indicating that LNR may be a more promising
prognostic factor for PSCC patients.

Considering that the lymph nodes harvested from lym-
phadenectomy comprise positive and negative lymph nodes,
PLNC is theoretically correlated with LNR. Thus, we ana-
lyzed the correlation between LNR and PLNC by perform-
ing a Spearman correlation analysis. The results (rs=0.926,
P <0.001) suggested that LNR and PLNC were significantly
correlated (Fig. 3).

Next, univariate and multivariate Cox regression analyses
were performed to investigate the independent prognostic
factors influencing overall survival and cancer-specific sur-
vival. N stage, M stage, the 7th AJCC stage, lymph-vas-
cular invasion, LNR, and PLNC (all P <0.1) were found
to have a significant impact on both overall survival and
cancer-specific survival while age and T stage (both P <0.1)
only influenced overall survival (Table 3). Interestingly, no
prognostic significance of pathological grade in PSCC was

@ Springer

found, which was inconsistent with our general cognition
of malignant tumors. A possible reason for this inconsist-
ency is the limited sample size, hence the lack of adequate
representation of the population.

Multivariate Cox regression models for survival were
used to compare the effects of LNR and PLNC. Consider-
ing that the 7th AJCC stage contains information on the
N stage and M stage, several multivariate Cox regres-
sion models incorporating lymph-vascular invasion,
the 7th AJCC stage, and LNR/PLNC were constructed
(Table 4). We found that LNR (Model 1: HR =2.788,
95%CI = (1.638, 4.745), P <0.001; Model 2: HR =3.122,
95%CI=(1.725, 5.651), P <0.001) and lymph-vascular
invasion (Positive vs Unknown: Model 1: HR =3.023,
95% CI=(1.340, 6.817), P =0.008; Model 2: HR =2.721,
95% CI=(1.031, 7.183), P =0.043) were independent
prognostic factors for both overall survival and cancer-
specific survival in both Model 1 and 2. Patients with
LNR > 0.23 had a 3.122 fold higher probability of dying
from PSCC than patients with LNR <0.23. Surpris-
ingly, the 7th AJCC stage did not correlate with either
overall survival or cancer-specific survival in both mod-
els. In Model 3, PLNC (HR =2.298, 95% CI=(1.332,
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Fig.3 The correlation of LNR 20
and PLNC in penile squamous
cell carcinoma 18
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3.963), P =0.003) and lymph-vascular invasion (Posi-
tive vs Unknown: HR =2.731, 95% CI=(1.208, 6.177),
P =0.016) were associated with overall survival, while
the 7th AJCC stage was found to have no prognostic sig-
nificance. However, all the three variables included in
Model 4 exhibited no prognostic significance for cancer-
specific survival. Therefore, LNR was found to be a more
reliable prognostic factor for PSCC.

Although the superior prognostic value of LNR over
PLNC was demonstrated, it was highly unlikely that
patients with similar LNR/PLNC distributed on both
sides of the cut-off value exhibited significantly dif-
ferent survival rate. The prognostic value of LNR and
PLNC was further validated in univariate Cox regression
analysis as continuous variables. Both LNR (continu-
ous; For overall survival: HR =22.315, 95%CI=(9.865,
50.474), P <0.001; For cancer-specific survival:
HR =28.274, 95%CI=(11.329, 70.565), P <0.001) and
PLNC (continuous; For overall survival: HR=1.165, 95%
CI=(1.109, 1.224), P <0.001; For cancer-specific sur-
vival: HR=1.187, 95% CI=(1.126, 1.251), P <0.001)
exhibited influence on survival (Table 3). In multivari-
ate Cox regression analysis, LNR (continuous; For over-
all survival: HR =22.538, 95% CI=(7.818, 64.971),
P <0.001; For cancer-specific survival: HR =24.255, 95%
CI=(7.194, 81.778), P <0.001) and PLNC (continuous;
For overall survival: HR =1.133, 95% CI=(1.055, 1.216),
P =0.001; For cancer-specific survival: HR =1.133, 95%
CI=(1.050, 1.224), P=0.001) were found to be signifi-
cantly associated with overall survival and cancer-spe-
cific survival (Table 4).

N=249
15=0.926
P<0.001
°
e
[ ]
‘ . .
°
| °
°
0'4 . 0.8 1 1.2
LNR

Subgroup and survival analysis in node-positive
patients

Subgroup analysis was carried out to assess the association
between clinical factors and survival in 132 patients with
positive lymph nodes (Tables 5 and 6). Univariate analysis
revealed that the N stage, M stage, the 7th AJCC stage,
lymph-vascular invasion, LNR, and PLNC (all P <0.1)
were associated with both overall survival and cancer-spe-
cific survival whereas age and T stage (both P <0.1) were
only associated with overall survival. Multivariate analysis
demonstrated that, LNR was an independent prognostic
factor for both overall survival and cancer-specific survival
(Model 1: HR=2.612,95% CI=(1.529, 4.461), P <0.001;
Model 2: HR =2.994, 95% CI=(1.647, 5.440), P <0.001)
while PLNC (Model 4: HR =1.447, 95% CI=(0.645,
3.248), P=0.370) was not significantly associated with
cancer-specific survival. These results suggested that LNR
exhibited better prognostic value compared with PLNC in
node-positive patients.

However, the absence of the 7th AJCC stage in all mul-
tivariate Cox proportional hazards regression models indi-
cated that there were defects in our models. Large-scale
analysis of complete and representative patients’ informa-
tion is needed for the calibration of the Cox regression
model. In conclusion, LNR exhibited a better prognostic
prediction than PLNC and could thus, serve as a promising
prognostic factor in PSCC.
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Table 3 Univariate Cox regression analysis of overall survival and cancer-specific survival in PSCC

Variables Overall survival Cancer-specific survival
HR 95%CI P value HR 95%CI P value
Age
>62 vs <62 1.548 (0.989,2.422) 0.056* 1.134  (0.674, 1.908) 0.635
Marital status
Single vs married 1.333  (0.772,2.301) 0.302 1.367 (0.733,2.549) 0.325
Unknown vs married 0.530 (0.128,2.186) 0.380 0.38  (0.052,2.777) 0.34
Divorced/separated/widowed vs married 1.314  (0.722,2.394) 0.372 0.987 (0.457,2.132) 0.973
T stage
T2 vs Tla, T1b, TINOS 1.243  (0.652,2.371) 0.509 1.234  (0.593,2.570) 0.574
T3 vs Tla, T1b, TINOS 1.803 (0.953, 3.409) 0.070 * 1.492  (0.706, 3.152) 0.294
T4 vs Tla, T1b, TINOS 0.000  (0.000, 2.993*10%'%) 0.964 0.000  (0.000, 1.018*10%7) 0.970
N stage
N1 vs NO 2.067 (1.028,4.157) 0.042 3.599 (1.462, 8.858) 0.005
N2 vs NO 3.045 (1.531, 6.058) 0.002 5.051 (2.089, 12.215) <0.001
N3 vs NO 4751 (2.712, 8.323) <0.001* 8.337 (3.912,17.771) <0.001*
M stage
M1 vs MO 8.254 (3.848,17.705) <0.001* 9.749  (4.266, 22.280) <0.001*
The 7th AJCC stage
MvsI 1.517 (0.203, 11.339) 0.685 0.670 (0.084, 5.355) 0.705
IITA vs I 2.297 (0.294, 17.969) 0.428 1.722  (0.212, 13.997) 0.611
IIIB vs I 4.024  (0.526, 30.771) 0.180 3.122  (0.399, 24.403) 0.278
IVvsl 6.199 (0.850, 45.216) 0.072* 5.409 (0.738,39.641) 0.097*
Histology
Papillary squamous cell carcinoma vs Verrucous carci- 13130.765  (0.000, 4.438%10°%) 0.868  18317.704 (0.000, 2.438*10%) 0.886
noma
Squamous cell carcinoma, NOS vs Verrucous carcinoma  8664.636  (0.000, 2.880%10°?) 0.874  8959.453  (0.000, 1.176%10%?) 0.894
Squamous cell carcinoma, keratinizing, NOS vs Ver- 9033.025  (0.000, 3.003*10°?) 0.873 9244.140  (0.000, 1.214*10%?) 0.894
rucous carcinoma
Squamous cell carcinoma, large cell, nonkeratinizing, 13985.463  (0.000, 4.673* 1052) 0.867 19733.170  (0.000, 2.601*1062) 0.885
NOS vs Verrucous carcinoma
Squamous cell carcinoma, spindle cell vs Verrucous 10528.488  (0.000, 3.528*10°%) 0.871 7593.573  (0.000, 1.011¥10%%) 0.896
carcinoma
Basaloid squamous cell carcinoma vs Verrucous carci- 3896.977  (0.000, 1.306%10%%) 0.885  2927.710 (0.000, 3.896%10°") 0.907
noma
Grade
MI-TV vs I-1T 1.165 (0.726, 1.872) 0.527 1.201  (0.687,2.100) 0.522
Primary site
Glans penis vs prepuce 1.221 (0.477,3.127) 0.678 1.691 (0.513,5.579) 0.388
Body of penis vs prepuce 1.228 (0.371, 4.058) 0.737 1.544  (0.345, 6.905) 0.57
Overlapping lesion of penis vs prepuce 0.462 (0.090, 2.383) 0.356 0.774  (0.129, 4.635) 0.779
Penis, NOS vs prepuce 1.205 (0.470, 3.089) 0.698 1.322  (0.394, 4.436) 0.651
Lymph-vascular invasion
Negative vs unknown 1.418 (0.630, 3.194) 0.399 1.570  (0.606, 4.068) 0.353
Positive vs unknown 3.028 (1.350, 6.792) 0.007* 2.697 (1.028,7.078) 0.044*
LNR
>0.23 vs<0.23 4291 (2.646, 6.959) <0.001* 5.351 (3.091, 9.262) <0.001*
PLNC
>1vs<l1 4.364 (2.538,7.504) <0.001*
>3vs<3 3914 (2.425,6.318) <0.001*
LNR(continuous) 22.315  (9.865, 50.474) <0.001* 28.274  (11.329, 70.565) <0.001*
PLNC(continuous) 1.165 (1.109, 1.224) <0.001* 1.187 (1.126, 1.251) <0.001*

CI confidence interval, LNR lymph node ratio, PLNC positive lymph node count

*Two-sided P value <0.1
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Table 4 Multivariate Cox Variables Overall survival Cancer-specific survival
regression analysis of overall
survival and cancer-specific HR 95%CI P value HR 95%CI P value
survival in PSCC
Model 1 Model 2
LNR
>0.23 vs<0.23 2.788 (1.638, 4.745) <0.001*  3.122 (1.725,5.651) <0.001*
Lymph-vascular invasion
Negative vs unknown 1.746 (0.764, 3.989) 0.186 2.094 (0.794, 5.524) 0.135
Positive vs unknown 3.023 (1.340, 6.817) 0.008 * 2.721 (1.031, 7.183) 0.043 *
The 7th AJCC stage
MvsI 1.325 (0.175, 10.026) 0.785 0.663 (0.082, 5.362) 0.700
TIIA vs I 1.776 (0.222, 14.236) 0.589 1.518 (0.182, 12.694) 0.700
B vs I 2.548 (0.326, 19.883) 0.372 2.100 (0.262, 16.829) 0.485
IV vsI 3.846 (0.513, 28.859) 0.190 3.780 (0.499, 28.634) 0.198
Model 3
PLNC
>3vs<3 2.298 (1.332,3.963) 0.003 *
Lymph-vascular invasion
Negative vs unknown 1.467 (0.643, 3.345) 0.362
Positive vs unknown 2.731 (1.208, 6.177) 0.016 *
The 7th AJCC stage
MvsI 1.275 (0.168, 9.650) 0.814
MIA vs I 1.907 (0.238, 15.266) 0.543
MIB vs I 2.391 (0.303, 18.847) 0.408
IVvsI 3.699 (0.490, 27.894) 0.204
Model 4
PLNC
>1vs<l1 1.859 (0.837, 4.130) 0.128
Lymph-vascular invasion
Negative vs unknown 1.719 (0.656, 4.501) 0.270
Positive vs unknown 2.419 (0.915, 6.396) 0.075
The 7th AJCC stage
MvsI 0.636 (0.079, 5.147) 0.671
MIA vs 1 1.578 (0.189, 13.165) 0.673
MIB vs I 1.637 (0.181, 14.832) 0.661
Vsl 3.175 (0.386, 26.105) 0.283
Model 5 Model 6
LNR(continuous) 22.538 (7.818, 64.971) <0.001*  24.255 (7.194, 81.778) <0.001*
Lymph-vascular invasion
Negative vs unknown 2.340 (0.988, 5.542) 0.053 2.943 (1.054, 8.214) 0.039
Positive vs unknown 4.044 (1.743,9.379) 0.001* 3.861 (1.399, 10.652) 0.009*
The 7th AJCC stage
MvsI 1.338 (0.177, 10.125) 0.778 0.671 (0.083, 5.431) 0.709
IIA vs I 1.313 (0.163, 10.612) 0.798 1.140 (0.135,9.610) 0.904
IIIB vs I 1.788 (0.227, 14.060) 0.581 1.473 (0.181, 11.962) 0.717
IVvsl 2.990 (0.396, 22.571) 0.288 3.062 (0.402, 23.324) 0.280
Model 7 Model 8
PLNC(continuous) 1.133 (1.055, 1.216) 0.001°* 1.133 (1.050, 1.224) 0.001°*
Lymph-vascular invasion
Negative vs unknown 1.417 (0.620, 3.240) 0.409 1.563 (0.592, 4.123) 0.367
Positive vs unknown 2.824 (1.249, 6.384) 0.013* 2.442 (0.924, 6.458) 0.072
The 7th AJCC stage
JIRTY 1.230 (0.162, 9.324) 0.841 0.607 (0.075, 4.924) 0.640
IIA vs I 1.604 (0.199, 12.913) 0.657 1.377 (0.164, 11.561) 0.768
B vs I 1.823 (0.224, 14.834) 0.575 1.544 (0.183, 13.019) 0.690
Vsl 3.200 (0.421, 24.318) 0.261 3.142 (0.408, 24.204) 0.272
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Table 4 (continued)
*Two-sided P value <0.05

Discussion

Penile cancer is a relatively rare disease worldwide, it
accounts for only 1% of all male malignancies, but causes
considerable psychological and physiological trauma [1].
Squamous cell carcinoma is the most common histologi-
cal type of penile cancer, with approximately 80% of cases
localized in the glans penis and prepuce [13]. The diagnosis,
treatment, and prognosis of PSCC are greatly correlated with
lymph node status. The diagnosis of PSCC is mainly based
on physical examination and regional lymph nodes evalua-
tion [14]. Surgical resection with regional lymph node dis-
section remains the standard therapeutic modality for locally
advanced cases [15] and an important prognostic values [16,
17]. However, apart from metastasis, lymphadenopathy may
also be caused by infection [18]. Thus, antibiotic treatment
can prevent unnecessary lymph node biopsy. Besides, the
lymphatic nodal metastasis status is the most significant
prognostic factor in patients with penile squamous cell car-
cinoma [19]. Although men with less severe disease exhibit
prolonged survival, the prognosis of advanced or metastatic
PSCC remains poor, thus requiring a more robust prognostic
index than the traditional AJCC TNM staging system.

LNR and PLNC have exhibited prognostic value in a vari-
ety of tumors, including salivary gland cancer [20], pros-
tate cancer [21], non-small cell lung cancer [22, 23], breast
cancer [24], and colon cancer [25]. To date, the association
between LNR/PLNC and survival in patients with PSCC has
not been well elucidated. Svatek et al. conducted a survey
with 45 patients between 1979 and 2007 and reported that
LNR (£6.7 vs.>6.7%) was significantly associated with
CSS in patients with node-positive PSCC [26]. However,
the small population and excessively long period limited the
validity of the findings. Similarly, Lughezzani et al. observed
significant differences in survival rates based on LNR [27].
The highlighted studies stratified survival outcomes using
the median value, which is not very rigorous in determin-
ing the threshold. Besides, both studies did not compare the
prognostic value of LNR and PLNC.

A recent study proposed that LNR was a better prognostic
indicator compared to PLNC [28], however, the study popu-
lation comprised only 28 penile cancer patients. Another
study suggested that LNR, but not PLNC was a predictor
of dismal survival outcomes in node-positive PSCC [29].
However, the study simultaneously added LNR and PLNC
into the multivariate Cox regression model, which led to
multicollinearity.

Compared with previous studies, the present study had a
relatively large sample size, thus making it more applicable
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CI confidence interval, LNR lymph node ratio, PLNC positive lymph node count

in clinical practice. Furthermore, there is still a considerable
discrepancy in the threshold of LNR to discriminate between
favorable and poor survival in prior studies, ranging between
0.067 and 0.33 [26-30]. This discrepancy may be explained
by the use of varied surgical approaches, the extent of lymph
node dissection, and the use of different statistical methods
to calculate the optimal cut-off values. Unlike in previous
studies where stratification of patients was done using the
median, the optimal cut-off values for LNR/PLNC were
determined using the X-tile program in this study. The opti-
mal cut-off points were 0.23 for LNR (for both OS and CSS)
and 3 (for OS)/1 (for CSS) for PLNC. When considered as
categorical variables in both univariate and multivariate
Cox regression analyses, LNR > 0.23 predicted worse sur-
vival outcomes compared with LNR <0.23 in patients with
penile cancer. However, PLNC did not exhibit prognostic
value in multivariate model predicting CSS. Thus, LNR was
found to be a better prognostic factor for PSCC. Surpris-
ingly, when converted to continuous variables, both LNR
and PLNC were found to be independent prognostic fac-
tors of poor survival in penile cancer. The varying prognos-
tic value exhibited by PLNC may be attributed to the loss
of information contained in the raw data when converted
to a categorical variable. However, a definite threshold is
required by clinicians assessing prognosis in clinical prac-
tice. Therefore, investigating the prognostic value of LNR
and PLNC as categorical variables makes it easier for clini-
cal decision-making. Considering that heterogeneity may
exist in patients with and without lymph node metastasis,
subgroup analysis was performed in node-positive patients.
LNR (P <0.001) was found to be a better prognostic marker
than PLNC (P =0.370) for CSS. Accordingly, LNR was
found to be a better predictor for survival than PLNC in
patients with PSCC, and could also be used to distinguish
between postoperative PSCC patients with poor prognosis
requiring adjuvant therapy. The optimal cut-off value of 0.23
for LNR may not be directly used in clinical practice, and
further consideration in combination with clinical informa-
tion is needed.

The prognostic value of PLNC depends to a great extent
on surgical and pathological procedures. In conditions of
inadequate lymph node dissection, this can lead to the phe-
nomenon of “stage migration” [31]. The superior prognos-
tic value of LNR can be explained by the incorporation of
disease burden and quality pathologic examination (PLNC),
and the extent of lymphadenectomy (the number of exam-
ined nodes), which would reduce bias due to insufficient
lymph node evaluation [32, 33]. Thus, in the case of suffi-
cient lymph node retrieval, the prognostic value of LNR may
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Table 5 Univariate Cox regression analysis of overall survival and cancer-specific survival in patients with positive lymph nodes
Variables Overall survival Cancer-specific survival
HR 95%Cl P HR  95%CI
Age
>62 vs <62 1.652 (0.984, 2.774) 0.058* 1.223 (0.694, 2.155) 0.487
Marital status
Single vs married 1.254 (0.673, 2.336) 0476 1.258 (0.642, 2.468) 0.504
Unknown vs married 0.331 (0.045, 2.428) 0.277 0.437 (0.059, 3.207) 0.415
Divorced/separated/widowed vs married 0.996 (0.493, 2.012) 0.990 0.717 (0.298, 1.727) 0.458
T stage
T2 vs Tla, T1b, TINOS 1.364 (0.610, 3.051) 0.450 1.422 (0.605, 3.347) 0.420
T3 vs Tla, T1b, TINOS 2.257 (1.030, 4.945) 0.042* 1.810 (0.765, 4.287) 0.177
T4 vs Tla, T1b, TINOS <0.001 (0.000, 2.707*10%%%) 0.972 0.000 (0.000, 7.307%10%"7) 0.974
N stage
N2 vs N1 1.361 (0.637, 2.907) 0.427 1.336 (0.566, 3.149) 0.509
N3 vs N1 2.103 (1.104, 4.004) 0.024* 2.193 (1.060, 4.539) 0.034*
M stage
M1 vs MO 4.925 (2.268, 10.695) <0.001* 5.274 (2.292, 12.134) <0.001*
The 7th AJCC stage
1IB vs IIIA 1.641 (0.716, 3.758) 0.242 1.728 (0.657, 4.548) 0.268
IV vs IIIA 2.853 (1.414,5.755) 0.003* 3.338 (1.466, 7.597) 0.004*
Histology
Squamous cell carcinoma, NOS vs Papillary squamous 0.330 (0.045, 2.435) 0.277 0.280 (0.038,2.084) 0.214
cell carcinoma
Squamous cell carcinoma, keratinizing, NOS vs Papillary 0.415 (0.055, 3.123) 0.393 0.333 (0.044,2.551) 0.290
squamous cell carcinoma
Squamous cell carcinoma, large cell, nonkeratinizing, 0.490 (0.051, 4.746) 0.538 0.513 (0.053, 4.980) 0.565
NOS vs Papillary squamous cell carcinoma
Squamous cell carcinoma, spindle cell vs Papillary squa- 0.237 (0.015, 3.843) 0.311 0.257 (0.016, 4.163) 0.339
mous cell carcinoma
Basaloid squamous cell carcinoma vs Papillary squamous 0.203 (0.013, 3.275) 0.261 0.213 (0.013, 3.436) 0.276
cell carcinoma
Grade
Grade III, Grade IV vs Grade I, Grade 11 1.023 (0.601, 1.741) 0.934 1.062 (0.587, 1.920) 0.842
Primary site
Glans penis vs prepuce 2.164 (0.656, 7.139) 0.205 2.791 (0.658, 11.850) 0.164
Body of penis vs prepuce 1.364 (0.274, 6.777) 0.704 2.152 (0.359, 12.885) 0.401
Overlapping lesion of penis vs prepuce 0.926 (0.155, 5.543) 0.933 1.409 (0.198, 10.006) 0.732
Penis, NOS vs prepuce 1.945 (0.586, 6.464) 0.277 2.208 (0.512,9.517) 0.288
Lymph-vascular invasion
Negative vs unknown 1.499 (0.615, 3.656) 0.373 2.126 (0.738, 6.129) 0.163
Positive vs unknown 2.665 (1.105, 6.425) 0.029* 2.771 (0.946, 8.111) 0.063*
LNR
>0.23 vs<0.23 2.769 (1.647, 4.656) <0.001* 2.988 (1.678,5.321) <0.001*
PLNC
>1vs<l1 1.980 (1.027, 3.818) 0.041*
>3vs<3 2.476 (1.472,4.163) 0.001*

CI confidence interval, LNR lymph node ratio, PLNC positive lymph node count

*Two-sided P value <0.1
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Table 6 Multivariate Cox

. . Variables Overall survival Cancer-specific survival
regression analysis of overall
survival and cancer-specific HR 95%CI P HR 95%CI P
survival in patients with
positive lymph nodes Model 1 Model 2
LNR
>0.23 vs<0.23 2.612 (1.529, 4.461) <0.001*  2.994 (1.647,5.440)  <0.001*
Lymph-vascular invasion
Negative vs unknown  1.598 (0.641,3.983)  0.315 2.333 (0.790, 6.890) 0.125
Positive vs unknown  2.440 (0.994,5.986)  0.051 2.545 (0.856, 7.570) 0.093
The 7th AJCC stage
IIIB vs IIIA 1.319 (0.567,3.069)  0.520 1.281 (0.475, 3.449) 0.625
IV vs IITA 2.178 (1.060, 4.477)  0.034* 2513 (1.083, 5.835) 0.032*
Model 3
PLNC
>3vs<3 2.092 (1.2309, 3.620)  0.008*
Lymph-vascular invasion
Negative vs Unknown 1.232 (0.497, 3.053) 0.653
Positive vs Unknown  2.067 (0.841,5.081)  0.113
The 7th AJCC stage
I1IB vs IIIA 1.189 (0.496,2.854)  0.698
IV vs IITA 2.000 (0.945,4.233)  0.070
Model 4
PLNC
>1vs<l1 1.447 (0.645, 3.248) 0.370
Lymph-vascular invasion
Negative vs unknown 1.831 (0.628, 5.342) 0.268
Positive vs unknown 2.207 (0.745, 6.543) 0.153
The 7th AJCC stage
IIIB vs IIA 1.182 (0.365, 3.832) 0.780
IV vs IITA 2.373 (0.885, 6.366) 0.086

CI confidence interval, LNR lymph node ratio, PLNC positive lymph node count

*Two-sided P value <0.05

decline and PLNC would more precisely reflect the nodal
status. In the present study, LNR was found to be a better
predictor for long-term survival compared with PLNC in
PSCC, thus, reflecting insufficient clinical lymph node dis-
section. Therefore, standardization of lymphadenectomy is
needed in clinical practice.

Despite the advantages of the present study, there were
several potential limitations. First, this was a retrospective
study based on a public database, and the study population
was highly selected, which may result in selection bias. Sec-
ond, the data obtained from the SEER database involved
multiple centers. Thus, standardization of the surgical
approach, especially the extent of lymphadenectomy, could
not be implemented due to the multicentre nature of the
study. Third, several important variables were not included
in the SEER database, such as the size of lymph nodes, the
region of lymph node metastasis (inguinal/pelvic lymph
nodes), extranodal extension, tumor recurrence, and adju-
vant therapy. These confounding factors influence survival

@ Springer

but could not adjusted in our study. Finally, some common
prognostic factors such as T stage and pathological grade
were not associated with CSS in this study, possibly because
the sample size of some stratified patients was too small.

Conclusion

In summary, we demonstrated that LNR is associated with
the long-term survival of postoperative PSCC patients and
is a better prognostic marker than PLNC. Besides, LNR can
be used to stratify patients for adjuvant therapy in the case
of inadequate lymph node dissection.
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