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CHAPTER 1

INTRODUCTION AND OUTLINE OF THE THESIS



Chapter 1

10

Penile cancer is rare in developed countries with an incidence of 0.9/100.000 

in the Netherlands. The incidence figure has remained stable over the last 

years.1 It accounts for less than 1% of adult male cancers in western European 

countries and the USA.1,2 Higher incidence rates are seen in developing 

countries and the disease can constitute up to 10% of malignant disease in 

men in some African, Asian, and South American countries.3-6 It is a disease 

of elder men with a peak incidence in the seventh decade, but the disease is 

also occasionally found in young men. Almost 95% of all penile cancers are 

squamous cell carcinomas (SCC). Other penile cancers as basal cell carcinomas, 

clear cell carcinomas, melanoma and penile sarcomas, are all very rare entities 

and are not discussed in this thesis.7,8

Etiology

Penile cancer is predominantly seen in men who have not been circumcised. The 

most consistent finding in penile cancer patients is a non-retractable foreskin. 

Phimosis is present in 25–75% of patients with penile carcinoma.9 The majority 

of epidemiological evidence to date suggests lack of neonatal circumcision as 

a strong risk factor for penile cancer.10-12 Relative to men circumcised at birth 

the risk of penile cancer appears to be three times greater among men who 

were never circumcised. Adult circumcision does not offer protection from 

subsequent development of the disease, suggesting that a prolonged period 

of exposure to carcinogen might be necessary.10 Tumor development has been 

attributed to chronic inflammation due to the irritative effects of smegma, 

a byproduct of bacterial action on desquamated cells within the preputial 

sac but definite evidence has never been established.13,14 Furthermore, male 

circumcision is associated with a reduced risk of penile human papillomavirus 

(HPV) infection.15 Use of tobacco in any form is another risk factor for penile 

carcinoma. Tobacco can act through its metabolites or directly after systemic 

absorption.16
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Human papillomavirus (HPV)

HPV is a strictly epitheliotropic, small double-stranded DNA virus. The viral 

genome of approximately 7.9 Kb in size is packaged into an icosahedral 

capsid build up from two structural viral proteins (i.e. L1 and L2). The genome 

contains at least 8 open reading frames encoding the early (E1-E7) and the late 

(L1-L2) genes that are supposed to be expressed before and after the onset 

of vegetative viral replication, respectively. To date over 100 different HPV 

types have been recognized.17 They can be subdivided into so-called low-risk 

types, which can cause benign warts, and high-risk (often also referred to as 

‘oncogenic’) types that can cause carcinomas. Another subdivision deals with 

the tropism for the epithelium type. So-called cutaneous HPV types primarily 

infect skin epithelium whereas mucosal HPV types can infect the mucosae 

of ororespiratory and anogenital tracts. The latter types can be sexually 

transmitted. Nowadays it is widely accepted that infection with high-risk 

mucosal HPV types is causally involved in the pathogenesis of carcinomas of 

the anogenital tract, particularly cervical carcinomas.18-20 High-risk HPVs exert 

their oncogenic effect by expressing the oncoproteins E6 and E7, which bind to 

and inactivate the p53 and Rb tumor suppressor gene products, respectively.21 

High-risk HPV infection is a necessary cause of cervical cancer and HPV DNA 

can be detected in almost 100% of cases in cervical cancer.22 The role of HPV 

in penile cancer is less clear. First of all, although penile HPV infections are 

equally common as those of the cervix, the incidence of penile carcinoma 

is very rare, as compared to cervical cancer. Apparently, penile epithelium 

represents a less favorable environment for virus-induced transformation, 

compared to the transformation zone of the cervix, in which most cervical 

cancers arise. Moreover, in contrast to cervical carcinomas only a subset of 

penile carcinomas seem to be related to HPV. Overall about 30–40% of penile 

cancers are positive for HPV DNA, predominately HPV type 16.23-25 

Higher prevalences of HPV DNA ranging from 70–100% are reported for 

penile intraepithelial neoplasms and two subtypes of penile SCC: basaloid 

penile carcinoma and warty carcinoma.26 This suggests that particularly these 

carcinomas reflect the end-point of a carcinogenesis pathway in which high-
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risk HPV infection plays a prominent role, whereas for other histotypes of 

penile cancer etiological factors different from HPV are likely to represent the 

more common underlying events.23

Lichen sclerosis, of which the genital variation is also referred to as balanitis 

xerotica obliterans, is more often seen in combination with non-HPV related 

histotypes of penile SCC. This suggests that lichen sclerosis may represent a 

preneoplastic condition for types of penile cancer not related to HPV.27-29

Clinical course and staging 

Penile cancers arise mainly at the glans and prepuce (almost 90%) with a 

minority at the shaft.30 Clinical presentation of penile SCC ranges from an area 

of subtle induration or erythema to a nonhealing excavating ulcer or a warty 

exophytic tumor. Patients frequently present with a phimotic, non-retractive, 

distorted prepuce. With patient neglect the tumor can infiltrate the corpora 

cavernosa and progress further proximally.14 

Penile SCC has a strong tendency for lymphatic dissemination. Without 

treatment, patients will develop metastases and usually die within two years 

after diagnosis of the primary lesion.31 Spontaneous remission does not occur. 

The inguinal lymph nodes are the first site of metastasis followed by the pelvic 

nodes.32,33 Haematogenic spread occurs predominately in cases with advanced 

lymphatic invasion. Distant metastatic sites from haematogenic spread are 

liver, lungs and bones.30 Distant metastases in the absence of regional node 

metastases are unusual.34 

Diagnosis is made by taking a biopsy. Physical examination and ultrasound 

examination can give a clear insight into the size of the primary tumor, 

infiltration depth and the anatomical relations of the tumor with other penile 

structure.35 These examinations are helpful for primary tumor staging and in 

deciding whether or not penis conservation is feasible. Magnetic resonance 

imaging [MRI] is also used for this purpose.36,37
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Unfortunately, physical examination with palpation of the regional lymph 

node basins does not stage these regions accurately. Lymphadenopathy is 

present in 30–60% of cases.30,38-42 In only half of these patients this is caused by 

metastatic disease and in the other half by an inflammatory reaction. About 

20% of patients without palpable lymph nodes do have occult metastases.43,44 

Fine-needle aspiration cytology (FNAC) is mostly used to confirm lymph node 

involvement in clinically node-positive patients. This is an easy method but 

results are only 100% reliable if positive. False-negative rates are reported 

up-to 15%.45 If negative a repeat FNAC and in case of persistent doubt an 

excisional biopsy can be performed. Determination of lymph node status in 

clinically node-negative patients will be discussed later on.

For staging the 1978 version and the 1987 version of the tumor, nodes and 

metastases (TNM) classification systems of the International Union against 

Cancer are used (table 1.1, figure 1.1).46,47

Primary tumor treatment

The gold standard of management of the primary tumor in penile carcinoma 

consists of partial or total amputation with a tumor-free margin of 2 cm.48 

However, the psychological and sexual consequences after penectomy have 

stimulated the development of penis conserving strategies. Penis-conserving 

methods like laser treatment as an alternative for partial amputation has 

shown to be effective in small-sized superficially growing penile cancer with 

excellent cosmetic and functional outcome and is nowadays frequently used 

worldwide.49,50 Radiation therapy has yielded local control rates similar to 

surgical resection in small tumors, but is often followed by chronic edema, 

meatal stenosis and skin changes leading to sexual dysfunction.51 Small tumors 

limited to the foreskin can be treated by circumcision with a clear tumor-free 

margin. This procedure may be associated with recurrence rates as high as 

32% especially with tumors in the proximal foreskin illustrating the need for 

careful follow-up after circumcision alone.52
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More deeply infiltrating tumors involving the cavernous bodies and the distal 

shaft are mainly managed by partial penectomy. This should leave a stump of 

penis to allow directable micturition in a standing posture, with some coital 

function as well. Total penectomy with perineal urethrostomy is often needed 

in bulky T3 and in T4 tumors involving the base of the penis.

Table 1.1: Tumor, Nodes and Metastasis (TNM) classifi cation system of the UICC of 1978 

and 1987 (N= pN).

TNM 1978 TNM 1987

T0 No evidence of primary tumor No evidence of primary tumor

Tis Carcinoma in situ Carcinoma in situ

Ta Non invasive verrucous carcinoma

T1 Tumor < 2cm, strictly 
superfi cial or exophytic 

Tumor invades sub epithelial 
connective tissue

T2 Tumor ≥ 2cm but less than 5 
cm in its largest dimension or 
tumor with minimal extension 

Tumor invades corpus 
spongiosum or cavernosum

T3 Tumor ≥ 5cm in its largest 
dimension or tumor with deep 
extension including urethra

Tumor invades urethra or prostate

T4 Tumor invades other adjacent 
structures

Tumor invades other adjacent structures

N0 No evidence of lymph 
node involvement

No regional lymph node metastasis

N1 Evidence of involvement of 
movable unilateral regional 

Metastasis in a single superfi cial 
inguinal lymph node

N2 Evidence of involvement of movable 
bilateral regional lymph nodes 

Metastasis in multiple or bilateral 
superfi cial inguinal lymph nodes

N3 Evidence of involvement of 
fi xed regional lymph nodes 

Metastasis in deep inguinal or pelvic 
lymph node(s), unilateral or bilateral

M0 No evidence of distant metastasis No evidence of distant metastasis

M1 Distant metastasis Distant metastasis
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Figure 1.1: T-stage according to the TNM classification system of 1978 and 1987

Lymphatic dissemination 

As mentioned, SCC of the penis has a strong tendency for loco-regional 

lymphatic spread. Lymphogenic dissemination appears to be a sequential 

process. The primary site of involvement are the inguinal lymph nodes. 

Various authors have described the anatomy of these nodes through the 

years.53-55 Traditionally, the inguinal nodes are divided into two groups, 

superficial and deep. The superficial nodes are located beneath Scarpa’s 

fascia and above the facia lata covering the muscles of the thigh. The deep 

inguinal nodes are situated around the fossa ovalis, the opening in the fascia 

lata where the saphenous vein drains into the femoral vein. These nodes 

form the link to the second-line regional nodes, i.e. the pelvic nodes. From 

a clinical perspective this anatomical distinction is useless, as the superficial 

nodes cannot be distinguished from the deep nodes by physical examination. 

The most constant and usually largest inguinal node is found medial to the 
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femoral vein and just underneath the inguinal ligament, the so called node 

of Cloquet.56 It is customary to divide the inguinal region into four sections by 

drawing a horizontal and vertical line through the point where the saphenous 

vein drains into the femoral vein. The nodes that are involved primarily in 

penile SCC are mostly located in the craniomedial segment, although there is 

individual variation. The penis drains to both sides in most of the patients as 

is shown by lymphoscintigraphy studies.57 The pelvic nodes consist of nodes 

around the iliac vessels and in the obturator fossa. Haematogenic spread 

occurs almost exclusively in cases with extended lymph node involvement.

Extent of Lymphadenectomy 

Surgery plays an important role in the management of penile carcinoma 

patients with lymphatic metastatic disease. About 75% of the patients with 

one or two lymph nodes involved can be cured by lymphadenectomy alone 

and even in cases with pelvic lymph node involvement cure can be reached in 

about 20% of the patients table 1.2 .

Patients with confirmed metastasis must undergo lymphadenectomy, but how 

extensive the surgery should be is still a matter of debate. In general, 20–30% 

of patients with positive inguinal lymph nodes have involved pelvic nodes 

as well and would benefit from an ilio-inguinal lymphadenectomy.32,34,40 The 

likelihood of pelvic node involvement is related to the number of positive 

nodes in the inguinal specimen.32 Patients with one positive inguinal node and 

no involvement of the highest lymph node in the dissection specimen have 

a very low probability of pelvic involvement.34 Additional unilateral pelvic 

node dissection of the affected site is recommended in all other patients with 

inguinal node involvement. The likelihood of bilateral inguinal involvement 

is also related to the number of involved nodes in the resected specimen. 

With two or more inguinal metastases, the probability of occult contralateral 

involvement is approximately 30% and warrants early contralateral inguinal 

lymph node dissection.32,34

( )
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Table 1.2: Five-year survival rates by clinical and pathological N-stage

cN0 cN+ cN1 cN2 cN3 pN0 pN+ pN1 pN2 pN3

Villavicencio58 71 33

Brkovic59  90 80 17

Horenblas34 93 50 57 50 17 100 79 17

Kamat4 75 40 39

Kulkarni60 81 52  91

Lopes61 40 54

Ornellas62  87 29

Srinivas31  85 32

Lont (our study 
population)

84 70 41  0  98 79 33 15

Whereas the treatment of patients with proven inguinal metastases is 

straightforward lymphadenectomy, the timing of lymphadenectomy in 

penile SCC patients with no clinical signs of metastatic disease has been 

controversial for many years. The main issue is the unreliability of clinical 

methods to identify inguinal lymph node metastases. About 20% of clinically 

node- negative penile carcinoma patients harbor lymph node metastases. 

Bilateral “early” lymphadenectomy will lead to overtreatment in about 70–

80% of the patients with clinically no evidence of lymph node involvement as 

a consequence of the low incidence of occult metastases. Controversy exists 

between proponents of early lymphadenectomy, carried out in a patient 

with non-palpable regional lymph nodes and delayed lymphadenectomy, 

performed at the first sign of palpable lymph node involvement.34,52,63,64 The 

significant morbidity associated with lymphadenectomy keeps surgeons 

from performing extended lymphadenectomies in these patients. Frequently 

occurring complications of lymphadenectomy are wound infections (15–44%), 

skin necrosis (8–50%), seroma (9–36%) and lymph edema (27–100%). It carries 

a mortality of up to 3%.33,65-67 A wait and see policy avoids overtreatment, 
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but this approach carries the risk that metastases will be detected at a more 

advanced stage which may have a negative impact on survival. As a result 

of this dilemma much clinical research has focused on finding predictors of 

inguinal lymph node status. 

Methods for prediction of lymph node involvement

Imaging

Computed tomography, ultrasonography, and magnetic resonance imaging 

are generally considered to have a low sensitivity as criteria for malignant 

involvement are typically based on size.45 The main pitfall is due to occult 

metastatic disease occurring within normal sized nodes. 

Primary tumor characteristics 

The depth of invasion and the grade of the primary tumor are considered to 

be the most important indicators for lymphatic spread.38,68,69 Grading for SCC 

is based on the work of Broders.70 Several series showed a relation between 

G3 and the presence of lymph node metastases. Also, deeply infiltrating 

tumors have a high propensity for nodal spread. Low grade tumors (G1-2) 

and superficially tumors (Ta-1) have a low tendency to metastasize (table 1.3). 

Lymphatic and vascular invasion are also reported as indicators of lymphatic 

spread.61,69,71 We performed a multivariate analysis (logistic regression) on our 

study population (308 cases of penile carcinoma, unpublished data) which 

showed that primary tumor grade, infiltration depth, vascular invasion and 

infiltration of the corpus cavernosum were all independently associated with 

inguinal lymph node involvement (table 1.4). Also younger age was associated 

with a higher incidence of lymph node involvement. 

By combining these prognostic factors, risk profiles for lymph node metastases 

have been identified. Management strategies based on these risk profiles have 

been used, but still a considerable number of unnecessary lymphadenectomies 

are undertaken even in the group of high risk patients.68,72 
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Table 1.3: Incidence of lymph node involvement stratifi ed by T-stage, tumor grade and 

vascular invasion

T-stage (%) Grade (%) Vascular invasion (%)

Reference No. Ta,T1 T2-4 G1 G2 G3 - +

Heyns43  0 50  4 79 100

Horenblas34 102 14 52 29 46  82

Ayyapan40  78 50  75

Villavicencio58  81  5 14 0 13  44

Fraley38  35 30 70  60

Slaton79  48  0 55 20 42 11 71

Solsona81  66 11 63 15 67  75

Lont (this thesis) 308 14 44 25 39  55 32 70

Table 1.4: Primary tumor characteristics associated with lymph node involvement: results 

from a multivariate logistic regression analysis on 308 penile carcinoma patients

Variables Odds Ratio (95% CI) P

Age 2.1  (1.2-3.7) <0.05

Tumor size (<2cm vs ≥2cm) 0.9  (0.6-1.6) NS

Tumor grade (I or II vs III) 1.6  (1.1-2.4) <0.05

Infi ltration depth (<5mm vs >5mm) 2.4  (1.3-4.4) <0.05

Vascular invasion 2.9  (1.1-7.6) <0.05

Infi ltration corpus cavernosum 3.0  (1.4-6.3) <0.05
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Cell biological parameters

Apart from clinical and histopathological parameters, also more recently 

developed cell biological parameters have been evaluated for their possible 

value for prediction of lymph node metastases. DNA ploidy appears to have 

no prognostic value in penile carcinoma.73

As discussed before, HPV infection is causally involved in the carcinogenesis 

of a subset of penile carcinomas. A few studies have been performed in which 

survival was correlated with the HPV status of the primary tumor. These studies 

did not show survival differences between HPV positive and HPV negative 

tumors.25,74 

The p53 tumor-suppressor gene is involved in cell apoptosis and its mutations 

are associated with disease progression of many types of tumors. In two 

studies using multivariate analysis, p53 over expression was an independent 

factor for the presence of lymph node metastases.75,76

E-cadherin mediates intercellular adhesion in epithelial tissues. Loss of cell-

cell adhesion, allow malignant cells to escape from the primary lesion and 

metastasize. Low E-cadherin expression was described by Campos et al. to 

be associated with an increased risk of lymph node metastases but only at 

univariate analysis.77

Several other factors as Ki-67 which is a proliferation marker, cyclo-oxygenase-2 

and prostaglandin E2 synthase were shown to be overexpressed in a high 

percentage of penile carcinomas but no prognostic data were given.78,79

In conclusion, based on the available studies some predictors as tumor stage, 

tumor grade, vascular invasion, E-cadherin and p53 immunoreactivity have 

been found to be of predictive value for lymph node metastases. However, 

using these predictors to define patient populations at a high or low risk of 

nodal involvement will still result in substantial false-positive and negative 

rates (table 1.3).

Because of the morbidity of a conventional inguinal lymphadenectomy and the 

inaccuracy of clinical and histopathological primary tumor characteristics to 

detect occult lymph node involvement, investigators were further stimulated 

to develop staging methods with high accuracy and low morbidity.
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Modifi ed inguinal lymphadenectomy

A modification of the standard complete bilateral inguinal lymphadenectomy 

was described by Catalona for patients with clinically node-negative penile 

carcinoma.80 The length of the skin incision is reduced in this approach and the 

subcutaneous tissue superficial to Scarpa’s fascia is preserved. Furthermore, 

the saphenous vein is spared instead of ligated and the regions lateral 

from the femoral artery are excluded from resection. Modified inguinal 

lymphadenectomy is intended as a surgical staging procedure only. Metastatic 

disease is treated by a complete inguinal lymphadenectomy. The downside 

of this approach is that the procedure is unnecessary in most patients, as no 

tumor will be found in the resected specimen. Two studies with long term 

follow-up showed that this modified dissection is reliable with less morbidity 

compared to conventional lymphadectomy.81,82 However, the reliability of this 

procedure has been questioned by others.83,84

Sentinel node biopsy

The concept of sentinel node biopsy is based on the hypothesis that lymphatic 

drainage follows an orderly and predictable pattern to a regional lymph node 

basin. Consequently, the initial lymph node that drains the primary tumor will 

be the first to be involved when tumor dissemination occurs. The urologist 

Ramon Cabañas was one of the first persons to use the name “sentinel lymph 

node”. He suggested in 1977 that squamous cell carcinoma of the penis drains 

to a particular lymph node in the groin that is defined by its constant anatomic 

position.85 Lymphangiographic studies elucidated the precise location of such 

sentinel lymph nodes. Direct drainage from the penis was observed to the 

lymph nodes at the anterior or medial aspect of the superficial epigastric vein. 

The removal of this node was recommended to detect occult lymphatic spread. 

Cabanas excised the sentinel node according to its typical anatomic location. 

After making an incision parallel to the inguinal ligament, the sentinel lymph 

node was identified by inserting the finger under the upper flap towards the 

pubic tubercle. 
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The approach did not gain widespread acceptance because the described 

methodology ignores variability in lymphatic drainage. Low sensitivity rates 

were reported by several authors.86-88 Anatomical studies showed that the 

sentinel lymph node area has up to seven lymph nodes located between the 

superficial epigastric vein and the external pudendal vein. Even by extending 

the area of dissection and removing all lymphatic tissue in the area of the 

superficial epigastric vein, and all the nodes medial to the saphenous vein, the 

true sentinel node can be missed.89 

The development of the technique of lymphatic mapping by Morton and 

Cochran at the John Wayne Cancer Institute in the late 1980s was a break-

through in making the sentinel node concept applicable to various types of 

malignancies.90 They suggested that the node to receive direct drainage from 

a melanoma could be any one node in a particular node field, depending on 

the location of the primary lesion and with a certain individual variability. 

Their original blue dye technique was complemented a few years later with a 

radioactive tracer in combination with preoperative lymphoscintigraphy and 

the intraoperative use of a gamma-ray detection probe. The technique of 

lymphatic mapping and sentinel node biopsy has been validated by numerous 

studies in which the predictive value of the first draining lymph node for the 

status of the other lymph nodes in the lymphatic basin was determined.91 In 

1994 this new staging procedure was also introduced in the management of 

penile carcinoma at The Netherlands Cancer Institute. 

From the foregoing it is clear that many questions remain around the 

management of penile carcinoma. The following topics have been further 

evaluated in this thesis: the role of HPV in penile cancer, primary tumor 

treatment with the emphasis on the safety of penis conservation, implications 

and reliability of sentinel node biopsy and the extent of lymphadenectomy in 

lymph node positive patients. 



Introduction and outline of the thesis

23

Study population

This study is based on the data of 308 patients with penile squamous cell 

carcinoma who were treated at The Netherlands Cancer Institute between 

1956 and 2001. All records were extensively examined. A pre-existing database 

used by professor Simon Horenblas for his thesis was updated and since 2000 

all penile carcinomas have been entered in this database prospectively. All 

available pathology material was reviewed by one pathologist, M.P.W. Gallee 

(MD, PhD), who was unaware of clinical outcome of the patients.

Outline of the thesis

In Chapter 2 the presence of (high-risk) HPV DNA and HPV E6/E7 oncogene 

transcripts is determined in 53 penile carcinomas by using polymerase 

chain reaction techniques and hybridization. We investigate whether these 

oncogenic products are involved in the disruption of the p16INK4A /cyclin D/Rb 

pathway. Genetic alterations somewhere within this pathway are among the 

most common alterations seen in human carcinomas and are considered as 

essential in oncogenesis. In Chapter 3 HPV DNA status of 171 penile carcinomas 

is assessed. Clinical features, like incidence of metastases and prognosis, are 

evaluated for HPV DNA positive and negative tumors. Chapter 4 describes 

the accuracy of physical examination and imaging (ultrasonography and MRI) 

in staging the primary tumor in penile cancer. Results of penis conserving 

methods like laser treatment are assessed in Chapter 5. Furthermore, the 

clinical implications of local recurrences are evaluated. Chapter 6 describes 

the clinical and pathological aspects of sarcomatoid penile carcinoma which 

appears to be a distinct entity of squamous cell carcinoma of the penis. 

As already stated in the introduction, there seems to be an absolute need for 

pathological staging of the regional lymph nodes in clinically node negative 

penile carcinoma patients to stage and treat these patients accurately. Since 

1994 we use dynamic sentinel node biopsy in our institute for this purpose. 
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Chapter 7 provides the implications and reliability of dynamic sentinel 

node biopsy in node negative penile carcinoma. In Chapter 8 we compare 

clinical outcome of clinically node-negative patients early staged by dynamic 

sentinel node biopsy with the outcome of node-negative patients treated 

with meticulous surveillance of the lymph node basins. Chapter 9 deals with 

another important clinical issue: Should inguinal lymphadenectomy always 

be followed by pelvic lymphadenectomy? We determined pathological 

characteristics of inguinal lymph node involvement predicting pelvic lymph 

node involvement and survival. Chapter 10 provides a general discussion and 

the conclusions of this thesis.
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Introduction

Penile carcinoma is a relatively rare disease in developed countries. In the 

Netherlands, the incidence is 0.9 per 100.000 males.1 It is, however, markedly 

higher in some parts of South America like Brazil and Columbia, and in 

African countries such as Uganda.2 The disease generally occurs late in life 

with a mean age at diagnosis of 60 years and with an age-related incidence 

rising constantly to reach its highest level after 70 years. There is only limited 

insight into the etiological mechanisms that lead to the development of penile 

carcinoma.

Nowadays, it is widely accepted that infection with high-risk human 

papillomavirus (HPV) types is causally involved in the pathogenesis of 

carcinomas of the anogenital tract, particularly cervical carcinomas.3-5 High-risk 

HPVs exert their oncogenic effect by expressing the oncoproteins E6 and E7, 

which bind to and inactivate the p53 and Rb tumor suppressor gene products, 

respectively.5,6 These activities obviate the need for (epi-)genetic alterations, 

leading to disturbance of the p14ARF/MDM2/p53 and p16INK4A/cyclinD/Rb 

pathways. (Epi-) genetic alterations of p53 and Rb genes, or genes encoding 

other proteins that play a role in the respective pathways (eg p16INK4A) are 

among the most common alterations seen in human carcinomas and it has 

been firmly established that inactivation of these pathways is essential for 

the genesis of the great majority of human malignancies.7 Several studies 

have demonstrated the presence of HPV DNA, often by PCR, in a subset of 

penile carcinomas.8-10 As is the case for vulvar and head and neck carcinomas, 

penile carcinomas with basaloid features and those of the warty subtype, 

display the strongest association with HPV and their etiological relationship 

with HPV infection is most plausible.10-12 However, the great majority of 

penile carcinomas diagnosed in Europe and the USA are of a non-basaloid 

histological type and it is still a matter of debate to what extent these are 

etiologically related to HPV. 

Recent studies on head and neck squamous cell carcinomas have shown 

that the mere presence of HPV DNA solely does not necessarily indicate an 
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etiological relationship.13-15 In order to support a causal relationship with 

HPV, we hypothesize that the following criteria should be fulfilled: HPV DNA 

should be present in the tumor, the viral E6/E7 region should be expressed, and 

there should be evidence for disturbed p14ARF/MDM2/p53 and p16INK4A/cyclin D/

Rb pathways resulting from the action of the HPV E6 and E7 oncoproteins, 

respectively. 

The relationship between HPV presence and p53 alterations in penile carcinoma 

has been addressed before.16,17 However, according to our knowledge nothing 

is known about the p16INK4A/cyclin D/Rb pathway in penile carcinoma and its 

relationship to HPV. Since Rb negatively regulates p16INK4A via a feed back 

control, blocking of Rb function by high-risk HPV E7 will release p16INK4A 

transcription from this inhibitory control.18,19 As a consequence, p16INK4A will be 

expressed at enhanced levels, as is seen in cervical squamous cell carcinomas 

and their dysplastic precursor stages containing high-risk HPV.20 Conversely, 

in many squamous cell carcinomas that do not reveal a viral involvement, 

the p16INK4A/cyclin D/Rb pathway is commonly disrupted through mutation, 

deletion and/or hypermethylation of the p16INK4A gene, resulting in reduced 

or absent p16INK4A expression.21,22 In addition, data from functional studies in 

mice suggest that overexpression of the polycomb group (PcG) gene BMI-1 

can provide an alternative mechanism to down-regulate p16INK4A and interfere 

with the p16INK4A/cyclinD/Rb pathway.23 Indeed, an inverse correlation 

between BMI-1 and p16INK4A expression has been shown in non-small-cell lung 

cancers.24

In this study a comprehensive analysis of 53 penile carcinomas was performed 

to gain more insight into the mechanisms that may be involved in disruption 

of the p16INK4A/cyclin D/Rb pathway. To that end, three alternative mechanisms 

were analyzed including high-risk HPV function, p16INK4A promoter 

methylation, and BMI-1 expression. The data revealed that there exist at least 

three plausible mechanisms by which the p16INK4A/cyclin D/Rb pathway can be 

disrupted during penile carcinogenesis. 
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Materials and methods

Patients and tissue samples

This study followed the local ethical guidelines of the Institutional Review 

Boards of the VU University Medical Center and Netherlands Cancer Institute. 

A snap-frozen tumor sample was available from 55 of the 256 who had been 

surgically treated for penile carcinoma in the Netherlands Cancer Institute 

in Amsterdam between 1984 and 2000: these patients were included in this 

study. The age of these patients ranged from 32 to 89 years (mean age: 62 

years). A single pathologist (M.P.W.G.) blindly reviewed hematoxylin and eosin 

(H&E)-stained sections of the formalin-fixed specimens. Histological subtyping 

was performed according to standard histological criteria.12 The carcinomas 

included the following histological subtypes: squamous cell carcinoma not 

otherwise specified (SCC-NOS; n=50), sarcomatoid carcinoma (n=2), warty 

carcinoma (n=2), and verrucous carcinoma (n=1). 

Tissue preparation, crude extraction and isolation of RNA and DNA

Snap-frozen samples were serially sectioned (10–15 sections) on a cryostat, 

while paraffin wax samples were serially sectioned (15 x 5 μm) on a microtome. 

The first and last sections from both frozen and paraffin wax-embedded 

samples were HE-stained for histomorphological assessment. Half of the 

intermediate sections from the frozen samples were placed into two RNAse-

free reaction tubes. One of them was used for crude DNA extraction, and 

the other for consecutive RNA and DNA isolation. Sections from the paraffin 

wax-embedded specimens were mounted on superfrost slides for HE staining, 

immunohistochemistry, or DNA in situ hybridization.

Crude DNA extraction was performed by adding 250 μl of a 0.1 mg/ml 

proteinase K solution. Samples were incubated overnight at 37°C, after 

which proteinase K was inactivated by incubation at 100°C for 10 minutes. 

Subsequently, samples were spun down and frozen at –20°C until use.

For RNA/DNA purification, cryostat sections were homogenized in RNAzolB 

and total RNA and DNA were successively isolated using RNAzolB/DNAstat 
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according to the manufacturer ‘s instructions (Campro Scientific, Veenendaal, 

The Netherlands). 

β-globin and HPV-DNA PCR detection and typing

In order to assess the quality of the DNA, β-globin PCR analysis was performed 

on crude extracts of frozen and formalin-fixed specimens using the primers 

BGPCO3 and BGPCO5, as described previously.25 Only those samples that were 

β-globin PCR-positive were subsequently subjected to HPV PCR. For HPV-

DNA detection, both L1 region general primer-mediated GP5+/bioGP6+ PCR 

enzyme immunoassay (PCR-EIA) and HPV 16 E7 region type-specific PCR-EIA 

were performed.4,26 GP5+/bioGP6+-PCR-EIA was performed using two cocktails 

specific for HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68 and 

HPV types (6, 11, 26, 34, 40, 42, 43, 44, 53, 54, 55, 57, 61, 70, 71 (CP8061), 

72, 73, 81(CP8304), 82/MM4, 82/IS39, 83 (MM7), 84 (MM8), and CP6108), 

respectively. When samples were found to be positive with the cocktail probe, 

EIA was performed again using probes individually in order to define the HPV 

type present. The HPV 16 E7 PCR was performed as described previously by 

Walboomers et al., except that amplification products were detected in an 

EIA format.4

Reverse transcriptase (RT)- PCR

To asses the quality of the RNA, RT-PCR was first performed using primers 

specific for the gene encoding the U1 small nuclear ribonucleoprotein-specific 

A protein (snRNP U1A). Subsequently, RT-PCR was done using primers specific 

for HPV 16 E6/E7 region mRNA. These procedures were performed as described 

previously.27

p16INK4A methylation-specifi c PCR

p16INK4A methylation-specific PCR was performed on bisulphate-modified 

DNA isolated from frozen tissue sections with primer combination p16-M.28 

As a control for DNA quality and the modification reaction, PCR was also 

performed with primer combination p16-U, specific for unmethylated DNA. 
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The whole procedure was performed as described by Herman et al., except 

that 60 PCR cycles were run.28 

HPV-DNA in situ hybridization

Formalin-fixed tissue sections were deparaffinized and treated with hydrogen 

peroxide to quench endogenous peroxidase. Subsequent digestion was 

performed by incubating for 15 minutes with 1.8% pepsin (Sigma) in 0.2 N 

HCl at 37°C. A biotinylated HPV 16/18 probe cocktail (ENZO Diagnostics Inc.) 

was diluted five-fold in Hybridization Solution (Biogenex) before application 

to coverslips. Coverslips with hybridization cocktail were mounted on tissue 

sections and sealed, followed by denaturation by incubation for 15 minutes 

at 80°C. Subsequently, hybridization was performed overnight in a humidified 

box at 37°C. After serial washes in 0.1x SCC (pH 7.0) and one washing in 

PBST (0.05% Tween-20 in PBS), sections were incubated with 1% Blocking 

Reagens (Boehringer Mannheim). Subsequent detection of biotinylated DNA 

hybrids was performed using the CSA-kit as indicated by the manufacturer 

(Dakopatts). The horseradish peroxidase label was developed in freshly 

made 0.05% diaminobenzidine with 0.65% imidazole and 0.15% hydrogen 

peroxide. The signal was intensified with 0.5% copper sulphate –0.9% NaCl 

for 5 minutes, after which sections were counterstained with hematoxylin. 

Immunohistochemistry for p16INK4A and BMI-1

Sections from formalin-fixed, paraffin wax-embedded penile carcinoma tissues 

and appropriate positive and negative control tissues were deparaffinized and 

endogenous peroxidase activity was blocked by incubating sections in hydrogen 

peroxide. Antigen retrieval was performed by heating at 100°C for 15 minutes 

in 10 mM sodium citrate buffer (pH 6.0) in a microwave oven (600 W). After 

blocking of non-specific binding by pre-incubation with normal rabbit serum, 

sections were incubated with primary monoclonal antibody against p16INK4A, 

(E6H4, MTM laboratories; 20) or BMI-1 (6C9; 29). Biotinylated rabbit anti-mouse 

Fab fragment was applied as a secondary antibody for one hour, followed 

by incubation with avidin-biotin complex. Signals were detected using either 
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diaminobenzidine or 3-amino-9-ethylcarbazole with tyramide intensification, 

and the sections were counter-stained with hematoxylin. Sections treated 

with PBS instead of the primary antibody were used as negative controls. 

Cervical carcinoma and tonsil tissue sections were included in each staining 

experiment as positive controls for p16INK4A and BMI-1, respectively.

Statistical analysis

Fisher’s  exact  test (two-sided)  was used to assess the significance of 

differences in the frequencies of the various parameters tested. Differences 

were considered to be statistically significant at P<0.05.

Results

HPV DNA and RNA analysis

Fifty-three of the 55 frozen penile carcinoma specimens analyzed by β-globin 

PCR scored positive. GP5+/6+PCR yielded HPV positivity in 20 (38%) of these 53 

specimens (table 2.1). These comprised 17 of the 48 (35%) SCCs-NOS, both of 

the 2 (100%) warty SCCs, and the single (100%) verrucous carcinoma. Neither 

of the sarcomatoid carcinomas was positive by GP5+/6+PCR.

HPV 16 was most prevalent amongst the HPV positive samples and was 

detected in 15 (28%) of the cases (table 2.1). Additional types included HPV 6, 

present in 3 tumors (6%), and HPV 59 and HPV 73, each of which was found in 

1 case (2%). No multiple infections found. Division of the HPV types into low-

risk and high-risk groups revealed that high-risk HPV DNA (i.e. HPV 16 or HPV 

59) was present in 16 (30%) of the tumors and low-risk HPV DNA (i.e. HPV 6 or 

HPV 73) in four (8%) of the cases. The distribution of the HPV types amongst 

the various histological subtypes was as follows: HPV 16: 14 (29%) SCCs-NOS, 

and one (50%) warty SCC; HPV 6: one SCC-NOS (2%), 1 warty SCC (50%), and 

the single verrucous carcinoma (100%); HPV 59 and HPV 73: one SCC-NOS.

Given the fact that during the course of this study HPV 16 appeared by far 

the predominant type, further analyses of viral parameters were focused 
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on this HPV type. Due to possible viral integration events disrupting the 

GP5+/6+ region within the L1 open reading frame, general primer PCR could 

have missed the presence of HPV DNA in one or more specimens. Additional 

HPV 16 E6/E7 region type-specific PCR was therefore performed to find out 

whether this phenomenon could have taken place for HPV 16. HPV 16 E6/E7 

PCR confirmed all HPV 16- positive cases scored by GP5+/6+-PCR but did not 

detect additional HPV 16 containing tumors. 

Table 2.1: HPV DNA PCR, p16INK4A and BMI-1 analysis in penile carcinoma

Diagnosis HPV 
DNA

HPV 
6

HPV 
16*

HPV 
59

HPV 
73

p16INK4A

staining†

p16INK4A

methylation
BMI-1

staining†

All carcinomas
(n=53)

20 
(38%)

3 
(6%)

15 
(28%)

1 
(2%)

1 
(2%)

15/51 
(29%)‡

9 
(17%)

5/51 
(10%)

SCC-NOS 
(n=48)

17 
(35%)

1 
(2%)

14 
(29%)

1 
(2%)

1 
(2%)

14/46 
(30%)

9 
(19%)

4/46 
(9%)

Warty SCC
(n=2)

2 
(100%)

1 
(50%)

1 
(50%)

0 0 1/2 
(50%)

0 0/2

Sarcomatoid 
carcinoma 
(n=2)

0 0 0 0 0 0/2 0 1/2 
(50%)

Verrucous
carcinoma 
(n=1)

1
(100%)

1 
(100%)

0 0 0 0/1 0 0/1

* HPV 16 DNA was detected by both GP5+/6+ PCR and HPV 16 type-specifi c E6/E7 region PCR.
† Only 51 of the 53 carcinomas could be analysed by immunohistochemistry for p16INK4A and 
BMI-1.

 ‡ Only cases with strong immunostaining in virtually all neoplastic cells were scored positive.
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Figure 2.1: Representative examples of HPV 16 E6/E7 and snRNP U1A RT-PCR (upper 

two panels) and methylation- (p16M-PCR) and unmethylation- (p16U-PCR) specifi c PCR 

on penile carcinoma samples. A Southern blot (HPV 16 E6/E7 RT-PCR) and agarose gels 

(snRNP U1A RT-PCR; p16 M-PCR and p16 U-PCR) are shown. The results of p16INK4A and 

BMI-1 immunohistochemistry, as well as the HPV DNA PCR results, are indicated above 

the panels. The HPV types identifi ed are indicated below the panels. In all panels, the 

fi rst lane represents the size marker. The SiHa cell line was used as a positive control 

for the RT-PCR assays. The Calu 6 cell line was used as a positive control for the p16 

M-PCR. Note that all the samples indicated were positive in the snRNP U1A RT-PCR and 

p16 U-PCR. Two bands are seen in the lanes positive by HPV 16 E6/E7 RT-PCR: the upper 

(with lower intensity) represents the full-length E6/E7 transcript, and the lower (with 

high intensity) represent the spliced E6*I transcript. IHC= immunohistochemistry; HR= 

high-risk HPV; LR= low risk HPV; C= positive or negative control 
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Figure 2.2: Representative example of an HPV 16-containing carcinoma with E6/E7 mRNA 

and absence of methylated p16INK4A DNA. This lesion showed viral DNA by in situ 

hybridization, strong cytoplasmic and nuclear p16INK4A immunostaining, and absence 

of BMI-1 staining in the neoplastic cells. (A) H&E-stained section;(B) HPV 16/18 in situ 

hybridization; (C) p16INK4A immunohistochemistry; (D) BMI-1 immunohistochemistry. 

Further analysis by HPV 16 E6/E7 RT-PCR showed the presence of HPV 16 E6/E7 

transcripts in 13 of the 15 carcinomas that were HPV 16 positive by DNA PCR. In 

the E6/E7 RT-PCR negative cases, mRNA of the housekeeping gene snRNP U1A 

could be detected, indicating that the failure to detect viral transcripts was 

not caused by poor quality RNA or an insufficient amount of template. The 

two HPV 16 DNA-positive tumors with absence of detectable E6/E7 transcripts 

showed relatively weak signal intensities in the DNA PCR, suggesting a low 

viral DNA copy number. Representative results of HPV 16 E6/E7 and snRNP 

U1A RT-PCR are given in figure 2.1 (upper two panels).

Subsequently, HPV 16 DNA in situ hybridization was performed to find out 

whether viral DNA of this type could be demonstrated in carcinomas at the 

cellular level. 
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Clear nuclear staining throughout all neoplastic areas was found in 11 of 

the 14 HPV 16 DNA- containing carcinomas that were analysed. The staining 

patterns were dot-like and signal intensities varied between the different 

specimens, suggesting different viral copy numbers. Two examples of HPV 16 

DNA in situ- positive carcinomas are shown in figures 2.2B and 2.3B. The three 

cases that did not reveal staining included the two tumors with low viral load 

and absence of detectable E6/E7 mRNA.

Figure 2.3: Representative example of an HPV 16-containing carcinoma with E6/

E7 mRNA and presence of methylated p16INK4A DNA, which showed viral DNA by 

in situ hybridization, no P16ink4a immunostaining, and absence of BMI-1 staining 

in the neoplastic cells. (A) H&E-stained section; (B) HPV 16/18 in situ hybridization. 

Note the dot-like staining of nuclei suggestive of HPV 16 integration. (C) p16INK4A 

immunohistochemistry; (D) BMI-1 immunostaining. Note the BMI-1 positive lymphocytes 

in the absence of BMI-1 positive tumor cells.
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p16INK4A immunostaining and promoter methylation analysis 

Sections from formalin-fixed, paraffin embedded counterparts of the 51 penile 

carcinomas analysed for HPV DNA were available for p16INK4A immunostaining. 

Antibody E6H4 revealed strong nuclear p16INK4A immunostaining in almost all 

neoplastic cells in 15 (29%) of the carcinomas (table 2.1). These included 14 

(30%) of the SCCs-NOS and one (50%) of the warty SCCs. Clear, but focal 

staining of nuclei in some neoplastic cell areas was observed in two (4%) 

additional carcinomas. The remaining samples either did not show any staining 

or showed sporadic cells with weak, mainly cytoplasmic staining.

Strong p16INK4A immunostaining was found in 65% of the tumors containing 

HPV DNA, compared with 6% of those without (table 2.2). Interestingly, 

this frequency increased to 81% when considering only the high-risk HPV 

DNA positive cases, and 92% when taking into account the HPV 16 positive 

cases with E6/E7 expression (table 2.1). In fact, the tumors showing strong 

p16INK4A staining comprised 12 of the 13 (92%) carcinomas with HPV 16 DNA 

and E6/E7 mRNA, and the single carcinoma containing HPV 59. All these 

tumors showed both nuclear and cytoplasmic staining, a pattern that was 

also observed in cervical (pre)malignant lesions.20 The two remaining tumors 

with strong staining included two of the 31 (6%) HPV negative tumors. One 

of them had a staining pattern indistinguishable from the HPV containing 

tumors, i.e. nuclear and cytoplasmic staining, whereas the other showed 

only nuclear staining. The tumors showing focal immunostaining comprised 

the single HPV 73-positive case and a case with low copy numbers of HPV 

16 DNA and absence of detectable E6/E7 mRNA. Furthermore, none of the 

three carcinomas containing HPV 6 DNA revealed clear p16INK4A staining. 

Representative examples of strong p16INK4A immunostaining are shown in 

figure 2.2C (both nuclear and cytoplasmic staining), and figure 2.4B (nuclear 

staining only). Examples of negative p16INK4A staining are shown in figure 2.3C 

and Figure 2.5B. 
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Table 2.2. Relationship between HPV, p16INK4A and BMI-1 status in 53 penile 

carcinomas*

p16INK4A 
staining

p16INK4A 
methylation

BMI-1 
staining

No
staining

HPV DNA + (n=20)
HPV DNA – (n=33)

13 (65%)†

2 (6%)†

2 (10%)
7 (21%)

0 (0%)
5 (16%)

0 (0%)
2 (100%)

High-risk HPV DNA + (n=16)
High-risk HPV DNA – (n=37)

13 (81%)†

2 (6 %)†

2 (13%)
7 (19%)

0 (0%)
5 (14%)

0 (0%)
2 (100%)

HPV 16 DNA +/mRNA + (n=13)
HPV 16 DNA +/mRNA – (n=2)

12 (92%)‡

0 (0%)‡

2 (15%)
0 (0%)

0 (0%)
0 (0%)

0 (0%)
0 (0%)

p16INK4A immuno + (n=15)
p16INK4A immuno – (n=36)

-
-

1 (7%)
8 (22%)

0 (0%)
5 (14%)

-
-

p16INK4A methylation + (n=9)
p16INK4A methylation – (n=44)

1 (11%)
14 (33%)

-
-

(0%)§

5 (12%)§

0 (0%)
2 (100%)

* 2 carcinomas could not be analyzed by immunohistochemistry for p16 INK4A and BMI-1 and were 
excluded from the analyses involving these parameters; P-values are given in case of statistically 
signifi cant differences.
† P<0.001; ‡ P=0.029; § P=0.045

Strong p16INK4A immunostaining was significantly more frequent in carcinomas 

with high-risk HPV DNA (Fischer’s exact: P<0.001). In addition, it was more 

frequent in E6/E7-expressing cases containing HPV 16, than in those in which 

HPV 16 DNA, but not E6/E7 mRNA, was detected (Fischer’s exact: P=0.029).

p16INK4A methylation-specifi c PCR

All 53 carcinomas were analysed further by methylation-specific PCR. Whereas 

all samples showed amplification with primers specific for unmethylated DNA, 

only 9 of them (17%) revealed positivity with methylation-specific primers 

(table 2.1). All carcinomas with the methylated p16 INK4A gene were SCCs-NOS.

The frequency of p16INK4A promoter methylation was higher in HPV DNA 

negative tumors (21%) than in HPV positive cases (10%; table 2.2). In fact, all 

but two of the tumors with methylated DNA were HPV DNA-negative. The 
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two exceptions were both HPV 16 DNA and E6/E7 mRNA positive tumors; one 

of them displayed absence of p16INK4A immunostaining (Figure 2.3), whereas 

the other was p16 INK4A immuno-positive. Moreover, eight of the nine tumors 

with methylated p16INK4A DNA were p16INK4A immuno-negative, leaving a single 

immuno-positive case (table 2.2). Representative examples of methylation-

specific PCR results are given in figure 2.1, lower two panels.

Figure 2.4: Representative example of an HPV negative, p16INK4A immunoreactive 

carcinoma with absence of methylated p16INK4A, and absence of BMI-1 staining in the 

neoplastic cells. (A) H&E-stained section; (B) p16INK4A immunohistochemistry. Note 

nuclear staining; (C) BMI-1 immunohistochemistry. Only lymphocytes stained.

 

Figure 2.5: Representative example of an HPV negative, p16INK4A - immunonegative 

carcinoma with absence of methylated p16INK4A DNA, but presence of BMI-1 staining 

in the neoplastic cells. (A) H&E-stained section; (B) p16INK4A immunohistochemistry; 

(C) BMI-1 immunohistochemistry 

BMI-1 immunostaining

To test whether BMI-1 overexpression may provide an alternative mechanism 

of interference with the p16INK4A /cyclin D/Rb pathway, BMI-1 immunostaining 
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was performed on formalin-fixed carcinoma specimens. Clear BMI-1 staining 

in more than 75% of the nuclei was observed in five of the 51 carcinomas 

tested (10%), including four (9%) SCCs-NOS and one (50%) sarcomatoid 

carcinoma. None of them revealed HPV DNA or RNA, p16INK4A immunostaining, 

or p16INK4A promoter methylation. BMI-1 positive cases comprised 16% of the 

HPV-negative tumors, 14% of the p16INK4A immuno-negative tumors, and 

12% of the tumors without methylated p16INK4A DNA. BMI-1 overexpression 

was significantly more frequent in tumors without methylated p16INK4A DNA 

(P=0.045; table 2.2).

Discussion

The data collected in this study indicate that both HPV-related and unrelated 

modes of p16INK4A/cyclinD/Rb inactivation exist in penile carcinoma. We found 

evidence for at least three alternative mechanisms of interference with the 

p16INK4A/cyclinD/Rb pathway. 

A first plausible mechanism involves the blocking of Rb function by high-risk 

HPV E7, resulting in upregulation of p16INK4A. Strong functional evidence for this 

phenomenon was obtained for 13 (26%) of the tumors. These included 12 HPV 

16-containing carcinomas showing both E6/E7 expression and strong p16INK4A 

immunostaining, as well as the single case that contained HPV 59. Despite the 

fact that no transcript analysis was performed for the latter case, the presence 

of strong p16INK4A immuno-positivity suggests functional interference with the 

p16INK4A/cyclinD/Rb pathway by the E7 protein. One carcinoma with HPV 16 DNA 

and E6/E7 mRNA was exceptional, in that both clear p16INK4A immuno-staining 

and p16INK4A promoter methylation were observed. A possible explanation for 

this finding is that only one of the p16INK4A alleles may have been methylated, 

leaving the other allele transcriptionally active.

In another case showing HPV 16 DNA and E6/E7 mRNA, functional involvement 

of HPV is still disputable; although DNA in situ hybridization showed HPV DNA 

in the tumor cells, this sample did not reveal strong p16INK4A immunostaining 
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(figure 2.3). Instead, methylation of the p16INK4A promoter region was observed, 

suggesting an alternative mechanism of interference with the p16INK4A/cyclin 

D/Rb pathway. Although it is questionable, in this case, whether E7 would be 

indispensable for the maintenance of the malignant state, a viral involvement 

cannot completely be excluded for two reasons. Firstly, E6 may play a prominent 

role by interfering with the p14ARF/MDM2/p53 pathway. Secondly, E7 may have 

been essential during the early stages of transformation. Nevertheless, a strong, 

statistically significant relationship between strong p16INK4A immunostaining 

and high-risk HPV E6/E7 mRNA expression was found. This finding not only 

supports the notion that there is a tight biological link between high-risk 

functioning HPV E7 and the p16INK4A/cyclin D/Rb pathway, but also suggests 

that p16INK4A is an attractive biomarker for identifying carcinomas that have 

the highest likelihood of being etiologically related to HPV infection.

Furthermore, our data indicate that analysis of HPV DNA by PCR alone may 

overestimate the proportion of penile carcinomas displaying a plausible direct 

involvement of HPV. HPV DNA was detectable by PCR in 38% of the carcinomas, 

which is concordant with a recent large study on penile carcinomas showing 

HPV DNA in 37% of the cases after exclusion of the basaloid carcinomas.10 

However, a subset of high-risk HPV DNA positive cases revealed no evidence 

for functionally active E7 in our study. Moreover, despite the fact that low-risk 

HPVs were detected in four carcinomas, there is no evidence yet that these are 

functionally involved in the carcinogenic process. With regard to the various 

histological subtypes, our study provides strong evidence that high-risk HPV 

plays a prominent role in the pathogenesis of a subset of SCCs-NOS and warty 

SCCs. 

A second plausible mechanism for interference with the p16INK4A pathway 

involves silencing of the p16INK4A gene by promoter methylation, which was 

found in the absence of HPV and p16INK4A expression in 15% of the carcinomas. 

Functional evidence for the fact that aberrant p16INK4A promoter methylation 

provides a direct mechanism of gene silencing has recently been obtained in 

a study involving a colon cancer cell line.30 

Finally, we found expression of the BMI-1 PcG gene in 10% of the carcinomas; this 
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is a third plausible mechanism by which the p16INK4A pathway may be disturbed. 

The INK4A/ARF locus, encoding both p16INK4A and p14ARF, was identified as a 

critical downstream target of BMI-1 and in mice, BMI-1 overexpression results 

in decreased expression of the respective genes23. Recent studies involving 

Hodgkin’s disease and non-Hodgkin B-cell lymphomas revealed BMI-1 

overexpression in these malignancies as well, whereas BMI-1 expression was 

limited to non-dividing stages in their normal B-cell counterparts.29;31;32 Also, 

BMI-1 was absent in proliferating basal and para-basal cell layers in normal 

squamous epithelium of the cervix and skin, but was present in differentiated 

cells that have withdrawn from the cell cycle (data not shown). Hence, failure 

to down-regulate BMI-1 in proliferating cells is a likely alternative step that 

may trigger the transformation of several cell types. 

In conclusion, we have shown that in penile carcinomas alterations pointing 

to a disturbed p16INK4A/cyclin D1/Rb pathway are commonly present in 

penile carcinoma. Activity of high-risk HPV and the resulting increase in 

p16INK4A expression was the most frequently detected mechanism amongst 

the three that were analyzed, followed by p16INK4A hypermethylation and 

BMI-1 overexpression. In addition, our data provide evidence for penile 

carcinoma being etiologically heterogeneous, with only a proportion of 

cases attributable to HPV infection. These results are important when HPV-

based immunotherapeutic interventions are envisaged, because in contrast 

to patients with cervical carcinoma, only about 26% of patients with penile 

carcinoma are likely to benefit from these vaccines.

Acknowledgements

We are indebted to W. Vos and T. Tadema for their assistance in the in situ 

hybridization experiments, F. van Kemenade and E. Fieret for their contribution 

to BMI-1 and p16INK4A immunohistochemistry, M. Egging for her support in the 

p16INK4A methylation work, and A. Otte and R. Sewalt for providing the BMI-1 

6C9 antibody.



Chapter 2

50

References 

Visser, O., Coebergh, J.W.W., Schouten, L.J. et al: Incidence of cancer in 1. 

the Netherlands 1997. Association of comprehensive cancer centers. 2001 

(Utrecht, the Netherlands). 

Parkin, D.M., Muir, C.S., Whelar, S.L. et al: Cancer incidence in five continents. 2. 

VI. 1992. IARC Scientific Publications 120 (IARC Lyon, France).

Bosch, F.X., Lorincz, A., Munoz, N. et al: The causal relation between human 3. 

papillomavirus and cervical cancer. J Clin Pathol, 55: 244, 2002

Walboomers, J.M., Jacobs, M.V., Manos, M.M. et al: Human papillomavirus 4. 

is a necessary cause of invasive cervical cancer worldwide. J Pathol, 189: 12, 

1999

zur Hausen, H.: Papillomaviruses and cancer: from basic studies to clinical 5. 

application. Nature Rev Cancer, 2: 342, 2002

Scheffner, M., Romanczuk, H., Munger, K. et al: Functions of human 6. 

papillomavirus proteins. Curr Top Microbiol Immunol, 186: 83, 1994

Sherr, C.J.: The INK4a/ARF network in tumour suppression. Nat Rev Mol Cell 7. 

Biol, 2: 731, 2001

Dillner, J., von Krogh, G., Horenblas, S. et al: Etiology of squamous cell 8. 

carcinoma of the penis. Scand J Urol Nephrol Suppl, 189, 2000

Gregoire, L., Cubilla, A.L., Reuter, V.E. et al: Preferential association of 9. 

human papillomavirus with high-grade histologic variants of penile-invasive 

squamous cell carcinoma. J Natl Cancer Inst, 87: 1705, 1995

Rubin, M.A., Kleter, B., Zhou, M. et al: Detection and typing of human 10. 

papillomavirus DNA in penile carcinoma: evidence for multiple independent 

pathways of penile carcinogenesis. Am J Pathol, 159:1211, 2001

Cubilla, A.L., Reuter, V.E., Gregoire, L. et al: Basaloid squamous cell carcinoma: 11. 

a distinctive human papilloma virus- related penile neoplasm: a report of 20 

cases. Am J Surg Pathol, 22:755, 1998

Cubilla, A.L., Velazques, E.F., Reuter, V.E. et al: Warty (condylomatous) 12. 

squamous cell carcinoma of the penis: a report of 11 cases and proposed 

classification of ‘verruciform’ penile tumors. Am J Surg Pathol, 24: 505, 2000



Molecular pathways and HPV

51

van Houten, V.M., Snijders, P.J., van den Brekel, M.W. et al: Biological evidence 13. 

that human papillomaviruses are etiologically involved in a subgroup of head 

and neck squamous cell carcinomas. Int J Cancer, 93: 232, 2001

Ha, P.K., Pai, S.I., Westra, W.H. et al: Real-time quantitative PCR demonstrates 14. 

low prevalence of human papillomavirus type 16 in premalignant and 

malignant lesions of the oral cavity. Clin Cancer Res, 8: 1203, 2002

Wiest, T., Schwarz, E., Enders, C. et al: Involvement of intact HPV16 E6/E7 gene 15. 

expression in head and neck cancers with unaltered p53 status and perturbed 

pRb cell cycle control. Oncogene, 21: 1510, 2002

Levi, J.E., Rahal, P., Sarkis, A.S. et al.: Human papillomavirus DNA and p53 16. 

status in penile carcinomas. Int J Cancer, 76: 779, 1998

Suzuki, H., Sato, N., Kodama, T. et al: Detection of human papillomavirus 17. 

DNA and state of p53 gene in Japanese penile cancer. Jpn J Clin Oncol, 24: 

1, 1994

Li, Y., Nichols, M.A., Shay, J.W. et al: Transcriptional repression of the D-type 18. 

cyclin-dependent kinase inhibitor p16 by the retinoblastoma susceptibility 

gene product pRb. Cancer Res, 54: 6078, 1994

Hara, E., Smith, R., Parry, D. et al: Regulation of p16CDKN2 expression and its 19. 

implications for cell immortalization and senescence. Mol Cell Biol, 16: 859, 

1996

Klaes, R., Friedrich, T., Spitkovski, D. et al: Overexpression of p16INK4A as 20. 

a specific marker for dysplastic and neoplastic epithelial cells of the cervix 

uteri. Int J Cancer, 92: 276, 2001 

Schutte, M., Hruban, R.H., Geradts, J. et al: Abrogation of the Rb/p16 tumor-21. 

suppressive pathway in virtually all pancreatic carcinomas. Cancer Res, 57: 

3126, 1997

Esteller, M., Herman, J.G.: Cancer as an epigenetic disease: DNA methylation 22. 

and chromatin alterations in human tumours. J Pathol, 196: 1, 2002

Jacobs, J.J., Kieboom, K., Marino, S. et al: The oncogene and Polycomb-group 23. 

gene bmi-1 regulates cell proliferation and senescence through the ink4a 

locus. Nature, 397: 164, 1999



Chapter 2

52

Vonlanthen, S., Heighway, J., Altermatt, H.J. et al: The bmi-1 oncoprotein 24. 

is differentially expressed in non-small cell lung cancer and correlates with 

INK4A-ARF locus expression. Br J Cancer, 84: 1372, 2001

Jacobs, M.V., Walboomers, J.M., Snijders, P.J. et al: Distribution of 37 25. 

mucosotropic HPV types in women with cytologically normal cervical smears: 

the age-related patterns for high-risk and low- risk types. Int J Cancer, 87: 

221, 2000

van den Brule, A.J., Pol, R., Fransen-Daalmeijer, N. et al: GP5+/6+ PCR followed 26. 

by reverse line blot analysis enables rapid and high-throughput identification 

of human papillomavirus genotypes. J Clin Microbiol, 40: 779, 2002

Steenbergen, R.D., Kramer, D., Meijer, C.J. et al: Telomerase suppression by 27. 

chromosome 6 in a human papillomavirus type 16-immortalized keratinocyte 

cell line and in a cervical cancer cell line. J Natl Cancer Inst, 93: 865, 2001

Herman, J.G., Graff, J.R., Myohanen, S. et al: Methylation-specific PCR: a novel 28. 

PCR assay for methylation status of CpG islands. Proc Natl Acad Sci USA , 93: 

9821, 1996

Raaphorst, F.M., van Kemenade, F.J., Blokzijl, T. et al: Coexpression of BMI-1 29. 

and EZH2 polycomb group genes in Reed-Sternberg cells of Hodgkin’s disease. 

Am J Pathol, 157: 709, 2000

Myohanen, S.K., Baylin, S.B., Herman, J.G.: Hypermethylation can selectively 30. 

silence individual p16ink4A alleles in neoplasia. Cancer Res, 58: 591, 1998

van Kemenade, F.J., Raaphorst, F.M., Blokzijl, T. et al: Coexpression of BMI-1 31. 

and EZH2 polycomb-group proteins is associated with cycling cells and degree 

of malignancy in B-cell non-Hodgkin lymphoma. Blood, 97: 3896, 2001

Raaphorst, F.M., van Kemenade, F.J., Fieret, E. et al: Cutting edge: polycomb 32. 

gene expression patterns reflect distinct B cell differentiation stages in human 

germinal centers. J Immunol, 164: 1, 2000



CHAPTER 3

PRESENCE OF HIGH RISK HUMAN PAPILLOMAVIRUS 
DNA IN PENILE CARCINOMA PREDICTS 
FAVORABLE OUTCOME IN SURVIVAL

A.P. Lont, B.K. Kroon, S. Horenblas, M.P.W. Gallee, J. Berkhof, 

C.J.L.M. Meijer, P.J.F. Snijders

Departments of Urology and Pathology, The Netherlands Cancer Institute, 

Antoni van Leeuwenhoek Hospital, Amsterdam, the Netherlands. 

Departments of Biostatistics and Pathology, VU University Medical Center, 

Amsterdam, the Netherlands

International Journal of Cancer 2006; 119: 1078-1081



Chapter 3

54

Introduction

Squamous cell carcinoma (SCC) of the penis is uncommon and accounts for 

less than 1% of adult male cancers in developed countries. The incidence in 

Europe is 1 per 100 000 per year.1 The highest incidence occurs in the seventh 

decade. The development is most likely a stepwise chain of events over a 

period of years from preneoplastic lesions to SCC. The etiology of penile 

SCC appears to be multifactorial, with a history of smoking, phimosis and 

poor hygiene commonly associated with this tumor.2,3 Recent data have also 

provided corroborative evidence for a role of high-risk human papillomavirus 

(HPV) in the pathogenesis of a subset of penile squamous cell carcinoma.4,5 

These high risk HPVs are known to possess transforming capacity and are a 

necessary but insufficient cause of cervical SCC.6,7 More recently, also a role 

of these viruses has been implicated in the development of other SCCs, such 

as those of the head and neck and vulva, next to penile SCCs. In contrast to 

cervical cancers, almost all of which contain high-risk HPV, the reported high 

risk HPV prevalence in the other mentioned SCCs is much lower. This suggests 

that the other SCCs are etiologically heterogeneous, with only a subset of 

cases linked to high-risk HPV. However, the exact proportion of these non-

cervical cancers that can be attributed to high-risk HPV is still a matter of 

debate since reported prevalence rates are highly variable, possibly as a 

result of the different testing methods that have been applied. Moreover, 

for penile carcinomas the histological subtype seems to be a determinant for 

HPV presence. Nevertheless, keratinizing or not otherwise specified penile 

SCCs, which represent the most common penile SCCs, generally show a rather 

consistent HPV prevalence rate of about 35%.4,5 

Another complication is that various studies performed on head and neck and 

vulvar SCCs revealed a survival benefit for patients with a HPV positive tumor 
8-12, whereas others failed to do so.13-15 Also for penile SCC, two studies have 

been performed in which survival was correlated with the HPV-status of the 

primary tumor. These studies did not show survival differences between HPV-

positive and HPV-negative tumors.16,17 
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One of the possible explanations for the apparent discrepancies both in HPV 

prevalence rates and survival deals with the fact that sole HPV DNA detection 

might not be sufficient evidence of causation. Extensive analysis of HPV DNA 

containing head and neck carcinomas revealed that only about the half of 

these tumors showed transcriptional activity of the viral E6/E7 oncogene 

region and may be the direct consequence of HPV infection.13,18-20 The latter 

is consistent with the notion that not all high-risk HPV infections represent 

clinically relevant infections.21 

Also, a recent comprehensive study on penile SCCs showed evidence for 

distinct carcinogenic pathways in tumors with and without transcriptionally 

active HPV.5 However, unlike head and neck carcinomas, the number of cases 

that tested positive for high-risk HPV DNA by the consensus primer GP5+/6+-

PCR method, but negative for E6/E7 transcripts, was rather low. Hence, HPV 

DNA detection by GP5+/6+ PCR better reflects causality for this tumor type 

than for head and neck SCCs. 

Here, we determined high-risk HPV DNA presence by GP5+/6+-PCR on a large 

series of formalin fixed, paraffin-embedded SCC specimens of the penis 

and assessed the relevance of high risk HPV-DNA presence on the primary 

tumor regarding other local pathologic parameters, incidence of lymph node 

metastases, and disease specific survival. 

Materials and Methods

Patients

Investigations were carried out on 176 patients with SCC of the penis treated 

at our institute, between 1963 and 2001. The study represents the patients 

of whom paraffin embedded tumor material from the primary tumor and 

clinicopathological data were available. Of 55 patients analyzed in this study 

a corresponding frozen tissue specimen was tested during the course of a 

previous study.5 The age of the 176 patients ranged from 27 to 94 years (mean 

age: 64 years).
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Surgical procedures

Small (T1 tumors) were treated by local excision and more extended tumors 

(T2-3) were mainly treated by (partial) penectomy. Furthermore, all patients 

with lymph node metastases underwent inguinal lymph node dissection. 

Inguinal lymphadenectomy consisted of the removal of all lymphatic tissue 

between the inguinal ligament cranially, the adductor longus muscle medially, 

the sartorius muscle laterally, the crossing point of the sartorius and adductor 

longus muscles caudally, and the pectineus muscle and the superficial femoral 

artery and vein dorsally. Additional ipsilateral pelvic (external iliac and 

obturator) lymph node dissection was performed if two or more inguinal lymph 

node were involved. Patients only underwent adjuvant regional radiotherapy 

if histopathological examination showed extracapsular involvement or when 

at least two lymph nodes were invaded by tumor.

Histopathological features

A pathologist (M.P.W.G.) reviewed all resection specimens of the 176 

patients without knowledge of clinical outcome. Primary tumors were staged 

retrospectively according to the 1987 TNM system of the International Union 

Against Cancer and pathologically graded according to Broders as I: well 

differentiated, II: moderately differentiated, or III: poorly differentiated.22 

Vascular invasion was defined as tumor cells within endothelium lined spaces. 

As tumor diameter the macroscopically largest distance between two opposite 

tumor borders was taken. Also the presence of a sclerosing morpheic growth 

pattern was judged. This growth pattern is characterized by small strands of 

tumor cells emerging from the tumor mass growing deeply in the penile tissue 

between sclerosing collagen bundles.

Sample preparation and high-risk HPV-DNA detection and typing

Of each specimen a series of consecutive 5 μM sections were cut, the first 

and last of which were haematoxylin-eosin stained for histomorphological 

confirmation of tumor presence, whereas the in-between sections were collected 

in a reaction vessel for processing for PCR as described previously.23 Various 
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measures were taken during sample preparation to avoid contamination. 

Gloves were worn throughout the cutting and preparation procedures, new 

blades were used for cutting new specimens and the microtome was cleaned 

each time in between different specimens. All sections were handled with 

disposable tips and in between the different tumor specimens blocks with 

only paraffin were cut and resulting sections treated similar as those of the 

tumor samples and checked for contamination by PCR.

In order to assess the quality of the DNA, β-globin PCR analysis was performed 

on crude extracts of formalin-fixed, paraffin-embedded penile carcinoma 

specimens using the primers BGPCO3 and BGPCO5 that amplify a DNA fragment 

of about 200 bp.23 Samples of five patients were negative in the β-globin PCR 

and excluded from further HPV DNA analysis. The latter included 2 of the 

55 patients of whom previously also frozen tissue was analyzed that scored 

β-globin PCR negative as well.5 Detection of HPV DNA in the formalin-fixed, 

paraffin-embedded SCC samples of the remaining 171 patients was performed 

by general primer GP5+/GP6+- PCR enzyme immunoassay (PCR-EIA), essentially 

as described before.5 Subsequent genotyping for 14 high-risk HPV types ( i.e. 

16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68) was performed by reverse 

line blot analysis, as previously described.23,24 The HPV detection and typing 

data were in complete agreement with those of the frozen tissue of the 53 

cases for which frozen material of adequate quality was tested before.5 

Follow-up and statistical methods

Patients were followed regularly at The Netherlands Cancer Institute. Data 

were collected retrospectively and these data were analyzed immediately after 

collection. Mann-Whitney U test,  Chi-square test, and Fisher  exact test were 

used for comparison of patient and tumor characteristics. Multiple logistic 

regression analyses was used to determine pathologic variables related to 

HPV status. Disease-specific survival plots were made using the Kaplan-Meier 

method and were compared with the log rank test. Patients with clinical signs 

of disease at the time of death or with unknown death cause were considered 

as death due to disease. Cox proportional hazards analysis was applied to 
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assess the independent effects of several prognostic factors on survival. All 

variables of the univariate analysis were included in the multivariate analysis. 

Effects were characterized with 95% confidence intervals on the hazard ratio 

scale. The significance level was set at .05. Analyses were performed with 

the Statistical Package for the Social Sciences software (SPSS, Chicago, Illinois, 

USA).

Results

High-risk HPV DNA presence

High-risk HPV DNA was detected in 29% (50 of 171) of the formalin-fixed, 

paraffin-embedded penile SCC specimens. Thirty-eight (76%) of HPV DNA 

positive tumors contained HPV-16, 3 (6%) HPV-18, 2 (4%) HPV-33, 3 (6%) HPV-

45 (4%), 1 (2%) HPV-56, 1 (2%) HPV-58, and 1 (2%) HPV-59. Multiple infection 

with HPV-16 and HPV-18 was observed in 1 case (2%). When confining the 

analysis to the most common histological subtype of penile carcinoma, i.e. not 

otherwise specified SCC, the overall HPV prevalence was 31% (47/152). 

Survival, clinical and pathological characteristics in the high-risk HPV 

positive versus negative patients

Clinical and pathological variables of patients with high-risk HPV-positive 

versus high-risk HPV negative tumors are presented in table 3.1. In univariate 

analysis, only presence of a sclerosing morphea-like growth pattern was 

significantly associated with HPV negative tumors (chi-square: =0.04). There 

was no time trend for HPV prevalence in tumors (chi-square: =0.15). Multiple 

logistic regression analysis also revealed that morphea-like growth was the 

only factor related to HPV status: HPV positive tumors showed less morphea-

like growth (OR: 0.28; 95%CI: 0.08-1.0).

Median follow-up was 95 months (range 12–492). The cumulative probabilities 

for disease-specific survival by high-risk HPV status are presented in figure 3.1. 

There was a significant difference in 5-year disease-specific survival between 

P

P
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the high-risk HPV positive and negative group: 92 vs. 78% ( =0.03, log-rank 

test). In the high-risk HPV positive group three (2 HPV-16 and 1 HPV-58) of the 

50 patients died of penile cancer versus 24 of 121 patients with a high-risk 

HPV negative tumor (Fisher’s exact: P=0.02). 

Table 3.2 shows univariate 5-year disease-specific survival rates according to 

clinical and pathological variables. The status of the lymph nodes was the 

strongest predictor followed by tumor stage and HPV status. Using a Cox 

proportional hazard model to control for the other prognostic variables, lymph 

node status again turned out to be the strongest independent predictive 

factor of disease specific survival, followed by HPV status, pathological T 

classification and vascular invasion (table 3.3).
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Figure 3.1. Disease-specifi c survival after primary tumor treatment: HR-HPV positive 

tumors (n=50) appear to provide  a signifi cant survival benefi t  over HR-HPV negative 

tumors. (n=121, log rank test: P=0.03)
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Table 3.1: Clinical and histopathological characteristics of 171 penile carcinoma patients 

divided in patients with HPV-DNA negative tumors (n=121) and patients with HPV-

DNA positive tumors (n=50).

HPV DNA P-value

Negative Positive

No. Patients: Total 121 (71%) 50 (29%)

1963-1993 63 (76%) 20 (24%) 0.1*

1994-2001 58 (66%) 30 (34%)

Mean age 63.7 63.7 0.99†

pT stage T1 41 (65%) 22 (35%) 0.24‡

T2 67 (72%) 26 (28%)

T3 13 (87%) 2 (13%)

Tumor diameter <2.0 cm 23 (66%) 12 (34%) 0.41‡

≥2.0 <5.0 cm 89 (74%) 32 (26%)

≥5.0 cm 9 (60%) 6 (40%)

Grade I 46 (75%) 15 (25%) 0.60*

II 62 (69%) 28 (31%)

III 13 (65%) 7 (35%)

Vascular invasion Absent 112 (93%) 45 (90%) 0.55‡

Present 9 (7%) 5 (10%)

Type of squamous 
cell carcinoma

Not otherwise 
specifi ed 

105 (69%) 47 (31%) 0.21‡

Basaloid 1 (100%) 0 (0%)

Verrucous 10 (83%) 2 (17%)

Warty 3 (75%) 1 (25%)

Sarcomatoid 2 (100%) 0 (0%)

Sclerosing morphea-
like growth

Absent 99 (68%) 47 (32%) 0.04‡

Present 22 (88%) 3 (12%)

Lymph node status§ Tumor negative 81 (70%) 34 (30%) 0.90*

Tumor positive 40 (71%) 16 (29%)

*Chi-square, †Mann-Whitney, ‡Fisher’s exact, §Lymph nodes were considered as tumor positive if 
tumor was found at presentation or within the fi rst two years of follow-up.
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Table 3.2 shows univariate 5-year disease-specific survival rates according to 

clinical and pathological variables. The status of the lymph nodes was the 

strongest predictor followed by tumor stage and HPV status. Using a Cox 

proportional hazard model to control for the other prognostic variables, lymph 

node status again turned out to be the strongest independent predictive 

factor of disease specific survival, followed by HPV status, pathological T 

classification and vascular invasion (table 3.3).

Table 3.2: 5-year disease-specifi c survival rates according to clinical and pathological 

variables: Univariate analysis

No. of 
patients

5-year disease specifi c 
survival % (95%CI)

P-value
(log rank)

Age ≤ 60 65 78  (68-88) 0.28

> 60 106 85  (77-93)

pT-stage 1 63 95 (89-100) 0.003

2-3 108 74  (64-84)

Tumor diameter < 2.0 cm 51 89  (79-99) 0.15

≥ 2.0 cm 120 79  (71-87)

Grade 1-2 151 83  (77-89) 0.18

3 20 74  (54-94)

Vascular invasion Absent 158 83  (77-89) 0.08

Present 14 69  (43-95)

Morphea-like 
growth

Absent 146 84  (78-90) 0.08

Present 25 70  (60-80)

Lymph nodes*
Tumor 
negative

115 94  (90-98) <0.0001

Tumor positive 56 60  (46-74)

HPV DNA Absent 121 78  (70-86) 0.03

Present 50 92  (84-100)

*Lymph node status considered as tumor positive if tumor positive lymph nodes were found at 
presentation or within the fi rst two years of follow-up.
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Table 3.3: Cox multivariate regression analysis: Independent prognostic factors for 

disease-specifi c survival 

Factors Adjusted Hazard Ratio (95% CI) * P-value

pT stage T1 1.0(reference) 0.03

T2-3 4.0 (1.1-14.0)

Vascular invasion absent 1.0 (reference) 0.014

present 4.5 (1.4-14.6)

Lymph nodes negative 1.0 (reference) <0.001

positive 7.0 (2.8-17.6)

HPV-DNA absent 1.0 (reference) 0.017

present 0.21 (0.06-0.76)

*Hazard ratio adjusted for all other variables as listed in table 3.2

Discussion

To our knowledge the present report describes the largest study on HPV DNA 

presence in penile SCC. We realize that the use of formalin-fixed material in 

this study may have resulted in a slight underestimation of the actual high-risk 

HPV prevalence. However, the predominant histotype of penile SCC analyzed, 

namely not otherwise specified penile SCCs (sometimes also referred to as 

keratinizing SCC), revealed a high-risk HPV prevalence rate (i.e. 31%) that 

was in the same range as found in a previous study using a more sensitive PCR 

assay.4 Together with the fact that exactly the same high-risk HPV prevalence 

was observed in the paired frozen and formalin-fixed specimens of the 53 

subjects of which both specimens have been tested by the same GP5+/6+-PCR 

assay5, this suggests that the use of formalin-fixed specimens in this study has 

at maximum only a minor influence on the disease specific survival data. 

The most common viral type in penile carcinoma was HPV 16, which was 

detected in 76% of high-risk HPV positive cancers. This result is more or less 

similar to those reported by other investigators, in which HPV 16 was found 
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in 65-74% of HPV positive tumors.2,4,25,26 In this study presence of a sclerosing 

morphea-like growth pattern of the primary tumor is significantly associated 

with HPV negative tumors. This is an observation that has not been described 

before in the literature. Bezerra et al found that HPV positive penile carcinomas 

had less lymphatic embolization.16 Gregoire et al. observed that HPV DNA 

was detected significantly more often in penile carcinomas exhibiting a more 

vertical growth pattern and in histologically defined high grade tumors.27

The current analysis suggests a survival benefit for penile cancer patients 

in whom high-risk HPV DNA was present in the primary tumor compared to 

patients in whom no high-risk HPV DNA could be detected. Although historical 

control analysis is not ideal to compare survival, because of potential time 

related changes in various characteristics, the benefit could not be explained 

by differences in patient or primary tumor histopathologic characteristics. 

In contrast to the established role of HPV as a risk factor, little is known about 

its prognostic significance in penile SCC. To our knowledge, only two reports 

addressed the relation between HPV and prognosis of penile carcinoma. Both 

studies, comparing clinical outcome of patients with HPV positive versus 

HPV negative tumors, reported no survival differences.16,17 These studies, 

however, were limited by relatively small numbers of patients (29 and 82, 

respectively). The explanation for the suggested increased risk of death among 

patients with HPV negative tumors is unclear, but seems to be independent 

of currently understood risk factors. In penile carcinoma, the prognostic 

significance of lymph node invasion on survival has been well established.28,29 

Predictive histopathologic features for lymph node metastasis include tumor 

grade, invasion depth, and lymphatic embolization by neoplastic cells.30-32 

Remarkably, HPV status was not related to the risk of lymph node metastases 

or vascular invasion (table 3.1). Therefore, the data in this study suggest that 

high risk HPV positive penile tumors comprise a distinct molecular and clinical 

entity and, although largely speculative, the survival benefit of patients with 

HPV positive carcinomas maybe owing to a lower degree of gross genetic 

alterations, as has been previously found in head and neck SCC.19 As an 

alternative, the presence of virus in penile carcinoma may confer an increased 
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immune surveillance, thereby making the HPV associated malignancy less 

aggressive than those without viral epitopes. 

In conclusion, patients with penile carcinoma in which high-risk HPV DNA 

can be detected by GP5+/6+-PCR seem to have an increased disease-specific 

survival. 
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Introduction

The extent of the primary tumor in squamous cell carcinoma of the penis 

has important implications for local and regional treatment. In tumors with 

only restricted extension, penile conserving methods can be considered, but 

in tumors with deep infiltration this is generally not recommended.1 Tumor 

size and depth of infiltration are major components of staging.2 

While tumor size is easily estimated by physical examination, the invasive 

character can be hard to determine correctly. Various imaging techniques 

have been used for this purpose, i.e.: ultrasonography and MRI.3,4,5,6,7

The aim of this study was to determine the accuracy of physical examination, 

ultrasonography and MRI in establishing tumor size, infiltration depth and 

the relationship of the primary carcinoma to the penile structures. 

Materials and methods

Between 1995 and 1997, 33 patients with squamous cell carcinoma of the penis 

were referred to our institute for treatment. Tumor size, using sliding calipers 

in the two largest dimensions, and infiltration into the penile structures were 

determined at physical examination. Tumors were staged according to the 

staging system of the UICC of 1978 and 1987.8,9

All underwent radiological evaluation with ultrasonography and MRI. 

Ultrasonography was performed using an Aloka scanner SDD 280 LS with a 7.5 

MHz linear array small parts transducer. An ultrasound gel pad (Aquaflex) was 

used to avoid artifacts. A urethral catheter was introduced for identification 

purposes. MR scans were performed on a Siemens 1.5 Tesla Magnetom 

scanner, using a small surface coil. Images were obtained in the axial plane 

using T1 weighted spin echo (T1SE) and T2 weighted turbo spin echo (T2 TSE) 

sequences. Sagittal images were acquired using a short tau inversion recovery 

(STIR) sequence and T1SE sequences, before and after the administration of 

an intravenous contrast agent (gadolinium).
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Tumor size was determined in two directions using standard calipers on 

the ultrasound device and in three planes on MRI. Infiltration depth was 

measured from the surface of the nearby non-involved epithelium to the 

area of maximum invasive growth. In case of total destruction of the glans by 

tumor, infiltration depth was measured from the top of the tumor to the area 

of maximum invasive growth. Invasion by tumor of the subepithelial stroma, 

corpus spongiosum, corpora cavernosa and urethra was assessed. All the 

images of ultrasound and MRI scans were revised by one of our radiologists 

without prior knowledge of the clinical data.

Treatment consisted of partial or total penectomy in sixteen patients and of 

local excision with laser treatment in seventeen patients. Results of physical 

examination, ultrasonography and MRI were compared to histopathological 

examination of the specimens obtained by surgery. Paraffin-embedded 

hematoxylin and eosin stained slides were used. In cases of partial or total 

amputation as treatment of the primary tumor, stepwise sections of the 

specimens were performed, giving the opportunity for macroscopic comparison. 

Tumor size was determined. Infiltration depth was measured from the intact 

basal membrane at the edge of the tumor to the deepest tumor extension. 

In cases of total destruction of the glans by tumor, infiltration depth was 

measured from the top of the tumor to the deepest tumor extension. The 

relation to the various anatomical structures of the penis was assessed.

Scatterplots and linear regression analyses, with the residual standard deviation 

for measurement of precision, were applied to determine the reliability of 

measurements of tumor extent by physical examination, ultrasonography, 

and MRI. Histological measurements were considered as gold standard. Data 

 analyzed using the Statistical Package for the Social Sciences software 

(SPSS®, Inc., Chicago, IL).

were
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Results

Revision of ultrasonography images revealed tumor in 30 out of 33 cases. In 

three cases no tumor was detected because images were of bad  quality (two 

cases) or representative images were not available (one case). Revision of MR 

images revealed tumor in 28 cases. No tumor was seen because of movement 

artifacts in three cases and in two other patients representative images were 

missing. 

Linear regression analysis of tumor size measured by physical examination 

and pathology, showed a residual standard deviation (SD) of 8.1mm. 

Ultrasonography and MRI were less precise with a residual SD of 8.9mm and 

9.3mm respectively. Physical examination tended to overestimate tumor 

size, whereas both imaging techniques often appeared to underestimate 

tumor size. An example of a linear regression plot of infiltration depth 

assessed by ultrasonography and pathology is displayed in figure 4.1. The 

same analysis for MRI showed similar accuracy in predicting pathological 

infiltration depth (residual SD: 3.7mm and 3.8mm). Overestimation as well 

as underestimation occurred in both imaging techniques. Ultrasonography 

showed underestimation of infiltration depth systematically in measurements 

exceeding 20mm. 

Positive predictive value and sensitivity of physical examination, MRI 

and ultrasonography for infiltration into the corpus cavernosum and/or 

spongiosum are displayed in table 4.1. Infiltration of the urethra was seen in 

the pathology slides in four cases only. Three times this was visible on MRI, 

twice on ultrasonography and this was found by physical examination on one 

occasion.



Physical examination and imaging

73

 

 

  

0 10  20 30 40 50
0 

10 

20 

30 

40 

50 

Infiltration depth ultrasonography (mm)

In
fi

lt
ra

ti
o

n
 d

ep
th

 p
at

h
o

lo
g

y 
(m

m
) 

Figure 4.1: Relation between infi ltration depth measured by ultrasonography and 

pathology: pathology (mm) = -1.16 + 1.28 x ultrasonography (mm). Residual standard 

deviation = 3.7mm. The 95% interval for predicting pathological tumor size (dotted 

lines) is determined by a value of about two times the residual standard deviation 

(7.4mm). 

Table 4.1. Positive predictive value and sensitivity of infi ltration of the corpus 

cavernosum and spongiosum determined by physical examination, ultrasonography 

and MRI. 

Cavernosum infi ltration Spongiosum infi ltration

positive
 predictive value

sensitivity positive
 predictive value

sensitivity

Palpation 100% (5/5) 71% (5/7) 94% (16/17) 68% (19/28)

Ultrasonography 67% (4/6) 57% (4/7) 92% (25/27) 92% (23/25)

MRI 75% (6/8) 100% (6/6) 91% (20/22) 80% (20/25)
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Comparison of clinical and pathological T-stage showed higher pT-stage than 

cT-stage (understaging) in 9% of cases for the classification system of the UICC 

of 1978. This percentage was 42% using the classification system of 1987, which 

was mainly caused by clinical T1 tumors with microscopic invasion of the corpus 

spongiosum (pT2, 9 cases). Lower pT-stage than cT-stage (overstaging) occurred 

in 6% and 3% of cases respectively. Staging by ultrasonography or MRI showed 

similar degrees of understaging when compared to physical examination 

according to the 1978 classification system. For the 1987 classification system 

the use of imaging techniques improved staging. Understaging decreased 

from 42% to 17% and 14% for ultrasonography and MRI respectively. There is 

a slightly increased risk of overstaging for both imaging techniques compared 

to physical examination: 9% (1978) and 6% (1987). 

Discussion

With the advent of penile conserving methods like Mohs’s surgery and 

treatment by laser, it becomes more and more important to determine the 

extent of the primary tumor as accurately as possible, enabling the surgeon 

to make the right choice between penis conservation and amputation.10,11 

Reliable determination of the extent could also be of help in determining the 

level of resection and to rationalize the traditional 20mm margin.12

Palpation as a tool to determine the extent of the primary tumor is useful 

but has its shortcomings: minimal invasion of penile structures can be 

missed, while fibrosis can give the impression of deep extension. In order 

to improve clinical judgment, imaging techniques such as caversonography 

and computed tomography have been used.13,14 These techniques have not 

gained wide acceptance. The first is invasive, the second of limited sensitivity. 

Ultrasonography is reported as a useful imaging technique to evaluate 

infiltration of the corpora cavernosa.3,15,16 MRI has the advantage of imaging 

in three different planes. Hricak et al. and de Kerviler et al. showed that MRI 

is an accurate method to assess the extent of primary penile carcinoma in a 

small number of patients.4,7
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Figure 4.2: MRI in the transversal plane at a proximal level of the penis (left). 

Corresponding transversal section (middle) and schematic illustration (right), T=tumor, 

C=corpus cavernosum, *=former place of the corpus spongiosum (used for construction 

of neo-meatus). 

In the present study the extent of the tumor was assessed by physical 

examination, ultrasound and MRI. Physical examination shows to be the most 

reliable method in assessing tumor size in comparison with ultrasonography 

and MRI. Physical examination can offer only an impression of infiltration 

depth without numeric value. MRI and ultrasonography have similar accuracy 

in assessing infiltration depth, which can be determined with a precision of 

about 3.7mm. Physical examination shows the highest positive predictive 

value for infiltration into the corpus cavernosum. MRI is a sensitive method in 

determining cavernosum infiltration but with a relatively low specificity (high 

false-positive results). The latter aspect may lead to unnecessary mutilating 

amputations. This is illustrated in figure 4.2. A T1 weighted MR image of a 

penile carcinoma in the transversal plane is shown with the corresponding step-

wise section of the specimen. A large tumor that extends towards the corpora 

cavernosa is visible. The tunica albuginea around the right corpus cavernosum 

is clearly delineated in contrast to the opposite side where it becomes vague 

and infiltration is undecided. In the stepwise section, however, it is clear that 

on this level infiltration is absent. A more distal transversal section of the 

same case shows unequivocally infiltration of the corpus cavernosum on the 

MR image as well as in the stepwise section (figure 4.3). Ultrasonography 
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was a less reliable method for determination of cavernosum infiltration in 

the current study. In previous reports, however, cavernosum infiltration was 

identified accurately by ultrasonography.15,16,3 This is possibly caused by a 

relatively large number of extensive infiltrating tumors with poor delineation 

of the corpora cavernosa in the subgroup of primary penile carcinomas used 

in this study.

Figure 4.3: MRI in the transversal plane at a more distal level of the penis (left).

Corresponding transversal section (middle) and schematic illustration (right), T = tumor, 

C = corpus cavernosum, S = corpus spongiosum.

The sensitivity of physical examination in determining infiltration of the 

corpus spongiosum is low because minimal infiltration cannot be palpated. 

Both ultrasonography and MRI show better results with a high positive 

predicting value.

What are the consequences for clinical practice? Physical examination remains 

the most informative method in the assessment of the extent of the primary 

tumor. Tumor size and infiltration of the corpora cavernosa can be judged 

accurately and also an impression of depth of infiltration into the glans can be 

obtained. Minimal invasion of the glans will be missed. In some cases, where 

serious doubt exists about infiltration depth into the glans and choice of 

treatment is undecided, additional imaging can be helpful. Ultrasonography 

is sufficient because it is satisfactory in determining infiltration depth. MRI 

should be considered as an alternative. 
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Conclusions 

Physical examination is the most reliable method for estimation of tumor size 

and infiltration into the corpus cavernosum. The role of imaging techniques 

in the evaluation of the primary tumor is restricted to cases in which depth 

of infiltration into the glans remains unclear after physical examination 

and choice of treatment is debatable. Ultrasonography is the first choice of 

imaging technique to determine infiltration depth in these cases. 
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Introduction

The conventional treatment of the primary tumor in penile carcinoma consists 

of partial or total amputation with a tumor-free margin of 2 cm.1,2 However, 

the psychological and sexual consequences of penectomy have stimulated the 

development of penis conserving strategies. Studies based on small patient 

series have shown that penis-conserving methods like local excision and laser 

treatment as an alternative for partial amputation are effective in small-sized 

superficially growing penile cancer.3,4,5 External radiation and brachytherapy 

were also reported as excellent methods for local tumor control but were 

often followed by chronic edema, meatal stenosis and skin changes leading to 

sexual dysfunction.6,7,8 At our institute several penis-conserving methods like 

excisional surgery and radiotherapy have been used for T1 and small sized T2 

penile carcinomas (less than half of the glans, usually <3.0cm).

We have used treatment with the laser since 1982. The initial results were 

promising with excellent cosmetic, functional and oncological outcome.3,9 

However, this statement of safety was mainly based on small patient series. 

We have gained more insight with increased experience with local treatment 

and long term follow-up. Purpose of this study was to assess the oncological 

results of primary tumor treatment and to discuss the clinical implications of 

a local recurrence after primary tumor treatment. 

Material and Methods 

Patient selection

We reviewed all 341 cases of penile squamous cell carcinoma treated at the 

Netherlands Cancer Institute between 1956 and 2001 and selected patients 

with primary T1 or T2 tumors. Five patients, treated in the early years of this 

cohort, were excluded because of insufficient data. Two patients were lost 

to follow-up after leaving the country within one year after primary tumor 

treatment. The results of the management of twenty-one patients with 
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carcinoma in situ were published earlier and were not analyzed in this study.10 

All primary tumors were retrospectively staged according to the 1978 TNM 

classification system common to the International Union against Cancer.11 

A pathologist reviewed all the resection specimens without knowledge of 

clinical outcome. Tumors were graded as well differentiated, moderately 

differentiated and poorly differentiated according to Broders.12 Infiltration 

depth was measured from the intact basal membrane of the nearby normal 

epithelium to the deepest tumor cell. Lymphangio invasion was defined as the 

presence of tumor cells within endothelium-lined spaces. In 20 patients tumor 

grade, infiltration depth and lymphangio invasion could not be determined 

because of insufficient material in three cases and because there was no 

primary tumor material available apart from a biopsy in 17 cases with external 

radiotherapy as initial primary tumor treatment. Sexual function before and 

after treatment was often unkown and therefore not assessed.

Primary tumor treatment

Circumcision was not routinely performed. In general, small tumors were 

treated by penis conserving methods. In the early years conservation was 

accomplished by excisional surgery, radiotherapy or excisional surgery 

combined with radiotherapy. Radiotherapy was delivered by external beam 

radiation only, with the dose ranging from 50 to 62 Gray in fractions of 2 to 

5 Gray. 

Since 1982 we have used treatment with the laser for T1 and small T2 tumors 

(smaller than half of the glans, usually <3.0cm). Initially, only the Neodymium-

Yttrium Aluminum Garnet (NdYAG) laser was used and since 1994 also the 

carbon dioxide laser (CO2-laser). Treatment consisted in general of surgical 

resection of the bulk of tumor with a small macroscopic tumor-free margin 

with subsequent laser-photocoagulation of the base of the surgical defect 

with a focusing hand piece or excision of the primary tumor with a laser knife 

and subsequent photocoagulation. No attempt was made to close the defect. 

Healing was usually completed within eight weeks.3 
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The pathologist judged microscopic radicality of the excision. In case of major 

tumor involvement of the margins of the resection specimen, either a second 

local treatment or partial amputation was performed. Only the treatment 

leading to tumor-negative margins was considered for analysis. In case of 

minor involvement (ie margins with severe dysplasia or carcinoma in situ or 

a small area of invasive carcinoma), the initial laser photocoagulation of the 

base of the surgical defect was considered sufficient. Tumors not amenable 

for penis conservation depending on tumor size and presumed functional 

outcome were treated with partial or total amputation. Occasionally, partial 

penectomy was performed in small-sized carcinomas. Recurrences were 

treated similarly.

Regional node treatment

All patients with a clinically node-negative T1 tumor were put on a surveillance 

protocol. Large T2 tumors or poorly differentiated tumors underwent an 

elective lymph node dissection until 1994. Since then all clinically node-

negative T2 tumors underwent a dynamic sentinel node biopsy.13 Patients 

underwent inguinal lymphadenectomy in clinically node-positive cases and 

in case of a tumor positive sentinel lymph node. Patients presenting with 

clinically positive lymph nodes, underwent inguinal lymphadenectomy after 

tumor positive fine needle aspiration cytology.

Statistical analysis

Survival plots were made using the Kaplan-Meier method. The log- rank test 

was used for comparison of recurrence-free and disease-specific survival. Cox-

regression analysis was used to relate clinical T-stage, tumor grade, infiltration 

depth, lymph-angio invasion and microscopically complete primary tumor 

excision to the development of a local recurrence.  Chi-square  test, and Fisher 

exact test were used for comparison of tumor characteristics. For the analysis of 

time to regional recurrence after penis sparing surgery stratified for presence 

or absence of a local recurrence the rank sum test was used (Wilcoxon). Data 

were analyzed using the Statistical Package for the Social Sciences software 

(SPSS®, Inc., Chicago, IL).
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Results

A total of 257 patients with a T1 or T2 tumor were registered between 1956 

and 2001. Median follow-up was 106 months (16 –543 months). Age ranged 

from 29 years to 94 years with a mean of 63 years. In only four patients a 

second primary treatment was performed because of major tumor involvement 

of the margins. Three patients with T1 tumors had a second local treatment 

and in one patient with a T2 tumor partial penectomy was performed after 

incomplete excisional surgery.

Overall, 64 of 257 patients (25%) developed at least one local recurrence, 54 

patients after penis conservation and 10 after (partial) amputation. Overall, 

the 5-year local recurrence-free estimate for penis amputation was 88% 

(95% CI: 81-95%) and 63% (95%CI: 54-72%) for penis conservation (Figure 

5.1: log rank: P=0.0001). This estimate for microscopically radical resected 

primary tumors was 88% (95% CI: 82-94%) and 64% (95%CI: 54-74%) for 

microscopically incomplete resected primaries (log rank: P<0.0001). There 

was no significant difference between local recurrence-free survival in G1,G2 

and G3 tumors: estimates of 72% (62-82%), 74% (64-84%) and 68% (52-86%) 

respectively (log rank: P=0.52). 

Penis conservation

Recurrence rates for different penis conservating methods are displayed in 

table 5.1. The 5-year local recurrence-free estimates for the different penis 

conservating strategies were similar ranging from 55% to 68% (log rank: 

P=0.43). The recurrence rate for penis conservation in T1 tumors was 31% 

(21/68) and 37% (33/89) for T2 tumors (chi-square: P=0.34). The 5-year local 

recurrence-free estimate for T1 tumors was 68% (95% CI: 55-81%) and 56% 

(95%CI: 43-69%) for T2 tumors after penis conservating treatment (log rank: 

P=0.19). Using Cox-regression analysis, only a microscopically incomplete 

resected primary tumor was an independent prognosticator for the 

 cases  with  microscopic  tumor-free  margins, the  local  recurrence 

development of a local recurrence  (HR: 2.9  (95% C I : 1.7–5.0:  P<0.001).  In

rate  was
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Figure 5.1: Local recurrence-free survival after penis conserving treatment and 

amputation (log rank: P=0.0001) 

Table 5.1: Local recurrence rate for different treatment modalities stratifi ed for 

T-category. Recurrence rates for different therapies in the penis conservation group 

were similar (chi-square: P=0.21).

Type of treatment Local recurrence after primary treatment

T1 T2 Totals

Penis 
conservation

Local surgery 23% (3/13) 36% (4/11) 29% (7/24)

Radiotherapy 29% (2/7) 40% (4/10) 35% (6/17)

Local surgery + RT 20% (1/5) 14% (1/7) 17% (2/12)

Excision/ NdYAG laser 33% (8/24) 39% (14/36) 37% (22/60)

Excision/CO2 Laser 37% (7/19) 40% (10/25) 39% (17/44)

Totals 31% (21/68) 37% (33/89) 34% (54/157)

Penis amputation Partial amputation 0% (0/4) 11% (10/92) 10% (10/96)

Total amputation - 0% (0/4) 0% (0/4)

Overall 29% (21/72) 23% (43/185) 25% (64/257)

 22% (12/55) compared to 42% (36/85) for patients with microscopic 
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20 of 54 patients (37%) had more than one local recurrence (range 2–5). Local 

control could be reached in all T1 cases with local recurrences and in 90% 

(30/33) of T2 cases. In 23 of 45 patients (51%) with local recurrences after laser 

treatment or excisional surgery eventually partial penectomy was performed 

to achieve local control. After radiotherapy or a combination of surgery and 

radiotherapy this percentage was 78% (7/9).

Table 5.2: Inguinal recurrences and inguinal recurrence-free intervals stratifi ed for local 

recurrences after primary tumor treatment in T1 and T2 penile carcinoma

Local recurrence No local recurrence

Clinical stage N Inguinal 
recurrence 

rate

Median recurrence-
free interval

months (range)

Inguinal 
recurrence 

rate

Median recurrence-
free interval

months (range)

Penis 
Conservation

T1N0 66 33%(7/21) 9 (5-119) 4% (2/45) 5,7

T1N+ 2 - - 50%(1/2) 10

T2N0 (pNx) 50 35% (7/20) 7 (4-96) 30% (9/30) 7 (2-14)

T2N0 (SN-) 24 0% (0/9) - 7% (1/15) 4

T2N0 (SN+) 6 50% (1/2) 14 33% (1/3) 27

T2N+ 9 50% (1/2) 13 13% (1/8) 8

Penis 
Amputation

T1N0 4 - - 0%(0/4) -

T2N0 (pNx) 35 75% (3/4) 5 (4-6) 39% (12/31) 7 (4-24)

T2N0 (SN-) 20 0% (0/1) - 5% (1/19) 7

T2N0 (SN+) 6 50% (1/2) 5 25% (1/4) 7

T2N+ 35 100% (3/3) 12 24% (8/33) 8 (5-14)

pNx = no pathological staging of the regional lymph nodes performed at the time of initial 
treatment (surveillance), SN- = sentinel node biopsy performed with tumor-negative outcome, 
SN+ = sentinel node biopsy performed with tumor-positive outcome
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Overall, 10 patients with a T1 tumor (14%) developed a regional recurrence 

(table 5.2-5.3). Seven of the 21 patients with local recurrences (33%) had 

inguinal involvement of whom six within the first two years after primary 

tumor treatment ( able 5.2-5.3). Four of these 7 patients had microscopically 

incomplete primary tumor resection. Only three of the 47 patients without local 

recurrences (6%) developed an inguinal relapse (Fisher’s-exact: P=0.005). 

Table 5.3: Patient and tumor characteristics of T1 tumors with local and regional 

recurrences after penis conservating treatment 

Patient T-stage Grade Lymphangio
invasion

Disease-free
survival 
(months)

Place of 
recurrence

Survival
(months)

1 pTx - - 9 penis/groin L/R 38*

2 pT1 1 no 8 Penis/groin L/R 12

3 pT2 1 no 119 penis/groin L 121*

4 pT1 3 no 6; 8 penis; penis/groin L 19*

5 pT1 3 no 6; 13 penis; penis/groin R 21

6 pT1 2 no 14; 21 penis; penis/groin R 23

7 pT2 3 no 5 penis/groin L/R 10

pTx = No pathological staging available because radiotherapy was the initial primary 

tumor treatment, *=died of disease, L=left, R=right

Inguinal recurrences developed in 9 of 33 patients (27%) with local recurrences 

and in 12 of 56 patients (22%) without local recurrences after penis conservating 

treatment of T2 tumors (chi-square: P=0.76), details are listed in table 5.2. 

Analyzing the time to regional recurrences after penis sparing treatment of 

both T1 and T2 tumors, there was no statistically significant difference in time 

to regional recurrences between patients with and without local recurrences 

(rank sum test (Wilcoxon): P=0.26) .

The regional recurrence rate of 19% (16/85) in patients with an initial 

(microscopically) incomplete primary resection was similar to the incidence of 

18% (10/55) in completely resected cases (chi-square: P=0.91).

t
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Disease-specific survival of patients with and without local recurrences after 

penis conservating treatment of a T1 tumor is displayed in figure 5.2 (P=0.053). 

Disease-specific survival of patients with T2 tumors treated locally with and 

without local recurrences is displayed in figure 5.3 (log rank: P=0.69).

Partial Amputation

After partial amputation of a T1 tumor no local or inguinal recurrences were 

observed.

Of the 96 patients with T2 tumors treated with amputation, 61 were clinically 

node-negative of which 35 were managed by surveillance of the regional 

lymph nodes. Four of these 35 patients developed local recurrences of which 

three had combinations of local and inguinal recurrences (table 5.2). Another 

12 patients developed inguinal recurrences but without local recurrences. 

Median inguinal recurrence-free interval was 7 months (range 4-24 months). 

Twenty-six node negative patients treated with amputation were early staged 

by sentinel node biopsy. Of 20 sentinel node-negative patients only one patient 

who had a sarcomatoid penile carcinoma developed a local recurrence with 

distant metastases. Of six patients with positive sentinel nodes two patients 

developed local recurrences of whom one died of disease. 
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Figure 5.2: Disease-specifi c survival of T1 penile tumors with and without local 

recurrences after penis conserving treatment (log rank: P=0.053) 
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Thirty-five patients treated with (partial) amputation were clinically lymph 

node-positive. Three patients developed a local recurrence 12,16 and 31 

months after primary treatment accompanied with inguinal recurrences and 

in one case with lymphangitis carcinomatosa of the inguinal skin. All died 

of disease. Disease-specific survival of patients treated with amputation with 

and without local recurrences is displayed in figure 5.4 (log rank: P<0.0001).
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Figure 5.3: Disease-specifi c survival of T2 penile tumors with and without local 

recurrences after penis conserving treatment (log rank: P=0.67) 

Complications

The most prominent complication after primary tumor treatment was urethral 

stenosis, occurring in 14 cases (5%). Eight cases were seen after partial 

amputation, one after total amputation, two cases were found in patients 

treated with radiotherapy and three cases were seen after laser treatment. 

On one occasion, partial penectomy after radiotherapy was necessary because 

of severe meatal stenosis. Other complications after radiotherapy consisted 

of typical skin changes, edema and phimosis or complete deformation of 

the glans with sexual dysfunction. One patient developed a local infection 

with urethral fistulas after local excision of the primary tumor. After laser 
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treatment one patient had post-operative hemorrhage. Cosmetic results after 

laser treatment in general were excellent as judged by the physician. Three 

times delayed epithelialisation was seen and two patients suffered from 

persistent irritating papules on the glans disturbing sexual function. Systemic 

complications consisted of pulmonary embolism on one occasion. 

Discussion

While partial amputation for small-sized penile tumors is often considered as 

over treatment, two danger areas lie in wait namely: local recurrences and the 

ensuing risk of lymphatic spread, questioning the role of penis conservation 

by some authors.2,3,13,14

At our institute, T1 (< 2cm, strictly superficial)  primary  tumors are  almost 

exclusively treated by penis-conserving methods, nowadays mainly consisting 

of laser treatment. This treatment policy for T1 tumors is in agreement with 

others and it is generally accepted to be safe.2,14,15 We reported previously on 

local treatment in T1 tumors. Recurrences were strictly local and could be 

cured either by local treatment or partial amputation even in tumors which 

were clinically under staged and appeared to be pT2 tumors.3 

In this study, the local recurrence rate is around 30% and similar for different 

penis conserving methods. This rate is higher than is reported by Windahl, 

who showed a local recurrence rate of 19% by using the CO2 laser for cutting 

and the NdYAG laser for coagulation of the base of tumor resection taking a 

macroscopic margin in all cases.16 

From our figures it becomes clear that microscopic tumor positive margins 

should be avoided, despite additional treatment of the tumor bed with laser 

photocoagulation. The recurrence rate for patients with a tumor negative 

margin was 22%, which is similar to the rate reported earlier. But what should 

the margin be? It has been customary to advise a tumor free margin of 2 cm.1,2 

However from a cosmetic and functional point of view, this margin is not very 

useful in penis conserving therapies. Three publications showed the safety of 
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a margin not larger than a few millimeters. Agrawal demonstrated that the 

vast majority of tumors have minimal (<5mm) microscopic tumor extension 

only beyond the macroscopic tumor margin and concluded that in no case a 

20-mm margin is necessary for adequate tumor clearance.17 Windahl suggests 

tumor-free margin of 3-5mm, similar to the results of Minhas et al.18 Mohs’ 

micrographic surgery can also be applied to determine the optimal margin of 

resection.4 

However, genetic mutations can already be present in the tissue adjacent to 

a tumor without showing morphological changes of the tissue at the time 

of resection but causing recurrent carcinoma later on.19 This underscores the 

indication for life long follow-up, or emphasis on self-examination, after 

penis conservation as the residual epithelium remains at risk for developing 

recurrences or second primary tumors. In our series three patients developed 

renewed penile carcinomas five, seven and ten years after first presentation.

Another option is removal of the glans with reconstruction with a split skin 

graft. A recent publication by Pietrzak et al. showed promising results.20

About 30% of the patients with local recurrences after primary tumor 

treatment of a T1 tumor showed up with inguinal lymph node involvement 

during follow-up. The very important question arises whether the local 

recurrences were the focus of regional metastases. There is some evidence 

that this is not the case.

First of all the time to regional recurrence. This was less than 1 year in most 

cases, which is the usual interval of occult inguinal involvement to become 

clinically apparent. 

Secondly analysis of time to regional recurrence separated by presence 

or absence of local recurrences, did not show statistically significant 

differences.

Thirdly patients in whom the pathological stage of the regional nodes was 

known to be negative by dynamic sentinel node biopsy did not develop any 

regional recurrence despite local recurrence, suggesting again outgrowth of 

occult metastases instead of metastatic spread of a local recurrence. 
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Fourthly, in contrast to T1 tumors, there was no increased incidence of lymph 

node involvement irrespective of a local recurrence in T2 tumors which can 

be explained by the detection of occult metastases by dynamic sentinel node 

biopsy in T2 tumors. Also survival figures irrespective of a local recurrence 

were similar. 

All these arguments favor the hypothesis that despite a local recurrence, 

regional recurrences are mainly caused by outgrowth of occult metastases. 

However, based on our data we can not completely exclude that insufficient 

primary treatment may have some influence on lymphatic metastatic 

progression. Fact is that timely diagnosis and treatment of the local recurrence 

is essential.

Of the T1 tumors with local and regional recurrences in these series about 

half were poorly differentiated tumors. Renewed analysis of treatment at 

our institute also showed a high incidence of occult metastases in poorly 

differentiated tumors T1 tumors. Our protocol was adapted since, including 

poorly differentiated T1 tumors for dynamic sentinel node biopsy.

We realize that our study lacks accurate information on the sexual function 

after penis conserving therapy compared to amputation. Although the 

cosmetic and functional outcome in general were judged as excellent by the 

physician as well as the patients, more research is required on this subject. 

Conclusions

T1 and small-sized T2 (less than half of the glans, usually <3cm) tumors can 

both be treated safely by penis conserving methods. One should strive for 

microscopic tumor negative margins, in order to decrease the local recurrence 

rate. Local control after local recurrence can be reached in almost all cases 

either by local treatment or partial penectomy. An essential point is timely 

diagnosis and treatment of the local recurrence. While local recurrences are 

most probably caused by inadequate primary treatment, regional spread is 

most probably caused by outgrowth of occult metastases. However, from a 
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clinical point of view patients presenting with a local recurrence should be 

examined scrupulously for the presence of synchronic regional recurrences.
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Introduction

Penile cancer is rare in developed countries with an incidence of 0.9/100.000 in 

the Netherlands.1 Almost 95% of all penile cancers are squamous cell carcinomas 

(SCC). Within the group of SCC’s, various morphological characteristics can 

be used to distinguish tumors with different biological behavior or specific 

pathogenetic mechanisms.2 For instance, verrucous carcinoma is known as 

a slowly evolving type of penile carcinoma seldom leading to metastatic 

disease.3 Another subtype of penile SCC is basaloid carcinoma, which appears 

nearly always associated with an HPV infection.4 Moreover, in penile SCCs 

not otherwise specified a malignancy grade is assigned to predict the clinical 

course based on morphological criteria.5

A rare variant of penile SCC is sarcomatoid SCC, also known as spindle cell 

SCC, metaplastic SCC or biphasic SCC. Today, it is generally accepted that 

sarcomatoid SCC is a tumor that originates from an epithelial (tumor) cell 

and is microscopically characterized by the presence of varying amounts of 

sarcomatous-like areas, which often retain the expression of epithelial markers 

at immunohistochemistry. Spindle cell SCCs can occur at various anatomical 

sites including skin, larynx, uterine cervix and oral cavity.6-9 To date, penile 

sarcomatoid SCC has only been described in a few case reports.2,10-14 Little is 

known about its biological behavior. In the Netherlands Cancer Institute five 

cases of sarcomatoid carcinoma of the penis have been treated. We defined 

further clinical, morphological and immunohistochemical characteristics of 

this rare malignancy.

Patients and Methods

The records of 5 patients with tumors diagnosed as sarcomatoid penile 

carcinoma or metaplastic carcinoma were identified from those of 341 

patients with penile carcinoma treated at our institute between 1956 and 

2001. Tumors were staged according to the 1978 TNM classification system.
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Histological sections and paraffin embedded tissue from the primary tumor 

were available in each case for histopathological evaluation. When available, 

slides from metastatic tumor sites were also reviewed. Paraffin-embedded, 

routinely hematoxylin and eosin stained slides were used to determine 

tumor morphology and initial histopathological tumor typing. In four cases 

immunohistochemistry was performed using antibodies against keratins, 

epithelial membrane antigen, vimentin, S-100 and smooth muscle antigen. 

Immunohistochemistry was carried out using appropriate positive and negative 

controls. Frozen samples of the primary tumor were available in all 5 patients 

for molecular analysis. For Human papillomavirus (HPV) DNA detection, both 

L1 region general primer-mediated GP5+/bioGP6+ Polymerase Chain Reaction 

enzyme immunoassay (PCR-EIA) and HPV 16 E7 region type-specific PCR-EIA 

was performed.15-17 

Case Reports

Case 1: A 46-year-old male presented with a penile mass of about 4 cm 

extending deeply into the corpora cavernosa with bilateral inguinal lymph 

node metastases (stage T2N2M0). The patient noticed the tumor only a few 

weeks before presentation. Computerized tomography of the abdomen 

demonstrated bilateral inguinal masses but no iliac or para-aortal involvement. 

Total penectomy with bilateral inguinal lymphadenectomy was performed. 

The initial pathological diagnosis was poorly differentiated leiomyosarcoma. 

A few days after surgery, the patient complained of backpain. Computerized 

tomography of the abdomen and thorax showed a para-vertebral lesion at the 

level of the fifth thoracal vertebra and diffuse pulmonary lesions. Fine needle 

aspiration cytology (FNAC) of the paravertebral lesion showed malignant 

spindle cells. The patient died of respiratory failure a few days after. Autopsy 

confirmed diffuse pulmonal and vertebral metastases. There was no iliac 

lymph node involvement. 
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Microscopy: The primary tumor consisted of polymorph spindle cells and 

epitheloid cells without recognizable areas of squamous differentiation. 

Angio-invasive growth was present. The overlying epithelium was ulcerated 

and the adjacent intact epithelium did not show dysplastic changes. Therefore, 

based on the immunohistochemical results (table 6.1) the tumor was initially 

diagnosed as a pure sarcoma (leiomyosarcoma) of the penis. However, 

although keratin filaments could not be demonstrated in the primary tumor, 

the presence of polymorphic squamoid epithelial cells with necrosis within 

the inguinal lymph node metastases rendered the diagnosis into metastasized 

spindle cell SCC. Autopsy revealed haematogenous metastases in the vertebral 

column (thoracal and lumbal region) and in each lung.

Case 2: A 65-year-old man presented with an ulcerating penile lesion of about 

3 cm that was first noticed six weeks before hospital admission. A mass of 

about 6 cm was palpable in the left groin that was not fixed to the skin or 

underlying tissue (T2N2M0). Fine needle aspiration cytology demonstrated 

malignant cells with squamous differentiation. Chest x-ray showed slight 

pleural effusion. Partial penectomy and bilateral inguinal lymphadenectomy 

were performed. The pathological diagnosis of the primary tumor was made 

of a spindle cell SCC. Resected involved lymph nodes from each side of the 

groin showed metastases with the same microscopic features with extra 

capsular growth. A few days after surgery the patient became dyspnoeic. 

Computerized tomography of the abdomen and thorax showed iliac 

metastases, extended pleural effusion and multiple lung metastases. The 

clinical condition deteriorated progressively and the patient eventually died 

within six weeks after presentation. 

Microscopy: The primary tumor showed an unequivocal biphasic pattern 

consisting of carcinomatous areas intermingled with sarcomatous-like areas. 

The morphological carcinomatous area was identified as a poorly differentiated 

SCC (malignancy grade III). Pleomorphic spindle cells were arranged in 

bundles and reached the surface, which was ulcerated. The mitotic rate in 

both components was high. Tumor cells extended within lympho vascular 
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spaces. Since the microscopic appearance of the tumor was characteristic, 

immunohistochemistry was not done. The diagnosis was metaplastic SCC.

Table 6.1: Semi quantitative results of immunohistochemistry and the HPV status in 5 

cases of sarcomatoid SCC. 

Case 1 2 3 4 5

Pan-keratin (AE1/AE3) - ND + * + * + *

Cam 5.2 (anti-keratin 8) - ND + * + +

EMA ND ND + * ND ND

Vimentin + ND ++ + ++

SMA + * ND + * -

S-100 (anti-calmoduline) - ND - - -

HPV - - - - -

*=Individual spindle-shaped tumor cells reveal intracytoplasmic expression, ND=not done, EMA= 
epithelial membrane antigen, SMA=smooth muscle antigen

Case 3: A 37 year-old man presented with a polypoid tumor of about 2-cm 

and two months in duration situated on the glans of the penis. Diagnostic 

biopsy was interpreted as SCC not otherwise specified. There was no palpable 

lymphadenopathy (T2N0M0). Local excision with a neodymium-YAG laser 

and dynamic sentinel node biopsy were performed. The dynamic sentinel 

node biopsy procedure has been described in detail previously.18 Pathologic 

examination of the resected specimen revealed metaplastic carcinoma. The 

inguinal sentinel lymphnodes appeared to be tumor negative. Within the 

following years local recurrences developed almost yearly. Four times they were 

managed by laser treatment and eventually by total penectomy. Currently, 

eight years after presentation, the patient is being treated for another local 

recurrence with systemic administration of cisplatinum. There are no signs of 

metastatic spread. 

Microscopy: The initial primary tumor showed an atypical spindle cell 

proliferation with pleiomorphic nuclei and numerous mitotic figures. The 
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overlying squamous epithelium showed microscopic ulceration. Squamous 

carcinoma areas were absent. The non-ulcerated surface epithelium showed 

no signs of dysplasia or carcinoma in situ. The focal expression of epithelial 

markers within tumor cells resulted in the final diagnosis metaplastic carcinoma 

(table 6.1).

Case 4: A 65-year old man presented with a polypoid mass of about 4 cm 

indurating the majority of the glans, which he had noticed only a few weeks 

before presentation. A phimotic foreskin covered the tumor. There were no 

palpable lymph nodes (T2N0M0). Partial amputation was performed. The 

pathological diagnosis was metaplastic carcinoma. Resection was microscopically 

complete. Sentinel nodes were tumor negative. Within four months after 

primary tumor treatment there was penile recurrence. Resection of the penile 

stump was shortly followed by a renewed recurrence. Local radiotherapy was 

planned but before starting the patient weakened progressively. Because of 

hypercalciaemia a bone scan was made showing diffuse bone metastases. Skin 

metastases of the thoracic wall became apparent shortly after. The patient 

died only six months after presentation. Autopsy was not performed. 

Figure 6.1: A: Paraffi n-embedded and routinely H&E stained slide of the primary 

tumor in case 4: epitheloid squamoid cells admixed with pleiomorphic bipolar cells 

with atypical nuclei. B: Immunohistochemistry using antibodies against pan-keratin 

(AE1/AE3) showing keratin fi laments within the sarcomatoid growth pattern in case 4. 

Individual spindle-shaped tumor cells reveal intracytoplasmic expression.
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Microscopy: The primary tumor consisted of epitheloid squamoid cells 

admixed with pleiomorphic bipolar cells with atypical nuclei (Part A of figure 

6.1). Mitotic figures were regularly found. The covering epithelium was 

hyperplastic with focally minimal dysplastic changes. Tumor was not present 

in the surgical margin. The results of immunohistochemistry were compatible 

with the diagnosis spindle cell SCC (part B of figure 6.1, table 6.1). 

Case 5: A 56-year-old male presented with a 6.5cm, polypoid, locally ulcerating 

penile tumor. On physical examination the tumor infiltrated the complete shaft 

of the penis and was fixed to the pubic bone. In the left inguinal region a large 

mass was palpable with ulceration of the skin (T4N3M0). Total amputation 

was performed combined with bilateral ilioinguinal lymphadenectomy. 

Because of macroscopic tumor infiltration of the symphisis, subsequent 

partial symphysectomy was performed. The pathological diagnosis was a 

pleiomorphic, predominantly spindle cell, high-grade malignancy resembling 

an angiosarcoma. In resection specimens of the inguinal regions 6 and 11 

cm tumor deposits were found in which lymphatic tissue was sporadically 

detectable. Chest x-ray demonstrated unilateral pleural effusion. Cytology 

of the fluid obtained by thoracal drainage did not show tumor cells. The 

patient died of respiratory insufficiency six weeks after presentation. Autopsy 

revealed diffuse pleuritis and pericarditis carcinomatosa.

Microscopy: Microscopic slides from the primary tumor consisted predominantly 

of spindle cells with atypia and polymorphic nuclei with many mitotic figures 

(up to 33 per 10 high power fields). Focally tumor cells were more polygonal 

with ample eosinophilic cytoplasm. These areas resembled angiosarcoma. 

Although carcinomatous elements were lacking and dysplasia of the covering 

epithelium was not recognized, the data obtained by immunohistochemistry 

implied sarcomatoid SCC (table 6.1). 
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Table 6.2: Patient characteristics of 5 patients with sarcomatoid SCC and 6 cases of 

sarcomatoid SCC from other reports

Cases Age Epithelial 
pattern

Initial 
designation

Lymph node 
metastases

Distant 
metastases

Survival 
(months)

1 46 _ Leiyomyosar-
coma

Yes Spine/ lung/ 
pericardium

3*

2 65 Poorly 
diff. Scc

Sarcomatoid Yes Lung 2*

3 37 _ Sarcomatoid No No 96

4 65 _ Sarcomatoid No Skin thorax/
pleuritis carcino-
matosa/bone

7*

5 56 _ Leiyomyosar-
coma

Yes Pleuritis 
carcinomatosa 
lung/ pericarditis 
carcinomatosa

2*

Other 
reports

62 59 Scc ? Yes ? 2*

72 79 _ ? Yes No 84

810 41 Cis, Scc Sarcomatoid No No ?

911 69 Dysplastic Sarcomatoid Yes ? 12*

1012 80 Dysplastic Sarcoma No No 21

1113 66 Cis, Scc Sarcomatoid No No ?

1214 60 Dysplastic Sarcoma No Pleuritis 
carcinomatosa

6*

*=died of disease, ?=not described

Table 6.2 lists some important patient characteristics. All tumors infiltrated 

the corpus spongiosum. Tumor infiltration in case five was relatively limited, 

infiltrating the corpus spongiosum for only a few millimeters. In three cases 

also the corpus cavernosum was involved in the process and in one case the 

pubic bone was invaded by tumor. 

In none of our cases was HPV-DNA found in DNA isolated from frozen samples 

of the primary tumor. 
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Discussion

Sarcomatoid SCC of the penis is a rare variant of penile cancer, representing 

only 1–2% of penile carcinomas. In our series sarcomatoid penile carcinoma 

appeared to be a variant of squamous cell carcinoma of the penis with a poor 

prognosis. This was in agreement with other reports of sarcomatoid carcinoma 

of the penis.2,11,14 Patient age at diagnosis tended to be lower compared to 

SCC not otherwise specified. Tumor stage at presentation was extensive in 

three of five patients whereas, according to the patient history, tumor had 

been present for less than three months in all. The local growth pattern of 

the primary tumor was aggressive with infiltration of the corpora cavernosa 

in three of five cases. Metastatic disease developed in a high percentage of 

cases, consisting of lymphogenic and haematogenous spread. Blood borne 

metastases were especially found in the skeleton, lungs and the pericardium. 

Cases in other reports have also shown aggressive biological behavior. In penile 

SCC of the common type haematogenous spread is rare, occurring only after 

regional lymphatic progress. In our series, four of five patients and, combined 

with those in the literature, seven out of ten patients with sarcomatoid SCC 

died of disease within one year after diagnosis, which seems to be a high 

mortality rate compared with an overall disease-specific five-year survival of 

penile squamous cell carcinoma of about 70%.19 

Considering the high likelihood of metastasis, extensive staging is advised. In 

non-metastatic cases adjuvant chemotherapy should be considered in order to 

explore its effect on recurrence. The microscopic diagnosis of sarcomatoid SCC 

of the penis can be difficult. Because dysplastic changes or carcinoma in situ 

in the overlying epithelium is often absent and/or microscopic examination 

of the covering epithelium is hampered due to ulceration, small biopsies 

are usually inadequate to establish the correct diagnosis. Moreover, since 

small biopsies may consist only of atypical spindle cells, these tumors can be 

erroneously diagnosed as pure sarcomas of the penis. In its classical appearance 

sarcomatoid SCC consists of a biphasic pattern with areas of pleomorphic 

spindle cells admixed with a readily recognizable SCC component, often 
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located in the upper areas of the tumor. CIS or PIN III lesions ares of great 

help in making the correct diagnosis. The mesenchymal component of the 

tumor is often found in the deeper layers of the tumor. When the tumor 

consists only of a sarcomatoid growth pattern, the demonstration of keratin 

filaments on immunohistochemistry can prevent he wrong diagnosis of penile 

sarcoma (see figure). In one of our cases the microscopic appearance of lymph 

node metastasis contributed to the diagnosis of spindle cell SCC, while keratin 

expression was absent in the primary spindle cell neoplasm. The differential 

diagnosis of sarcomatoid SCC includes leiomyosarcoma, angiosarcoma and 

(spindle cell) amelanotic melanoma, among many others. Penile manifestations 

of these tumors are extremely rare and they are even less frequently observed 

than spindle cell SCC. As a rule for pathologists, one may state that a spindle 

malignancy of the penis should be considered as a sarcomatoid SCC unless 

proven otherwise.

Controversy still exists about the exact histogenesis of the spindle cell 

component in sarcomatoid carcinoma irrespective its anatomical site. This 

explains why this type of carcinoma has been referred to in several different 

terms, such as carcinosarcoma, spindle cell carcinoma, pseudosarcoma 

and metaplastic carcinoma. However, most groups now believe that 

the sarcomatoid component develops from the carcinomatous areas by 

metaplasia or dedifferentiation, or more precisely by a premature block in 

the differentiation toward a squamous phenotype. Based on this hypothesis 

the two components are considered to originate from the same stem cell.6,20,21 

One of the major arguments for this view is the retained expression of 

keratin intermediate filaments in the sarcomatoid component. This theory is 

also supported by an ultrastructural study in which epithelial elements were 

recognized within spindle shaped cells. Based on this pathogenetic concept 

the term sarcomatoid SCC should be preferred for this rare malignancy. 

In one case report the sarcomatoid metaplasia had developed sofar that 

heterologous differentiation was identified in the mesenchymal areas (i.e. 

osseous or chondromatous differentiation).13 Since to our knowledge the 

biological meaning of the latter observation is still uncertain, it is doubtful 
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whether heterologous or homologous differentiation should be additive to 

the diagnosis.

Whereas HPV DNA is present in about 35% of penile SCC not otherwise 

specified and in 80–100% of the basaloid subtype of penile SCC, HPV DNA was 

not detected in any of the 5 cases of sarcomatoid SCC described. Although we 

realize that the numbers are too small to draw any firm conclusion, this may 

indicate that this malignancy develops along a separate and as yet unknown 

HPV unrelated pathway.4

Conclusions

Sarcomatoid carcinoma of the penis appears to be a subtype of SCC. In contrast 

to other types of SCC, there is not only a high propensity for lymphatic spread, 

but also for hematogenous spread.
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Introduction

After the first publication in 1960 about the use of the sentinel node status 

to decide upon performing regional lymph node dissection, it took a long 

time before the concept of sequential dissemination of cancer was explored 

further.1 It was Cabañas who described the existence of a sentinel node in 

the lymphatic drainage of the penis seventeen years later.2 Since 1965, 

lymphangiography was carried out via dorsal lymph vessels of the penis 

to study the lymphatic drainage patterns. The first-echelon lymph node or 

sentinel node was shown to be frequently located at the anterior or medial 

aspect of the superficial epigastric vein. Cabañas excised the sentinel node 

according to its typical anatomical location. In the absence of tumor in the 

sentinel node, no metastases were found in the other inguinal lymph nodes 

in 31 patients. Despite these promising results, this approach did not gain 

widespread acceptance because the described method ignores variability in 

lymphatic drainage. 

The development of the technique of lymphatic mapping at the end of the 

1980s by Morton and Cochran from the John Wayne Cancer Institute was a 

break-through in making the sentinel node concept applicable to various 

types of malignancies.3 Their original blue dye technique was complemented 

a few years later with a radioactive tracer in combination with preoperative 

lymphoscintigraphy and the intraoperative use of a gamma-ray detection 

probe. The technique of lymphatic mapping and sentinel node biopsy has 

been validated by numerous studies in which the predictive value of the first 

draining lymph node for the status of the other lymph nodes in the lymphatic 

basin was determined.4,5

A few months after the first sentinel node biopsy for melanoma in The 

Netherlands Cancer Institute in 1993, this new staging procedure was also 

introduced in the management of penile cancer. Our initial experience with 

the dual-tracer technique in combination with lymphoscintigraphy and 

a gamma-ray detection probe has been published earlier.6 The purpose of 

the present study was to determine the reliability of sentinel node biopsy in 
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predicting nodal status of the inguinal regions and determine its prognostic 

value after increasing the patient number and follow-up period. 

Materials and Methods

From January 1994 to April 2001, 82 consecutive patients with bilateral 

clinically node-negative penile cancer were prospectively enrolled in this 

study. In addition, eight patients with a unilateral N1 stage based on physical 

examination and fine needle aspiration cytology were entered. These patients 

underwent sentinel node biopsy for the clinically unaffected site. The mean 

age of the patients was 64 years (range 28-90 years). The clinical stage of the 

primary tumor was T2 in 74 patients and T3 in 16 patients. The histological 

type was squamous cell carcinoma in all patients. The differentiation grade 

was grade I in 37 patients, grade II in 40, grade III in 12 and unknown in 

another patient. Patients were not eligible for the study if the primary tumor 

was staged as T1 or carcinoma in situ, because of the assumed low risk of 

occult metastasis. Eighteen patients had previously undergone conservative 

therapy for penile cancer and presented with recurrent tumor.

The day before surgery, lymphoscintigraphy was performed after intradermal 

injection of nanocolloid (Amersham Cygne, Eindhoven, the Netherlands) 

labeled with 99mTc. The average net dose of the radio-labeled colloid was 68 

MBq (range 36-131 MBq) corresponding with 1.8mCi (range 1.0-3.5mCi). The 

tracer was administered at three or four sites around the tumor with a total 

volume of 0.3ml to 0.4ml. Anterior dynamic lymphoscintigraphy was performed 

during 20 minutes immediately after injection. Images were obtained using 

a dual-head gamma camera (ADAC, Milpitas, CA, USA) with low energy high-

resolution collimators. Subsequently, five-minutes anterior and lateral static 

images were obtained after 30 minutes and 2 hours post-injection. A hot spot 

in the inguinal region was considered to be a sentinel node if an afferent 

lymphatic channel was visualized or the hot spot was the first one seen in a 

sequential pattern. The location of the sentinel node was marked on the skin 

using real time imaging and a 57Co-pen. 
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Shortly before surgery, 1.0 ml patent blue dye (Blue Patenté V, Laboratoire 

Guerbet, Aulnay-sous-Bois, France) was intradermally injected around the 

tumor. The sentinel node was identified and harvested after dissection of blue 

lymphatic vessels and detection of radioactivity with a gamma ray detection 

probe (Neoprobe®, Johnson & Johnson Medical, Hamburg, Germany). 

Sentinel node biopsy was followed by local excision of the primary lesion or 

penile amputation during the same session. Sentinel nodes were bisected, 

formalin fixated, paraffin embedded and cut at six or more levels. Paraffin 

sections were stained with hematoxylin and eosin. Immunohistochemical 

staining using pankeratin and CAM 5.2 (Becton Dickinson, San Jose, CA, 

USA) was added to the pathological assessment after the tenth procedure. 

Routine confirmatory lymph node dissection was not performed. Standard 

inguinal lymph node dissection with or without iliac node dissection was 

reserved for patients with a proven lymph node metastasis. The incision for 

lymphadenectomy was chosen in such a way that the biopsy scar was included 

in the resection specimen. Sentinel node negative patients were observed. All 

patients were seen at two-month intervals during the first two postoperative 

years, at three-month intervals in the third postoperative year and every six 

months thereafter. Median follow-up was 36 months (range 5-95 months). 

Two patients were lost to follow-up because of immigration after five and 

sixteen months.

The Fisher exact test was used to compare sensitivity and negative predictive 

value between subgroups of patients with a low and high risk of lymph node 

metastasis. Disease-specific survival curves were constructed with the Kaplan-

Meier method. Analyses were performed with Statistical Package for the 

Social Sciences software (SPSS, Chicago, Illinois, USA).

Results

Lymphoscintigraphy visualized at least one sentinel node in 88 of 90 patients 

(98%). Lymphatic drainage to both groins was seen in 71 patients (81%) and 
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unilateral drainage in the other 17 patients (19%). Seven of eight unilateral 

N1 tumors showed bilateral drainage and drainage to the unaffected site only 

was seen in the remaining one. Lymphatic drainage was visualized in all 18 

patients who had previously undergone conservative therapy for penile cancer 

(14 patients with bilateral drainage, 4 patients with unilateral drainage). A 

total number of 217 sentinel nodes were visualized in 159 inguinal regions 

with a mean number of 1.4 (range 1-5). Surgical exploration was performed in 

152 of 172 clinically node-negative inguinal regions. Exploration of the other 

20 node-negative basins was not performed because of lymphoscintigraphic 

non-visualization (19 basins) or because of the absence of a radioactive count 

rate higher than the background count rate during operation (1 basin). Only 

one basin without visualization of a sentinel node on the lymphoscintigram 

was explored, but no sentinel node was found. The sentinel node could be 

successfully identified during operation in 149 of the remaining 151 inguinal 

basins. The overall surgical identification rate was 98% per inguinal region 

(149/152) and 98% per patient (88/90). The median time interval between 

incision and identification of the sentinel node was nine minutes (range 2-71 

minutes). The results are summarized in figure 7.1.

Differences between the number of visualised and the number of excised 

sentinel nodes were encountered in 34 inguinal regions of 30 patients. 

Additional sentinel nodes were excised in 18 inguinal regions. Not all hot 

spots that were defined as sentinel node could be surgically identified in the 

other 16 groins. A total of 207 sentinel nodes were harvested with a mean 

number of 1.4 per basin (range 1-3). Fifty-seven sentinel nodes (28%) were 

only radioactive and 150 (72%) were both blue and radioactive. The following 

postoperative complications occurred after dynamic sentinel node biopsy: 

wound infection in five patients, wound abscess in two, skin edge necrosis in 

one, wound dehiscence in one and seroma in another patient. Lymphedema 

after sentinel node biopsy alone did not occur.

Pathological examination revealed sentinel node metastasis in 19 inguinal 

regions of 18 patients. Four of eight patients with unilateral clinically N1 

stage had a tumor-positive sentinel node at the contralateral site. Sentinel 
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node metastasis was found in 15 of 77 grade I or II tumors (19%) and in 

3 of 12 grade III carcinomas (25%). The tumor-positive sentinel node was 

only radioactive in 4 of 19 basins (21%) and both blue and radioactive in the 

remaining cases. All patients with a tumor-positive sentinel node underwent 

standard regional lymph node dissection one to two weeks postoperatively. 

The sentinel node was the only tumor-positive lymph node in 14 of these 19 

tumor-positive basins (74%).

 90 T2-3 penile cancer patients (180 inguinal regions) 

   88 
Scintigraphic visualization 

2 (4) 
Scintigraphic non-Visualization 

 

64 (128) 
Bilateral 

visualization 

80 
Bilateral cN0 

8 
Unilateral cN0 

7 (14) 
Bilateral 

visualization 

1 (1) 
Unilateral 

visualization 

16 (16) 
Unilateral 

visualization 

18 (19) 
Not explored 

because of non-
visualization 

 
 

1 (1) 
Exploration after 
non-visualization 
 
 

88 (151) 
Exploration after

visualization 

8 (8) 
Not explored 
because of 

unilateral cN1 
 

1 (1) 
Not explored 

because of absent 
intraoperative hot-

spot 
 
 

Successful identification of 207 sentinel nodes 
 in 149 of 152 explored inguinal regions 

Figure 7.1: Scintigraphic and intraoperative fi ndings in 90 penile cancer patients 

undergoing dynamic sentinel node biopsy. Number of patients (number of inguinal 

regions) are given.
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Regional recurrence necessitating inguinal node dissection after excision of 

a tumor-negative sentinel node was seen in four patients. A fifth patient 

developed a unilateral lymph node metastasis after 27 months in a basin 

that was not initially explored because a sentinel node was not depicted on 

the images. This results in a false-negative rate of 22% (5/23) and a negative 

predictive value of 93% (67/72). The results of sentinel node biopsy stratified 

to risk of lymph node metastasis are displayed in table 7.1. Details of the 

five cases in which the sentinel node procedure failed to identify lymph node 

metastasis are provided in table 7.2. Additional sections at 150 μm intervals of 

the original tumor-negative sentinel node revealed a micrometastasis in one 

of four patients (table 7.2).

Table 7.1: Results of sentinel node biopsy stratifi ed by risk of lymph node metastasis 

based on differentiation grade of the primary tumor and clinical evaluation of the 

regional lymph nodes. 

Low risk
(grade I / II, 

bilateral cN0)

High risk
(grade III or 

unilateral cN1)

P

Total no. patients 70 20

Total no. groins explored 122 28

True-positive SN 12 7

False-negative SN 2 3

True-negative SN 108 18

Sensitivity (%) 86 70 0.62*

Negative predictive value (%) 98 86 0.029*

SN=sentinel node, *=Fisher exact test
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Table 7.2: Characteristics of five patients in whom a regional recurrence 

occurred after excision of a negative sentinel node (no. 1, 2, 4, 5) or after 

non-visualization on lymphoscintigraphy (no. 3). All recurrences were treated 

with regional lymph node dissection.

No Age Stage Lymph 
node 
status

Regional 
recurrence

Time to 
recurrence 
(months)

Survival 
(months)

Patient 
status

Reason 
for 

failure

L R L R

1 83 T2G1 SN+ SN- + +  7 14 DOD Sampling 
error by the 
pathologist

2 68 T2G3 SN- SN- + -  4 72 NED ?

3 49 T2G3 SN+ NE - + 27 60 NED No tracer 
uptake 
by tumor 
blockage?

4 64 T2G1 SN- cN1 + -  6  8 NED ?

5 73 T2G2 NE SN- - +  7  8 NED Not all 
visualized hot 
spots were 
identifi ed

L = left groin; R = right groin; SN+ = tumor-positive sentinel node; SN- = tumor-negative sentinel 
node; NE = not explored; DOD = dead of disease; NED = alive, no evidence of disease. 

The estimated three-year disease specific survival rates were 98% and 71% for 

patients with a tumor-negative or tumor-positive sentinel node respectively 

(log rank test  P=0.0018; figure 7.2). The only patient with a tumor-negative 

sentinel node who died because of disease had a sarcomatoid squamous cell 

carcinoma and developed a local recurrence and distant metastases after four 

and six months respectively without evidence of lymph node metastasis.

:
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Figure 7.2: Kaplan-Meier plot of disease-specifi c survival in patients with a tumor-

negative or tumor-positive sentinel node (SN). Eight patients with unilateral clinical N1 

stage were excluded from survival analysis. Numbers of patients at risk are provided at 

each point of time. Log rank test: P=0.0018.

Discussion

Accurate staging in penile cancer is of importance for selection of patients 

who may benefit from regional therapy in addition to treatment of the 

primary carcinoma. The incidence of occult lymph node metastases in clinically 

node-negative patients is about 20%.7 Elective inguinal node dissection in all 

patients will identify these patients, but at the cost of substantial morbidity.8 

Overtreatment resulting from this approach is avoided by adopting a 

‘wait and see’ policy with therapeutic lymph node dissection at the time 

of regional recurrence.9 The argument against a surveillance policy is the 

assumed negative impact of delayed lymphadenectomy on survival.10 Several 
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investigators have tried to solve the problem of selection of patients in whom 

early inguinal lymphadenectomy is indicated. Histopathological characteristics 

of the primary tumor have been found to be of predictive value for occult 

lymph node metastases. These factors are local tumor stage, differentiation 

grade, depth of invasion and the presence of vascular invasion.9-13 However, 

using these predictors to define patient populations at a low or high risk of 

nodal involvement will result in substantial false-positive and false-negative 

rates.11 Sentinel node biopsy as proposed by Cabañas was a minimally invasive 

procedure to determine the lymph node status in a direct way.2 Unfortunately, 

selective lymph node dissections based on this static anatomical concept 

failed to reach the desired diagnostic accuracy.14,15 Sentinel node biopsy in 

the present form includes a radioactive tracer and a vital dye to identify the 

lymph nodes on a direct drainage pathway from the primary tumor. The overall 

sensitivity of 78% and negative predictive value of 93% in the present study 

indicates that this technique needs optimization to become a reliable staging 

procedure for clinically node-negative penile cancer. The sensitivity of the 

procedure seems to be lower in patients who were traditionally candidates 

for elective lymphadenectomy at our institution (grade III primary tumor or 

unilateral cN1), but this difference was not statistically significant (table 7.1). 

This observation stresses the importance of regular follow-up at short intervals 

to identify and treat recurrences at the earliest possible time. Despite the fact 

that not all occult lymph node metastases were identified, the sentinel node 

status provided important prognostic information (figure 7.2).

Although all sentinel lymph nodes were found using the gamma ray 

detection probe, the vital dye facilitates intraoperative identification and 

can discriminate between first- and second-echelon nodes by visualizing the 

afferent lymphatic vessel. When discrepancies between the two detection 

methods are found, a lymph node that is only radioactive should be considered 

as sentinel node if the corresponding hot spot meets the criteria of a sentinel 

node during lymphoscintigraphy. In case of doubt, a radioactive lymph node 

should also be considered as sentinel node, which is illustrated by one of the 

false-negative cases (table 7.2). Lymphoscintigraphy is essential to determine 
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the lymphatic drainage pattern and enables preoperative marking of the 

sentinel node on the skin.16 Based on their initial experience in penile cancer, 

investigators at the M.D. Anderson Cancer Center concluded that preoperative 

lymphoscintigraphy is complementary to intraoperative lymphatic mapping in 

the detection of microscopic metastases.17 The limited discriminating power 

of the scintigraphy sometimes results in discrepancies with surgical findings. 

An unresolved question is whether to explore both inguinal regions in case 

of unilateral drainage on lymphoscintigraphy. Exploration of one of 20 

basins with non-visualization did not reveal a sentinel node, but a recurrence 

was found in one of the 19 remaining regions. It may be hypothesized that 

blockage of the afferent lymphatic vessel by tumor deposit prohibited the 

ingress of tracer in the sentinel node of the latter patient. Based on this 

finding, we now recommend exploration of a non-visualized basin, which 

may result in identification of blue sentinel nodes without radioactivity. In 

addition, intraoperative palpation of the biopsy wound might reveal firm 

lymph nodes completely replaced by tumor without tracer uptake which may 

prevent false-negative procedures. 

In regard to the indications for sentinel node biopsy, one may wonder if the 

lymphatic drainage will be altered due to local treatment. Lymphatic mapping 

in melanoma is mostly performed after excision of the primary tumor with 

narrow margins but several studies in breast cancer did not demonstrate an 

impaired accuracy of the technique after excisional biopsy.18 Lymphatic drainage 

of the penis seems to be less complex than in these two malignancies which 

suggest that patients who had undergone previous local excision or partial 

penile amputation can be included as well.19 Ultrasound in combination with 

fine needle aspiration cytology may be added to the preoperative assessment 

of the groin to define the indication for sentinel node biopsy. The findings of 

Moskovic et al. who applied this approach in vulvar cancer are noteworthy, 

because of the similar dissemination pattern.20 De Kanter et al. concluded that 

sentinel node biopsy could be avoided in 17% of clinically node-negative breast 

cancer patients by performing preoperative ultrasonography of the axilla in 

combination with fine needle aspiration cytology.21 Patients with unilateral 
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proven N1 stage can be candidates for lymphatic mapping of the opposite 

side. In four of eight such patients, the sentinel node on the contralateral 

side was tumor-negative and only unilateral inguinal lymphadenectomy was 

performed. However, in one of these patients, a regional recurrence occurred 

during follow-up (table 7.2).

Implementation of a new technique requires engagement of all involved 

disciplines. Nuclear medicine physicians have to perform adequate tracer 

injection and sequential imaging to visualize all lymph nodes on a direct drainage 

pathway. The pathologist should scrutinize the lymph node to minimize the 

risk of a sampling error. The finding of a micrometastasis in retrospect in one 

of the false-negative cases resulted in the addition of immunohistochemical 

staining to the routine pathological assessment of sentinel nodes. Finally, the 

urologist has to be familiar with the technique of intraoperative lymphatic 

mapping and has to pass a learning phase. Exploration of non-visualized basins 

should be considered to detect lymph nodes completely replaced by tumor 

without uptake of tracers. Ultrasonography of the groins may help to identify 

such lymph nodes preoperatively. Further study is needed to determine if such 

measures result in improvement of the accuracy of the technique.

Conclusions

With a sensitivity of about 80%, dynamic sentinel node biopsy based on 

the technique of lymphatic mapping is a promising method to detect occult 

metastases in penile cancer but attempts to improve the accuracy have to be 

evaluated in the future. In combination with frequent control during follow-

up, we provide the patient a staging procedure with prognostic information 

and a low rate of morbidity by preventing unnecessary lymphadenectomy. 
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Introduction

The timing of lymphadenectomy in patients with penile carcinoma who present 

without clinical sign of metastatic disease is still controversial. Controversy 

exists between the proponents of prophylactic lymphadenectomy and 

lymphadenectomy at the first sign of lymph node involvement, also referred 

to as therapeutic lymphadenectomy. Prophylactic lymphadenectomy with 

associated morbidity leads to overtreatment in about 80% of the patients 

as a consequence of the low incidence of occult lymph node metastases.1 

Adopting a wait-and-see policy avoids overtreatment but frequent follow-up 

is required. Surveillance bears the risk that metastases are detected at a more 

advanced stage of disease with a presumed negative impact on survival.2,3,4,5,6 

At our institution patients with clinically node-negative T2-T3 tumors were 

treated with surveillance until 1988. From 1988 and thereafter the policy 

changed slightly in the sense that only patients with poorly differentiated or 

T3 primary tumors underwent prophylactic lymphadenectomy.7 In 1994 the so-

called dynamic sentinel node biopsy procedure was introduced.8 At that time 

experience with this technique had already been gained at the institution 

in patients with melanoma.9 Standard lymphadenectomy was reserved for 

patients with a sentinel node that was found to be positive for metastasis. 

The reliability of dynamic sentinel node biopsy in penile carcinoma has 

been previously described.10 We evaluated the policy of surveillance in T2-T3 

clinically node negative penile carcinoma patients compared with a treatment 

policy based on dynamic sentinel node biopsy. 

Methods

Patients were selected from the tumor registry of the Netherlands Cancer 

Institute.

Patients with T1 tumors or carcinoma in situ were not included in this study 

because of the low risk of occult metastases. A total of 162 patients with 
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primary T2-3 clinically node-negative penile carcinoma were treated at our 

institute between 1956 and 2001. Three patients were excluded from analysis 

because they had received chemotherapy as initial treatment, one was excluded 

because of prophylactic external radiation therapy on the inguinal regions and 

two were excluded because there was no follow-up available. Various aspects 

of the 156 patients included have been previously described.7,8,10 Primary 

tumors were staged according to the 1978 TNM system of the International 

Union Against Cancer.11 Tumors were graded as well, moderately or poorly 

differentiated according to Broders.12 Vascular invasion was defined as tumor 

cells within endothelium-lined spaces. Infiltration depth was measured from 

the intact basal membrane of the nearby normal epithelium to the deepest 

tumor cell. A pathologist reviewed all resection specimens while blinded for 

clinical outcome.

Surveillance

Patient follow-up consisted of outpatient visits at two-months intervals for 

the first two years after diagnosis, three-month intervals in year three and 

every six months thereafter. Standard lymphadenectomy was performed if 

inguinal lymph nodes became clinically suspicious for metastases. Additional 

ipsilateral pelvic lymph node dissection was done if more than one inguinal 

lymph node was involved. Patients also underwent adjuvant radiotherapy on 

the lymphatic region if histopathological examination showed extra capsular 

growth or when more than two lymph nodes were invaded by tumor.

In 1988 an adjustment was made to the surveillance policy. Prophylactic 

lymphadenectomy was performed in patients considered to be at high risk 

for microscopic metastasis (T3, or poorly differentiated primary tumors).7 

However, until the introduction of dynamic sentinel node biopsy in 1994 only 

three patients at high risk underwent prophylactic lymphadenectomy: two 

because of T3 tumors and one because of a poorly differentiated T2 tumor. 

One of these patients had lymph node involvement. These patients were not 

included in this analysis. 
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Dynamic sentinel node biopsy

The technique of dynamic sentinel node biopsy has been previously described 

in detail.9 Briefly, lymphoscintigraphy is performed the day before surgery for 

the primary tumor. A gamma ray detection probe and patent blue dye are used 

to intraoperatively identify the sentinel node. Patients underwent inguinal 

lymph node dissection only on the sentinel node-positive side. Ipsilateral 

pelvic lymph node dissection was performed if two or more lymph nodes, 

including the tumor-positive sentinel node, were involved in the inguinal 

lymphadenectomy specimen. Postoperative radiotherapy on the inguinal and/

or pelvic region was usually given if extra-capsular growth and/or more than 

two nodes were found tumor-positive on histopathological examination. All 

patients were examined at two-months intervals the first two years after 

diagnosis, three-month intervals in year 3 and every six months thereafter. 

Lymphadenectomy

Inguinal lymphadenectomy consisted of the removal of all lymphatic tissue 

between certain anatomical boundaries, namely cranial: the inguinal 

ligament, medial: the adductor longus muscle, lateral: the sartorius muscle, 

caudal: proximal crossing of the sartorius muscle and the adductor longus 

muscle, and the bottom: the pectineus muscle and the superior surface of the 

femoral vein and artery.

Pelvic lymphadenectomy consisted of removal of all lymphatic tissue between 

certain boundaries including cranial: the bifurcation of the aorta, lateral: the 

genitofemoral nerve, medial: prostate, bladder and the internal iliac artery, 

bottom: the pelvic floor.

Complications

Early complications were defined as complications occurring within 30 days 

of surgery. Complications thereafter were defined as late complications. 

Lymphedema was graded according to the Common Toxicity Criteria (NCI, 

1998).13
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Statistical analysis

The Wilcoxon rank sum test, chi-square test and Fisher’s exact test were used 

to compare patient and tumor characteristics. Disease-specific survival plots 

were made using the Kaplan-Meier method. For disease specific survival, time 

was calculated from primary tumor treatment to death from disease or to the 

last follow-up. Patients alive at the time of analysis were censored. Unknown 

death causes were considered as death due to disease. Survival rates of the 

different groups were compared by the log-rank test. Analyses were performed 

with a statistical software package (SPSS, Illinois, USA).

Results

Between 1956 and 1994, 85 patients were treated with initial surveillance 

of the regional lymph nodes. Median follow-up in these patients was 179 

months (range: 60-541 months). 

From 1994 until 2001, 68 patients underwent dynamic sentinel node biopsy. 

Median follow-up in these patients was 56 months (range 16–99 months). 

Table 8.1 lists patient and primary tumor characteristics for the surveillance 

and the dynamic sentinel node biopsy groups. Patient age, clinical T-stage 

and primary tumor characteristics were similar in the two groups. Three-year 

disease specific survival of patients in the surveillance group was 79% and it 

was similar for the periods 1956 to 1983 (28 patients or 77%), 1984 to 1990 (28 

or 81%) and 1990-1994 (29 or 79%) (log rank test: P=0.79). This survival rate 

was 91% for patients who underwent dynamic sentinel node biopsy (log-rank 

test: P=0.04, see figure 8.1). The overall three-year survival rate of patients in 

the surveillance group and dynamic sentinel node group was 66% and 82%, 

respectively.

In the surveillance group, inguinal metastases were detected in 20 of 85 

patients (24%). The median recurrence-free interval in these 20 patients was 

six months (range 1-24 months). Follow-up in all these patients was done 

according to guidelines as described. A total of 14 recurrences were detected 
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in the first year. Inguinal lymphadenectomy was performed in all cases. Table 

8.2 lists primary tumor characteristics and characteristics of the inguinal tumor-

positive lymph nodes. Additional pelvic lymphadenectomy in 12 patients 

revealed metastases in five. Of 20 patients with regional recurrences, thirteen 

died of disease despite surgery including eight of regional recurrences with 

or without distant metastatic spread, four of distant metastases only and one 

of a cerebrovascular accident. The only patient who died of disease without 

evidence of lymph node involvement had massive local recurrence accompanied 

by distant metastases six months after primary tumor treatment.

Table 8.1: Patient and primary tumor characteristics

Surveillance Sentinel node biopsy P

Patients(n) 85 68

Mean age 64.5 63.8 0.80*

Clinical T-stage T2 73/85 56/68 0.55†

T3 12/85 12/68

Tumor grade‡ I 36/76 20/68 0.1†

II 34/76 39/68

III 6/76 9/68

Vascular invasion‡ 4/76 6/68 0.52§

Infi ltration depth‡ (mm) ≤5 41/76 30/68 0.20†

>5 35/76 38/68

3-year survival (95% CI) 79% (70-88) 91% (84-98) 0.04||

*= Student-t test, † = Chi-square test, ‡ = When available (radiotherapy as primary tumor treatment 
in 9 cases), § = Fisher’s-exact test, || = log-rank test

Early complications after lymphadenectomy developed in eight patients 

including wound infection in three, lymphocele in two and abdominal fascia 

dehiscence on one occasion. One patient died of a cerebral vascular accident 

within one week after pelvic lymphadenectomy. Late complications consisted 

of mild to moderate leg edema in 12 patients and severe leg edema in one at 
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six months. Bilateral femur head necrosis occurred after adjuvant radiotherapy 

in one patient.

In the sentinel node group fourteen of 68 patients (21%) had lymph node 

metastases at diagnosis, as detected by dynamic sentinel node biopsy. 

Subsequent inguinal lymphadenectomy on the sentinel node positive side 

revealed additional lymph node metastases in five patients including two 

with a tumor-positive lymph node in the pelvic resection specimen. Two 

patients had contralateral inguinal recurrence 7 and 27 months, respectively, 

after a unilateral tumor-positive dynamic sentinel node biopsy procedure. The 

contralateral side remained unexplored at initial treatment because no sentinel 

node was depicted on lymphoscintigraphy in one of these patients. This patient 

underwent standard lymphadenectomy and is without disease 66 months after 

initial treatment. In the other patient the sentinel node harvested on the 

contralateral side was tumor-free according to the original pathology report. 

Pathological re-evaluation of this sentinel node using immunohistochemical 

staining revealed micrometastasis. Inguinal lymphadenectomy revealed three 

lymph node metastases. Adjuvant pelvic lymphadenectomy showed lymph 

node involvement. This patient had inguinal recurrence and died of disease. 

Unilateral regional recurrence after bilateral tumor-free sentinel node 

excision was seen in one patient four months after initial treatment. Standard 

lymphadenectomy revealed two lymph node metastases. There was no pelvic 

lymph node involvement. Table 2 lists primary tumor characteristics of the 15 

patients in the sentinel node group with lymph node involvement and the 

characteristics of the involved inguinal nodes.
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Table 8.2: Characteristics of patients with lymph node involvement

Surveillance
 (n=20)

Sentinel node 
biopsy* (n=14)

P

Primary tumor

Clinical T-stage T2 17/20 12/14 0.63†

T3 3/20 2/14

Pathological T-stage‡ T2 16/18 13/14 0.69†

T3 2/18 1/14

Tumor grade‡ I 8/18 4/14 0.43†

II 9/18 7/14

III 1/18 3/14

Vascular invasion‡ 2/18 2/14 0.79†

Infi ltration depth‡ (mm) ≤5 6/18 5/14 1. 0†

> 5 12/18 9/14

Lymph nodes

Unilateral involvement 13/20 13/14 0.1†

Bilateral involvement 7/20 1/14

Extra-capsular growth 19/20 1/14 <0.001†

Mean number of involved nodes 2.1 (1-6) 1.4 (1-4) 0.005§

Disease-related death 13/20 4/14 0.04†

* = This group includes 2 patients who presented with contra-lateral inguinal recurrence after uni-
lateral tumor positive sentinel node and 1 with inguinal recurrence after bilateral tumor negative 
sentinel nodes (false-negative rate: 3 of 15 or 20%), † = Fisher’s-exact test, ‡ = When available 
(radiotherapy as primary tumor treatment in 2 cases), § = Wilcoxon-test

Four patients died of disease in the sentinel node-positive group. The only 

patient with a tumor-negative sentinel node who died of disease had local 

recurrence and distant metastases after four and six months respectively 

without evidence of lymph node metastasis.

Three sentinel node-positive patients had wound infection after additional 

lymphadenectomy and two had a lymphocele. Seven patients had mild to 

moderate lymph edema after lymphadenectomy. 
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Discussion 

The controversy concerning the treatment of clinical node negative penile 

carcinoma patients is caused by the inaccuracy of clinical staging of the 

regional lymph nodes. In our series 36 of 156 clinically node-negative patients 

(23%) had occult lymph node metastases. Until 1994 at our institute the 

treatment of clinically node negative patients with carcinoma of the penis 

mainly consisted of initially surveillance based on meticulous follow-up during 

the first two years after primary tumor treatment. This surveillance policy 

was based on presumed safety, almost 100% compliance with follow-up, 

analysis of treatment results and the morbidity of prophylactic lymph node 

dissection in patients who did not benefit from surgery because of absent 

nodal metastases.7 

The current analysis suggests a survival benefit for early lymph node dissection 

based on tumor-positive findings after dynamic sentinel node biopsy. The 

overall three-year disease-specific survival in the surveillance group was 79% 

compared with 91% in the dynamic sentinel node group, although a higher 

number of patients was assumed to be at high risk for nodal metastases (T3 or 

grade III) in the latter group. Although historical control analysis is not ideal 

to assess changes in interventions, because of potential time related changes 

in various characteristics, the benefit could not be explained by differences 

in patient or primary tumor characteristics. Of the 20 patients with regional 

recurrences in the surveillance group 13 patients died of disease, in contrast 

to those with lymph node involvement who underwent dynamic sentinel 

node biopsy of whom four of 15 died of cancer (Fisher’s exact test: P=0.04). 

The significantly higher number of involved lymph nodes compared with 

that in early-resected cases exemplifies the increased metastatic spread in 

the surveillance group. Furthermore, extranodal growth was observed in a 

much higher percent of cases (95% vs.13%). The higher metastatic load in the 

surveillance group also induced more treatment related morbidity because 

of the perceived need for adjuvant treatment, which was usually external 

radiation therapy.
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What might be the reason for the failure of a surveillance policy despite a 

rigorous follow-up scheme that was adhered to by all patients? Apparently, 

the doubling time of squamous cell carcinoma is often underestimated, 

considering that metastases can grow so extensively within two months, 

the usual follow-up. Moreover, pelvic extension is not detected by physical 

examination and has been observed even in the presence of minimal inguinal 

metastasis.

Several investigators have already sensed the disadvantage of surveillance 

and defined groups at high risk for occult metastases, so as not to perform 

a prophylactic lymph node dissection in all patients presenting with penile 

carcinoma.2,4,14,15,16,17 Based on tumor grade and infiltration depth McDougal 

could identify patients with occult metastases with high sensitivity but at 

the cost of 20% overtreatment.2 Theodorescu et al identified patients with 

well-differentiated primary tumors as being at low-risk but the risk of future 

nodal recurrence in this group was still described as substantial.15 Since 

1988, we adopted a policy of immediate lymphadenectomy in patients with 

poorly differentiated tumors or T3 tumors as patients at high risk for lymph 

node involvement and treated them with prophylactic lymphadenectomy.7 

However, in six years only three of 40 clinically node-negative patients were 

at high risk according to these criteria, while six other patients had inguinal 

recurrences. Thus, a strategy based on risk stratification (T-category and grade 

of differentiation) still results in substantial false-positive and false-negative 

rates.

As in other malignancies, there seems to be a strong need for pathological 

staging of clinical node-negative patients in penile carcinoma cases. Sentinel 

node biopsy is a promising method to attain this goal with low morbidity. 

However, because the procedure to date has a sensitivity of about 80% there 

is still room for improvement.10 We believe that it is mandatory to explore 

inguinal regions even if there is no lymphoscintigraphic visualization. The 

resected sentinel nodes should be scrutinized by the pathologist to detect 

micrometastases. The existence of a learning curve, which was described 

for various types of malignancies, cannot be denied.18 The use of modern 
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ultrasonography preceding the dynamic sentinel node biopsy procedure can 

be recommended, based on experience with breast cancer. The application 

of ultrasonographic evaluation of the regional lymph nodes in combination 

with fine needle aspiration cytology can detect early metastases based on the 

ultrasonographic architecture of the lymph node.19

Follow-up needs to be frequent, especially in the first two years after sentinel 

node biopsy, because of the possibility of false negative findings. Maybe 

our two-month visits should be changed to monthly visits. In addition to 

preoperative screening, ultrasonography can also be used in the follow-up of 

patients after a negative sentinel node procedure. Moreover, more research 

should be done to identify patients at high risk for metastatic spread based on 

primary tumor characteristics. Another staging procedure with relatively low 

morbidity is bilateral modified inguinal lymphadenectomy.20

In conclusion, early resection of occult lymph node metastases in clinically 

node-negative penile carcinoma cases appears to improve survival. Dynamic 

sentinel node biopsy can be used to identify patients with occult metastases 

with a sensitivity of about 80%. Follow-up must be punctual in the first two 

years and should probably be intensified due to the possibility of recurrence 

with a high doubling time. Ultrasound and ultrasound guided aspiration 

cytology may be added to increase the accuracy of nodal staging.
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Introduction

Surgery has an important role in the management of penile carcinoma 

patients with lymphatic metastatic disease. About 75% of the patients with 

one or two lymph nodes involved can be cured by lymphadenectomy alone 

and even in cases with pelvic lymph node involvement cure can be reached 

in about 20% of the patients.1,2 A major issue in the management of penile 

carcinoma is the inaccuracy of clinical lymph node staging. About 20% of 

clinically node negative patients have occult inguinal metastases and about 

30% of patients with inguinal involvement have tumor positive pelvic nodes. 

Small tumor positive nodes (less than 1cm) and especially micro metastases 

(less than 2mm), can not be visualized accurately with imaging techniques 

available so far. 

Bilateral ilioinguinal lymphadenectomy is the most effective method to 

eradicate lymph node metastases but the significant morbidity associated 

with lymphadenectomy keeps surgeons from performing a lymphadenectomy 

in all penile carcinoma patients.3 

Recently, we reported about the reliability of dynamic sentinel node biopsy as 

a method to improve staging of the inguinal lymph node regions in patients 

with clinically node-negative disease.4 Unnecessary inguinal lymphadenectomy 

is restricted to a minimum as inguinal lymphadenectomy is performed in 

tumor-positive biopsies only. Pathological stratification of lymph node 

involvement after inguinal lymphadenectomy has been useful to determine 

whether patients are at high or low risk for pelvic lymph node involvement.5 

Purpose of this study was to further identify pathological parameters of 

inguinal lymph node involvement aiming at prediction of pelvic lymph node 

involvement. Also the relation with disease-specific survival was assessed. 
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Patients and Methods

In total 341 patients with penile carcinoma were treated at our institute 

between 1956-2001. Of these patients 21 with pathological diagnosis of penile 

carcinoma in situ were excluded because of very low risk of lymphatic spread. 

Another 12 patients were excluded, consisting of five due to insufficient 

data, five who had received neo-adjuvant chemotherapy as initial treatment 

and two who were lost to follow-up. Mean age of the 308 patients was 63-

years (range 29-92). Median follow-up was 85 months (range 25-545). By 

excluding patients with a follow-up shorter than 2 years, we were able to 

assess retrospectively the likelihood of presence or absence of lymph node 

involvement as almost all metastasis in node-negative inguinal regions show 

up within this period of time. All lymphadenectomy specimens were reviewed 

by a pathologist (MPWG) without knowledge of clinical outcome.

Pathological characteristics of tumor-positive inguinal lymph nodes were 

assessed including the N stage criteria of the TNM classification systems of 1978 

and 1987 of the International Union against Cancer, namely uni- or bilateral 

involvement, the number of involved nodes, pathological tumor grade of the 

nodes according to Broders and the presence of extra-capsular growth.6,7,8

Treatment of the regional lymph nodes

Until 1988 patients with clinically node-negative disease had usually been 

treated with surveillance with clinical assessment of the inguinal regions 

by physical examination every two to three months. Patients with clinically 

node-positive disease underwent lymphadenectomy on the clinically node-

positive side. This was usually preceded by fine-needle aspiration cytology 

(FNAC). From 1988 to 1994 immediate lymphadenectomy was performed in 

patients considered to be at high risk for microscopic metastasis (T3, or poorly 

differentiated primary tumors).1 Since 1994 dynamic sentinel node biopsy was 

used for patients with node-negative T2-T3 penile carcinoma. This procedure 

was also used for staging the contra lateral side in patients with clinically 

unilateral lymph node involvement. In general, subsequent contralateral 
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inguinal node dissection and ipsilateral pelvic lymph node dissection was 

done if two or more inguinal lymph nodes were involved. Patients also 

underwent adjuvant radiotherapy on the inguinal lymphatic region involved, 

if histopathological examination showed extracapsular growth or when more 

than two lymph nodes were invaded by tumor. If pelvic lymph nodes were 

tumor-positive, patients were also irradiated on the ipsilateral pelvic lymphatic 

region. The dose of radiotherapy ranged from 40 to 60 Gray. Boundaries of 

radiation of the inguinal region were cranial: the inguinal ligament, caudal: 

10 cm beneath the inguinal ligament, lateral: the crista iliaca anterior superior 

and medial: the scrotum. Boundaries of the pelvic region were cranial: the 

spina iliaca anterior superior, caudal: the inguinal ligament and lateral and 

medial: parallel to the medial and lateral tract of the external iliac artery 

(about 8cm wide) 

Patients presenting with clinically node positive disease underwent 

straightforward bilateral inguinal lymph node dissection usually only if 

presence of tumor was confirmed by FNAC. 

Early in our experience, from 1956 to 1987, a consistent policy of ipsilateral 

pelvic lymphadenectomy and contra-lateral inguinal lymphadenectomy in 

case of more than one lymph node involved did not exist. Some patients 

did not receive adjuvant radiotherapy for the same reason. In some cases, 

lymphadenectomy and/or radiotherapy could not be offered to the patient 

because of poor physical condition.

Technique of lymphadenectomy

Inguinal lymphadenectomy was usually done through an incision parallel and 

inferior to the inguinal crease and consisted of the removal of all lymphatic 

tissue between the following boundaries: the inguinal ligament, the adductor 

longus muscle, the sartorius muscle, proximal crossing of the sartorius muscle 

and the adductor longus muscle, and the pectineus muscle and the ventral 

surface of the femoral vein and artery. In case of skin involvement the above 

lying skin was removed and the defect closed either directly, with the use of 

skin stretching technique or with a myocutaneous flap.
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Pelvic lymphadenectomy was done through a separate infra-umbilical midline 

incision and consisted of removal of all lymphatic tissue between the following 

boundaries: the bifurcation of the aorta, the genitofemoral nerve, prostate, 

bladder and the internal iliac artery, and the pelvic floor. There were exceptions 

to this rule: En bloc removal of primary tumor and bilateral inguinal lymph 

node dissection was done in patients with gross inguinal involvement where 

a complete penile amputation was considered necessary. 

Complications

Complications were assessed by retrospective analysis of clinical and 

outpatient records. The time periods 1956 to 1993 and 1994 to 2001 were 

compared to detect time related changes. 1994 marked a change in policy by 

the introduction of dynamic sentinel node biopsy. Early complications were 

defined as complications occurring within 30 days of surgery. Complications 

thereafter were defined as late complications. Lymphedema was graded 

according to the Common Toxicity Criteria (NCI, 1998).9

Statistical analysis

Survival plots were made using the Kaplan-Meier method with the log-rank 

test assessing equality of distributions. Patients alive at the time of analysis 

were censored. Unknown death causes were considered as death due to 

disease. Time was calculated from the time that lymph node involvement was 

treated surgically. 

Multivariate logistic regression analysis was performed to asses association 

between pathological characteristics of inguinal lymph node involvement 

and pelvic lymph node involvement. For the survival analysis Cox-regression 

analysis was used. If patients were cured by inguinal lymphadenectomy, 

pelvic lymph node status was considered as negative. A P-value of <0.05 was 

considered significant. Analyses were performed with Statistical Package for 

the Social Sciences software (SPSS, Illinois, USA).
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Results

Of 308 patients studied, 239 (78%) were clinically node-negative and 69 

(22%) clinically node-positive. In 43 of 177 (24%) patients who were treated 

with surveillance of the inguinal lymph nodes, lymph node metastases were 

detected at clinical evaluation. In 14 patients lymph node metastases were 

detected early by sentinel node biopsy. Eventually, a total number of 113 

patients underwent primary or delayed groin dissection of which 102 patients 

had metastatic penile carcinoma (figure 9.1).

308 Penile carcinoma patients 

69 Clinically N+

48 pN+ 

56 LND

3 pN0 + 14 pN+(early LND)  

 

43 N+ (Wait and see) 
 

239 Clinically N- 

8 pN0 

120 Lymph node positive patients treated with lymph node dissection

57 LND 

40  pN+ 

13 Palliative treatment 
only  

 3 Radiotherapy

Figure 9.1: Management of lymph nodes in 308 penile carcinoma patients. LND = 

lymph node dissection

Of these 102 patients, 14 were clinically node negative (sentinel node biopsy), 

53 had clinically unilateral and 35 bilateral disease. 10 of the 53 patients with 

clinically unilateral involvement appeared to have bilateral disease detected 
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by dynamic sentinel node biopsy of the clinically node negative region in 

four cases and by prophylactic contralateral lymphadenectomy in six cases. 

Contra-lateral lymph node involvement after unilateral lymph node dissection 

developed in eight patients within two-years of follow-up. Assuming that 

these eight patients were initially under staged, 34% (18 of 53) of patients 

with clinically unilateral involvement harbored contra-lateral lymph node 

metastases  46 patients received adjuvant radiotherapy on the inguinal lymph 

node region.

Fifty three patients underwent pelvic lymphadenectomy. Solitary pelvic node 

involvement without inguinal lymph node involvement was not seen. 24 

patients received adjuvant radiotherapy in the pelvic region.

When time was calculated from the time of lymphadenectomy survival 

figures of patients who presented with lymph node metastases (synchronous 

metastases) and patients who developed lymph node metastases during 

surveillance and underwent delayed lymphadenectomy (metachronous 

metastases)  were  comparable:  log rank: P=0.73. As there was no survival 

difference between patients with synchronous and metachronous lymph node 

metastases except the time until metastases became clinically apparent (lead-

time), they were analyzed further as one group.

Distribution of extent of inguinal lymph node involvement, pelvic lymph node 

involvement and disease-related death is demonstrated in table 9.1. 
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Table 9.1: Distribution of extent of inguinal lymph node involvement, pelvic lymph 

node involvement and disease-related death. Eight of 102 patients had contra lateral 

involvement during the fi rst two years of follow-up and were excluded from this analysis 

because they were assumed to be understaged at the time of lymphadenectomy.

Lymph node involvement Pelvic lymph node 
involvement* 

(n=83†)

Disease-related 
death 
(n=94)sum of 

left + right
growth type side

1-2 intra-capsular unilateral 0/15 (0%) 1/16 (6%)

≥3 intra-capsular unilateral 1/3 (33%) 0/3 (0%)

2 intra-capsular bilateral 0/8 (0%) 1/8 (13%)

≥3 intra-capsular bilateral 2/5 (40%) 2/5 (40%)

1-2 extra-capsular unilateral 3/19 (16%) 6/20 (30%)

≥3 extra-capsular unilateral 4/9 (44%) 4/9 (44%)

2 extra-capsular bilateral 1/3 (33%) 3/4 (75%)

≥3 extra-capsular bilateral 11/17 (65%) 18/20 (90%)

Mass of metastases‡ unilateral 1/1 (100%) 1/1 (100%)

Mass of metastases‡ bilateral 2/3 (67%) 7/8 (88%)

*= pelvic lymph node status was considered as tumor-negative in 30 patients who were cured 
by inguinal lymphadenectomy (disease-free survival of at least 2 years), † = pelvic lymph node 
status was unknown in 11 of 94 patients (pelvic lymph node dissection was not performed mainly 
because of poor physical condition or death from distant metastasis), ‡ = lymph nodes uncountable, 
lymphatic tissue hardly recognized

Results of multivariate analysis determining independent risk factors for pelvic 

lymph node involvement and disease-specific survival are listed in table 9.2. 

There were only four long term survivors out of 25 patients with pathologically 

proven pelvic lymph node involvement (table 9.3). 
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Table 9.2: Pathological characteristics of lymph node involvement associated with 

pelvic lymph node involvement and disease-specifi c survival: results from multivariate 

analysis (n=83)

Variables Pelvic lymph node 
involvement† 

Odds Ratio (95% CI)

Disease-specifi c 
survival‡ 

Hazard Ratio (95% CI)

Grade of involved nodes: (I or II vs III) 6.0* (1.2-30.3) 1.8 (0.7-4.7)

Number of involved inguinal 
lymph nodes (≤ 2 vs > 2)

12.1* (3.0-48.1) 1.1 (0.4-2.8)

Unilateral / bilateral 2.5 (0.7-9.0) 2.3* (1.1-4.8)

Extra-capsular growth 3.4 (0.8-14.4) 3.4* (1.2-9.4)

Mass (uncountable nodes) 0.3 (0.1-1.8) 2.1 (0.7-6.9)

Pelvic lymph node involvement - 3.1* (1.4-6.6)

* = P<0.05, † = Logistic regression analysis, ‡ = Cox-regression analysis

Table 9.3: Characteristics of four patients with pelvic lymph node involvement and 

long-term survival: All received adjuvant radiotherapy on the involved inguinal and 

pelvic lymph node regions.

Extent of inguinal 
involvement

Grade
Extent of pelvic 
involvement

Disease-free 
survival

1 
3 positive nodes with extra 
capsular growth, unilateral

III
1 positive node with 
extra capsular growth

60 months

2
3 positive nodes with extra 
capsular growth, unilateral

III
1 intra-capsular 
positive node

98 months

3
2 positive nodes right with 
and 11 positive nodes left 
without extra capsular growth

II
2 positive nodes left with 
extra- capsular growth

169 months

4
1 positive node right and 2 
positive nodes left without 
extra capsular growth

II
2 positive nodes left with 
extra- capsular growth

36 months
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Of 102 patients, 23 (23%) patients had recurrent disease in the ipsilateral 

inguinal region after lymphadenectomy, 9 of 102 (9%) patients showed a 

combination of inguinal recurrence and distant metastases and 17 of 102 

(17%) patients had distant metastases without signs of recurrence in the 

inguinal region. All these patients died of disease.

Complications

In the time period 1956-1993, 10% (5/51) of the patients developed a 

lymphocele after lymphadenectomy, wound infections occurred in 9 of 51 

patients (18%) with operative drainage in 3 patients and 4 of 51 patients (8%) 

had severe skin-flap necrosis necessitating a skin graft. For the time period 

1994-2001 these figures were lymphocele in 14%(7/51), wound infections in 

25% (13/51) with operative drainage in 5 patients and skin-flap necrosis in 

4/51 (8%) without necessating a skin graft. The incidence of lymph edema 

is displayed in table 9.4.Systemic complications consisted of deep venous 

thrombosis of the leg in two and a cerebrovascular infarction in one patient.

Table 9.4: Lymphedema after treatment of the regional lymph nodes

Lymphedema Inguinal 
lymphad-
enectomy

Inguinal lymphad-
enectomy and 
radiotherapy

Inguinal and 
pelvic lymphad-

enectomy

Inguinal and pelvic 
lymphadenectomy 
and radiotherapy

1956-1993 (n=51)

Mild*/moderate† 4/15 (27%) 3/11 (27%) 7/11 (64%) 8/14 (57%)

Severe‡ 1/15 (6%) 1/11 (9%) 0/11 (0%) 4/14 (29%)

Overall 5/15 (33%) 4/11 (36%) 7/11 (64%) 12/14 (86%)

1994-2001 (n=51)

Mild/moderate 6/19 (32%) 2/4 (50%) 4/7 (57%) 14/21 (67%)

Severe 0/19 (0%) 0/4 (0%) 0/7 (0%) 3/21 (14%)

Overall 6/19 (32%) 2/4 (50%) 4/7 (57%) 17/21 (81%)

* = mild lymphedema: swelling on close inspection, † = moderate lymphedema: readily apparent 
deviation from normal anatomic contour, ‡ = severe lymphedema: gross deviation from normal 
anatomic contour
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Discussion

The current study presents the relationship of the extent of inguinal lymph 

node involvement with pelvic lymph node involvement and survival in penile 

carcinoma patients. The data showed that the number of involved lymph 

nodes and the grade of tumor differentiation in the metastatic lymph nodes 

were indicators for the presence of pelvic lymphatic disease. Extracapsular 

growth, bilateral involvement and pelvic lymph node involvement appeared to 

be independent prognostic factors for disease-specific survival. Unfortunately, 

we could not determine the ratio of the number of tumor-positive lymph 

nodes to the total number of lymph nodes removed, which has shown to be 

an important prognostic factor in bladder carcinoma.10 We hypothesize that 

this could also be an important factor in penile carcinoma as the ratio also 

reflects on the quality of lymph node dissection.

We realize that our study has some limitations. Patients enrolled in the study 

were treated over a long time period of 45 years. Treatment changes have been 

made over time. The introduction of sentinel node biopsy, for example, has 

given the opportunity to detect lymph node metastases at an early state with 

a positive impact on survival.11,12 In that study we showed that the inguinal 

tumor load increased significantly after a period of surveillance despite a 

stringent surveillance policy. Especially extranodal tumor growth, which 

appeared to have a strong negative impact on survival in the current study, 

occurred in a high percentage of patients and also the number of involved 

lymph nodes per basin increased significantly. Despite the treatment delay 

in some patients of the early study period, it will probably not significantly 

have influenced our findings as we focused on the extent of lymph node 

involvement in relation to of pelvic lymph node involvement and survival.

A further limitation is that an additional pelvic lymphadenectomy was not 

always performed usually because of poor physical condition. Although 

these patients were excluded from the analyses, this could still have had 

some influence on our results. Another important caveat is that although 

all lymphadenectomy specimens were reviewed, there was no standardized 
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processing of the specimen with the chance of missing (micro) metastases in 

some cases. 

So, should inguinal lymphadenectomy always be followed by ipsilateral 

pelvic lymphadenectomy if metastases are found in the resection specimen of 

inguinal lymphadenectomy?

Pelvic lymph node involvement has long been recognized as a poor prognostic 

factor of survival. However, there seems to be some curative potential for 

pelvic lymphadenectomy in node positive cases. Of 25 patients with pelvic 

lymph node involvement treated with an ilioinguinal lymphadenectomy in 

our series, four patients (16%) could be cured which is in concordance with 

literature with cure rates reported to about 20%.2 It is important to note that 

almost in all our cases adjuvant radiation therapy was given. Rationale for this 

were series in head and neck cancer showing improvement of survival.13 

A further argument of performing a pelvic lymph node dissection is poor 

imaging of patients with small metastases, those who probably could profit 

most of a lymph node dissection. Also in the absence of a pelvic dissection 

the follow-up of the pelvic region is troublesome because of the same above 

mentioned reason. On the other hand all efforts should be made to restrict 

treatment to only those who need it. The combination of inguinal and pelvic 

lymphadenectomy understandably increases the incidence of lymph edema, 

especially if this is followed by adjuvant radiation therapy (table 9.4).

Based on this analysis we recommend omitting a pelvic lymph node dissection 

in cases with no more than two inguinal nodes involved (two unilateral or one 

on each side), no extra-capsular growth and well or moderately differentiated 

tumor-positive lymph nodes. 

To apply this strategy it is of course of major importance that the inguinal 

regions are accurately staged which implies that as long as imaging techniques 

available sofar are not sensitive enough to detect metastases, also the clinically 

node negative inguinal regions have to be staged surgically, either by sentinel 

node biopsy or prophylactic (modified) lymphadenectomy.

As the locoregional control rate by surgery alone is disappointing in cases with 

more extended lymph node involvement investigators have to focus on the use 
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of adjuvant and neo-adjuvant treatment (i.e. radiotherapy and chemotherapy 

or combinations) in these cases. From our series it has become clear that the 

additional value of adjuvant radiotherapy is only minor: local control could 

be reached in all cases with only one or two nodes involved without extra-

capsular growth, without administration of radiotherapy and in cases with 

more extended lymph node involvement treated with lymphadenectomy and 

adjuvant radiotherapy, loco regional control could not be reached in 41% (32 

of 78) of the patients.

The role of adjuvant or neoadjuvant chemotherapy and chemoradiation 

therapy in penile carcinoma is still unclear because of the absence of 

prospective randomised trials. Experience with other sites of squamous cell 

carcinoma, for example head and neck cancer has shown to be promising.14 A 

number of small studies have shown that some combinations of chemotherapy, 

for example cisplatin/ 5-fluorouracil and chemoradiation can be effective in 

penile cancer.15,16 The combination of vincristine, bleomycin and methotrexate 

in patients with advanced penile cancer has shown some promising results with 

a reported response rate of 53.8% with 15% (2 of 13) long-term survivors.17 In 

the near future the first experiences with docetaxel might be expected.18 

Now adjuvant chemotherapy is often given at the time of a recurrence after 

extensive surgery. More early adjuvant or neo-adjuvant treatment might be 

more successful in these particular cases. More experience has to be gained 

in this field.

Staging of tumors should be relevant to both prognosis and treatment. In our 

opinion the pathological staging of regional lymph node metastases currently 

applied could be improved by implementing more pathological data. Tumor 

grade and the number of involved nodes appeared to be independent 

prognostic factors for pelvic lymph node involvement. On the basis of the 

integration of extra-capsular growth of tumor-positive nodes and the 

number of tumor-positive nodes in the pathological classification system the 

prognostic value of the classification system is improved. Based on our results 

we created a modified version of the pathological N-category which is shown 

in table 9.5. The survival plot of the modified pN-category is shown in figure 



Chapter 9

152

9.2. Survival differences between pN stages were statistically significant and 

better discrimination was reached compared to standard staging.1

The decision whether or not to perform a pelvic lymphadenectomy can 

also be based on this modified system: In stages pN0 and pN1 tumors and 

well or moderately differentiated tumor within the lymph nodes, pelvic 

lymphadenectomy seems to be unnecessary, in stage pN2 pelvic lymph node 

dissection has to be performed. Furthermore, lymphadenectomy alone seems 

not sufficient for disease control in pN2 and especially pN3 cases. Also the 

combination with adjuvant radiotherapy is not sufficient. Further studies are 

necessary to investigate whether administration of chemotherapy or chemo 

radiation therapy in a more early phase (maybe even neo-adjuvant) might 

improve clinical outcome of this group of patients.

Table 9.5: Modifi ed pathological N-classifi cation based on the results of this study

Pathological N-stage

pN0 No evidence of lymph node metastasis

pN1 Metastasis in one or two inguinal lymph nodes without extra-capsular growth

pN2 Metastasis in more than two lymph nodes without extra-
capsular growth (either unilateral or bilateral) or unilateral 
lymph node metastasis with extra-capsular growth

pN3 Evidence of involvement of pelvic lymph nodes or 
bilateral nodes with extra-capsular growth

pNx Unknown lymph node status
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Figure 9.2: Disease-specifi c survival according to modifi ed pN-stage criteria based on 

the results of this study (table 9.5). Log rank test: pN1 versus pN2: P=0.02, pN2 versus 

pN3: P=0.0002

Conclusions

In this study we determined pathological prognosticators for pelvic lymph 

node involvement and survival. Based on these findings we propose a modified 

pN staging system on which the decision of performing a pelvic lymph node 

dissection can be based. Therefore, the pathology report should mention the 

number of removed and involved nodes, the grade of differentiation and 

the presence of intracapsular and extracapsular growth. The role of adjuvant 

radiotherapy seems to be limited in more extended cases and will probably be 

replaced by chemo-radiation or chemotherapy alone in the near future.
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Due to the development of new staging tools and treatment modalities, the 

management of penile carcinoma has been remarkably changed over the 

last decades. This thesis reflects on several aspects of these changes, like the 

introduction of laser treatment for small penile carcinomas and sentinel node 

biopsy for staging of the inguinal lymph nodes in clinically node negative 

patients. 

Primary tumor staging and treatment

Because of the minor additional value of imaging and the high accuracy of 

physical examination, there is no need to routinely perform imaging to stage 

the primary tumor. In case of doubt about cavernosum infiltration, additional 

ultrasonography can be useful (chapter 4). Imaging techniques with higher 

resolutions than used in the imaging study in this thesis, may have an increased 

role in staging of the primary tumor in the near future.1 

Regarding primary tumor treatment, penis sparing methods have extensively 

improved cosmetic and functional outcome but at the cost of an increased 

local recurrence rate of about 20-30% (chapter 5).2 Despite of the cytotoxic 

effect of the additional laser treatment, a microscopically incomplete primary 

resection increases the risk of a local recurrence and has to be avoided. The 

development of local recurrences appears to have no vital impact on prognosis: 

survival figures of penis conservating treatment in small penile carcinomas 

are good, with a five-year survival rate of over 90%. Lymph node metastases 

becoming clinically apparent during follow-up seem to be merely caused by 

outgrowth of occult metastases. However, with a retrospective study design as 

in chapter 5 we can not completely exclude that insufficient primary treatment 

may have some influence on lymphatic metastatic progression. 
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Treatment of regional lymph node metastases

In chapter 8 we have shown a clear survival benefit for early resection of lymph 

node metastases compared to wait and see policies in clinically-node negative 

cases. From this perspective it has become clear that, to omit clinically node-

negative patients from lymphadenectomy, staging tools have to be highly 

sensitive. 

Methods of detection of inguinal lymph node metastases

Imaging techniques available sofar are not sensitive enough to detect occult 

lymph node metastases. Nevertheless, developments in this field are the order 

of the day. A new method is lymphotropic nanoparticle enhanced magnetic 

resonance imaging of the regional lymph nodes. By using an infusion of ultra 

small contrast particles which are taken up homogeneously by functioning 

macrophages in normal nodes, foci of metastasic disease show as filling defect 

on subsequent images. This technique, though still largely experimental, 

showed high sensitivity and specificity in penile carcinoma but only in a small 

patient series.3 

Positron emission tomography with 18F-fluorodeoxyglucose (FDG-PET) has 

been advocated to detect occult lymph node metastases in several types 

of cancer. This technique relies not solely on anatomic identification but 

largely on physiological characterization of cells. The majority of tumor cells 

have a higher glucose metabolism than normal cells. The glucose analogue 

deoxyglucose is preferentially taken up by tumor cells and, tagged with the 

radioactive isotope fluorine-18, it can be used to make functional images. A 

recent paper on this subject shows a high sensitivity for this technique.4

Thanks to high resolution probes, ultrasonography is able to depict changes 

in the cortical and hilar morphology and texture of an impalpable lymph 

node that can reflect the presence of underlying metastasis.5,6 Due to overlap 

of sonographic features of benign and suspicious lymph nodes, fine-needle 

aspiration cytology of sonographically suspicious nodes provides a more 

definitive diagnosis than ultrasonography alone. Potential applications have 
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been demonstrated in a number of malignancies among which SCC of the 

vulva, a tumor with biological similarities to penile SCC.7 A recent publication 

by Kroon et al showed that occult metastases can be found with a sensitivity 

of about 40%.8 

Micro-array analysis

The recently developed micro-array technique might enable us to determine 

the biologic behavior of neoplastic diseases, such as the ability to generate 

nodal or distant metastases, on the basis of analysis of the genome of the 

primary tumor. Meaningful prognostic information might be provided by 

this technique. One study has already shown that this may be possible in 

breast cancer.9,10 A 70-gene prognosis profile appeared to be a very strong 

predictor for developing distant metastases. They concluded that this profile 

might be helpful in a better selection of patients who benefit from adjuvant 

chemotherapy. For penile cancer it may be helpful in detecting patients with 

high risk of harboring lymph node metastases. Currently, a study on this 

subject is being carried out at the Netherlands Cancer Institute.

Sentinel node biopsy 

Lymphatic mapping with dynamic sentinel node biopsy is one of the most 

interesting developments in the field of surgical oncology of the last decade. 

This treatment modality allows selective removal of lymph nodes at risk of 

harboring metastasis even in locations otherwise not considered. Lymph node 

positive patients can be treated in an early state and lymph node negative 

patients can be spared an unnecessary lymph node dissection. In chapter 7 

we mention a sensitivity for dynamic sentinel node biopsy for penile cancer 

of about 80%. Possible causes of a false negative procedure are pathological 

sampling error and blockage of lymphatic channels by tumor deposit with re-

routing.11 To avoid false-negative sentinel node procedures adaptations were 

made to our treatment policy of patients with node-negative inguinal regions. 

Nowadays, all clinically node-negative patients undergo ultrasonographic 

evaluation of the inguinal region before dynamic sentinel node biopsy. 
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Furthermore, inguinal regions without lymphoscintigraphic visualization are 

surgically explored. In some of these cases blue lymph vessels are found and 

can be followed to a sentinel node which then can be removed and examined 

for metastases. In a more recent study on our dynamic sentinel node series with 

increased patient numbers and follow-up , the sensitivity of the procedure 

increased to about 85%.12 We realize that a 15% false-negative rate is still 

too high, regarding the negative impact on survival of delayed treatment of 

lymph node metastases. More follow-up and evaluation of the technique are 

still needed to validate this technique for penile cancer. 

Another matter of debate are the inclusion criteria for dynamic sentinel node 

biopsy we used sofar. Until recently, dynamic sentinel node biopsy was not 

performed in patients with a T1 tumor because of the assumed low risk of 

occult metastasis. However, we found that 14% (10/72) of patients with T1 

tumors appeared to have lymph node involvement somewhere during follow 

up (mainly within two years) of which about half had poorly differentiated 

tumors (chapter 5). Based on this finding our protocol was adapted, now 

including also poorly differentiated T1 tumors for dynamic sentinel node 

biopsy. 

Lymphadenectomy

Lymphadenectomy remains the best treatment option for patients with lymph 

node metastases. A major lesson we have learned is that lymph node metastases 

have to be treated as early as possible. Waiting for metastases to become 

clinically apparent has a clear negative impact on survival (chapter 8). In our 

institute, we base the decision of performing an inguinal lymphadenectomy 

in node negative cases on the results of sentinel node biopsy. Remarkably, 

a recent evaluation of the extent of metastases within the tumor positive 

sentinel node showed that in case of a micro-metastases (< 2mm, 15 cases) no 

additional tumor-positive lymph nodes were found in the resection specimen 

of complementary lymphadenectomy (unpublished data from our institute). 

More data are necessary on this subject.
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In chapter 9 we concluded that in case of a maximum of two lymph nodes 

involved (bilateral one or unilateral two), no extra-capsular growth and 

well or moderately differentiated tumor within these nodes, patients can be 

omitted from a pelvic lymphadenectomy. 

The therapeutic effect of pelvic lymphadenectomy in lymph node positive 

cases is only minor. In our series, the 5-year disease specific survival of 

these patients (pN3) was about 15%. For the majority of the patients pelvic 

lymphadenectomy has to be considered as a staging procedure and should 

probably be followed by chemotherapy or chemoradiation therapy to achieve 

the highest propensity of cure. 

Radiotherapy/ Chemotherapy

In the field of radiation therapy and chemotherapy there were no major 

breakthroughs over the last decades. We still apply external radiation on the 

inguinal regions in case of extended involvement: >2 positive nodes per region 

and/or extra-capsular growth. However, clear evidence for this management 

simply does not exist. Chemotherapy as part of combination therapy should 

probably be offered to all patients presenting with advanced loco-regional 

disease. This includes patients with immobile inguinal nodes and patients 

with disease extending into neighboring structures like symphysis pubis 

and perineum. The aim of combination therapy is to render these patients 

amenable to surgical therapy. Combination chemotherapy appears to provide 

responses in about 70% of the patients with inoperable metastatic disease. 

The tumor and metastases are rendered resectable in half of them with a 

durable disease-free survival in 15-30% of these patients. These data are based 

on two combination chemotherapy regimens of cisplatin and 5-fluorouracil 

and that of vincristine, bleomycin and methothrexate.13-16 Probably adjuvant 

chemotherapy should be offered to all patients with pelvic lymph node 

involvement or more extended inguinal involvement as well, regarding poor 

disease control by surgery alone and poor prognosis in this group of patients 
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(chapter 9). Experience with chemoradiation therapy in SCC in the head and 

neck, anus, and cervix has shown promising results, but hardly any experience 

has been gathered in SCC of the penis.17-19 In the near future we will offer this 

treatment option to patients with locoregional advanced disease that initially 

appears inoperable.

The role of HPV in penile cancer

In chapter 2 and chapter 3 we demonstrated that high risk HPV-DNA is present 

in about 30% of penile carcinomas. Our data support an active role of HPV 

E7 in inactivation of the p16INK4A/cyclin D/Rb pathway by interference with Rb 

activity. Apparently HPV plays a role in the etiology of penile cancer, although 

this role is les prominent as in cervical cancers, almost all of which are owing 

to HPV infections. For cervical cancer a clear model of carcinogenesis has been 

proposed.20 The process is initiated by infection with a high-risk HPV type. 

If the HPV infection persists, a cervical intraepithelial neoplasia (CIN) lesion 

may develop, which can progress from a mild dysplasia (CIN I) to a severe 

preneoplastic (CIN III) state and eventually cervical carcinoma, a process that 

may last 15 to 20 years. This process is mediated by deregulation of expression 

of the viral oncogenes E6 and E7, which results in genetic instability. The latter 

can induce (epi)genetic alterations in tumor suppressor genes and oncogenes. 

In conjunction with other factors like status of the immune response and 

environmental factors this may ultimately result in an invasive carcinoma as 

long as the virus persists. Apparently, men are more efficient in clearing HPV 

infections and/or less susceptible to HPV-mediated transformation compared 

to women given the rarity of penile intraepithelial neoplasia grade 3 (PIN III) 

and penile carcinoma compared to the cervical counterparts.21,22

It is widely accepted that HPV infections are sexually transmittable. Until 

recently, the source of HPV in men was rather unknown. However, studies 

by Bleeker et al. on male sexual partners of women with CIN revealed that 

flat, subclinical penile lesions that are only visible after acetowhite staining 
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represent the likely HPV source in men.23-26 Biopsies taken from these flat 

penile lesions showed at maximum mild dysplasia (PIN I) and these lesions 

almost invariably regressed during follow-up.

Vaccination

Limiting HPV infections in men could lead to reduced viral transmission and 

probably a decrease in the incidence of cervical cancer. Prophylactic vaccines 

raised against high risk HPV types 16 and 18 have shown already to be highly 

effective in reducing HPV infections and the complications thereof in females.27 

Whether men should be involved within vaccination strategies to lower the 

viral burden in a population is a challenging question. On the long term, 

vaccination may also have some effect on the incidence of penile cancer.
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Epidemiological and etiological factors of penile carcinoma are described 

in chapter 1, with the emphasis on the role of human papillomavirus (HPV). 

High-risk HPV types are causally involved in the pathogenesis of carcinomas 

of the anogenital tract, particularly cervical carcinomas whereas the role of 

HPV in penile cancer is less clear. High risk HPV’s exert their oncogenic effect 

by expressing the oncoproteins E6 and E7, which bind to and inactivate the 

p53 and Rb tumor suppressor gene products, respectively. The introduction 

also provides an overview of diagnostic tools and treatment options of 

penile carcinoma. Chapter 2 provides a comprehensive analysis of 53 penile 

carcinomas which was performed to determine which mechanisms might be 

involved in the disruption of the p16INK4A/cyclin D/Rb pathway. This pathway 

plays an important role in cell cycle control. To that end HPV presence, p16 INK4A 

expression, promoter methylation and expression of the BMI-1 polycomb 

gene product were studied. Sixteen (30%) of the 53 carcinomas were found 

to harbor high-risk HPV DNA, 15 of which contained HPV 16. HPV 16 E6/E7 

oncogene transcripts were detected in 13 (87%) of the 15 HPV 16 containing 

carcinomas. Strong immunostaining of p16INK4A was significantly more frequent 

in carcinomas with high-risk HPV DNA (P<0.001) and amongst those with HPV 

16 DNA, it was more frequent in cases with E6/E7 transcripts (P=0.029). This 

supports an active role of HPV E7 in interfering with the p16INK4A/cyclin D/

Rb pathway. Methylation of the p16INK4A promoter and overexpression of the 

BMI-1 polycomb gene product may provide alternative modes of interference 

with this pathway. These phenomena were mutually exclusive and found in 

the absence of HPV in 15% and 10% of the penile carcinomas respectively. 

So, there seem to exist at least 3 plausible mechanisms by which the p16INK4A/

cyclinD/Rb pathway can become disrupted during penile carcinogenesis, 

one of which is mediated by high-risk human papilloma virus. In chapter 

3 the prevalence of high-risk HPV was examined in a large series of penile 

squamous cell carcinomas (SCCs). Also the relationship between HPV and 

survival was assessed. Specimens of 171 patients with penile carcinoma were 

tested for high-risk HPV DNA presence by GP5+/6+-PCR. High-risk HPV DNA 

was detected in 29% of the tumors, with HPV 16 being the predominant type, 
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accounting for 76% of high-risk HPV containing SCCs. Disease-specific 5-years 

survival in the high-risk HPV negative group and high-risk HPV positive group 

was 78% and 93%, respectively (P=0.03). In multivariate analysis, the HPV 

status was an independent predictor for disease-specific mortality (P=0.01 ) 

with a hazard ratio of 0.  (95% CI: 0.0 -0. 6). These results indicate that the 

presence of high-risk HPV (29%) confers a survival advantage in patients with 

penile carcinoma. Chapter 4 analyses the accuracy of physical examination 

and imaging in assessing the extent of the primary tumor in squamous 

cell carcinoma of the penis. The extent of the primary tumor determines 

whether the patient is a candidate for penis conserving treatment and also 

has prognostic value. Physical examination, ultrasonography and magnetic 

resonance imaging (MRI) were performed pre-operatively in 33 patients. 

Comparing clinical and pathological measurements, tumor size was assessed 

most accurately by physical examination (residual standard deviation (SD) 

of 8.1mm). Ultrasonography and MRI were less precise (residual SD: 8.9mm 

and 9.3mm). Regarding infiltration depth, ultrasonography and MRI showed 

comparable accuracy (residual SD: 3.7mm and 3.8mm). Positive predictive value 

of corpus cavernosum infiltration was 100% for physical examination, 67% for 

ultrasonography and 75% for MRI. Therefore, physical examination remains 

the most reliable method for estimation of tumor size and corpus cavernosum 

infiltration. Ultrasonography is the first choice of imaging to determine 

infiltration depth, if this remains unclear after physical examination. MRI 

shows similar results compared to ultrasonography but is far more expensive. 

Chapter 5 provides our experience with primary tumor treatment in T1 and 

T2 penile squamous cell carcinoma. The 5-year local recurrence-free estimate 

after penis conservation was similar for T1 and T2 tumors (P=0.1) and overall 

63% (95% CI: 54%-72%) compared to 88% (95% CI: 81-95%) for partial 

amputation (P=0.0003). In case of a local recurrence after penis conserving 

treatment, local control could be achieved in 94% (51/54) of cases. Nine of 10 

patients with a local recurrence after partial amputation of the penis died of 

disease. 

7

21 6 7
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In patients with T1 tumors treated with penis conservation, 33% (7/21) of 

patients with local recurrences developed regional recurrences compared to 

only 6% (3/47) of patients without local recurrences (P=0.005). Of the patients 

with T2 tumors treated with penis conservation, 27% (9/33) of patients with 

local recurrences developed regional recurrences compared to 22% (12/56) 

of patients without local recurrences (P=0.56). As the time to a regional 

recurrence is similar for patients with and without local recurrences and the 

inguinal recurrences rate is not increased in patients with local recurrences 

when the inguinal regions are pathologically staged (merely T2 tumors), 

it seems that local recurrences are not the focus of regional recurrences. 

However, a local recurrence can be used as a portender of lymphatic 

regional spread in cases without pathological staging of the inguinal regions 

(merely T1 tumors). In chapter 6, we analyzed clinical, morphological and 

immunohistochemical features of sarcomatoid penile carcinoma. Of 341 

patients treated in our insitute, five had sarcomatoid penile carcinoma (1.4%). 

Four of five patients developed distant metastatic disease and died within one 

year after diagnosis. Diagnosis was mainly based on the expression of keratin 

filaments in a predominantly spindle cell penile tumor or by the identification 

of carcinomatous and sarcomatoid areas in H&E stained slides of the primary 

tumor. Thus, sarcomatoid squamous cell carcinoma of the penis appears to be 

an aggressive subtype of penile carcinoma. Chapter 7 deals with the clinical 

implications of dynamic sentinel node biopsy in patients with penile carcinoma. 

A total number of 90 clinically node-negative patients were prospectively 

studied. Preoperative lymphoscintigraphy was performed after intradermal 

injection of 99mTc-nanocolloid around the primary tumor. The sentinel node was 

intraoperatively identified with the aid of intradermal administered patent 

blue dye and a gamma-ray detection probe. Histopathological examination of 

sentinel nodes included serial sectioning and immunohistochemical staining. 

Regional lymph node dissection was performed only if metastasis was 

found in a sentinel node. Lymphoscintigraphy visualized 217 sentinel nodes 

in 159 inguinal regions of 88 patients. A total of 208 sentinel nodes were 

intraoperatively identified in 149 inguinal regions of 88 patients. Sentinel 
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node metastasis was found in 19 inguinal regions of 18 patients. Four of 8 

patients with unilateral clinically N1 stage had a tumor-positive sentinel node 

at the opposite site. During a median follow-up of 36 months (range 5-95), 

regional recurrence after excision of a tumor-negative sentinel node or after 

non-visualization was seen in five patients, resulting in a false-negative rate of 

22% (5/23). Three-year disease specific survival was 98% and 71% for patients 

with a tumor-negative or tumor-positive sentinel node respectively (P= 0.0018). 

This study shows that occult lymph node metastases in penile cancer can be 

detected with a sensitivity of about 80% by lymphatic mapping and sentinel 

node biopsy. His approach allows for early lymph node dissection in most 

lymph node positive patients and provides important prognostic information. 

Lymph node-negative patients can be prevented from substantial morbidity 

associated with elective lymphadenectomy.

Chapter 8 evaluates clinical outcome of clinically node-negative penile 

carcinoma managed by surveillance or further diagnosed by dynamic sentinel 

node biopsy with subsequent resection of lymph node metastases. From 1956-

1994, 85 patients with primary T2-3N0M0 penile squamous cell carcinoma were 

managed by initial surveillance of the regional lymph nodes while from 1994 

until 2001, 68 patients underwent dynamic sentinel node biopsy. While both 

populations were similar for prognostic factors as patient age, clinical T-stage, 

tumor grade, presence of vascular invasion and infiltration depth disease-

specific three-year survival in the surveillance group was 79% and 91% in the 

sentinel node group (P=0.04). Thus, early detection of lymph node metastases 

by dynamic sentinel node biopsy and subsequent resection in clinically node-

negative T2-3 penile carcinoma improves survival in comparison with a wait 

and see policy. In chapter 9 pathological parameters of inguinal lymph node 

involvement were identified which were predictive of pelvic lymph node 

involvement and survival. Tumor grade of the involved inguinal lymph nodes 

(OR: 6.0 (CI 95%: 1.2-30.3)) and the number of involved nodes (≤2 vs. >2) 

(OR: 12.1 (CI 95%: 3.0-48.1)) were independent prognostic factors for pelvic 

lymph node involvement. Extra-capsular growth (OR: 2.3 (CI 95%: 1.1-4.8)), 

bilateral inguinal involvement (OR: 3.4 (CI 95% 1.2-9.4)) and pelvic lymph 
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node involvement (OR: 3.1 (CI 95%: 1.4-6.6)) were independent prognostic 

factors for disease-specific survival. Conclusively, patients with only one or 

two inguinal lymph nodes involved without extra-capsular growth and no 

poorly differentiated tumor within these nodes are at low risk of pelvic lymph 

node involvement and have good prognosis with a five year survival rate 

of about 90%. A pelvic lymph node dissection seems to be unnecessary in 

these cases. Chapter 10 provides the conlusions of this thesis and a general 

discussion. New imaging techniques are described for identification of occult 

lymph node metastases. Genetic analysis of the primary tumor might enable 

us in the near future to predict the clinical course of the disease for each 

individual patient.
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In hoofdstuk 1 worden de epidemiologie en de etiologie van het 

plaveiselcelcarcinoom van de penis besproken. Vooral de rol van het seksueel 

overdraagbare humane papillomavirus (HPV) wordt belicht. Hoogrisico HPV 

types zijn betrokken bij de pathogenese van verschillende carcinomen van 

de anogenitale regio, het meest uitgesproken bij de carcinogenese van het 

cervixcarcinoom. De rol van HPV is minder duidelijk bij het peniscarcinoom. 

Het oncogene effect van hoogrisico HPV’s wordt toegeschreven aan de 

expressie van de oncoproteïnen E6 and E7, die in staat zijn de p53 and Rb 

tumor suppressor genen te inactiveren. De introductie geeft daarnaast 

een overzicht van diagnostiek en behandeling van het peniscarcinoom. 

Hoofdstuk 2 toont een uitgebreide analyse van 53 penistumoren, gericht 

op het onderzoeken van mechanismen die betrokken zijn bij de inactivatie 

van het p16INK4A/cyclin D/Rb pathway. Dit pathway speelt een belangrijke rol 

bij het controleren van de celcyclus. Daartoe werden de aanwezigheid van 

HPV, p16 INK4A expressie, p16INK4A promoter methylatie, en de expressie van het 

polycomb gen BMI-1 bepaald. Zestien tumoren (30%) bleken hoogrisico HPV 

DNA te bevatten, waarvan 15 tumoren HPV 16. De oncogene transcripten HPV 

16 E6/E7 werden gevonden in 13 van de 15 HPV 16 bevattende carcinomen 

(87%). Sterke immunokleuring van p16INK4A werd significant vaker gezien in 

carcinomen met hoogrisico HPV DNA (P<0,001) en binnen de tumoren met HPV 

16 DNA werd dit vaker gezien bij tumoren waarbij E6/E7 transcripten werden 

aangetoond (P=0,029). Dit ondersteunt de hypothese dat HPV E7 interfereert 

met het p16INK4A/cyclin D/Rb pathway. Methylering van de p16INK4A promoter 

of overexpressie van het BMI-1 polycomb gen zouden alternatieve methodes 

van inactivatie kunnen zijn. Deze mechanismen werden respectievelijk in 

15% en 10% van de peniscarcinomen aangetroffen, bij afwezigheid van HPV, 

en werden niet tegelijkertijd gevonden. Mogelijk zijn er dus tenminste drie 

mechanismen waardoor het p16INK4A/cyclinD/Rb pathway onderbroken kan 

worden, waaronder dus een mechanisme gebaseerd op een persisterende 

infectie met hoog-risico HPV. In hoofdstuk 3 werd de prevalentie van hoogrisico 

HPV onderzocht in een grote serie peniscarcinomen. Ook werd gekeken naar 

de relatie tussen HPV en overleving. Tumormateriaal van 171 patiënten met 
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peniscarcinoom werd geanalyseerd op de aanwezigheid van hoogrisico HPV 

DNA met behulp van GP5+/6+-PCR. Hoogrisico HPV DNA werd in 29% van de 

tumoren aangetoond waarbij het in 76% van de gevallen HPV 16 betrof. De 

ziektespecifieke 5-jaars overleving in de hoogrisico HPV negatieve en positieve 

groep was respectievelijk 78% en 93% (P=0,03). Verder kwam HPV status ook 

in een multivariate analyse als een onafhankelijke voorspellende factor voor 

ziekte-specifieke sterfte naar voren (P=0,01 , HR: 0, , 95% CI: 0,0 -0, ). 

Deze resultaten pleiten voor een overlevingsvoordeel voor patiënten met 

een HPV-positief peniscarcinoom. Hoofdstuk 4 beschrijft de nauwkeurigheid 

van het lichamelijk onderzoek en enkele beeldvormende technieken bij het 

bepalen van de uitgebreidheid van de primaire tumor. De uitgebreidheid 

van de primaire tumor bepaalt of een penissparende behandeling tot de 

mogelijkheden behoort en heeft ook prognostische betekenis. Bij 33 patiënten 

werden preoperatief lichamelijk onderzoek, echografie en MRI verricht. De 

grootte van de tumor werd het meest nauwkeurig bepaald door het lichamelijk 

onderzoek (residuele standaard deviatie (SD) van 8,1mm). De infiltratiediepte 

werd door echografie en MRI met vergelijkbare precisie gemeten (residuele 

SD: 3,7mm en 3,8mm). De positief voorspellende waarde voor het bepalen van 

infiltratie van het corpus cavernosum was 100% voor lichamelijk onderzoek, 

67% voor echografie en 75% voor MRI. Lichamelijk onderzoek bleek de meest 

betrouwbare methode voor het bepalen van de grootte van de primaire tumor 

en de aanwezigheid van corpus cavernosum infiltratie. Als er bij lichamelijk 

onderzoek twijfel is over infiltratiediepte kan in eerste instantie worden 

gekozen voor echografie. Echografie en MRI tonen vergelijkbare resultaten 

maar echografie is natuurlijk veel goedkoper. In hoofdstuk 5 wordt uitgebreid 

ingegaan op de behandeling van de primaire tumor. Er werd gekeken naar 

T1 en T2 tumoren. Na penissparende behandeling was het vijfjaars locaal 

recidiefvrije percentage voor T1 en T2 tumoren vergelijkbaar (P=0,1) en 

voor de hele groep 63% (95% CI: 54%-72%). Na (partiële) amputatie was 

dit percentage significant hoger met 88% (95% CI: 81-95%, P=0,0003). Bij 

een lokaal recidief na een penissparende behandeling kon in 94% (51/54) 

van de gevallen met een tweede behandeling toch lokale controle worden 

7 21 66 7
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verkregen. Negen van de 10 patiënten met een lokaal recidief na amputatie 

stierven aan peniscarcinoom.

7 van de 21 (33%) patiënten met een lokaal recidief na een penissparende 

behandeling van een T1 tumor ontwikkelden tijdens de follow-up regionale 

kliermetastasering tegenover maar 3 van de 47 patiënten (6%) zonder lokaal 

recidief (P=0,005). Bij T2 tumoren waren deze percentages wel vergelijkbaar: 

27% (9/33) bij patiënten met en 22% (12/56) bij patiënten zonder lokaal 

recidief (P=0,56). Gezien het feit dat de tijd tot het inguinale klierrecidief 

vergelijkbaar is voor patiënten met en zonder lokaal recidief en er geen 

verhoogde incidentie van kliermetastasering is bij patiënten met T2 tumoren, 

waarbij bij het merendeel er een pathologische stadiëring en/of behandeling 

van de regionale klieren heeft plaatsgevonden, lijkt het erop dat een lokaal 

recidief niet de bron is voor een regionaal recidief. Een lokaal recidief kan 

wel gebruikt worden als een voorspeller van een regionaal klierrecidief bij 

patiënten waarbij geen pathologische stadiëring van de regionale klieren heeft 

plaatsgevonden. In de praktijk zullen dit met name de patiënten betreffen 

met T1 tumoren aangezien bij deze groep nog vaak een conservatief beleid 

wordt gevoerd ten aanzien van de regionale klieren. Hoofdstuk 6 belicht 

de klinische, morfologische en immunohistochemische aspecten van het 

sarcomatoïde peniscarcinoom. Vijf van de 341 patiënten (1,4%), die tussen 

1956 en 2001 in ons instituut voor peniscarcinoom werden behandeld, bleken 

een peniscarcinoom van het sarcomatoïde type te hebben. Vier van hen 

ontwikkelden afstandsmetastasen en stierven binnen 1 jaar na de diagnose 

aan de ziekte. De diagnose wordt gebaseerd op de immunohistochemische 

expressie van keratine filamenten in een overwegend spoelcellige penistumor 

of op de identificatie van carcinomateuze en sarcomatoïde gebieden in de H&E 

gekleurde coupes van de primaire tumor. Sarcomatoïd peniscarcinoom lijkt 

dus een subtype van het plaveiselcelcarcinoom van de penis te zijn met vroege 

hematogene metastasering en een slechte prognose. Hoofdstuk 7 beschrijft 

de klinische implicaties van sentinel node biopsie bij het plaveiselcelcarcinoom 

van de penis. In totaal werden 90 patiënten met klinisch negatieve regionale 

lymfklieren prospectief geïncludeerd. Preoperatieve lymfoscintigrafie werd 
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verricht na intradermale injectie van 99mTc-nanocolloid rond de primaire 

tumor met een dubbelkops gammacamera. Vervolgens vond sentinel node 

biopsie plaats met behulp van intradermaal toegediend patent blauw en een 

gammastralendetector. Pathologisch onderzoek van de sentinel node bestond 

uit sprongseries en immunohistochemische kleuring. Alleen indien tumor werd 

gevonden in de sentinel node werd een regionale lymfklierdissectie verricht. 

Tijdens lymfoscintigrafie werden 217 sentinel nodes in 159 liezen van 88 

patiënten. In totaal werden 208 sentinel nodes geëxcideerd uit 149 liezen van 

88 patiënten. Metastasering in de sentinel node werd gevonden in 19 liezen 

van 18 patiënten. Vier van de acht patiënten met een klinisch unilaterale N1 

status hadden een tumorpositieve contralaterale sentinel node. Gedurende een 

mediane follow-up van 36 maanden (spreiding: 5-95), trad bij vier patiënten 

een regionaal recidief op na excisie van een tumornegatieve sentinel node. 

Bij een vijfde patiënt trad een regionaal recidief op in een niet geëxploreerde 

lies na unilaterale visualisatie. Dit resulteerde in een foutnegatief percentage 

van 22% (5/23). De driejaars ziektespecifieke overleving was 98% en 71% voor 

patiënten met respectievelijk een tumornegatieve en tumorpositieve sentinel 

node (P=0,0018). Deze studie laat zien dat occulte lymfkliermetastasen bij 

peniscarcinoom met een sensitiviteit van ongeveer 80% kunnen worden 

gedetecteerd met sentinel node biopsie. Deze aanpak maakt het mogelijk om 

een vroege lymfklierdissectie bij de meeste lymfklierpositieve patiënten uit te 

voeren. Daarnaast verschaft de sentinel node status belangrijke prognostische 

informatie. Morbiditeit als gevolg van electieve klierdissecties kan worden 

vermeden bij lymfkliernegatieve peniscarcinoompatiënten. In hoofdstuk 8 

wordt de overleving vergeleken van klinisch kliernegatieve patiënten die 

werden behandeld met een periodieke controle van de regionale lymfklieren 

en patiënten waarbij op basis van sentinel node biopsie klier- metastasering 

in een vroeg stadium werd ontdekt en behandeld. 85 patiënten met een T2-

3N0M0 peniscarcinoom die werden behandeld met een ‘wait and see’ policy 

bestaande uit een driemaandelijkse controle van de liezen en 68 patiënten 

die een sentinel node biopsie ondergingen werden geïncludeerd. Beide 

populaties verschilden niet significant voor wat betreft prognostische factoren 
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als leeftijd, klinisch T-stadium, tumorgraad, aanwezigheid van angioinvasie 

en infiltratiediepte. Toch was er een significant verschillende driejaars 

ziektespecifieke overleving van 79% voor de observatiegroep en 91% voor 

de sentinel node groep. (P=0.04). Het vroeg detecteren en verwijderen van 

kliermetastases verbetert dus de ziektespecifieke overleving. Hoofdstuk 9 

beschrijft de pathologische kenmerken van inguinale lymfkliermetastasen 

die van voorspellende waarde zijn voor tumorpositiviteit van de pelviene 

lymfklieren en overleving. De tumorgraad van de tumorpositieve lymfklieren 

(OR 6.0 (CI 95%: 1.2-30.3)) en het aantal tumorpositieve klieren (≤2 vs. >2) 

(OR 12.1 (CI 95%: 3.0-48.1)) waren onafhankelijke voorspellers voor de 

aanwezigheid van tumorpositieve pelviene klieren. Extracapsulaire groei (OR 

2.3 (CI 95%: 1.1-4.8), de aanwezigheid van tumorpositieve klieren in beide 

liezen (OR 3.4 (CI 95% 1.2-9.4)) en tumorpositieve pelviene klieren (OR 3.1 

(CI 95%: 1.4-6.6)) bleken onafhankelijke voorspellers voor ziektespecifieke 

overleving. Patiënten met slechts één of twee tumorpositieve lymfklieren 

zonder extracapsulaire groei en geen slecht gedifferentieerde tumor in deze 

klieren hebben maar een klein risico op tumorpositieve pelviene klieren en 

hebben een goede prognose met een vijfjaars ziektespecifieke overleving 

van 90%. Een pelvien kliertoilet lijkt in deze gevallen onnodig. Hoofdstuk 

10 geeft een overzicht van de belangrijkste conclusies van dit proefschrift. 

Verder worden in de discussie enkele nieuwe beeldvormende technieken 

besproken voor het opsporen van occulte kliermetastasen. Genetische analyse 

van de primaire tumor zal mogelijk al in de nabije toekomst een nauwkeurige 

voorspelling kunnen geven over het klinische gedrag van de tumor per 

individuele patiënt. 
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Dankwoord

Het boek is klaar! Eind 2000 stapte ik het Antoni van Leeuwenhoek ziekenhuis 

binnen met het doel om wat onderzoek te gaan doen. Een  teleurstellend 

verlopen urologische selectieprocedure had me hiertoe aangezet. Achteraf 

ben ik blij dat het zo is gelopen; een proefschrift rijker en een hoop 

wetenschappelijke en sociale ervaring. Ik ben er van overtuigd dat het hele 

traject me ook tot een betere arts heeft gemaakt.

Ik ben het Antoni van Leeuwenhoek ziekenhuis erg dankbaar voor de 

mogelijkheden die ik daar heb gekregen. Het is een ziekenhuis met 

een ontspannen en stimulerende sfeer, ideaal voor het verrichten van 

wetenschappelijk onderzoek. Iedereen is makkelijk toegankelijk en enthousiast 

om je verder te helpen. Ik beschouw het nog altijd als een eer om er gewerkt 

te hebben. Een aantal mensen wil ik in het bijzonder bedanken.

Allereerst natuurlijk mijn promotor prof.dr. S. Horenblas, Beste Simon. Het 

is dan toch gelukt! Op deze plaats wil ik je daarvoor heel erg bedanken. 

Ik weet nog goed dat ik voor het eerst bij je kwam in het AVL. Er was nog 

geen geld voor een onderzoeker. Geen computer. Geen arbeidsplek. Eigenlijk 

niets behalve jouw oude database. We regelen het wel. En binnen een paar 

weken was het dan ook gewoon geregeld, kenmerkend voor jouw grenzeloze 

energie, opportunisme en doorzettingsvermogen. Veel dank voor je adviezen 

en je altijd zeer snelle revisies van de stukken. Dank voor je geduld en de 

stimulerende gesprekken bij jou thuis. Ik hoop in de toekomst nog veel contact 

met je te hebben en nog vaak zonder enige afgunst ergens in de verte aan de 

horizon jouw achterwiel te zien verdwijnen. Overigens ben ik wel wat meer 

aan het trainen en volgend jaar bij de VUFT of  bij de ZUFT …

Verder ben ik veel dank verschuldigd aan prof.dr. P.J.F. Snijders, verbonden 

aan de afdeling Moleculaire Pathologie van het VUMC. Beste Peter. Het was 

altijd een feest om bij je langs te komen! Druk, druk, druk, druk. Overal 

stukken en drie of vier veel te intelligente mensen in een veel te kleine kamer. 
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Een kleine tafel om aan te vergaderen maar altijd weer die schaterlach als 

ik binnenkwam. Het was natuurlijk ook zeer hilarisch als ik weer met die 

piepschuimen bak met penissen jouw kamer betrad. Veel dank voor je 

herhaalde pogingen mij iets bij te brengen over de moleculair pathologische 

aspecten van de carcinogenese, voor de begeleiding en natuurlijk ook voor je 

bijdrage aan de stukken.

Verder wil ik de mensen van het laboratorium van de Moleculaire Pathologie 

van het VUMC bedanken voor de begeleiding en alle HPV-bepalingen die 

zij voor het onderzoek hebben gedaan. In het bijzonder wil ik nog noemen 

mijn Franse collega Emanuelle Ferreux met wie ik samen het eerste stuk heb 

geschreven en natuurlijk Debbie die op het lab altijd voor me klaarstond.

Dr. M.P.W. Gallee, beste Maarten. Bedankt voor je bijdrage aan de revisie van 

alle coupes. Wat een werk! Uren en uren hebben we achter de microscoop 

gezeten, in Amsterdam, in Den Haag, in Zaandam geloof ik. Waar je ook 

zat, ik wist je te vinden. De recidiverende zinsnede: “all resection specimens 

were reviewed by one pathologist (MPWG)”, moest immers wel op waarheid 

berusten. Altijd maakte je tijd vrij waarbij naast de revisie van de coupes er 

ook nog altijd een kritisch maatschappelijke discussie volgde. Daardoor liep 

het dan weer zo uit dat je in tijdnood kwam en mij vriendelijk doch dwingend 

de deur moest wijzen. 

Dr. H. van Tinteren, beste Harm. Dank voor alle statistische adviezen. Helaas 

voor jou ging het meestal om retrospectief onderzoek, maar ik denk dat we 

er toch veel bruikbare informatie uitgesleept hebben.

Dan dr. P.J. Tanis (et al.), beste Pieter! Ik kan me nog als de dag van gisteren 
e

de kamer binnenkwam van de chirurgische onderzoekers. Simon had me 

geadviseerd daar maar eens te gaan kijken of er een werkplek was. Buiten 

was het koud en guur. Ik betrad een niet al te grote rechthoekige kamer met 

 de 5herinneren dat ik op  verdieping  van de kliniek  van het AVL voor het eerst 
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aan de linker zijde een muur van ordners. De raamkant en de rechterzijde 

van de kamer waren voorzien van een doorlopend bureau. Links bij het 

raam zat een rossige brede man die Arjen Witkamp bleek te heten. Hij hield 

zich bezig met de HIPEC studie en was de dag van zijn promotie al aan het 

voorbereiden. Wat meer naar rechts zat een rustige wat verlegen jongeman 

naast een ratelende printer. Koelbloedig ving hij zijn volgende artikel op, 

echter de printer staakte de strijd omdat het papier weer eens op was. “Ik ben 

Pieter Tanis” zei je met een glimlach. Je bleek de sentinel node koning van het 

ziekenhuis te zijn. Ik mocht van jullie wel rechts om het hoekje zitten achter 

de oude PC van de KNO. Daar had toch al een tijdje niemand gezeten. Ik ben 

er niet meer weggegaan.

Pieter, het was een fantastische tijd. Op de kamer was het altijd erg gezellig 

maar er werd ook serieus gewerkt. Ik wil je bedanken voor de hulp die je me 

regelmatig hebt geboden en het delen van de enorme kennis die je hebt op 

het gebied van de sentinel node procedure. Al vaker zijn jouw intelligentie, 

je analytisch vermogen en je uitgebreide kennis van de literatuur aangehaald. 

Ik heb echter gezien dat ook jij hier keihard voor moet werken en dat deze 

eigenschappen voortvloeien uit een enorme interesse voor het vak. 

Naast het onderzoek maakten we in die tijd allebei ook op het sociale vlak 

een sterke ontwikkeling door waar we veel over hebben gepraat en wat zich 

heeft voortgezet in een echte vriendschap. Pieter, dank voor alles en niet te 

vergeten voor je hulp bij het lay-outen van het boekje. 

Maar er waren nog meer collega arts-onderzoekers die mijn onderzoeksperiode 

tot een geweldige tijd hebben gemaakt! Voor Arjen kwam Serge van Ruth. De 

gebruikte afkortingen in de kamer namen hand over hand toe: HIPEC, HIDHOC, 

ADHIC, HIDHA en ga zo maar door. Aangezien wij een duobaan hadden zagen 

we elkaar niet veel maar het was altijd goed. Later kwamen er ook dames op 

de kamer! Susanne Estourgie kwam Tanis opvolgen en Eva Noorda drong zich 

bij het raam er ook nog ergens tussen om iets over sarcomen op te schrijven, 

zodat we soms wel met zijn vieren in dat kleine hok zaten. Soms leidde dit tot 

wat irritaties over lawaai en rommel en zo (vrouwendingetjes), maar wat wil 
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je. Over het algemeen was het een zeer inspirerende tijd waarbij we elkaar 

op een hoger niveau brachten en uiteindelijk onze groep terecht de bijnaam 

“the Brains” werd toebedeeld. Jongens, bedankt voor alles!

Ten tijde van de nieuwbouw verhuisden de chirurgische arts-onderzoekers 

naar een andere plek. The Brains waren inmiddels allemaal  in opleiding en 

hadden het schip verlaten, de meesten met proefschrift onder de arm. Blijkbaar 

was er nu meer ruimte, want er was zowaar een volledige onderzoekskamer 

beschikbaar voor de arts-onderzoekers van de urologie. Deze kamer werd 

destijds ingenomen door twee veelbelovende urologische talenten: Jakko (Jan) 

Nieuwenhuizen, de blazenman, en mijn opvolger op de peniscarcinomen, Bin 

Kroon. Zij hadden het perfect voor elkaar met een ruime kamer, een Senseo-

apparaat, grote openslaande ramen en luxe computers. Ik werd er altijd 

fantastisch onthaald als ik iets kwam afmaken. Bedankt daarvoor.

Bin, nog even een persoonlijk woordje tot jou. De manier waarop we hebben 

samengewerkt is denk ik heel goed verlopen. Jij hebt je de database snel 

eigengemaakt en je gefocust op de sentinel node procedure wat reeds 

geresulteerd heeft in een prachtig proefschrift. Dit heeft mij enorm geprikkeld 

om mijn proefschrift af te maken. Verder heb je me altijd geholpen als ik nog 

wat informatie uit de files nodig had en hebben we samen ook nog een en 

ander opgeschreven. Dank en veel succes met je urologische carrière.

Armin Vorsselman en Arnoud de Jonge, vrienden voor het leven, dank dat 

jullie mijn paranimfen willen zijn! Al meer dan 22 jaar delen we lief en leed 

met elkaar ondanks dat we door werkzaamheden wat ver uit elkaar wonen. 

Dat is me heel veel waard. Hoop dat dat altijd zo zal blijven. 

Dan mijn twee schaduwparanimfen: Jur Willemsen en Maxim Haartsen. 

Jongens, wat hebben we een hoop “top 5 weekenden aller tijden” gehad het 

laatste jaar! Dat er nog vele mogen volgen. Dank voor jullie steun bij het hele 

promotiegebeuren.
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Mijn chirurgische collega’s uit Apeldoorn wil ik graag bedanken voor twee 

geweldige chirurgische jaren. Daarnaast heeft het feit dat bijna iedereen daar 

aan het promoveren was op mij erg stimulerend gewerkt. Hoks! Bedankt voor 

het bij herhaling roepen dat het toch nooit af zou komen! Bas, bedankt voor 

je rustige uitleg bij hoe je nou zo’n boekje klaar moet maken.

Verder ben ik veel dank verschuldigd aan alle overige vrienden en kennissen 

voor het aanhoren van alle beslommeringen rondom het promotietraject 

en de steun die ze me hierbij hebben geboden. Vrienden uit Groningen, 

Amsterdam, de Schier groep, jongens van de voetbal etc. bedankt!

Dan natuurlijk mijn ouders: ik wil jullie bedanken voor alle steun en de 

mogelijkheden die jullie me door de jaren hebben geboden tot aan de dag 

van vandaag. Het is heerlijk om te weten dat je altijd kunt terugvallen op een 

warm nest. Beter had ik me het niet kunnen wensen. 

Als laatste dank ik natuurlijk mijn allerliefste vriendin, mijn Marie!

Promoveren is allemaal leuk en aardig maar het is veel belangrijker om samen 

te kunnen genieten van juist die kleine mooie dingen van alle dag. Jij kan dat 

als geen ander! Lamp op boek, ploppende popcorn, nieuwe knop in de plant, 

suikerspin.

Daarom hou ik van je.
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De schrijver van dit proefschrift werd op 6 mei 1972 geboren in Kesteren (Gld.). 

In 1990 behaalde hij zijn VWO diploma aan het Willem Lodewijk Gymnasium 

in Groningen. Vervolgens werd begonnen met de studie Geneeskunde aan 

de Rijks Universiteit Groningen. Alvorens te starten met de co-schappen 

studeerde hij een half jaar aan de universiteit “La Sapienza” in Rome. Na het 

behalen van het artsexamen in januari 1998 werkte hij gedurende een jaar 

als arts-assistent thoraxchirurgie in het Academisch Ziekenhuis Groningen. 

Daarna vertrok hij naar het westen en werd arts-assistent kinderurologie in 

het Sophia kinderziekenhuis in Rotterdam. Hier ontstond de interesse voor de 

urologie. Vervolgens werkte hij een jaar als arts-assistent urologie in het Sint 

Lucas Andreas Ziekenhuis te Amsterdam. Eind 2000 stapte hij over naar het 

Antoni van Leeuwenhoek Ziekenhuis om te starten met het onderzoeksproject 

peniscarcinoom onder leiding van prof.dr. S. Horenblas wat uiteindelijk 

resulteerde in dit proefschrift.

In januari 2003 begon hij met de opleiding tot uroloog. De vooropleiding 

heelkunde volgde hij in de Gelre Ziekenhuizen in Apeldoorn (opleider dr. 

W.H. Bouma). Na een academisch jaar in het Academisch Medisch Centrum 

in Amsterdam (opleider prof. dr. J.J.M.C.H. de la Rosette) volgt hij nu het 

perifere gedeelte van zijn opleiding tot uroloog in het Spaarne ziekenhuis te 

Hoofddorp (opleider J.M. Groen).
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