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Simple Summary: Penile cancer is currently classified on the basis of its relationship or not with 
human papilloma virus (HPV) infection. HPV-associated tumors have better prognosis than HPV-
independent tumors. In this study we show that p53 immunohistochemistry, a simple technique 
that shows good correlation with the mutational status of the TP53 gene, allows subclassifying HPV-
independent penile carcinomas in two groups: tumors with normal (wild type) p53, with good 
prognosis similar to the HPV-associated tumors, and tumors with abnormal (mutated) p53, 
aggressive carcinomas with poor prognosis. 

Abstract: Background: Penile squamous cell carcinoma (PSCC) is classified into two prognostically 
distinct types: human papillomavirus (HPV)-associated and HPV-independent. Conversely, the 
impact of p53 status on prognosis remains controversial. We correlated HPV and p53 status with 
prognosis in a large series of PSCC patients. p53 was analysed according to a recently described 
immunohistochemical (IHC) pattern-based framework that includes two normal (scattered, mid-
epithelial) and four abnormal patterns (diffuse, basal overexpression, cytoplasmic and null) and 
closely correlates with TP53 mutational status. Methods: A total of 122 patients with surgically 
treated PSCC in three hospitals in Barcelona, Spain, were included. Based on HPV in situ 
hybridization and p16 and p53 IHC expression, the tumors were classified into three molecular 
types: HPV-associated, HPV-independent/p53 normal, and HPV-independent/p53 abnormal. All 
patients were followed for at least 22 months (median 56.9 months), and disease-specific survival 
(DSS) was analysed. Results: Thirty-six tumors (29%) were HPV-associated, 35 (29%) were HPV-
independent/p53 normal, and 51 (42%) were HPV-independent/p53 abnormal. Disease-related 
deaths were observed in 3/36 (8%), 0/35 (0%) and 14/51 (27%) of the patients, respectively (p<0.001). 
A total of 7/14 deaths in the latter group were patients with tumors showing p53 patterns not 
recognized in the classical p53 IHC interpretation (basal, null, cytoplasmic). According to our 
multivariate analysis, HPV-independent/p53 abnormal tumors and advanced stage were associated 
with impaired DSS (hazard ratio=23.4, 95% confidence interval [CI]= 2.7-3095.3; p=0.001 and 16.3, 
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95% CI=1.8-2151.5; p=0.008, respectively). CONCLUSION: Compared with patients with HPV-
associated and HPV-independent/p53-normal PSCC, patients with HPV-independent/p53 
abnormal PSCC have worse clinical outcomes. p53 IHC results define two prognostic categories in 
HPV-independent PSCC: HPV-independent/p53-normal tumors as low-risk tumors, whereas HPV-
independent/p53-abnormal tumors as aggressive neoplasms. 

Keywords: penile cancer; penile squamous cell carcinoma; HPV; p53; prognosis; disease-specific 
survival 

 

1. Introduction 

Penile squamous cell carcinoma (PSCC) is an uncommon neoplasm. Its incidence has marked 
geographic variability [1], and it is particularly high (2.5/100,000 inhabitants) in Spain [2]. Phimosis, 
absence of circumcision, chronic inflammation, lichen sclerosus, smoking, and human papil-
lomavirus (HPV) infection have been described as risk factors for the development of the disease [3]. 
According to the World Health Organization (WHO), PSCCs should be classified based on their 
association with HPV. For this reason, immunohistochemical (IHC) staining for p16, a well-known 
surrogate of transforming HPV infection, is strongly recommended by the WHO in its last 
classification of urological tumors [3]. 

Genomic instability secondary to the overexpression of the oncoproteins E6 and E7, leading to 
an uncontrolled progression of the cell cycle is considered a key molecular mechanism involved in 
HPV-associated PSCC [4,5]. Conversely, the molecular background of HPV-independent PSCC is less 
well understood, with several recent series reporting that TP53 mutations are highly recurrent in this 
subset of tumors [6–9]. Remarkably, a few studies have suggested that the TP53 mutational status is 
associated with nodal metastases and thus with a worse prognosis in PSCC patients [4,6,8,10–13]. 

In a recent study [14], we showed that a p53 IHC pattern-based framework described initially 
for vulvar tumors [15] can also be applied to PSCC and strongly correlates with TP53 mutational 
status, suggesting that, if carefully evaluated, a simple p53 IHC technique, available in most 
pathology laboratories, could be considered a reliable surrogate of TP53 mutational status. In this 
scheme, two p53 IHC patterns (scattered and mid-epithelial), defined as “normal”, indicate a wild-
type TP53 protein, whereas four well-defined patterns (diffuse overexpression, basal over-
expression, cytoplasmic and null), defined as “abnormal”, strongly correlate with a mutated TP53. 
Remarkably, three of the mutant patterns in this scheme, namely, basal overexpression, cytoplasmic 
and null, have been classified as “normal” according to conventional evaluations in previous studies 
on PSCC [14,16,17]. 

We aimed to evaluate the HPV and TP53 statuses in a large series of PSCC from three public 
institutions in Spain by classifying the tumors based on HPV in situ hybridization and p16 and p53 
IHC analysis into three molecular categories: HPV-associated, HPV-independent/p53 normal and 
HPV-independent/p53 abnormal. We analysed the prognostic implications of this molecular 
classification system. 

2. Methods 

2.1. Patients 

We retrospectively identified all patients surgically treated for PSCC in two tertiary general 
hospitals (Hospital Clinic de Barcelona, Hospital Vall d’Hebron) and a monographic urological center 
(Fundació Puigvert) in Barcelona, Spain, from January 2000 to December 2020. All patients fulfilled 
the following inclusion criteria: 1) had a primary diagnosis of PSCC, 2) had a follow-up of at least 22 
months or until death, and 3) had sufficient available tumor tissue for ancillary IHC studies. 

All patients were treated following the guidelines of the European Association of Urology (EAU) 
[18] depending on the clinical staging, which was determined on the basis of physical examination 
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plus imaging techniques (ultrasound scan, computed tomography scan and/or positron emission 
tomography, etc.) when required. All local excisions aimed at organ sparing and reconstructive 
techniques were used when necessary to minimize the functional impact. Inguinal lymph node 
evaluation was performed if required. Guided sentinel node biopsy was the first option. Endoscopic 
inguinal modified lymphadenectomy was performed when sentinel node biopsy was not available. 
In all patients with positive sentinel node a radical inguinal lymphadenectomy was performed. 

The following clinical and pathological variables were retrieved from the electronic files: age at 
diagnosis, tumor location, type and date/s of treatment/s, margin status, vascular invasion, perineural 
invasion, stage at diagnosis, date of first cancer recurrence, and patient status at follow-up. 

The study was approved by the Healthcare Ethics Committee of the Hospital Clinic of Barcelona, 
Hospital Vall d’Hebron and Fundació Puigvert (HCB/2020/1207, PR(AG)578/2021, FP2021/05c, 
respectively). Informed written consent was obtained from all the patients included in the study. 

2.2. p16 IHC 

IHC for p16 was performed for all samples using the CINtec Histology Kit (clone E6H4; Roche, 
Heidelberg, Germany). Tumors with strong and diffuse block-type staining were considered positive, 
whereas patchy or completely negative p16 staining was considered p16 negative [3,19,20]. In each 
run a p16-positive squamous carcinoma of the vulva was used as positive control. All patients were 
independently evaluated by two pathologists with expertise in urological pathology and 
interpretation of p16 staining (I.T. and N.R.). 

2.3. ISH 

RNA in situ hybridization (ISH) was performed for all samples using the automated Leica 
Biosystems BOND-III and RNAscope ISH Probe High Risk HPV. The assay qualitatively detects E6 
mRNA in 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82 high-risk HPV types. In 
each run a carcinoma of the uterine cervix with known HPV16 positivity was used as control. 

2.4. p53 IHC 

p53 IHC was performed in all patients with a monoclonal antibody (clone DO-7; Roche) 
according to the manufacturer’s protocol. All the IHC staining procedures (for p16 and p53) were 
performed on an automated staining system (Ventana Benchmark ULTRA, Ventana Medical 
Systems, Tucson, AZ, USA) on whole slide sections. IHC staining was evaluated for invasive tumors 
following the recently described p53 pattern-based interpretation framework described for 
squamous cell carcinomas of the vulva [21]and confirmed in PSCC [14]; this method includes two 
major categories: “normal”, which correlates with wild-type TP53, and “abnormal staining”, which 
correlates with mutated TP53”. The “normal” category included two patterns: 1) occasional positive 
nuclei in the basal and/or parabasal layer (scattered pattern) and 2) moderate to strong nuclear p53 
IHC staining in the parabasal layers with absence of expression in the basal cells (mid-epithelial 
pattern). The “abnormal” category included four p53 IHC patterns: 1) continuous, strong nuclear 
staining of the basal layer (basal overexpression pattern); 2) continuous and strong nuclear basal 
staining with suprabasal extension of the positive cells (diffuse overexpression pattern); 3) 
cytoplasmic staining with or without nuclear positivity (cytoplasmic pattern); and 4) complete 
absence of staining in the tumor, with evidence of intrinsic positive control in the adjacent skin, 
stromal or inflammatory cells (null pattern). All patients were independently evaluated by two 
pathologists with expertise in urological pathology and interpretation of p53 staining (I.T. and N.R.). 
All discrepancies were discussed in a consensus meeting, and a final evaluation was achieved. In 
each run a normal tonsil showing scattered positive staining and a serous carcinoma of the ovary 
with known TP53 mutation and diffuse p53 IHC overexpression were used as controls. Thirty-three 
patients were previously included in a recent study focused on the validation of this pattern-based 
p53 interpretation framework against TP53 mutational analysis, in which 95% concordance was 
observed [14]. 
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2.5. The Criteria for PSCC Classification into Three Groups 

All the study cases were classified into three main categories based on HPV ISH and p16 IHC 
results and the pattern of p53 IHC expression. The categories included the following: 1) HPV-
associated PSCC (positive for HPV ISH and p16 IHC, independent of the p53 IHC pattern); 2) HPV-
independent/p53 normal PSCC (negative for HPV ISH and p16 IHC and a scattered or mid-epithelial 
p53 IHC pattern); and 3) HPV-independent/p53 abnormal PSCC (negative for HPV ISH and p16 IHC 
and diffuse, basal overexpression, cytoplasmic or null patterns of p53 IHC). 

2.6. Statistical Analysis 

The statistical analyses were conducted using R Statistical Software (v4.3.2; R Core Team 2021). 
The chi-square test and Fisher’s exact test were employed for categorical data, while the Wilcoxon 
rank-sum test was utilized for numerical data, enabling the comparison of clinical and 
histopathological data. 

The endpoints for prognosis were recurrence-free survival (RFS) and disease-specific survival 
(DSS), which were calculated from the date of treatment (primary surgery) to the date of first 
recurrence or progression or to death due to the disease, respectively. Cumulative incidences were 
depicted through plotted curves, and differences between the curves were assessed using Gray’s test. 
Univariate and adjusted (multivariate) models were obtained using the Cox proportional hazards 
model. For the multivariate analysis, two models were built, one including the molecular type and 
the second including the p53 IHC status, due to the collinearity of these two variables. Two-sided 
tests were used, and a p value less than 0.05 indicated statistical significance. 

3. Results 

3.1. Clinical Pathological Features of the Overall Series 

One hundred twenty-two patients were included in the study. Of these, 43 were from the 
Hospital Clinic de Barcelona, 35 were from the Hospital Vall d’Hebron and 44 were from the 
Fundació Puigvert. The mean age at diagnosis was 68.6 years (range 40-96). Fifty-eight patients 
(47.5%) were stage I at diagnosis, 40 (32.8%) were stage II, 16 (13.1%) were stage III, and 8 (6.6%) were 
stage IV tumors. The median follow-up period was 56.9 months (range 22-60 months). Sixty-five 
patients (53.3%) underwent penectomy (partial or radical), 48 (39.3%) glansectomy and in 9 patients 
(7.4%) circumcision was performed.  Metastatic involvement of the lymph nodes was identified in 
24 patients (19.7%). 

3.2. HPV ISH and p16 and p53 IHC Results and Tumor Classification 

HPV ISH was positive in 36/122 tumors (29.5%), and in all of them, p16 IHC was positive. These 
tumors were classified accordingly as HPV-associated tumors. Thirty-two of the 36 HPV-associated 
tumors had a normal pattern of p53 IHC expression (88.9%), 31 had a scattered pattern, and one had 
a mid-epithelial pattern of p53 IHC. Only four (11.1%) HPV-associated tumors presented an 
abnormal p53: two had diffuse over-expression, one had basal overexpression, and one had a null 
pattern. 

Eighty-six out of the 122 tumors (70.5%) were negative for HPV ISH and p16 IHC and were 
classified as HPV-independent. Among the 86 tumors, 35 (28.7% of the overall series) showed a 
normal pattern of p53 IHC expression and were classified as HPV-independent/p53 normal, all of 
which exhibited a scattered pattern. Fifty-one tumors in this HPV-independent category (41.8% of 
the overall series) had an abnormal p53 IHC staining pattern and were classified as HPV-
independent/p53 abnormal. The most common abnormal p53 IHC pattern in this cohort was diffuse 
overexpression (27/51, 53.0%), followed by a null pattern (14 patients, 27.4%), basal overexpression 
(8 patients, 15.7%) and cytoplasmic expression (2/51, 3.9%). 
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3.3. Characteristics of the Three Molecular Types of PSCC 

Table 1 summarizes the clinical and pathological features of the patients and the three molecular 
categories defined in this study. Patients with HPV-independent/p53 normal tumors were older 
(mean age of 72 years) than were those with the other two categories (67 years for both HPV-
associated and HPV-independent/p53 abnormal tumors [p=0.040]). Patients with HPV-
independent/p53 abnormal tumors had a greater risk of lymph node metastases than patients with 
HPV-independent/p53-normal tumors (p=0.012). The histological variants of the HPV-associated 
tumors significantly differed from the variants identified in the HPV-independent molecular types. 
Moreover, there were no differences in terms of histological variants between HPV-independent/p53 
normal and HPV-independent/p53 abnormal tumors. There were no differences in terms of 
anatomical location, vascular or perineural invasion, margin status, or stage at diagnosis. Figure 1 
shows a representative example of each of the three tumor categories, including hematoxylin and 
eosin staining features as well as HPV ISH and p16 and p53 staining. 

 

Figure 1. Histological (hematoxylin and eosin), p16 and p53 immunohistochemical (IHC) expression 
and human papillomavirus (HPV) in situ hybridization of a typical example of HPV-associated PSCC 
(first row), HPV-independent penile squamous cell carcinoma (PSCC) with abnormal p53 (second 
row) and HPV-independent PSCC with normal p53 (third row) A, A’ and A’’, hematoxylin and eosin; 
B, B’ and B’’ p16 IHC; C, C’ and C’’, p53 IHC; D, D’, D’’ HPV RNA in situ hybridization. 

Table 1. Pathological features, staging and follow-up results in the three types of penile squamous 
cell carcinoma: human papillomavirus (HPV)-associated, HPV-independent with normal p53 
expression and HPV-independent with abnormal p53 expression. 

 HPV-associated HPV-independent  

 (n=36) p53 normal 
(n=35) 

p53 abnormal 
(n=51) 

p 

Age 67.1 (45.0, 94.0) 72.5 (46.0, 
96.0) 

67.1 (40.0, 
87.0) 

0.223 

Anatomical location    0.195 
      Glans 21 (58.3%) 25 (71.4%) 41 (80.4%)  

      Foreskin, coronal sulcus, 
body 11 (30.6%) 8 (22.9%) 9 (17.6%)  

      Not recorded 4 (11.1%) 2 (5.7%) 1 (2.0%)  
Histological type    <0.001 
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     Usual 7 (19.4%) 27 (77.1%) 39 (76.5%)  
     Verrucous 0 (0.0%) 5 (14.3%) 3 (5.9%)  
     Basaloid 16 (44.4%) 0 (0.0%) 4 (7.8%)  
     Warty 4 (11.1%) 1 (2.9%) 0 (0.0%)  
     Mixed  7 (19.4%) 1 (2.9%) 1 (2.0%)  

     Sarcomatoid 1 (2.8%) 0 (0.0%) 4 (7.8%)  
     Lymphoepitelioma-like 1 (2.8%) 0 (0.0%) 0 (0.0%)  

     Cuniculatum 0 (0.0%) 1 (2.9%) 0 (0.0%)  
Vascular invasion    0.992 

     No 33 (91.7%) 32 (91.4%) 47 (92.2%)  
     Yes 3 (8.3%) 3 (8.6%) 4 (7.8%)  

Perineural invasion    0.340 
     No 33 (91.7%) 34 (97.1%) 47 (92.2%)  
     Yes 3 (8.3%) 1 (2.9%) 7 (13.7%)  

Lymph node metastases    0.040 
     No 28 (77.8%) 33 (94.3%) 37 (72.5%)  
     Yes 8 (22.2%) 2 (5.7%) 14 (27.5%)  

Stage    0.124 
     I  13 (36.1%) 22 (62.9%) 23 (45.0%)  
     II 15 (41.7%) 11 (31.4%) 14 (27.5%)  
     III 6 (16.7%) 1 (2.9%) 9 (17.6%)  
     IV 2 (5.6%) 1 (2.9%)       5 (9.8%)  

Surgical margins (invasive 
tumor)    1.000 

  Free 31 (86.1%) 31 (88.6%) 
       44 
(86.3%)  

  Affected 5 (13.9%) 4 (11.4%)         7 
(13.7%) 

 

Chemotherapy    0.219 
   No 31 (86.1%) 34 (97.1%) 45 (88.2%)  
   Yes 5 (13.9%) 1 (2.9%) 6 (11.8%)  

Radiotherapy    0.118 
   No 31 (86.1%) 33 (94.3%) 40 (78.4%)  
   Yes 5 (13.9%) 2 (5.7%) 11 (21.6%)  

Recurrence    0.067 
  No 30 (83.3%) 29 (82.9%) 33 (64.7%)  
  Yes 6 (16.7%) 6 (17.1%) 18 (35.3%)  

Death of disease    <0.001 
  No 33 (91.7%) 35 (100%) 37 (72.5%)  
  Yes 3 (8.3%) 0 (0.0%) 14 (27.5%)  

3.4. Survival Analysis 

Thirty patients (24.6%) experienced disease recurrence during follow-up, but no differences 
were observed among the three molecular types in terms of recurrence rate (p=0.067). Seventeen 
patients (13.9%) died due to PSCC, and 13 (10.6%) died due to other causes. Disease-related death 
was observed in 3/36 (8.3%) patients with HPV-associated PSCC and 0/35 (0.0%) patients with HPV-
independent/p53 normal PSCC, with the highest number of events occurring in patients with HPV-
independent/p53 abnormal PSCC (14/51 (27.5%) (p<0.001)). The patterns of p53 IHC expression in the 
HPV-independent tumors of the patients who died due to the tumor were diffuse overexpression 
(7/27; 25.9%), null pattern (5/14; 35.7%), basal overexpression (1/8; 12.5%) and cytoplasmic expression 
(1/2; 50%). 
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Figure 2 shows the cumulative incidence curves for RFS and DSS for the three molecular 
categories. No differences in RFS were observed between the three molecular types (p=0.083); 
however, significant differences in DSS were detected (p=0.001), with patients with HPV-
independent/p53 abnormal PSCC having the worst prognosis. In terms of tumor staging, no 
differences in RFS were observed between patients with early-stage tumors and patients with 
advanced-stage tumors (p=0.073); however, significant differences in DSS were identified (p<0.001). 
Remarkably, 10/14 (71.4%) HPV-independent/p53 abnormal PSCC patients diagnosed with stage III 
or IV died from the disease compared to only 2/8 (25.0%) of the patients with HPV-associated tumors 
in stages III or IV and 0/2 (0.0%) of the HPV-independent/p53 normal patients in stages III or IV 
(p=0.048). 

 
Figure 2. Cumulative incidence graphs for disease recurrence and death from one of the three types 
of penile squamous cell carcinoma: human papillomavirus (HPV)-associated, HPV-independent with 
normal p53 expression and HPV-independent with abnormal p53 expression. 

Table 2 shows the Cox regression analysis for RFS. Vascular invasion, perineural invasion, 
lymph node metastasis and advanced disease stage were associated with impaired RFS in the 
univariate analysis. According to the multivariate analysis, only vascular invasion reached statistical 
significance. The results of the Cox regression analysis for DSS are shown in Table 3. The molecular 
type (HPV-independent/p53 abnormal), p53 IHC abnormal pattern, vascular invasion, perineural 
invasion, lymph node metastases and advanced stages were associated with impaired DSS in the 
univariate analysis. According to the two multivariate models, HPV-independent/p53 abnormal 
molecular type (p=0.001) or p53 IHC expression (p=0.001), in addition to vascular and perineural 
invasion, lymph node metastases, and advanced stage, were significantly associated with impaired 
DSS. 

Table 2. Univariate and multivariate Cox model for recurrence-free survival. 

Variable 
Univariate model 

Multivariate model with 
molecular type 

Multivariate model with 
p53 

HR 95% CI p HR 95% CI p HR 95% CI p 
Age 1 0.9-1 0.415       

Molecular type*          
HPV-independent/p53 

normal 
1   1   - -  

HPV-associated 1.1 0.4-3.3 0.865 1.3 0.4-4.2 0.672 - - - 
HPV-independent/p53 

abnormal 
2.2 0.9-5.9 0.062 2.3 0.9-6.5 0.065 - - - 

p53 immunohistochemistry          
        Normal 1   - -  1   

        Abnormal 1.9 0.9-4.1 0.062 - - - 1.2 0.9-4.2 0.070 
Vascular invasion          
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No 1   1   1   
Yes 8.0 3.2-18.0 <0.001 3.9 1.1-12.7 0.031 3.6 1.1-11.7 0.037 

Perineural invasion          
No 1   1   1   
Yes 6.8 2.9-14.6 <0.001 2.3 0.7-6.4 0.150 2.3 0.7-6.5 0.148 

Lymph node metastases          
No 1   1   1   
Yes 4.4 2.1-9.1 <0.001 2.3 0.9-5.9 0.079 2.4 0.9-6.4 0.063 

Staging          
Early (I) 1   1   1   

Advanced (II-IV) 2.2 1.1-4.8 0.033 1.2 0.5-3.1 0.712 1.2 0.4-2.9 0.737 
HR: hazard ratio; CI: confidence interval; HPV: human papillomavirus. 

Table 3. Univariate and multivariate Cox model for disease-specific mortality. 

Variable 
Univariate model 

Multivariate model with 
molecular type 

Multivariate model with p53 

HR 95% CI p HR 95% CI p HR 95% CI p 

Age 1 0.9-1 0.808       
Molecular type          

HPV-independent/p53 normal 1   1   - -  
HPV-associated 7.3 0.7-986.3 0.102 6.7 0.6-929.2 0.138 - - - 

HPV-independent/p53 abnormal 21.9 2.9-2804.6 <0.001 23.4 2.7-3095.3 0.001 - - - 
p53 immunohistochemistry           

        Normal 1   - -  1   
        Abnormal 5.42 1.9-20.9 0.001 - - - 5.9 1.9-23.7 0.001 
Vascular invasion          

No 1   1   1   
Yes 10.3 3.7-26.7 <0.001 3.5 1.1-10.9 0.035 2.9 0.9-9.2 0.071 

Perineural invasion          
No 1   1   1   
Yes 9.7 3.6-24.8 <0.001 3.0 1.0-8.7 0.049 2.8 0.9-8.2 0.065 

Lymph node metastases          
No 1   1   1   
Yes 13.5 5.1-40.5 <0.001 2.8 1.0-8.8 0.045 3.2 1.1-9.9 0.028 

Staging          
Early (I) 1   1   1   

Advanced (II-IV) 36.9 5.0-4706.3 <0.001 16.3 1.8-2151.5 0.008 16.0 1.8-2103.0 0.008 

HR: hazard ratio; CI: confidence interval; HPV: human papillomavirus.  

4. Discussion 

The most remarkable finding of our study, which included a large series of patients with PSCC 
treated at three different institutions in Barcelona, Spain, was the difference in prognosis observed 
between the three molecular types of PSCC defined according to their association with HPV and p53 
IHC: HPV-associated, HPV-independent with normal p53, and HPV-independent with abnormal p53 
PSCC. Remarkably, the classification of the tumors based on HPV status and p53 IHC patterns had a 
stronger impact on DSS in the multivariate analysis than did the staging system, suggesting that not 
only HPV status but also p53 IHC should be routinely evaluated in all PSCC patients. 

The good prognosis of patients with HPV-associated tumors (over 90% DSS at 5 years) strongly 
supports the current 2022 WHO classification of PSCC, which separates tumors based on HPV status 
[22]. Studies evaluating the prognostic impact of HPV status in PSCC patients have shown 
controversial results, with some reporting no differences in DSS [23], whereas others showing longer 
DSS in HPV-associated PSCC [9,13], similar to what occurs in HPV-associated carcinomas in other 
anatomical sites, such as the head and neck [24] and the lower female genital tract [25]. The good DSS 
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of patients with HPV-associated tumors in our study is remarkable, especially considering that these 
patients were frequently diagnosed in advanced stages and had metastatic involvement of the lymph 
nodes in almost 25% of the patients. These results suggest that, as shown in HPV-associated tumors 
from other anatomical areas, HPV-associated PSCC is highly sensitive to radiation and chemotherapy 
[26]. In accordance with the findings of other European series [27], HPV-associated tumors 
represented a small percentage (29.5%) of all PSCC, which is in contrast with the findings of studies 
from sub-Saharan Africa or the Caribbean, which showed rates of HPV-associated PSCC as high as 
80% [28]. As previously reported, p16 IHC results have shown excellent correlation with HPV ISH 
[29], reinforcing the validity of the recent WHO 2022 recommendation of using p16 IHC as a 
surrogate for the presence of high-risk HPV [22]. Our study revealed that the second type of PSCC 
defined by the WHO, HPV-independent tumors, includes at least two categories with different 
clinical and pathological features and, most importantly, a different prognosis. In the first category, 
HPV-independent PSCC with normal p53 expression is associated with several specific clinical 
pathological features. These tumors arise in older men, have a very low rate of lymph node 
metastases and are rarely diagnosed at stage III or IV. Remarkably, although these patients had 
similar rates of recurrence compared to those in the other two groups, they had excellent DSS, with 
no tumor-related deaths. This category of HPV-independent tumors with normal p53 IHC has 
previously been described in the vulva [30,31], where they show similar behavior to that observed in 
our series of PSCC, with frequent recurrences but extremely good DSS [32]. 

The most frequent category of PSCC in our study (60% of all HPV-independent tumors and 40% 
of all tumors) was HPV-independent/p53 abnormal PSCC. This percentage of abnormal p53 IHC 
results is similar to the percentage reported by other studies in HPV-independent PSCC [6,9]. In 
contrast with the favorable DSS of patients with HPV-associated tumors and HPV-independent/p53 
normal tumors, the prognosis of patients with HPV-independent/p53 abnormal PSCC is poor, with 
a 27% 5-year mortality. Importantly, the impaired DSS of this subgroup was confirmed via 
multivariate analysis. Our study confirmed that the pattern-based framework of p53 IHC 
interpretation, previously described as having an excellent correlation with the TP53 mutational 
status in PSCC [14], significantly improved the conventional evaluation of p53 IHC. In addition to 
the diffuse overexpression classically accepted by previous researchers [33], this framework 
recognizes additional patterns (null, cytoplasmic and basal overexpression) usually neglected in 
previous studies [34]. As shown in this study, these patterns correlated with an adverse prognosis, 
as 7/14 deaths in the HPV-independent/p53 abnormal group were related to tumors showing p53 
patterns not recognized via classical p53 IHC. These differences in p53 IHC results may explain the 
differences observed in previous studies regarding the prognostic impact of p53 IHC [35].Four out of 
the 36 HPV-associated PSCC (11%) in our series had abnormal p53 IHC (one null, one basal and two 
diffuse overexpression). 

Although the vast majority of HPV-associated PSCC showed a normal pattern of p53 expression 
[14], a small percentage of patients in our series (11%) exhibited an abnormal p53 IHC pattern. This 
finding has been previously described [17]. Moreover, TP53 mutations have been detected in small 
percentages of HPV-associated PSCC [36], in HPV-associated tumors of the head and neck [37] and 
in the vulva [38,39], indicating that abnormal TP53 (or abnormal p53 IHC staining) is not an exclusive 
finding of HPV-independent carcinomas. Interestingly, none of the patients with HPV-associated 
PSCC with an abnormal p53 IHC expression pattern died due to the disease, suggesting that TP53 
mutation does not impair prognosis in this molecular category, although further studies including a 
greater number of HPV-associated tumors with abnormal p53 IHC staining are needed to reach 
strong conclusions. Finally, it should be emphasized that although in this study the correlation 
between p16 IHC overexpression and HPV detection was 100%, a percentage of around 10% of 
discrepant results has been reported in other studies focused on head and neck and vulvar tumors 
[32], and that this phenomenon should also be expected as probably occurring in PSCC. 

Interestingly, the presence of vascular invasion was the only factor associated with disease 
recurrence according to the multivariate analysis. This association is not surprising considering the 
previously reported association between vascular invasion and lymph node metastases in PSCC [40].  
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Our study has several limitations. Due to the large time frame of inclusion, a significant number 
of patients, mainly from the initial period of inclusion, did not undergo inguinal staging using 
sentinel lymph node analysis; thus, some inguinal lymph node microscopic metastases could have 
been missed. In addition, the results could not be corrected for the different treatments due to the 
small number of patients requiring adjuvant therapies. Finally, the small number of disease-related 
deaths in the series might have affected the strength of the statistical estimations. 

5. Conclusions 

Our study showed that patients with HPV-independent/p53 abnormal PSCC have adverse 
clinical outcomes than patients with HPV-associated and HPV-independent/p53 normal PSCC. p53 
IHC defines two prognostic categories in HPV-independent PSCC: HPV-independent/p53 normal 
PSCC are low-risk tumors, whereas HPV-independent/p53 abnormal tumors can be considered 
aggressive neoplasms. Our study suggests that PSCC be stratified into three molecular types with 
distinct clinicopathological features and behaviors based on p16 (as a surrogate of HPV status) and 
p53 IHC (as a surrogate of TP53 mutational status) status. If these results are confirmed in prospective 
studies, they could help to refine the staging work-up, treatment schemes and follow-up strategies 
for patients with PSCC.  
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