
 

 

EVALUATION OF EARLY LYMPH NODE METASTASIS IN SQUAMOUS 

CELL CARCINOMA OF THE PENIS WITH THE AID OF p53 

IMMUNOMARKER. 

 

ABSTRACT: 

1. Background: Use of p53 as a prognostic marker to detect early lymph node 

metastasis in carcinoma of penis so as to avoid unnecessary lymphadenectomy.  

2. Aim: To detect early metastasis in amputed specimens of penis, by using p53 immuno 

marker, and correlation  with the histopathological variables and clinical stage.  

3. Materials and Methods: Retrospective study of 49 cases of partial /total amputation 

with lymphadenectomy of penile cancers were divided into metastatic and non 

metastatic groups on H&E sections in which 16/49 had metastasis Histological slides 

from all cases were processed with immunohistochemical technique using anti‑p53 

antibodies.  The p53 tumor density was calculated in 100 cells with 20% cut off and  

was graded as positive when more than 20% of the tumor cells with positive  nuclear 

staining.   All the pathological and clinical variables were calculated by Chi square 

test.  

4.  Results:  13 /49 cases showed increased p53 tumor density, pvalue of 0.05 was 

considerd significant in our study.  P53 did not correlate statistically with 

histopathological and clinical variables like phimosis, BXO, clinical node status, 

tumor type, tumor grade, depth of invasion, LVI.  P53 had low positive predictive 



value. Therefore in our study p53 cannot predict the early lymph node metastasis 

because of low positive predictive value, even though they are sensitive. 

 Conclusions: P53 Immunomarker had low specificity and low positive predictive value, 

which suggest that it is not able to predict lymph node metastasis even though it is 

sensitive and therefore they are not helpful to decide for prophylactic lymphadenectomy.   
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INTRODUCTION 

Squamous cell carcinoma of the penis is common in developing countries like India and 

its incidence is similar to that of cervical cancer. It forms 20% of all malignancies in 

Asian countries. the mean age at presentation is 60 years; however, in areas of high 

incidence, penile carcinoma presents at an earlier age. In India, the age of presentation 

can be as low as 35 years
1-2

. Penile cancers with involvement of lymph nodes have a poor 

prognosis and is the most important predictor of outcome for survival in penile 

carcinoma. However clinical estimation of the lymph node status in these patients is still 

a major problem, since  20-25% of  clinically node negative patients can have occult 

nodal metastasis
3-4

.
 
 The traditional elective lymphadenectomy accounts for overtreatment 

in up to 80% of patients and is associated with high morbidity (30-90%)
 4-5

.   By using 

p53 Martin et al and Zhu et al showed that there is increased risk of lymph node 

metastasis with increased p53 expression in the tumor
 
and these patients have poor 



outcome.
5, 8, 9

.  Thus, here we attempt to predict early metastasis in these tumors, so that 

major surgery can be avoided and thereby prevent morbidity in a subset of patients. 

 

MATERIALS AND METHODS: 

The data and histologic slides of a 49 cases of carcinoma of penis done by partial/Total 

amputation of penis from year 2006-2014 were retrived from the archives of Christian 

Medical College, Vellore.  The study was retrospective and archival stained and mounted 

slides and formalin fixed paraffin embedded tissue blocks were retrieved. Clinical details 

were obtained from clinical work station and the initial pathological diagnosis was 

reviewed from Pathology work station using PACS (Picture archival and communication 

System). The samples had been fixed overnight in 10% buffered formalin and they were 

embedded in paraffin wax using conventional methods. Haematoxylin and eosin stained 

slides of all cases of carcinoma of penis were reviewed.  3-4 micron sections were taken 

from the paraffin embedded blocks for performing immunohistochemistry  p53 by using 

the standard DAKO protocols. In the current investigation, we initially reviewed 57 

diagnosed cases of SCC of penis that underwent partial or total amputation with 

lymphadenectomy from a period of 8 & 1/2 years (January 2006 to September 2014), out 

of which 8 cases were excluded as paraffin blocks were not available or adequate for 

immunohistochemical study. The remaining 49 cases were divided into those with 

metastatic nodes and those with no nodal metastasis. Accordingly there were 16 cases 

that had pathological lymph node metastasis and 33 cases that did not have metastasis. 

All available clinical parameters and pathological variables were included in the study so 



as to compare their relation with these prognostic marker.  Cases that were excluded were 

“slide review only” cases, amputation specimens referred from other hospitals without 

lymph node status or clinical details, patients who underwent wedge biopsy only or 

amputation in our center but without lymph node dissection, and blocks without complete 

epithelium. 

Following variables were studied: 

 Age of the patient. 

 Presence of phimosis. 

 Balanitis xerotica obliterans 

 Circumcision. 

 Clinical stage. 

 Gross tumor size  

 Depth of invasion. 

 Histological type 

 Histological grade 

 Infiltration of corpus cavernous/spongiosum 

 Urethral infiltration 

 Lympho vascular invasion on H&E(LVI) 

 Density of p53 in the tumor. 

 Lymphatic density assessment.  



 Pathological involvement of superficial and deep inguinal and pelvic lymph 

nodes. 

Histological grade was classified as per the Broder’s system as G1 (well), G2 (Moderate) 

and G3 (poorly) differentiated.   

Quantification of Tumor density for p53: 

p53 density was calculated in 100 tumor cells under low power field (10x )  and 

expressed in per cent.  p53 was graded as positive when at least 20% of the tumor cells 

showed nuclear staining. 

 

Immunohistochemistry Method: 

P53 immunostains was carried out using automation by Ventanna Bench Mark XT 

autostainer, using DAKO reagents and the same guidelines were used for both markers. 

Paraffin embedded tissue sections were cut at 4μ thickness and floated in poly L-Lysine 

coated slides and incubated overnight at 37˚C. These slides were then treated with 4% 

milk solution for 10 minutes to eliminate the hydrophobic effect and give positive charge 

to the slides. Then the slide labels were bar coded and the labeled slides were loaded in 

Ventanna Benchmark XT autostainer (a fully automated immunostainer). 

Specific protocols were selected according to the marker. A standard protocol was used 

for most of the markers with minimal variation in certain cases.  

 

 

 



 

 

Figure: 1  Algorithm of assessment of p53 in Carcinoma of penis 

49 cases of carcinoma of penis with partial/total amputation (2006-2014)

Histological review of above cases by H&E 

p53 IHC stains on sections

P53 >20 % tumor cells

Detection of early metastasis in 
tumor tissue

Metastatic
Nonmetastatic

16 cases 

32.65%) (33cases )

 

 

                      Statistical Analysis 

 Data was analysed using a statistical software STATA version 13.1.  

 Descriptive statistics for continuous data were expressed as mean with S.D or median. 

  Categorical data was expressed as frequencies and percentages.  

  

 Association of p53 with clinical stage, histological grade and lymphovascular 

invasion was calculated using chi square test.  

 P value of <0.05 was considered significant.  



 The following formula was used to calculate the sample size. 

                    N=4xpxq/d2 

                    P=sensitivity/specificity. 

                    Q=1-P     d=precision-10% 

 

Results 

A total of 49 SCCs of penis with lymphadenectomy were included in our study from 

January 2006 to September 2014 from the department of General pathology, Christian 

Medical College, Vellore.  

Mean age of presentation in the study was 53 with a range of 35-81 years.  

3(6.12%) patients had balanitis xerotica obliterans, 10(20.41%) had phimosis, 3(6.12%) 

patients had undergone circumcision. Majority (43/49) of our patients underwent partial 

amputation while only 6 patients had total amputation. 

The most common site of tumor was the glans (44/54-89.80%) and majority of them 

presented with ulcerating lesion. The remaining tumors were located in the prepuce 

3(6.12%) and coronal sulcus 2 (4.08 %.).   

 

 

 

 



 

  Figure 1:  Distribution of tumour site in study cohort 

 

 

Common histological type of the tumour was conventional squamous cell carcinoma. 

Most of the cases 30 (61.22%) were of grade 1 histology, 15(30.61%) of grade 2 and 

4(8.16%) were of grade 3 histology.                              

 

 

44 

3 2 

frequency 

Glans prepuce coronal sulcus

Glans 

prepuce coronal sulcus 



 

                   Fig 2: Distribution of histological grade 

 

 

17/49(34.69) cases showed lymphovascular invasion.  

35(71.43%) showed invasion into corpus cavernosum and/or spongiosum.  

Mean depth of invasion was 0.9mm, maximum depth of 3cm and minimum depth of 

0.1mm. 

Pathologically nodal metastasis was found in 16 of the total 49 cases (32.65%). Of these 

13/49(26.53%) cases showed metastasis in the right superficial inguinal lymph node 

groups, 9/49(18.37%) in left superficial inguinal lymph node group, 4/49(8.16%) in the 

right deep inguinal lymph nodes, 2/49(4.08%) in the left deep inguinal lymph nodes, and 

3 (6.12%) right pelvic lymph node. 

 

 



 

 

 

Figure 3: Distribution of pathological node positive status. 

 

 

Clinical node status was N0 in 32/49(65.30%), N1 in 6/49(12.24%) cases, N2 in 

1/49(2.04%), N3 in 3/49 (6.12%) and Nx 7(14.29%). 

 

 



 

 

  Fig 4: Distribution of clinical node. 

 

Commonest pathological stage noted was pT2 23/49(46.94%), followed by T1 in 

14/49(28.57) & pT3 in 12/49(24.49). 

 

 

Fig 5: Distribution of T stage. 



 

 

Table: 1 for p53 cases above and below the cut off. 

 

 

P53cut off Frequency % 

<20 13 26.53 

>20 36 73.47 

Total 49 100.00 

 

Assessment of p53 density showed that 36 of the total 49 cases had a high (> 20 %) p53 

density while the remaining cases had less than 20 % tumor density in the tumor cells 

(73.47%).   

 

Table: 2 Depicts Lymph node status in relation with p53 

 

 P53 positive  P53 negative Total lymph nodes 

Metastatic  13 3 16 

Nonmetastatic 23 10 33 

Total  cases 36 13 49 

 

 



 

 

The above table shows that of the 36 cases that had high p53 density, only 13 cases 

showed nodal metastasis and 23case did not show nodal metastasis.  

This result shows that p53 has 81.3% sensitivity and specificity of 30.3% respectively, 

thus giving a positive predictive value of 36.1% (CI 20.8%-53.8%) and negative 

predictive value of 76.9% (CI 46.2%-95.0%). Overall p53 does not show statistical 

significant correlation with nodal metastasis. 

The following variables do not show  statistically significant correlation with p53 and are 

therefore independent factors for prognosis. 

Age (p0.4), BXO (p 0.7), phimosis (p 0.7), circumscision (p 0.7), Node status (p0.4), 

histological grade (p 0.3), depth of invasion ( p 0.9), pathological lymph node status 

(p0.3) and lymph vascular invasion (p0.7).   

It is seen that the only statistically significant correlation with p53 tumor density was the 

T stage with value of 0.04. .Hence involvement of corpus is statistically significant with 

 (p 0.01).                                      

All 49 cases had tumor free skin, corporal and urethral margins (100%). 

On immunohistochemistry 36 patients had increased p53 density (>20 cut off) in the 

amputated specimens, of which 23 cases had negative nodes. Only 13 cases showed 

nodal metastasis and therefore in these cases p53 was early predictor of metastasis. 



    

 

Lymph node                              p53 Total 

Positive 11 5 16 

Negative 19 14 33 

Total 30 19 49 

 

 

 

Discussion 

 

The most important prognostic factor in squamous cell carcinoma of penis is lymph node 

metastasis. European Association of Urology guidelines stratify patients into 3 risk groups: 

low (Tis, pTaG1-G2, pT1G1), intermediate (pT1 G2), and high (pT2/T3 G2/ G3)
5
.    The 

therapy of choice is  node dissection for patients with clinically palpable inguinal lymph 

nodes and for those with unfavorable histopthological characteristics such as basaloid, 

sarcomatoid patterns of growth and increased depth of invasion.  In the current study we 

have tried to analyse the role of p53 as predictive factor for penile carcinoma to better 

define the strategies for treatment of penile cancer.  We evaluated the association  of  p53 

with the clinical and histopthological variables related to potential lymph node metastasis . 

 



 

The expression of p53 has been shown to have prognostic importance in head and neck SCC 

by Lopes et al.  Our study is based on a recent original article by  Lopes, for  p53 expression 

in predicting early lymph node metastasis . To date, there has not been any reported study 

regarding the usefulness of the markers in penile carcinoma from India. Being a referral 

centre many cases of penile carcinoma are diagnosed every year in our hospital.  The study 

was carried out on 49 patients and the aim was to assess the correlation of the above 

markers with age, clinical stage of the disease, histological type, histological grade, depth of 

invasion, common nodes involved, and association of precancerous lesions like phimosis 

and BXO and status of margins. This was done by calculating  the tumor density by p53 

marker. They were evaluated by using the cut off value for  this marker by Lopes et al. The 

sensitivity and specificity, positive predictive value, and P value for each marker were 

calculated.   The mean age of presentation in this population of study was 53 with a range of 

(35 -81) in total of 49 cases and this is similar to the study by WHO. 

10(20.41%) cases presented with phimosis and 3 (6.12%) with BXO, which was confirmed 

on histopthological slides during the initial diagnosis. These variables did not have statically 

significant correlation with the above tumor markers.  Most of the patients had undergone 

partial amputation, only six underwent total amputation. 

Similar sampling was seen in other studies
25-27,

 Of these 49 patients,  histopthological 

evaluation showed 16cases with lymph node metastasis, and the most common lymph 

node group involved was right superficial 13/49(26.53%) group of lymph nodes.  



Clinically however the commonest presentation was N0 stage that formed 29 (59.18%) 

and these findings are similar to the study by Lopes et al.  Our analysis showed that 

majority of our patients (23/49) presented in pathological stage pT2 followed by pT1 and 

this was similar to studies by Minardi et al and Lopes. group
24, 25, 27.

  However some other 

authors have noted pT3 and pT4 as the common stage
25.

.  . The commonest site of 

involvement was glans penis (44/49), which was similar to findings in other studies
25-28

. 

The predominant histological type in our study was conventional squamous cell 

carcinoma which was also similar to other studies 
25-27

.   Most common histological grade 

of the tumor was well differentiated SCC followed by moderately differentiated and few 

cases (5%) were poorly differentiated which is parallel to Lopes et al study. A recent 

study states that  higher grade and more aggressive tumors are prone to disseminate, early 

even without lymph angiogenesis, while the more differentiated tumors need denser 

lymphatic network in the form of increased LVD for their metastatic spread
51 

All 49 cases had tumor free skin, soft tissue and urethral resection margins. 

Lymphovascular invasion was seen in all the 16 cases that histologically had metastatic 

lymph nodes.  It was stated by Lopes et al that there is strong association of this variable 

with increased chances of metastasis
25 

Histopthological stage was only parameter which was statistically significant in p53 study. 

Evaluation of p53 in our study showed that there were 36 cases with more than 20% p53 

tumor density and 13 cases with less than 20% p53 density.  Out of 16 positive lymph node 

cases, 13 cases showed high density.  

 



 

 

However 23/33 negative lymph nodes also showed increased tumor density for lymph node 

metastasis. Present study showed that increased p53 tumor density had increased LVI with 

increased nodal metastasis.  . Analysis showed that only the histological stage statistically 

correlated with p53 which is directly proportional to the lymph node metastasis. 

This was similar to the study done by   Martins et al and Zhu et al. In our study majority 

were at T2 stage, and this stage the marker was sensitive but yet was not a predictor of 

early metastasis as the statistical positive predictive value was low. This marker 

statistically did not correlate with other multivariate variables. Relationship of each 

marker with other variables calculated by Chi square test showed that, age (p0.4),  BXO 

(p 0.7),  phimosis( p 0.7), circumscision (p 0.7) , Node status (p 0.4), histological grade (p 

0.3), depth of invasion (p 0.9), pathological lymph node status (p 0.3) and lymph vascular 

invasion (p 0.7) did not statistically correlate with p53.  Therefore they are independent 

marker of prognosis.  Only T stage with pvalue of 0.04 is statistically correlated with p53 

.Hence involvement of corpus is statistically significant with (p 0.01). This marker has 

sensitivity of 81.3% and specificity of 30.3%.  

  

 

 

 

 



 

 

Conclusion: 

 Total 49 cases of partial total/ amputation of penis were studied. 

 The sensitivity of p53 to detect early metastasis in SCC of penis was 81.3% and 

specificity was 30.3%. 

 Therefore p53 is very sensitive to detect even mild increased tumor density in 

SCC of penis at  20 % cut off. 

 Among the different clinicopathological variables assessed, p53 correlated only 

with the pathological stage of the disease. 

 The positive predictive value for p53 to predict metastasis was only 36.1 %( CI 20.8% 

-53.8%) and negative predictive was 76.9% (CI 46.2%-95.0%) . 

 

To conclude, this is the only study done in India by using  the p53 marker to detect 

early metastasis in partial /total amputed specimens in SCC of penis. p53 is 

extensively studied in different carcinomas at different sites.  In our study this marker  

had low specificity and low positive predictive value, which suggest that it is not able 

to predict lymph node metastasis even though  it is  sensitive and therefore  it cannot 

be  helpful to decide for prophylactic lymphadenectomy.  Specificity could have been 

achieved,  if the sample size was large and if the cut off for p53 was kept at 5%.   

 



 

 

 

 

 

                                   BIBLIOGRAPHY 

(1)1.  Parkin DM, Pisani P, Ferlay J. Estimates of the worldwide incidence of eighteen major 

cancers in 1985. Int J Cancer. 1993 Jun 19;54(4):594–606.  

2.  Misra S, Chaturvedi A, Misra NC. Penile carcinoma: a challenge for the developing 

world. Lancet Oncol. 2004 Apr;5(4):240–7.  

3.  Who  male genital system. 2004th ed. 2002. 353 p.  

4.  Dillner J, von Krogh G, Horenblas S, Meijer CJ. Etiology of squamous cell carcinoma of 

the penis. Scand J Urol Nephrol Suppl. 2000;(205):189–93.  

5.  Hakenberg OW, Compérat EM, Minhas S, Necchi A, Protzel C, Watkin N. EAU 

guidelines on penile cancer: 2014 update. Eur Urol. 2015 Jan;67(1):142–50.  

6.  Daling JR, Madeleine MM, Johnson LG, Schwartz SM, Shera KA, Wurscher MA, et al. 

Penile cancer: importance of circumcision, human papillomavirus and smoking in in situ and 

invasive disease. Int J Cancer J Int Cancer. 2005 Sep 10;116(4):606–16.  

7.  Kayes O, Ahmed HU, Arya M, Minhas S. Molecular and genetic pathways in penile 

cancer. Lancet Oncol. 2007 May;8(5):420–9.  

8.  Bezerra AL, Lopes A, Santiago GH, Ribeiro KC, Latorre MR, Villa LL. Human 

papillomavirus as a prognostic factor in carcinoma of the penis: analysis of 82 patients treated 

with amputation and bilateral lymphadenectomy. Cancer. 2001 Jun 15;91(12):2315–21.  

9.  Mills SE, Carter D, Greenson JK, Reuter VE, Stoler MH. Sternberg’s Diagnostic Surgical 

Pathology. Lippincott Williams & Wilkins; 2012. 6247 p.  

10.  Cubilla AL, Reuter V, Velazquez E, Piris A, Saito S, Young RH. Histologic classification 

of penile carcinoma and its relation to outcome in 61 patients with primary resection. Int J Surg 

Pathol. 2001 Apr;9(2):111–20.  



11.  Broders AC. SQUAMOUS-CELL EPITHELIOMA OF THE SKIN: A STUDY OF 256 

CASES. Ann Surg. 1921 Feb;73(2):141–60.  

12.  AJCC cancer staginng  6th edition. In: 6th ed.  

13.  Ficarra V, Akduman B, Bouchot O, Palou J, Tobias-Machado M. Prognostic Factors in 

Penile Cancer. Urology. 2010 Aug;76(2, Supplement):S66–73.  

14.  Novara G, Artibani W, Cunico SC, De Giorgi G, Gardiman M, Martignoni G, et al. How 

Accurately Do Solsona and European Association of Urology Risk Groups Predict for Risk of 

Lymph Node Metastases in Patients with Squamous Cell Carcinoma of the Penis? Urology. 2008 

Feb;71(2):328–33.  

15.  Ornellas AA, Nóbrega BLB, Wei Kin Chin E, Wisnescky A, da Silva PCB, de Santos 

Schwindt AB. Prognostic factors in invasive squamous cell carcinoma of the penis: analysis of 

196 patients treated at the Brazilian National Cancer Institute. J Urol. 2008 Oct;180(4):1354–9.  

16.  Rubin MA, Kleter B, Zhou M, Ayala G, Cubilla AL, Quint WGV, et al. Detection and 

Typing of Human Papillomavirus DNA in Penile Carcinoma: Evidence for Multiple Independent 

Pathways of Penile Carcinogenesis. Am J Pathol. 2001 Oct;159(4):1211–8.  

17.  Scheffner M, Romanczuk H, Münger K, Huibregtse JM, Mietz JA, Howley PM. 

Functions of human papillomavirus proteins. Curr Top Microbiol Immunol. 1994;186:83–99.  

18.  Corbalán-Vélez R, Ruiz-Maciá JA, Brufau C, Carapeto FJ. [Cutaneous squamous cell 

carcinoma and human papillomavirus]. Actas Dermo-Sifiliográficas. 2007 Nov;98(9):583–93.  

19.  Ferreux E, Lont AP, Horenblas S, Gallee MPW, Raaphorst FM, von Knebel Doeberitz 

M, et al. Evidence for at least three alternative mechanisms targeting the p16INK4A/cyclin D/Rb 

pathway in penile carcinoma, one of which is mediated by high-risk human papillomavirus. J 

Pathol. 2003 Sep;201(1):109–18.  

20.  Wang W-C, Wu T-T, Chandan VS, Lohse CM, Zhang L. Ki-67 and ProExC are useful 

immunohistochemical markers in esophageal squamous intraepithelial neoplasia. Hum Pathol. 

2011 Oct;42(10):1430–7.  

21.  Solsona E, Algaba F, Horenblas S, Pizzocaro G, Windahl T, European Association of 

Urology. EAU Guidelines on Penile Cancer. Eur Urol. 2004 Jul;46(1):1–8.  

22.  Naumann CM, Macquarrie A, Horst CVD, Hamann MF, Al-Najar A, Kaufmann S, et al. 

Histological Detection of Minimal Metastatic Disease in Inguinal Non-sentinel Lymph Nodes in 

Penile Cancer. Anticancer Res. 2010 Feb 1;30(2):467–71.  



23.  Golijanin D, Tan J-Y, Kazior A, Cohen EG, Russo P, Dalbagni G, et al. Cyclooxygenase-

2 and microsomal prostaglandin E synthase-1 are overexpressed in squamous cell carcinoma of 

the penis. Clin Cancer Res Off J Am Assoc Cancer Res. 2004 Feb 1;10(3):1024–31.  

                             

24.  Zhu Y, Zhou XY, Yao XD, Dai B, Ye DW. The prognostic significance of p53, Ki-67, 

epithelial cadherin and matrix metalloproteinase-9 in penile squamous cell carcinoma treated 

with surgery. BJU Int. 2007 Jul;100(1):204–8.  

25.  Lopes A, Bezerra ALR, Pinto CAL, Serrano SV, de MellO CA, Villa LL. p53 as a new 

prognostic factor for lymph node metastasis in penile carcinoma: analysis of 82 patients treated 

with amputation and bilateral lymphadenectomy. J Urol. 2002 Jul;168(1):81–6.  

26.  Hegarty PK, Kayes O, Freeman A, Christopher N, Ralph DJ, Minhas S. A prospective 

study of 100 cases of penile cancer managed according to European Association of Urology 

guidelines. BJU Int. 2006 Sep;98(3):526–31.  

27.  MARTINS ACP, FARIA SM, COLOGNA AJ, SUAID HJ, TUCCI JR. S. 

IMMUNOEXPRESSION OF p53 PROTEIN AND PROLIFERATING CELL NUCLEAR 

ANTIGEN IN PENILE CARCINOMA. J Urol. 2002 Jan;167(1):89–93.  

28.  Minardi D, d’ Anzeo G, Lucarini G, Filosa A, Zizzi A, Simonetti O, et al. D2-40 

immunoreactivity in penile squamous cell carcinoma: a marker of aggressiveness. Hum Pathol. 

2011 Nov;42(11):1596–602.  

29.  Ishikawa Y, Aida S, Tamai S, Akasaka Y, Kiguchi H, Akishima-Fukasawa Y, et al. 

Significance of lymphatic invasion and proliferation on regional lymph node metastasis in renal 

cell carcinoma. Am J Clin Pathol. 2007 Aug;128(2):198–207.  

30.  Kahn HJ, Bailey D, Marks A. Monoclonal antibody D2-40, a new marker of lymphatic 

endothelium, reacts with Kaposi’s sarcoma and a subset of angiosarcomas. Mod Pathol Off J U S 

Can Acad Pathol Inc. 2002 Apr;15(4):434–40.  

31.  Niakosari F, Kahn HJ, Marks A, From L. Detection of lymphatic invasion in primary 

melanoma with monoclonal antibody D2-40: a new selective immunohistochemical marker of 

lymphatic endothelium. Arch Dermatol. 2005 Apr;141(4):440–4.  

32.  Weber SK, Sauerwald A, Pölcher M, Braun M, Debald M, Serce NB, et al. Detection of 

lymphovascular invasion by D2-40 (podoplanin) immunoexpression in endometrial cancer. Int J 

Gynecol Cancer Off J Int Gynecol Cancer Soc. 2012 Oct;22(8):1442–8.  



33.  Yonemura Y, Endou Y, Tabachi K, Kawamura T, Yun H-Y, Kameya T, et al. Evaluation 

of lymphatic invasion in primary gastric cancer by a new monoclonal antibody, D2-40. Hum 

Pathol. 2006 Sep;37(9):1193–9.  

                                                   

34.  Urabe A, Matsumoto T, Kimura M, Sonoue H, Kinoshita K. Grading system of lymphatic 

invasion according to D2-40 immunostaining is useful for the prediction of nodal metastasis in 

squamous cell carcinoma of the uterine cervix. Histopathology. 2006 Nov;49(5):493–7.  

35.  Dumoff KL, Chu C, Xu X, Pasha T, Zhang PJ, Acs G. Low D2-40 immunoreactivity 

correlates with lymphatic invasion and nodal metastasis in early-stage squamous cell carcinoma 

of the uterine cervix. Mod Pathol Off J U S Can Acad Pathol Inc. 2005 Jan;18(1):97–104.  

36.  Moriya H, Ohbu M, Kobayashi N, Tanabe S, Katada N, Futawatari N, et al. Lymphatic 

tumor emboli detected by D2-40 immunostaining can more accurately predict lymph-node 

metastasis. World J Surg. 2011 Sep;35(9):2031–7.  

37.  Marinho VFZ, Metze K, Sanches FSF, Rocha GFS, Gobbi H. Lymph vascular invasion in 

invasive mammary carcinomas identified by the endothelial lymphatic marker D2-40 is 

associated with other indicators of poor prognosis. BMC Cancer. 2008;8.  

38.  Cheng L, Bishop E, Zhou H, Maclennan GT, Lopez-Beltran A, Zhang S, et al. Lymphatic 

vessel density in radical prostatectomy specimens. Hum Pathol. 2008 Apr;39(4):610–5.  

39.  Fernández MI, Bolenz C, Trojan L, Steidler A, Weiss C, Alken P, et al. Prognostic 

Implications of Lymphangiogenesis in Muscle-Invasive Transitional Cell Carcinoma of the 

Bladder. Eur Urol. 2008 Mar;53(3):571–80.  

40.  Faoro L, Hutto JY, Salgia R, El-Zayaty SA, Ferguson MK, Cheney RT, et al. Lymphatic 

vessel density is not associated with lymph node metastasis in non-small cell lung carcinoma. 

Arch Pathol Lab Med. 2008 Dec;132(12):1882–8.  

41.  Biedrzycki OJ, Hadway P, Cooke A, Watkin N, Corbishley C. Immunohistochemical 

analysis of negative inguinal lymph nodes in men with squamous cell carcinoma of the penis: are 

we missing micrometastases which could predict recurrence? BJU Int. 2006 Jul 1;98(1):70–3.  

42.  Alkatout I, Naumann CM, Hedderich J, Hegele A, Bolenz C, Jünemann K-P, et al. 

Squamous cell carcinoma of the penis: predicting nodal metastases by histologic grade, pattern 

of invasion and clinical examination. Urol Oncol. 2011 Dec;29(6):774–81.  

43.  Horn L-C, Fischer U, Raptis G, Bilek K, Hentschel B, Richter CE, et al. Pattern of 

invasion is of prognostic value in surgically treated cervical cancer patients. Gynecol Oncol. 

2006 Dec;103(3):906–11.  



                                     

44.  Li Y, Bai S, Carroll W, Dayan D, Dort JC, Heller K, et al. Validation of the risk model: 

high-risk classification and tumor pattern of invasion predict outcome for patients with low-stage 

oral cavity squamous cell carcinoma. Head Neck Pathol. 2013 Sep;7(3):211–23.  

45.  Guimarães GC, Lopes A, Campos RSM, Zequi S de C, Leal ML de O, Carvalho AL, et 

al. Front pattern of invasion in squamous cell carcinoma of the penis: new prognostic factor for 

predicting risk of lymph node metastases. Urology. 2006 Jul;68(1):148–53.  

46.  Horenblas S. Lymphadenectomy for squamous cell carcinoma of the penis. Part 2: the 

role and technique of lymph node dissection. BJU Int. 2001 Sep;88(5):473–83.  

47.  Nelson BA, Cookson MS, Smith JA, Chang SS. Complications of inguinal and pelvic 

lymphadenectomy for squamous cell carcinoma of the penis: a contemporary series. J Urol. 2004 

Aug;172(2):494–7.  

48.  Yamauchi C, Hasebe T, Iwasaki M, Imoto S, Wada N, Fukayama M, et al. Accurate 

assessment of lymph vessel tumor emboli in invasive ductal carcinoma of the breast according to 

tumor areas, and their prognostic significance. Hum Pathol. 2007 Feb;38(2):247–59.  

49.  Minardi D, Lucarini G, Simonetti O, Di Primio R, Montironi R, Muzzonigro G. Is it 

possible to predict the need of inguinal lymphadenectomy in patients with squamous cell 

carcinoma of the penis? A clinical and a pathological study. Arch Ital Urol Androl Organo Uff 

Soc Ital Ecogr Urol E Nefrol Assoc Ric Urol. 2015 Mar;87(1):33–7.  

50.  Bethune G, Campbell J, Rocker A, Bell D, Rendon R, Merrimen J. Clinical and 

Pathologic Factors of Prognostic Significance in Penile Squamous Cell Carcinoma in a North 

American Population. Urology. 2012 May;79(5):1092–7.  

51.  Wong SY, Haack H, Crowley D, Barry M, Bronson RT, Hynes RO. Tumor-Secreted 

Vascular Endothelial Growth Factor-C Is Necessary for Prostate Cancer Lymphangiogenesis, but 

Lymphangiogenesis Is Unnecessary for Lymph Node Metastasis. Cancer Res. 2005 Nov 

1;65(21):9789–98.  

52.  Faoro L, Hutto JY, Salgia R, El-Zayaty SA, Ferguson MK, Cheney RT, et al. Lymphatic 

vessel density is not associated with lymph node metastasis in non-small cell lung carcinoma. 

Arch Pathol Lab Med. 2008 Dec;132(12):1882–8.  

53.  Ma W, Wang K, Yang S, Wang J, Tan B, Bai B, et al. Clinicopathology significance of 

podoplanin immunoreactivity in esophageal squamous cell carcinoma. Int J Clin Exp Pathol. 

2014 Apr 15;7(5):2361–71.  



 

 

 

ABBREVATIONS: 

 

SCC: Squamous cell carcinoma. 

BXO: Balanitis xerotica obliterans 

NOS: Not otherwise specified. 

hr HPV: High risk Human Papilloma Virus 

 

 

 

 

 

 


