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Objectives

To evaluate the relationship between deep inguinal lymph node metastasis (ILNM) and pelvic lymph node metastasis (PLNM) and explore the prognostic value of deep ILNM in penile squamous cell carcinoma (PSCC).



Materials and Methods

The records of 189 patients with ILNM treated for PSCC were analysed retrospectively. Logistic regression models were used to test for predictors of PLNM. Cox regression was performed in univariable and multivariable analyses of cancer-specific survival (CSS). CSS was compared using Kaplan-Meier analyses and log rank tests.



Results

PLNM were observed in 53 cases (28.0%). According to logistic regression models, only deep ILNM (OR 9.72, p<0.001) and number (≥3) of metastatic inguinal lymph nodes (ILNs) (OR 2.36, p=0.03) were independent predictors of PLNM. The incidences of PLNM were 18% and 19% with negative deep ILNM and extranodal extension (ENE); and 76% and 42% with positive deep ILNM and ENE, respectively. The accuracy of deep ILNM, ENE, bilateral involvement and number (≥3) of ILNMs for predicting PLNM were 81.0%, 65.6%, 63.5% and 67.2%, respectively. The CSS was significantly different in patients with positive and negative deep ILNM (median 1.7 years vs not reached, p<0.01). Patients who presented with deep ILNM had worse CSS (median 3.8 years vs not reached, p<0.01) in those with negative PLNs.



Conclusions

Deep ILNM is the most accurate factor for predicting PLNM in PSCC according to our data. We recommend that patients with deep ILNM should be referred for pelvic lymph node dissection. Involvement of deep ILNs indicates poor prognosis. We propose that patients with metastases of deep ILNs may be staged as pN3.
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Introduction

Lymph node metastasis (LNM) is the major prognostic factor for survival of penile squamous cell carcinoma (PSCC) (1). Regional lymph nodes (LNs) of the penis include inguinal and pelvic nodes. Therapeutic radical inguinal lymph node dissection (ILND) and pelvic lymph node dissection (PLND) are important treatments for PSCC (2). Inguinal lymph nodes (ILNs) consist of superficial and deep nodes, and both superficial and deep ILNs should be removed in complete ILND (3). Lymphatic drainage of the penis is to the superficial and deep ILNs and to the pelvic lymph nodes (PLNs) (4). Thus, PSCC metastasizes in a stepwise fashion from the primary tumor to the ILNs and PLNs (4, 5).

PLND is not recommended when metastasis of deep ILNM is observed according to latest guidelines on penile cancer, although it was recommended before 2014 (6, 7). Additionally, superficial and deep ILNs were not distinguished according to guidelines. The recommendation is mainly based on a study by Leijte et al. (8). However, the relationship between deep inguinal LNM (ILNM) and pelvic LNM (PLNM) and the prognosis of deep ILNM were not evaluated in that study. Interestingly, ILND is routinely performed in patients with groin LNM from melanoma. PLND should be performed if deep ILNs are positive according to NCCN guidelines for cutaneous melanoma (9). The tumor status of deep ILNs is associated with PLNM and survival in melanoma and vulvar cancer (10, 11).

Few studies with small series of cases have evaluated the relationship between the tumor status of deep ILNs and PLNs in penile cancer (12, 13), which showed that deep ILNM may be associated with PLNM. Unfortunately, data on the clinical characteristics of deep ILNM in penile cancer are still scarce. Thus, the tumor status of deep ILNs is ignored by the latest guidelines on penile cancer.

In this retrospective study, we aimed to assess whether deep ILNM is associated with PLNM and explore the prognostic value of deep ILNM in PSCC.



Materials and Methods


Study Population

After institutional review board and ethics committee approval was obtained, data were collected on patients in our institution with PSCC treated between January 2000 and June 2020. The informed consent was waived since the retrospective nature of this study. Patients were screened according to following inclusion criterions: 1) Pathologically confirmed PSCC; 2) Bilateral ILND were performed and pathologically confirmed with nodes metastases; 3) Deep inguinal lymphatic tissues were dissected separately; 4) Bilateral PLND were performed, or not performed but followed up with more than two years without evidence of PLNM. Patients who did not receive bilateral PLND were grouped with those without PLNM at histopathological evaluation (8, 14, 15). Patients who received neoadjuvant therapy or had less than 10 total ILNs removed without a fixed nodal mass were excluded.



Indications and Surgical Technique

All the surgeries were performed by experienced surgeons. ILND was indicated according to established guidelines, which have been discussed previously (16, 17). After superficial nodes were removed, the cribriform fascia near the femoral canal was divided. Deep ILNs lying in the femoral canal medial to the femoral vein were dissected (Figure 1A). The femoral canal and obturator foramen can be communicated after removal of deep inguinal lymphatic tissue and PLNs (Figures 1B, C). The femoral canal should be closed after dissection of deep ILNs (Figure 1D) in cases of hernia.




Figure 1 | Deep inguinal lymph nodes dissection. (A) Position of deep inguinal lymph nodes. (B) The femoral canal is empty after removal of DILT. (C) Femoral canal communicates with obturator after removal of DILT and pelvic LNs. (D) Closing the femoral canal. DILT, deep inguinal lymphatic tissue; FA, femoral artery; FC, femoral canal; FV, femoral vein; IL, inguinal ligament; OF, oval fossa; SC, spermatic cord; SV, saphenous vein.



It was controversial to perform PLND in penile cancer before 2009. The decision to perform PLND varied over time and at each institution (14, 18, 19). Thus, only some patients at our institution received PLND before 2009. After that time, synchronous or secondary PLND was indicated for patients if two or more positive ILNs, ENE, or suspicious pelvic imaging were found following radical ILND. PLND consisted of the removal of common iliac, external iliac, internal iliac, obturator and presacral LNs, which was described previously (15, 20).



Staging, Node Count and Follow-Up

All LN specimens were reviewed by two dedicated uropathologists at our institution. After pathological review, clinical and pathological nodal categories were determined according to the 8th edition AJCC staging system for penile cancer. A fixed or gross nodal mass was counted as one LN regardless of size and ENE (14, 21). Deep inguinal LNs were counted as zero and categorized as negative if no LNs were identified in deep inguinal lymphatic tissue. Previous studies revealed that having more than 2 positive ILNs was an independent predictive factor for PLNM (14, 19). Thus, a positive ILNs cutoff of 3 or greater was set in this study for the logistic regression analyses. Follow-up, including physical examination, ultrasound, CT scan or MRI, was performed every 3 months for the first 2 years, every 6 months for the next 3 years, and annually thereafter, for all patients enrolled.



Statistical Analysis

Mann-Whitney U and chi-square tests were used to compare continuous and categorical variables, respectively. Univariate and multivariable logistic regression models were used to determine independent predictors for PLNM. Univariable and multivariable Cox regression models were used to test factors of cancer-specific survival (CSS). The Kaplan-Meier method was used to explore CSS rates, and differences were assessed using the log rank test. All reported p values are two-sided, with statistical significance considered at p<0.05. All statistical analyses were performed with SPSS version 22 (SPSS Inc., Chicago, IL, USA) and R statistical package version 3.6.3 (R Project for Statistical Computing, www.r-project.org).




Results


Patient Characteristics

A total of 632 patients received penectomies during the period we analysed, and 189 of them were eligible and included in this study. PLNM was confirmed histopathologically based on PLND in 53 (28.0%) patients. A total of 128 (67.7%) patients received bilateral PLND. 61 patients (32.3%) who did not receive bilateral PLND with negative follow-up were grouped with negative PLNM. Deep ILNs were not identified in 95 (25.1%) groins. Clinical and pathological characteristics are summarized in Table 1. Mean follow-up was 4.1 (IQR 1.5-5.9) years.


Table 1 | Clinical and pathological characteristics of the 189 patients with penile SCC.





Predicting PLNM by Pathological Characteristics of ILNs

Patients who presented with PLNM had a significantly higher incidence of deep ILNM (47.2% vs 5.9%, p<0.001), ENE (58.5% vs 31.6%, p=0.001), bilateral involvement of ILNs (60.4% vs 35.3%, p=0.002), and a greater number of positive ILNs (median 4 vs 2, p<0.001) than those with negative PLNs (Table 1). On univariable logistic regression analyses, deep ILNM (OR 14.29, p<0.001), ENE (OR 3.05, p=0.001), 3 or more positive ILNs (OR 4.52, p<0.001) and bilateral involvement (OR 2.79, p=0.002) were significant predictors of PLNM (Table 2). Only 2 factors (deep ILNM and 3 or more positive ILNs) emerged as independent predictors of PLNM in the multivariable logistic regression models (Table 2). When patients were classified based on the number of positive ILNs, the incidence of PLNM increased in parallel with the number of positive ILNs for patients with positive and negative ENE (Supplementary Table 1). This was also observed in patients with bilateral and unilateral involvement. However, the incidence of PLNM was relatively lower in patients with negative deep ILNs than in those with positive deep ILNs. PLNM incidences were consistently high in patients with positive deep ILNs (Supplementary Table 1).


Table 2 | Univariable and multivariable logistic regression analysis predicting PLNM by inguinal lymph node characteristics.



The predictive values of ILNs characteristics for predicting PLNM are shown in Figure 2. The specificity (94.1%) and positive predictive value (PPV) (75.8%) of deep ILNM were higher than those of any other predictor, although the sensitivity (47.2%) was relatively low. The negative predictive value (NPV) was comparable for all predictors. ENE, ≥3 positive ILNs and bilateral involvement had similar predictive values. The accuracy (81.0% vs 65.6% vs 57.2% vs 63.5%) (true positive and true negative) and the area under the curve (AUC) (0.71) of deep ILNM were better than those of any other factors.




Figure 2 | Sensitivity, specificity, PPV, NPV and AUC of ILNs characteristics predicting PLNM. PLNM, pelvic lymph node metastasis; ILNM, inguinal lymph node metastasis; ENE, extranodal extension; AUC, Area under the curve; PPV, positive predictive value; NPV, negative predictive value.





Survival Analysis

The median CSS was 2.9 (IQR 1.5-5.9) years. Univariable Cox regression analyses showed that deep ILNM, ENE, bilateral involvement, 3 or more positive inguinal LNs and diameter of metastatic ILNs were significant prognostic factors of CSS (Table 3). In multivariable Cox regression analyses, deep ILNM (HR 2.07, p =0.007), ENE (HR 2.72, p <0.001) and bilateral involvement (HR 2.37, p <0.001) remained independent prognostic factors for CSS (Table 3). The CSS was significantly different in patients with positive and negative deep ILNM (median 1.7 years vs not reached) and in those with positive and negative ENE (median 2.3 years vs not reached) (Figures 3A, B). Patients who presented with deep ILNM still had worse CSS (median 3.8 years vs not reached) in those with negative PLNs. (Figure 3C). CSS was similar between those with deep ILNM and ENE in patients with PLNM (median 1.6 vs 1.6 years) (Supplementary Figure 1). However, considering patients with negative PLNs, there was still no significant difference in CSS between patients with deep ILNM and ENE (median 3.8 vs 2.9 years) (Figure 3D).


Table 3 | Univariable and multivariable Cox regression analyses of variables on CSS.






Figure 3 | Kaplan-Meier CSS curve of patients with different ILN and PLN characteristics. (A), deep ILN. (B), ENE. (C), deep ILNM without PLNM. (D), deep ILNM and ENE without PLNM. CSS, cancer-specific survival; PLN, pelvic lymph node; ILN, inguinal lymph node; ENE, extranodal extension.






Discussion

PLNM is a major prognostic factor in PSCC patients, which results in a 5-year survival of 12%~33% (14, 19, 22, 23). Approximately one-third of patients with ILNM from PSCC have PLNM (14). Thus, it is important to identify patients with PLNM early. Conventional images, including CT and MRI, are limited in identifying patients with PLNM and result in low sensitivity. Thus, assessment of the pathological characteristics of ILNs is indicated for PLND (6). In this retrospective study, we analyzed whether metastases of deep ILNs can indicate involvement of PLNs.

Previous studies have shown that the histopathological characteristics of ILNs, including the number of positive nodes, tumor grade of the involved nodes, lymph node density, diameter, and ENE, are predictive factors associated with PLNM (14, 18, 19). However, these studies ignored the tumor status of deep ILNs. Although lymphatic drainage of the penis occurs to the superficial and deep ILNs and to the PLNs sequentially; PSCC metastasizes along a similar stepwise pathway (4, 5). Thus, it is important to evaluate the status of deep ILNs in PSCC. We usually dissected superficial and deep ILNs separately in our center in the last 20 years, and we observed that metastases of PLNs usually occurred when deep ILNs were involved. Therefore, the significance of deep ILNM needs to be evaluated due to the metastatic pathway of PSCC.

Leijte et al. (8) previously proposed that deep ILNM should be removed from pN3 cases and the distinction between superficial and deep ILNs should be eliminated, because they found that superficial and deep ILNs cannot be easily distinguished (8). These recommendations were later adopted by the AJCC staging system and guidelines on penile cancer. However, the relationship between deep ILNM and PLNM, and the prognostic value of deep ILNM, were not analysed in that study. Furthermore, superficial and deep ILNs can be distinguished during surgery according to our experience, as their anatomical positions are totally different (Figure 1A) (3). The indications for PLND in the latest guidelines on penile cancer were mainly based on a study by Lughezzani et al. (14). However, the relationship between metastases of deep ILNs and metastases of PLNs was not analyzed in that study.

Although a few studies have evaluated the relationship between the tumor status of deep ILNs and PLNs, the number of cases in these studies is very small (24 and 30 patients with positive inguinal nodes, respectively) (12, 13). Our study shows that deep ILNM emerged as an independent predictor of PLNM. The specificity, PPV, accuracy and AUC of deep ILNM were higher than those of any other factors evaluated in this study. PLNM presented in 75% of patients with deep ILNM, which only occurred in 46%, 42%, and 40% of patients with ≥3 positive inguinal LNs, ENE, and bilateral involvement, respectively. Moreover, PLNM incidence was high in all patients with deep ILNM, regardless of the number of positive ILNs in our study, even in those with only 2 positive ILNs (75%). This may endorse the recommendation that patients with deep ILNM should receive PLND. Deep ILNM was not observed in patients with 1 positive inguinal LN. This may indicate that deep ILNs are not sentinel nodes. The sensitivity (47.2%) of deep ILNM for predicting PLNM is relatively low. This result suggests that negative deep ILNs cannot rule out PLNM. One possible explanation is that occult metastases of deep ILNs were not identified histopathologically; and another is that there may be other direct pathways of lymphatic drainage from superficial ILNs to PLNs, bypassing deep ILNs.

The prognostic value of deep ILNs in penile cancer was not evaluated previously. Notably, when all patients were considered, patients with positive deep ILNM had a significantly worse prognosis than those with negative ILNM in our study. This was also observed in patients with negative PLNM. Furthermore, the prognosis was similar between patients with positive deep ILNM and ENE in negative PLN patients. All these results indicate that deep ILNM is a prognostic factor associated with poor survival, which is similar to inguinal ENE (24). ENE is categorized as pN3 according to AJCC staging system, thus, metastases of deep ILNs may be categorized as pN3 according to our data. However, this proposal is not validated yet, and more data are required to verify it.

The retrospective nature and long interval of our series represents a potential limitation. However, All the surgeries were performed by experienced surgeons. Additionally, to the best of our knowledge, this study has the largest sample size evaluating the relationship between the tumor status of ILNs and PLNs. Therefore, large sample size, standardized and similar treatment strategy minimized the shortcomings of retrospective design. Penile cancer is rare, so long duration is required to collect enough cases. Previous studies focus on penile cancer even across longer period of time (14, 19). Also, prospective studies evaluating relationship of inguinal and pelvic metastases are unlikely, due to the low incidence of penile cancer.

There were 95 groins (25.1%) with no LNs identified in deep inguinal lymphatic tissue, which could be considered a limitation of our study. However, the average number of deep inguinal LNs dissected was 1.4 per groin, which is consistent with previous studies (11, 25). Inguinal regions of 19 male cadavers were dissected by de Carvalho et al. (25). Deep ILNs were not encountered in all cases, even though all cadavers were dissected carefully. Absence of deep inguinal LNs was also observed in a study by Zhu et al. (13). Several factors contribute to the lack of confirmation of deep ILNs. First, deep ILNs may be absent in some groins. In addition, deep ILNs may be missed during histopathological analyses due to their small size and number. Patients with deep ILNs not identified were categorized as negative in our study. This may lower the sensitivity of deep ILNs predicting PLNM. However, this does not change our opinion that patients with deep ILNM should receive PLND.

The inclusion of patients (32.3%, 61) who did not receive PLND may also be considered a limitation. However, these patients were followed up more than two years, and no pelvic metastases occurred. Virtually all metastases manifest within this period (8, 14, 15). The follow-up of some patients with negative PLNs was relatively short. However, all patients received standardized surgery. The recurrence rate was relatively low in our institution, which was reported previously (16, 17). Furthermore, bilateral, rather than unilateral, PLND was performed in our study, although the guidelines recommend that bilateral PLND is not necessary for all patients. Zargar-Shoshtari et al. (26) found that metastases can spread from ILNs on one side to the PLNs on the other side. This was also found in our previous study (20). As such, metastatic PLNs can be removed more completely by bilateral PLND.

There are other limitations to our data and findings. Patients who received neoadjuvant chemotherapy were excluded from our study. Though this avoided the impact of a therapy response from neoadjuvant chemotherapy, bias may have occurred as some advanced patients were not included. However, approximately 16% of patients can achieve a pathological complete response with neoadjuvant chemotherapy (27). It is difficult to distinguish patients with pathological complete response and absent pelvic metastases. Thus, patients who received neoadjuvant chemotherapy had to be excluded. Additionally, a bulky nodal mass was counted as one lymph node in our study. The true number of involved LNs is unknown in such cases. The number of positive ILNs remained statistically significant in the multivariable analysis, even though a bulky nodal mass was counted as one.

In conclusion, metastases of deep ILNs is the most accurate nodal feature predicting PLNM in PSCC according to our data. We recommend that patients with deep ILNM should receive PLND according to our findings, regardless of the number of positive ILNs and other histopathological characteristics of ILNs. Additionally, metastases of deep ILNs affect prognosis. We propose that patients with involvement of deep ILNs may be staged as pN3, but this proposal need to be verified in the future.
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Predictors Univariable

Multivariable

OR (95% CI) p value OR (95% CI) p value
+ Deep ILN (no vs yes) 14.29 (5.84-34.96) <0.001 9.72 (3.77-25.08) <0.001
+ ENE (no vs yes) 3.05 (1.58-5.87) 0.001 5= -
>2 Positive ILNs (no vs yes) 4.52 (2.28-8.98) <0.001 2.36 (1.09-5.13) 0.03
Bilateral involvement (no vs yes) 2.79 (1.45-5.37) 0.002 = =
>30mm diameter of metastatic (no vs yes) 1.81 (0.94-3.50) 0.076 - -

PLNM, pelvic lymph node metastasis; ILN, inguinal lymph node; ENE, extranodal extension.
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Prognostic variables

+ Deep ILN (no vs yes)

+ ENE (no vs yes)

>2 Positive ILNs (no vs yes)

Bilateral involvement (no vs yes)

>30mm diameter of metastatic (no vs yes)

Univariable
HR (95% CI)

4.08 (2.51-6.64)
3.76 (2.38-5.99)
3.11 (1.98-4.89)
3 38 (2.14-5.34)

63 (1.04-2.57)

P value

<0.001
<0.001
<0.001
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0.035
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HR (95% CI)

2.07 (1.22-3.50)
2.72 (1.66-4.45)
2.37 (1.49-3.78)

P value

0.007
<0.001
<0.001

CSS, cancer-specific survival: ILNM, inguinal lymph node; ENE, extranodal extension.
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Characteristics Overall ILNM only ILNM and PLNM p value
Number of patients 189 136 53 =
Age, Median (IQR) 52 (44-62) 51 (43-59) 55 (47-67) 0.4237
Treatment of primary tumor, n (%) 0.714*
Circumcision 16 (8.5%) 10 (7.4%) 6 (11.3%)
Partial penectomy 137 (72.5%) 100 (73.5%) 37 (69.8%)
Total penectomy 25 (13.2%) 19 (14.0%) 6 (11.3%)
Unknow 1(5.8%) 7 (6.1%) 4(7.5%)
pT stage, n (%) 0.428*
<pT1 79 (41.8%) 62 (45.6%) 17 (382.1%)
pT2 56 (29.6%) 37 (27.2%) 19 (35.8%)
pT3 39 (20.6%) 26 (19.1%) 13 (24.5%)
pT4 5(2.6%) 3(2.2%) 2 (3.8%)
pTx 10 (6.3%) 8 (5.9%) 2 (3.8%)
Tumor grade, n (%) 0.229*
G1 73 (38.6%) 58 (42.6%) 15 (28.3%)
G2 88 (46.6%) 61 (44.9%) 27 (50.9%)
>G3 19 (10.1%) 11 (8.1%) 8 (15.1%)
Gx 9 (4.8%) 6 (4.4%) 3(6.7%)
No. of ILNs removed, Median (IQR) 24 (17-29) 24 (18-30) 20 (16-27) 0.0587
No. of deep ILNs removed, Median (IQR) 3(2-4) 3 (2-4) 3 (2-4) 0.6417
No. of PLNs removed, Median (IQR) 20 (14-28) 20 (14-30) 21 (14-27) 0.8277
No. of positive ILNs, Median (IQR) 2 (1-4) 2(1-9) 4(2-6) <0.001A
Deep ILNs, n (%) <0.001*
Positive 33 (17.5%) 8 (5.9%) 25 (47.2%)
Negative 156 (82.5%) 128 (94.1%) 28 (52.8%)
Extranodal extension of ILNs, n (%) 0.001*
Present 74 (39.2%) 43 (31.6%) 31 (58.5%)
Absent 115 (60.8%) 93 (68.4%) 22 (41.5%)
Diameter of ILN, n (%) 0.101*
<30 mm 88 (46.6%) 68 (50.0%) 20 (37.7%)
>30 mm 92 (48.7%) 60 (44.1%) 32 (60.4%)
Unknow 9(4.8%) 8 (5.9%) 1(1.9%)
Side involvement of ILNs, n (%) 0.002*
Bilateral 80 (42.3%) 48 (35.3%) 32 (60.4%)
Unilateral 109 (57.7%) 88 (64.7%) 21 (40.6%)
Lymphovascular invasion, n (%) 0.087*
Present 66 (34.9%) 41 (30.1%) 25 (47.2%)
Absent 118 (62.4%) 91 (66.9%) 27 (50.9%)
Unknow 5(2.6%) 4 (2.9%) 1(1.9%)
Adjuvant therapy, n (%) 0.01*
Positive 98 (51.9%) 62 (45.6%) 32 (61.4%)
Negative 75 (39.7%) 66 (48.5%) 13 (24.5%)
Unknow 16 (8.5%) 8 (56.9%) 8 (15.1%)

SCC, squamous cell carcinoma; IQR, interquartile range; ILN, inguinal lymph nodes; ILNM, inguinal lymph node metastases; PLN, pelvic lymph nodes; PLNM, pelvic lymph node metastases.

*Chi-square test; "Mann-Whitney's test.





