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Abstract

Background: Inguinal lymphadenectomy (I-LND) remains underutilized in patients with 

invasive penile cancer. Using a large national cancer registry, we assessed temporal trends in I-

LND utilization and evaluated the impact of I-LND on the survival in patients in whom I-LND is 

an absolute indication per NCCN guidelines (T1b-4 N0/x-1).
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Methods: The National Cancer Database (NCDB) was queried for all non-metastatic penile 

patients with T1b-4 N0/X-N1 squamous cell carcinoma of the penis from 2004–2014. Adjusting 

for patient, demographic, and clinicopathologic characteristics, multivariable logistic regression 

models were used to examine the association between available covariates and receipt of I-LND. 

Cox-proportional hazards regression analyses were then used to assess the impact of clinical and 

pathological variables on overall survival. A propensity score weighted analysis was performed to 

assess the effect of I-LND in overall survival.

Results: A total of 2224 patients met criteria for analysis, of which 606 (27.2%) underwent I-

LND. Following adjustment, I-LND utilization was more likely in younger patients, those 

presenting with palpable adenopathy (cN1), treated in an academic facility, and those with a more 

contemporary diagnosis. On survival analysis, controlling for all known and measured 

confounders, I-LND receipt was associated with improved OS (HR 0.79 [CI 0.74–0.84], p < 

0.001).

Conclusion: In hospitals reporting to NCDB, the overall rate of I-LND for patients with invasive 

penile cancer was only 27.2%. Receipt if I-LND was associated with an increase in OS, justifying 

the use I-LND utilization as an important quality metric for performance reporting in patients with 

invasive penile cancer.
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Introduction:

Squamous cell carcinoma (SCC) of the penis is a rare condition diagnosed in approximately 

1 in 100,000 men and accounts for less than 1% of cancers diagnosed in men in the US 1. 

Although rare, the disease carries significant morbidity and mortality with a 5-year cancer 

specific survival of approximately 50%. Given its rarity, the management of penile cancer 

has been based on small retrospective studies and consequently there is significant variation 

in the treatment of the disease.

Inguinal lymphadenectomy (I-LND) remains the most important staging and therapeutic 

intervention that can be performed in patients with invasive penile cancer2,3. Despite this, a 

recent population studies showed that in the US only 19% to 37% of patients with high 

grade or invasive penile disease undergo lymphadenectomy as recommended by the NCCN 

guidelines4,5. A major factor limiting the use of inguinal lymphadenectomy is the high risk 

of post-operative complications associated with the procedure6. Recent retrospective reports 

have shown the importance I-LND for patients with microscopic or low volume nodal 

disease; prompting the NCCN7 recommendation that I-LND be offered to any patient with 

high grade or invasive penile cancer (pT1b-T4), presenting with no or unilateral/low volume 

adenopathy (cN0-N1)7. For those with bilateral (cN2) or bulky (cN3) adenopathy the 

recommendation is for neoadjuvant chemotherapy followed by I-LND in select candidates7.

In this study, we aim to assess the utilization of inguinal lymphadenectomy (I-LND) in 

patients in whom I-LND is absolutely indicated per the NCCN guidelines ( high grade or 
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invasive penile cancer (T1b-4) with minimal or no nodal involvement (N0/x-N1)), and assess 

the association between receipt of I-LND and overall survival using the National Base 

Cancer Database (NCDB).

Methods:

Data Source

The NCDB, a program of the ACS® CoC (Commission on Cancer) and the American 

Cancer Society, is a national cancer registry established in 1989 that serves as a 

comprehensive clinical surveillance resource for cancer care in the United States. The 

NCDB compiles data from more than 1,500 commission accredited cancer programs in the 

United States and Puerto Rico, and captures approximately 70% of all newly diagnosed 

cancer cases 8.

Definitions:

Cohort and primary outcome

Patients with penile squamous cell carcinoma were identified in the NCDB based on ICD-

O-3 site and histology codes. Cases were selected based on squamous cell histology (8070 

and 8071). Our study cohort included patients diagnosed between 2004 and 2014. Patients 

were selected based on invasive pathology defined as T1b-4, lack or unilateral low volume 

inguinal adenopathy (N0/x-N1), known surgical excision (partial or radical penectomy) and 

known lymph node procedure. Patients who died within 30 days of diagnosis, had clinical 

N2–3 nodal involvement or metastatic disease on presentation, did not receive treatment at 

the reporting hospital, or had a history of a prior malignancy were excluded from the study 

(Figure 1). In cases where pathological stage was not available clinical stage was used. To 

further limit any coding errors, only patients with a reported nodal count were included in 

the lymphadenectomy group, as well as excluding any patient with a lymph node count from 

the non-lymphadenectomy group. Our primary outcome measures were receipt of inguinal 

lymphadenectomy and overall survival.

Covariates

Patients were evaluated using clinical, demographic, and pathologic characteristics available 

in the NCDB. Variables included patient characteristics such as year of diagnosis, age, race, 

Charlson-Deyo comorbidity classification 9, insurance status, median household income, and 

demographic location. Disease characteristics included pathological stage and grade, clinical 

and pathological nodal stage, and receipt of I-LND. Hospital characteristics included facility 

type and location.

Statistical Analysis

Temporal trends in the use of I-LND were assessed from 2004–2014 using Cochran-

Armitage trend tests. We tested the association between I-LND and patient/tumor 

characteristics using Chi-squared tests. We then used multivariate logistic regression to 

simultaneously examine the association between all variables with the receipt of I-LND, 

accounting for within-hospital correlation with robust standard errors. Cox-proportional 
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hazards regression analyses were then used to assess the impact of clinical and pathological 

variables on overall survival. We then conducted a propensity score weighted analysis 10 to 

assess the effect of I-LND in overall survival (OS). We estimated the propensity score via 

logistic regression, including all pre-treatment covariates, and using spline terms for age and 

year of diagnosis. Patients outside of the area of common support were dropped from the 

analysis, and we assessed balance after applying inverse probability weighting to the final 

cohort. We then used weighted Kaplan-Meier curves and a weighted Cox regression model 

to test the association between I-LND and survival. All statistical analyses were done with 

SAS version 9.4 and R version 3.33, with p <0.05 considered statistically significant.

Results:

We identified 2,224 men that met study inclusion criteria (Table 1). The cohort consistent 

mostly of older (median age 69), Caucasian (85.3%) men with a low comorbidity index 

(CCI 0: 65.7%). The majority of patients were treated in a comprehensive community 

(35.5%) or Academic/Research (45.9%) facility.

606 (27.2%) men underwent lymphadenectomy over the study period (2004–2014). I-LND 

utilization showed a steady increased over the study period (Figure 2), with 33.6% of 

eligible patients receiving I-LND in 2014 compared to 23.3% in 2004 (p<0.001). When 

comparing patients who underwent an I-LND and those who did not, significant differences 

were seen with respect to age (<0.001), Hispanic ethnicity (p=0.014), Charlson-Deyo score 

(p=0.009), insurance status (p<0.001), Demographic location (p=0.036), treatment facility 

(p<0.001), and nodal status (p<0.001), as shown in Table 1.

Following adjustment, I-LND was more likely to be performed in patients treated in an 

Academic/Research facility (OR 4.22 [CI 2.61–6.81], p < 0.001), presenting with palpable 

unilateral inguinal adenopathy (cN1) (OR 5.59 [CI 3.71–8.42], p < 0.001), and in those with 

a more contemporary diagnosis (OR 1.06 [CI 1.02–1.10], p< 0.001). In comparison, 

utilization of I-LND was less likely to occur with increased age (p <0.001), especially for 

those ≥ 71 years old (OR 0.41 [CI 0.27–0.62], p < 0.001) and those presenting with T1b 

pathology (OR 0.41 [CI 0.24–.071], p = 0.002). A similar but not statistically significant 

trend (p = 0.091) was seen in regards to worsening comorbidity, with those presenting with 

severe comorbidity (CCI-2) being less likely to receive I-LND than CCI-0 (OR 0.64 [CI 

0.42–.098), p = 0.040), shown in Table 2.

On survival analyses, increasing pathological stage (pT3: HR 1.22 [CI 1.06–1.40], p=0.006; 

pT4: HR 2.32 [CI 1.51–3.55], p<0.001), pN1 disease (HR 1.49 [CI 1.16–1.92], p=0.011) 

high grade disease (HR 1.46 [CI 1.27–1.69]. p < 0.001), increasing age (≥ 71) (HR 1.72 [CI 

1.20–2.46], p = 0.003) and worsening comorbidity (CCI-1: HR 1.43 [CI 1.22–1.68] CCI-2: 

HR 1.91 [CI 1.52–2.39], p < 0.001 for both) were all associated with decreased survival. 

Receipt of I-LND (HR 0.59 [CI 0.48–0.72], p < 0.001) and Hispanic ethnicity (HR 0.68 [CI 

0.51–0.92], p = 0.039) were both associated with improved survival, as shown in Table 3. 

Following propensity score adjustment, receipt of I-LND continued to show a survival 

benefit in the study cohort (HR 0.79 [CI 0.74–0.84], p < 0.001), as shown in Figure 3.

Correa et al. Page 4

J Urol. Author manuscript; available in PMC 2020 October 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Discussion:

The impact of inguinal lymphadenectomy (I-LND) on the survival of patients with invasive 

penile cancer has been recognized as early as 1986 11. Despite the early evidence and 

numerous confirming retrospective studies 2,12, I-LND in the US remains underutilized4,5,13. 

The main hesitancy for the use of I-LND is the significant comorbidity associated with the 

procedure, which has a reported complication rate of 14%–37% 14,15. Despite strong 

recommendations in both the NCCN7 and EUA16 guidelines, the use of I-LND in patients 

with high grade or invasive penile cancer and cN0–1 disease remains controversial, mainly 

due to fear of overtreatment leading to the use of surveillance strategies and fine needle 

aspiration17,18 in the hope to improve patient selection. In this observational cohort, 

consisting of patients with an absolute indication for I-LND per NCCN guidelines (T1b-4 

N0/x-1), I-LND was found to have significant impact on survival with a difference in 

median overall survival of 18.1 months (75.5 months (+) I-LND vs. 57.4 months (−) I-

LND).

In our cohort, the rate of lymphadenectomy was calculated at 27.2% over a 10-year period. 

Although the rate is alarming low, these findings are consistent with those reported by 

Chippollini et al5 (NCDB) and Johnson et al13 (SEER), who using similar patient cohorts 

calculated comparable lymphadenectomy rates of 19.6% and 26.5%, respectively. Marginal 

I-LND utilization is not specific to penile cancer with vulvar cancer19 (20.4%) and lower 

extremity melanoma20 (39%) reporting similar sub-standard rates. Encouraging, was the 

increase use I-LND over the study period (Figure 2), which is likely related to less 

ambiguous recommendations with the introduction of treatment guidelines7,16, emphasis in 

centralization of care5,21 and the introduction of minimally invasive techniques geared 

towards improvement of post-operative complications 22

Utilization of I-LND was more likely to occur in younger patients (p < 0.001), those with a 

more contemporary diagnosis (p = 0.02), and those treated in an Academic/Research facility 

(p < 0.001). In contrast, I-LND utilization did not increase with worsening pathological 

stage, and the likelihood of receiving I-LND was decreased for those presenting with T1b 

lesions (OR 0.41 [CI 0.24–.071], p = 0.002). These findings are worrisome given numerous 

reports demonstrating the increased incidence of lymphoid metastases associated with 

lympho-vascular invasion23 and poorly differentiated cancers23, which are features that 

define T1b lesions per AJCC TNM staging system24. Furthermore, lymphadenectomy was 

more common for those presenting with clinically palpable adenopathy (cN1:73.9% vs 

cN0/x: 23.1%, p < 0.001), demonstrating an erroneous risk adapted approach given the far 

greater benefit seen in those with microscopic nodal disease25. Interestingly, comorbidity 

index (p = 0.079), median household income (p = 0.841), demographic location (p = 0.656), 

or education level (p = 0.738) had no effect in on I-LND utilization, which have been 

preconceived factors related to access to appropriate care in patients with penile cancer, who 

often present from rural, and underserved areas.

Similar observations were noted by Bilimoria et al20, when lymphadenectomy utilization 

was assessed in melanoma patients. Using the NCDB database, the authors demonstrated 

that utilization of lymphadenectomy decreased with advancing age, treatment in community 
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versus academic/research facility and lesion location (lower extremities). As with penile 

cancer, increasing comorbidity, insurance type, household income, demographic location 

and race had no effect on lymphadenectomy utilization. Together, the data suggests that the 

low utilization of I-LND is likely related to physician experience and comfort rather patient 

factors; emphasizing the need to centralize care for those presenting with rare 

malignancies21,26. This is supported by a recent report in which the adherence to EAU 

penile guidelines was studied in an Italian population27; where the care of penile cancer 

patients is concentrated at eight tertiary care centers. The study showed that overall 

adherence to EUA guideline recommendations occurred in 66% of the cases, with an I-LND 

utilization rate of 70%.

Our survival analyses demonstrated that receipt of lymphadenectomy and Hispanic ethnicity 

were both associated with improved survival; whereas, increasing age, worsening 

comorbidity, higher pathological stage, high grade disease, and pathological nodal disease 

were all associated with decreased survival. Following adjustment for known confounders 

using propensity score weighting, receipt of I-LND continued to have a beneficial effect on 

overall survival (HR 0.79 [CI 0.74–0.84], p < 0.001). The above findings are of great 

importance as it validates the findings of several small retrospective reports 2,3,12 on the 

importance of I-LND in the survival of patients with invasive penile cancer using 

observational data from a large national cancer registry. Penile cancer remains one of the 

few disease processes, along with testis cancer 28, in which a modifiable factor such as 

lymphadenectomy is proven to provide a survival advantage. As such, we must emphasize 

the use of I-LND as an important quality metric for the management of patients with 

invasive penile cancer.

Despite its strengths our study is not devoid of limitations. First, large retrospective 

databases are prone to coding errors, which must be addressed carefully prior to data 

analysis. We attempted to control for coding errors by excluding patients with a reported 

lymph node procedure but no documented lymph node count; as well as, any patient with a 

lymph node count but no documented lymph node procedure. Given the alarming low rate of 

I-LND utilization calculated from the NCDB database (27.2%), one must wonder if this 

number represents a true practice representation versus a lack of data capture from the 

NCDB database. Lymphadenectomy procedures in penile cancer compared to other 

malignancies may present a coding issue for the NCDB as these procedures are usually 

performed in staged fashion. The NCDB database only tracks procedures performed in a 

COC-approved facility and those that pertain to the initial cancer treatment29 ; therefore, a 

staged lymphadenectomy performed in a non-COC facility or miss-categorize as a 

recurrence could potentially be left out by the coders leading to the under reporting of I-

LND in the database. Despite, the role that miscoding or under reporting may have played in 

low I-LND rates reported using the NCDB database, the comparable rates reported using the 

SEER-Medicare13 warn of a possible practice phenomenon which we must continue to study 

if we hope to improve the care of penile cancer patients. Second, the use of the NCDB 

database may lead to sampling bias as the NCDB only queries records from CoC-approved 

facilities, which may affect the generalizability of our results. Review of other disease sites 

by Mettlin et al 30, has shown that patient and disease treatment characteristics between 

NCDB and SEER (a national representative sample) are comparable which may mitigate this 
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bias. Third, the overall improvement on overall survival seen in patients receiving 

lymphadenectomy may be a function of younger and healthier patients undergoing the 

procedure. To minimize this potential bias in our survival analysis we used propensity 

adjustment to reduce impact of known confounding variables 10, however, it is possible that 

residual bias from unmeasured factors may remain. Finally, the NCDB database does not 

allow for assessment of patient choice on whether to undergo or forgo lymphadenectomy as 

part of their treatment plan. We attempted to reduce this bias by including only patients in 

whom a lymphadenectomy is an absolute indication (T1b-4 N0/x-1) in all existing best 

practice guidelines7,16.

Conclusion:

In hospitals reporting to NCDB, the overall rate of I-LND utilization for invasive penile 

cancer was only 27.2%. The use of I-LND saw a statistically significant increase over the 

study period from 23.3% in 2004 to 33.6% in 2014, which is encouraging. There was a 

significant increase in median overall survival in patients who received I-LND, justifying 

use of I-LND utilization an important quality metric for performance reporting in patients 

with invasive penile cancer.
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Figure 1. 
Consort Diagram Depicting Inclusion Criteria for the analyzed cohort
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Figure 2. 
Graph depicting the percentage of patient with pTlb-4 cNO/x recieving Inguinal 

Lymaphenectomy (l-LND)
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Figure 3. 
Kaplan-Meier survival curves of overall survival of penile cancer patients as function of 

receipt of lymphadenectomy after propensity score weighting
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