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Chapter 1

IntroductIon

Etiology and epidemiology
More than 95% of penile malignancies are squamous cell carcinomas.1 Known risk 
factors for the development of penile cancer are poor genital hygiene, phimosis and 
tobacco use.2,3 Infection with high-risk human papillomavirus (HPV) is also linked 
to the pathogenesis of   penile cancer, while neonatal circumcision has a protective 
effect.4-6 Penile cancer is rare in Europe and the United States, accounting for less 
than 1% of malignancies in men.7 Reported incidence rates are between 0.7 to 2.2 
per 100.000 males.8,9 
In the Netherlands, 1509 new cases of penile cancer were diagnosed in the period from 
1989 until 2003, of which 80% were invasive tumours. There has been no significant 
change in the incidence of penile cancer in the past 15 years.10 The low incidence of 
penile cancer poses a challenge for research. Consequently, the scientific basis of many 
aspects of current clinical practice in penile cancer is not very solid and often based 
on single-institution experiences with limited numbers of patients. 

Staging of penile carcinoma
Accurate tumour staging is an important element in the management of malignancies. 
It provides a guide in selecting optimal treatment and gives an indication of prognosis 
based on the extent of disease. Several classification systems have been used for penile 
cancer.11,12 In 1968 the first TNM classification for penile carcinoma was published and, 
following two revisions, it is now the most commonly used classification.13-15 The most 
recent TNM classification for penile carcinoma dates from 1987.15 However, there are 
several deficiencies to the current classification, which make accurate clinical staging 
difficult. Furthermore, the prognostic performance of the present TNM classification 
appears to be suboptimal.16

Clinically node-negative penile carcinoma
A persistent topic of debate is the management of clinically node-negative (cN0) 
patients. Around 20% of these patients have occult metastasis in the inguinal region.1,17,18 
This poses a clinical dilemma. There is evidence that early surgical removal of the 
occult metastasis provides a survival benefit compared to removal at the time they 
become clinically apparent.19,20 However, an elective inguinal lymph node dissection 
in this group of patients would be unnecessary in 80% of cases, while this procedure 
is associated with substantial morbidity such as infection, wound necrosis and 
lymphoedema.21,22 For this reason, much research has focused on methods to accurately 
select patients with occult metastasis. Several classical primary tumour characteristics 
such as tumour stage, grade and vascular invasion are significantly associated with 
nodal involvement.18,23,24 Biomarkers have been investigated for predicting lymph node 
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metastasis, such as the transmembrane protein E-cadherin, the matrix metalloproteases 
MMP-2 and MMP-9, expression of p53 and Ki-67.25-31 So far, none of the above-
mentioned tumour characteristics, either alone or in combination in the form of 
a nomogram, have been able to select the patients with occult metastasis with an 
acceptable false-negative and false-positive rate.17,32 The performance of conventional 
imaging modalities such as ultrasonography and computed tomography (CT) is also 
disappointing in this respect.33,34 Preliminary experiences with newer techniques 
such as hybrid positron emission tomography and computed tomography (PET/CT) 
scanners and lymphotropic nanoparticle magnetic resonance imaging (LNMRI) are 
promising, but results need to be validated because of the limited numbers of patients 
in these pilot studies.35,36

Sentinel node biopsy
Similar clinical challenges in cN0 patients with breast cancer and melanoma have 
been addressed with the use of sentinel node biopsy.37,38 Sentinel node biopsy is based 
on the hypothesis that the absence of metastasis in the lymph node(s) on a direct 
pathway from the primary tumour, the sentinel node, is indicative for the absence of 
further nodal dissemination. This sentinel node can be identified using tracers injected 
in or around the primary tumour. Based on the tumour status of the sentinel node, 
a completion regional lymph node dissection is performed. Contemporary sentinel 
node biopsy for penile carcinoma, using a modern technique of lymphatic mapping 
with blue dye and a radioactive tracer, was introduced in 1994 at The Netherlands 
Cancer Institute. Initial results were plagued by a high false-negative rate of 22%.40 
Several modifications were introduced to reduce the false-negative rate.41 Although 
others have reported encouraging results of sentinel node biopsy, its use is still not 
widespread.42-44 Reservations to its introduction include the fact that most of the 
current results are from one institution and the supposedly long learning curve 
associated with the procedure.40,43,45 Therefore, the current management of cN0 
patients still consists of an elective bilateral inguinal lymph node dissection in most 
centres.20,22,46 To reduce the number of complications associated with an inguinal 
lymph node dissection, efforts have been made to decrease the dissection area using 
a modified version of the procedure.47 However, the oncological safety of this less 
extensive procedure has been questioned and inguinal recurrences were reported after 
modified inguinal node dissection in up to 15% of cases.22,48

Advanced penile carcinoma
Patients presenting with irresectable advanced penile carcinoma in the form of fixed 
inguinal nodes or primary tumour with extensive local dissemination, are another 
challenging group. If left untreated, the prognosis of these patients is ominous, with 
a three-year mortality rate of more than 90% in early series of untreated penile 
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carcinoma.49-51 Treatment options for this advanced stage of disease are often limited to 
palliative radio- and chemotherapy. However, in a selected group of patients without 
evidence of distant metastasis, neo-adjuvant chemotherapy has successfully been used 
for downstaging disease to enable surgery with curative intent.52-56 Literature on this 
topic remains fragmented.

Follow-up after treatment
Follow-up is an essential element in the management of patients with penile cancer. 
Ideally, a follow-up schedule should give the opportunity to detect a tumour recurrence 
at an early stage, while causing the least possible burden to the patient and health care 
system. Currently, there is only one international guideline available regarding follow-
up and recommendations are based a limited number of patients.1 This thesis addresses 
several of the above-mentioned problems in the management of penile carcinoma. 
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outlIne of the thesIs

Chapter 2 of this thesis evaluates the role of the current TNM classification for penile 
carcinoma with regards to prognostic performance and clinical usability. Several 
modifications are proposed to improve both. In chapter 3, an overview of the current 
management of patients with regards to nodal metastasis is provided. In chapter 4, 
the possible role of microarray analysis to predict the presence of nodal metastasis 
based on the gene-expression profile of the primary tumour is evaluated. Chapter 5 
describes a prospective study regarding the value of hybrid PET/CT in clinically 
node-negative patients for the prediction of occult nodal metastasis. In chapter 6, the 
lymphatic drainage patterns of penile cancers are prospectively evaluated using hybrid  
SPECT/CT. The findings may allow for a reduction in the extent of an inguinal lymph 
node dissection without jeopardizing regional tumour control. In chapter 7, the results 
from current dynamic sentinel node biopsy at The Netherlands Cancer Institute are 
described with focus on the effect of past measures to reduce the false-negative rate. 
Results from two referral centres for penile cancer with regards to accuracy, learning 
phase and complication rate of dynamic sentinel node biopsy are described in chapter 8. 
In chapter 9, the phenomenon of tumour-blockage and rerouting of lymphatic drainage 
is examined using SPECT/CT. This phenomenon is one of the potential causes of 
a false-negative sentinel node procedure. The value of neo-adjuvant chemotherapy 
for patients presenting with primarily irresectable disease is evaluated in chapter 10. 
Recurrence patterns after different types of treatment of the primary tumour and 
the regional lymph nodes and their impact on survival are evaluated in chapter 11. 
A follow-up regimen is proposed based on these findings. Concluding remarks and 
future prospects are presented in chapter 12. A summary of the thesis is given in chapter 13. 
Appendix 1 is a case-report regarding the use of PET/CT in spindle cell carcinoma of 
the penis, a rare subtype of squamous cell carcinoma. In appendix 2, the role of high-risk 
HPV types in the pathogenesis of penile cancer is described.
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Chapter 2

IntroductIon

The TNM classification of malignant tumours is the most widely used tool for 
the staging of a variety of malignancies. The current TNM classification for penile 
 carcinoma has remained unchanged since 1987.1 In our opinion, there are several 
shortcomings to the current classification. Firstly, accurate clinical staging can be 
troublesome, as several categories are defined by anatomical structures that cannot 
readily be identified with physical examination or imaging. It is for instance difficult 
to distinguish between superficial and deep inguinal nodes, while this differentiates 
between the N1 and N3 category. A second drawback is the substantial variability 
with respect to survival within certain categories. For example, in our experience the 
survival of patients with T2 tumours is often comparable or worse than the survival of 
patients with a T3 tumour. 
The purpose of this study was to evaluate the prognostic value of the current TNM 
classification in the population of penile carcinoma patients that has been treated at 
our institute. We further propose several modifications to the current classification to 
improve prognostic stratification and facilitate clinical staging.

MaterIals and Methods

Patient inclusion
From 1956 until January 2006, 545 patients were treated for penile carcinoma at 
our institute. All patients have been recorded in a database. Recorded information 
includes pretreatment findings, therapy related information, histopathological findings 
and follow-up. All tumours in the database are squamous cell carcinomas, which 
make up more than 95% of penile malignancies.2 Other types of tumours, such as 
melanoma, were not included in the database. A minority of patients were treated for 
the primary tumour in the referring hospital. In case no histopathological information 
was available, these patients were excluded. Furthermore, patients with a follow-up 
period of less than three months were excluded. Nineteen patients that were treated 
with neo-adjuvant chemotherapy were also excluded. Based on these criteria, a total 
of 513 patients were eligible for analysis. A detailed overview of patient characteristics 
at presentation can be found in table 1.

Tumour staging
All tumours were (re)staged according to the most recent TNM classification.1 Both 
clinical and pathological (when available) stages were determined. In a number of 
patients with superficial (non-)invasive tumours (Tis, Ta and T1 and, until 1994, a 
minority of T2G1 and T2G2 patients), no histopathologic information regarding the 
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lymph nodes was available. This group of patients is mostly cN0 and did not undergo 
nodal surgery because of the presumed low risk of nodal metastasis in these tumours, 
but were subjected to a stringent wait-and-see policy. If a patient remained without 
evidence of nodal metastasis in a follow-up period of at least two years (with physical 
examination, ultrasound and computed tomography (CT) on indication), we labelled 
them as ‘FU-pN0’ in order to increase the number of patients eligible for analysis. 
Virtually all metastases show up within this period of time.3 The median follow-up in 
the ‘FU-pN0’ group was 92 months (range 24-303). 

Number of patients

Overall 513

Median age at diagnosis (range) 65 (21-94)

pT category
   Tis
   Ta
   T1
   T2
   T3
   T4
   Tx

49
18
165
229
24
4
24

pN category
   N0
        ‘FU-pN0’*
        pN0
   N1
   N2
   N3
        ‘pN3’*
        pN3
   Nx

298
174
124
42
54
20
7
13
99

Differentiation
   Tis
   Well
   Intermediate
   Poor
   Gx

49
158
201
72
33

Angio-invasion
   Absent
   Present
   Missing data

150
173
190

Table 1: Patient characteristics
*The ‘FU-pN0’ category contains cN0 patients that did not undergo surgical staging, without signs of a nodal recurrence two or more years after diagnosis. ‘pN3’ 
patients had overt pathological pelvic metastasis on CT scan and were considered inoperable.
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Since 1994, cN0 patients with ≥T1G3 tumours, and since 2004 all patients with 
≥T1G2 tumours, undergo dynamic sentinel node biopsy instead of a wait-and-see 
policy. A minority of patients with overt pathological lymph nodes in the pelvis on 
CT did not undergo surgery, because they were considered inoperable. They were 
labelled ‘pN3’ to increase the number of patients eligible for analysis.

Patient follow-up
Follow-up time was defined as the time between first presentation to the date of last 
follow-up or death. Local, regional or distant tumour recurrences were not taken into 
account in calculating time of follow-up. Since 1988, the follow-up scheme has been 
standardized at our institute. In general, patient follow-up consisted of control visits 
with two-month intervals during the first two years after treatment of the primary 
tumour, three-month intervals in the third year and six-month intervals thereafter. 
The control visits consisted of physical examination and imaging with ultrasound and 
CT on indication. Patients were discharged from follow-up in case of 10 or more years 
without evidence of disease. Fewer than 1% of patients were lost to follow-up. The 
patient database is linked with the Dutch national registry. Patient deaths were cross-
referenced with this registry as an extra control measure.

Treatment of primary tumour
The majority of Tis, Ta and T1 tumours were treated with penile sparing methods such 
as laser or local excision. Biopsies were taken to confirm complete removal. Patients 
with T2 tumours <2cm were generally treated with penis conserving methods, while 
patients with larger T2 tumours were treated with partial penile amputation.4 All T3/
T4 tumours were treated with a partial or total penile amputation. 

Treatment of regional lymph nodes
The management of patients with histologically proven tumour-positive groins 
consisted of an inguinal lymph node dissection (ILND). In case of two or more 
positive inguinal nodes, an ipsilateral pelvic lymph node dissection was performed. 
Adjuvant radiotherapy was administered in case of extracapsulary tumour growth or 
tumour-positive pelvic lymph nodes. Clinically node-negative patients until 1994 
were subjected to a risk adapted wait-and-see policy, in which patients with Tis, Ta, T1 
and T2G1 and T2G2 tumours were followed. Clinically node-negative patients with 
a T2G3 tumour, as well as all T3 and T4 tumours underwent an immediate bilateral 
ILND.5 
Since 1994, dynamic sentinel node biopsy (DSNB) is used to manage cN0 groins of 
patients with ≥T1G3.6 Because of the higher than expected rate of nodal metastasis 
found during an interim analysis (unpublished), since 2004 DSNB is also performed in 
patients with a T1G2 tumour. In case of a tumour-positive sentinel node, a completion 
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ILND was performed. Palliative chemo- or radiotherapy was given in a minority of 
patients presenting with or progressing to inoperable advanced disease.

Statistical analysis
The Kaplan-Meier method was used to estimate the disease-specific survival in the 
different T and N categories. The log-rank test, performed pairwise over the different 
strata, was used to calculate the significance between the survival-curves. All survival 
curves were calculated based on the pT and pN category at presentation. Tis and Ta 
tumours were combined for the analyses because of their non-invasive nature and 
absent metastatic potential. The survival analyses were based on the pathological T 
and N categories, as they are regarded to most accurately reflect the stage of disease. 
All analyses were performed with SPSS (v14.0, SPSS inc., Chicago, Illinois) and SAS 
(v9.1, SAS Institute Inc, Cary, North Carolina) software packages. A p-value ≤0.05 was 
considered statistically significant. 

results

The median follow-up of 513 patients was 58.7 months (range 3-303). The five-year 
disease-specific survival for all patients was 80.5%. Tumour grade and the presence 
of angioinvasion were both significant predictors for survival (p<0.001). Five-year 
disease-specific survival for well, intermediate and poorly differentiated tumours 
(regardless of T category) were 86%, 78% and 65%, respectively. Five-year survival for 
tumours without angioinvasion was 89% and 69% for tumours with angioinvasion.

T category analysis
Using the 2002 T category definition, the clinical T category was in accordance with 
the pathological T category in 89.5% of Tis/Ta, 63.7% of T1, 74.9% of T2, 46.2% of 
T3 and 28.6% of T4 tumours, respectively. In the Kaplan-Meier analysis of the 2002  
T category, no significant difference in survival was found between the pTis/Ta and 
pT1 (p=0.063) categories. Furthermore, no significant difference in survival was 
found between the pT2 and pT3 groups (p=0.568). Survival between all other pT 
categories differed significantly. (Figure 1) 

N category analysis
The clinical N category was in accordance with the pathological N category in 
68.9% of cN0 cases, 39.2% of cN1 cases, 51.9% of cN2 cases and 37.5% of cN3 
cases. The Kaplan-Meier survival analysis of the current pN category can be found in  
figure 2. No significant difference in survival was found between pN1 and pN2 
categories (p=0.176). Survival between the other pN categories differed significantly. 
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M category analysis
A total of 10 patients presented with distant metastasis, the majority of which were to 
the lung and bone. All died within 10 months after presentation.
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Proposal for modification of T category
Currently, a T2 tumour is defined by tumour involvement of the spongious and/or 
cavernous bodies, while a T3 tumour is classified as ingrowth into urethra or prostate. 
In our series, ingrowth in the prostate was very rarely seen and always occurred in 
combination with ingrowth in other adjacent structures (i.e. T4 tumours). On the 
other hand, a number of superficial tumours located near the meatus showed ingrowth 
in the urethra, while the cavernous bodies were unaffected. In our experience, 
patients with cavernous body involvement have a substantially worse prognosis than 
patients with only spongious body involvement or patients with a small distal tumour 
growing into the urethra. To test this hypothesis, we subdivided the pT2 category into 
tumours with only corpus spongiosum ingrowth (T2a) and tumours with cavernous 
body ingrowth (T2b), and compared the survival in these groups with T3 tumours.  
(Figure 3)  The five-year survival of the patients with a T3 tumour was higher (67.7%) than 
patients with a T2b tumour (52.6%). Furthermore, we found a significant difference 
in survival between the T2a group and the T2b group (p<0.001). To improve the 
prognostic stratification, we therefore propose a new definition of the T2, T3 and 
T4 categories. Because of the statistically significant difference in survival between 
tumours with only spongious body ingrowth compared to tumours with cavernous 
body ingrowth, we defined them as separate categories (T2 and T3). Due to the unclear 
prognostic significance of urethral ingrowth and the absence of prostatic ingrowth 
without further ingrowth in adjacent structures, the current T3 category was replaced. 
An overview of the current and proposed T category definitions can be found in table 2. 
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Kaplan-Meier survival curves of the proposed classification can be found in figure 4. The 
proposed T classification gives an improved prognostic stratification compared to the 
current T category, with a significant difference in survival between all T categories. 

Proposal for modification of N category
A disadvantage of the definition of the N category is the difficulty to differentiate 
between superficial and deep inguinal nodes. Superficial inguinal nodes are defined 
as the lymph nodes between Scarpa’s fascia and the fascia lata covering the muscles 
of the thigh.7 The deep inguinal lymph nodes are located around the fossa ovalis. The 
superficial and deep nodes cannot easily be distinguished by physical examination 
or imaging. Even in histopathological analysis of the removed specimen, it is often 
difficult to distinguish between the two. 
In the current definition, a single tumour-positive superficial node is classified as N1, 
while a tumour-positive deep inguinal node is classified as N3. Another drawback 
of the current N category, is the absence of classification of a fixed inguinal node. 
Fixed inguinal nodes are often considered inoperable and have a ominous prognosis. 
However, a fixed, but single and unilateral, tumour-positive node currently is classified 
as N1, which in our opinion does not accurately reflect the prognosis of this advanced 
state of disease. We evaluated several options to improve the clinical usability and 
prognostic value of the N category. An obvious proposal would involve the number of 
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tumour-positive inguinal lymph nodes to differentiate between N1 and N2 categories 
and classify a fixed inguinal or tumour-positive pelvic node as N3. However, we failed 
to find a significant survival difference between one vs. two or more tumour-positive 
inguinal nodes (p=0.629) and one or two vs. three or more positive inguinal nodes 
(p=0.209). A significant difference (p=0.029) was found between one to three positive 
inguinal nodes vs. four or more nodes, but this resulted in only a minimal number of 
patients in the latter group, making it less usable. 
The best prognostic stratification in the N category was realised when involving 
the laterality of inguinal lymph node involvement, thus defining the N1 category 
as unilateral inguinal node involvement, N2 as bilateral inguinal node involvement 
and N3 as pelvic lymph node involvement or presence of a fixed inguinal node. See  
table 3 for an overview of the current and proposed N category definitions. The Kaplan-
Meier survival analysis of the proposed N category showed an improved prognostic 
stratification over the current definition, with a significant difference in survival 
between all strata. (Figure 5)
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dIscussIon

In the past decades, multiple classification systems have been suggested and used for 
the staging of penile carcinoma.8 The Jackson classification, dividing patients with 
penile carcinoma into four groups based on the operability of the tumour and nodal 
metastases, was introduced in 1966 and has long been the most commonly used staging 
system.9 In 1968 the first TNM classification for penile carcinoma was published and 
it has been revised twice since. The present TNM classification for penile carcinoma 
has remained unchanged since 1987.1 The current classification is, more so than the 

Current T category (TNM 2002) Proposed T category

Tx Primary tumour cannot be assessed Primary tumour cannot be assessed

T0 No evidence of primary tumour No evidence of primary tumour

Tis Carcinoma in situ Carcinoma in situ

Ta Non-invasive verrucous carcinoma Non-invasive verrucous carcinoma

T1 Tumour invades subepithelial 
connective tissue

Tumour invades subepithelial connective 
tissue

T2 Tumour invades corpus spongiosum 
or cavernosum

Tumour invades corpus spongiosum 

T3 Tumour invades urethra or prostate Tumour invades corpus cavernosum

T4 Tumour invades other adjacent 
structures

Tumour invades other adjacent structures 
(including prostate)

Table 2: Overview of current and proposed T categories

Current N category (TNM 2002) Proposed N category

Nx Regional lymph nodes cannot be 
assessed

Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis No regional lymph node metastasis

N1 Metastasis in a single superficial 
inguinal lymph node

Unilateral inguinal metastasis, mobile

N2 Metastasis in multiple or bilateral 
superficial inguinal lymph nodes

Bilateral inguinal metastasis, mobile

N3 Metastasis in deep inguinal or pelvic 
lymph node(s), unilateral or bilateral

Fixed inguinal metastasis or metastasis in 
pelvic lymph node(s)

Table 3: Overview of current and proposed N categories
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former 1978 TNM classification, based on anatomical structures instead of tumour 
size or growth pattern. This study shows that there is room for improvement in terms 
of prognostic stratification and clinical usability. 
In this series, the prognostic stratification improved after modifications to the T 
category. The most prominent modification is the distinction between spongious and 
cavernous body ingrowth. A number of studies found cavernous body ingrowth of 
the primary tumour, to have both a negative impact on survival as well as an increased 
risk for harbouring nodal metastasis.10-12 Presumably, the capacity to break through 
the relative thick tunica albuginea covering the cavernous bodies reflects the biologic 
aggressiveness of the tumour. However, to our knowledge, ingrowth in the urethra or 
prostate have never been reported as separate prognosticators to impact survival, while 
currently the T3 category is defined by ingrowth in these structures. All T3 tumours 
in this series were because of urethral ingrowth of the primary tumour, and never 
because of prostatic ingrowth only. As can be seen in figure 3, survival in the group of 
tumours with urethral ingrowth is better than in the group of tumours with cavernous 
body ingrowth, confirming the necessity for a modification. 
A current area of controversy is the necessity for surgical nodal staging in T1 
tumours. Until 2004 at our centre, we did not perform additional nodal staging in 
patients with T1G1 and T1G2 tumours. However, there is increasing evidence that 
the metastatic potential of T1G2 tumours is higher than expected.13,14 In a recent 
analysis of >700 patients from two centres, we calculated the risk for nodal metastasis 
(either at presentation or developed during follow-up) as 6.3% in the T1G1, 12.2 % 
in the T1G2 and 44.6% in the T1G3 tumours (unpublished). Since 2004, we perform 
surgical nodal staging in T1G2 tumours. 
Focusing on the N category, the redefinition of the N1 and N2 categories as unilateral 
and bilateral inguinal node involvement, respectively, gave a better prognostic 
prediction compared to the current N1 and N2 categories. An additional advantage 
over the current classification is the relative ease with which the proposed N category 
can be evaluated using physical examination and/or imaging. Currently, the division 
between the N1 and N2 group is based on the number of involved nodes (one 
vs. two or more) and/or the presence of bilateral inguinal involvement. Although 
an increased number of tumour-positive lymph nodes has been associated with a 
decreased survival, no significant difference between the N1 and N2 categories was 
found in this series.2,5,15 Possibly, the reported effect of the number of positive nodes on 
survival is less evident between one and two tumour-positive nodes. In a multivariate 
analysis of factors influencing survival, Pandey et al. for instance, only found four or 
more positive inguinal nodes to significantly have a negative effect on survival.16 In 
a similar study, Ravi defined the presence of more than three positive inguinal nodes 
as an adverse prognostic factor.17 The probability of pelvic lymph node involvement 
is 56% when more than three inguinal nodes are tumour-positive.15 In another study, 
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the risk of having positive iliac nodes was found to be 12 times higher in case of 
three or more positive inguinal nodes vs. two or less positive inguinal nodes.18 Besides 
results from the present study, several studies are available in which survival of patients 
with bilateral nodal involvement was significantly worse than patients with unilateral 
involvement.16,19 

As mentioned before, the distinction between superficial and deep inguinal nodes is 
difficult to make, which makes the discrimination between N1 and N3 groins difficult. 
To facilitate clinical staging, in our proposal no distinction is made between superficial 
and deep inguinal nodes. Furthermore, in the proposed definition of N3 disease, we 
included the presence of a fixed inguinal lymph node, besides the presence of pelvic 
lymph node involvement. A fixed mass is generally considered to be inoperable and 
associated with a very poor prognosis. The presence of extracapsulary growth of a 
nodal metastasis, was not taken into account in this study, since this information was 
only available for part of the patients. Extracapsulary growth has been reported to 
negatively influence survival in patients with penile cancer.16-18 
One of the limits of this study, is the fact that by definition, only the initial TNM stage 
is taken into account to calculate survival. In case of recurrent disease into a higher 
stage, the time of survival was calculated based on the original tumour stage, although 
the patients death was attributable to the higher stage. This explains the fact that 
the disease specific survival of pN0 patients in the N category is not 100%. Despite 
the fact that this series contains a relatively large amount of patients, the data in this 
study are from a single institution. Therefore, critical appraisal and validation of our 
results by others is needed. In conclusion, based on results from this study, a number 
of modifications to the current TNM classification will facilitate clinical staging and 
improve prognostic stratification of patients.
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IntroductIon

Penile carcinoma is a rare disease in the western world, with an incidence of less than 
one per 100.000 males.1 More than 95% of malignant penile neoplasms are squamous 
cell carcinomas. The pattern of dissemination is predominantly lymphogenic, as is 
common in squamous cell carcinomas. In case of penile carcinoma, the first draining 
lymph nodes are in the inguinal region. The secondary regional nodes are located 
in the pelvic region. The treatment of patients with penile carcinoma and proven 
inguinal metastases is straightforward and consists of treatment of the primary lesion 
and inguinal lymph node dissection (ILND). 
However, for clinically node-negative (cN0) patients the management of the inguinal 
regions has been subject of debate for many years. A routine elective ILND leads to 
overtreatment in the vast majority of patients, as the incidence of occult lymph node 
metastases is around 20%.1-3 In contrast, a wait-and-see policy carries the risk of detecting 
inguinal metastasis in a later stage, negatively influencing oncological outcome.4 
Conventional imaging modalities like ultrasonography, computed tomography (CT) 
and magnetic resonance imaging (MRI) have so far not convincingly improved 
the detection of occult metastases.5 In addition, although several primary tumour 
characteristics are significantly associated with a high risk of nodal involvement, these 
are still rather unreliable in predicting occult metastases.6,7 
We review current clinical practice and the recent developments in diagnosing and 
managing lymph node involvement in squamous cell carcinoma of the penis.

Lymphatic drainage of the penis 
The first draining lymph nodes of the penis are located in inguinal region, and their 
anatomy has been described by various authors.8-10 The inguinal nodes can be divided 
into two groups; superficial and deep. The superficial nodes are located beneath Scarpa’s 
fascia and above the fascia lata covering the muscles of the thigh; typically, eight to 
25 nodes are present. The deep inguinal lymph nodes, which number three to five, 
are located around the fossa ovalis, the opening in the fascia lata where the saphenous 
vein drains into the femoral vein. These deep nodes form the link to the secondary 
regional nodes, located in the pelvis, and receive their afferent lymphatic fluid from 
the superficial lymph nodes. The most constant, and usually the largest inguinal node 
is found medial to the femoral vein and just underneath the inguinal ligament, the so-
called lymph node of Cloquet. From a clinical perspective, the anatomical distinction 
between superficial and deep is useless, as the superficial nodes cannot be distinguished 
from the deep nodes by physical examination. 
Daseler et al. divided the inguinal region into five sections by drawing a horizontal and 
vertical line through the point where the saphenous vein drains into the femoral vein 
with one central zone directly overlying the junction.11 The nodes that are involved 
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in penile carcinoma are typically located in the craniomedial segment, although there 
is individual variation. The penis drains bilaterally in most patients, as is shown by 
lymphoscintigraphy studies.12,13 The pelvic lymph nodes are located around the iliac 
vessels and in the obturator fossa and usually consist of 12 to 20 nodes. Skip metastases, 
circumventing the inguinal nodes, are very uncommon. Only very late in the natural 
history does haematogenic spread occur.14-17

assessIng InguInal node status

Physical examination
Physical examination seems to be of limited value in evaluating inguinal lymph node 
status. Palpable inguinal lymph nodes are present in approximately 30-60% of patients 
at presentation.18 In about half of these cases nodal metastases are found, while the 
rest are caused by an inflammatory reaction.19 Some have suggested to give antibiotic 
treatment to patients with an inflammatory component in order to improve accuracy 
of physical examination.20 However, the prolonged period of antibiotic treatment 
creates a delay that may have a negative effect on oncological outcome.4 In contrast, 
clinically node-negative patients harbour occult metastases in around 20% of cases.3 
These occult metastases are by definition not found with physical examination. One 
study reported specifically on the accuracy of physical examination in assessing nodal 
status, comparing results with histopathology (pN-stage). The sensitivity and specificity 
of physical examination were 90% and 21%, respectively.5

Ultrasound and fine-needle aspiration cytology
Ultrasound in combination combined with fine-needle aspiration cytology (FNAC) 
has a sensitivity and specificity of 39% and 100%, respectively, in assessing the lymph 
node status in cN0 patients.21 FNAC has also been evaluated in the examination of 
palpable lymph nodes. In a series of 16 patients with palpable inguinal lymph nodes, 
sensitivity and specificity were 93% and 91%, respectively.22

Computed tomography
The value of CT scan in staging penile carcinoma is not well known. One report 
published in 1991, described 14 patients undergoing a CT scan of the abdomen, 
pelvis and inguinal regions. In this series, none of the occult metastases in cN0 groins 
were detected by CT. All positive findings on CT were confirmed by histology, and 
there were no false-positive cases. Sensitivity and specificity were 36% and 100%, 
respectively.5 These figures do, however, reflect an older series. CT technology has 
developed since and with the use of modern multi-slice CT scanners and their 
increased spatial resolution, results are probably better.
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Magnetic resonance imaging
Data on the value of MRI for assessing node status are few. Only one series with 
seven patients has been described, reporting on the use of nanoparticle enhanced 
MRI for staging regional lymph nodes. The reported sensitivity and specificity were 
100% and 97%, respectively.23 However, the smallest metastasis found, was 3mm in size. 
No additional information on the technique of histopathological analysis (the golden 
standard to which MRI results were compared) was reported and it is unclear whether 
micrometastasis (≤2mm) could have been missed. Therefore, the reported accuracy 
of MRI might be too optimistic. The spatial resolution of current MRI scanners is 
limited to 2mm at best. 

Positron emission tomography 
Positron emission tomography (PET) is used for staging a variety of malignancies, but 
experience with penile carcinoma is limited. Scher et al. reported on a series of 13 
patients with penile carcinoma. On a nodal-group basis, a sensitivity of 89% was found 
for the detection of inguinal metastases and 100% for metastases in the deep inguinal 
and obturator basins.24 However, the limits of MRI with respect to spatial resolution 
do also hold true for PET. At our institute, all patients with cN0 groins undergo an 
ultrasound and FNAC in case of suspicious nodes. In clinically node-positive patients, 
ultrasound and FNAC are also routinely used to assess the inguinal node status. In case 
of negative cytology, the FNAC is repeated in these patients. A CT scan of the inguinal 
and abdominal region is made in all patients with proven nodal metastasis to assess the 
extent of disease. A PET scan is made in patients with advanced disease. 

Primary tumour characteristics to predict node status
Several histopathological tumour characteristics have been associated with nodal 
involvement, such as tumour grade, vascular and lymphatic invasion, T-category and 
infiltration depth.3,6,7 However, none of these prognosticators seem to be accurate 
enough to safely use in clinical practice. In the current European association of urology 
(EAU) guidelines, the management of cN0 patients is based on the probability for 
nodal metastasis, divided into three risk groups. In the low-risk group (pTis, pTaG1-2 
or pT1G1), a surveillance programme is advised, while in the intermediate risk group 
(T1G2), growth pattern, vascular and lymphatic invasion must be taken into account 
to determine which patients should be offered ILND. In the high-risk group (≥T2 and 
G3 an elective ILND is advised.1,25 Although the advised wait-and-see policy seems 
a safe approach in the low-risk group, the elective ILND appeared to be unnecessary 
in 82% of patients in one study prospectively evaluating the guidelines.2 Clearly, these 
risk-groups need fine-tuning. 
Recently, a nomogram was published predicting the risk of inguinal lymph node 
metastasis in patients with penile carcinoma based on primary tumour characteristics, 
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such as tumour thickness, grade and growth pattern.26 While the nomogram performed 
well in their own series of patients, it also generated some questions. Intermediately 
differentiated tumours were found to have a higher risk of metastases than poorly 
differentiated tumours, which contrasts with results of others.25 The nomogram also 
predicts that superficially growing tumours have a greater risk of metastases than 
vertically growing tumours. This is different from what Cubilla et al., who proposed 
the classification, found in their series.27 Evidently, this nomogram needs to be validated 
before it can be used.

Biomarkers predicting lymph node metastasis
Several biomarkers have been investigated for predicting lymph node metastasis 
in penile carcinoma, such as the transmembrane protein E-cadherin, the matrix 
metalloproteases MMP-2 and MMP-9, expression of p53 and Ki-67. A low E-cadherin 
immunoreactivity has been associated with lymph node metastases, while in the same 
study MMP-2 and MMP-9 were found to have no prognostic value.28 Overexpression 
of p53 in the primary tumour has been significantly associated with lymph node 
metastasis.29,30 Another study found a relation between Ki-67 and nodal metastasis 
and clinical disease progression, although not significantly (p=0.07).31 Several other 
biomarkers that could predict metastasis in squamous cell carcinomas are under 
investigation.32-34 All of the above-mentioned biomarkers however, have yet to gain a 
role in clinical practice and more research is needed before they can be used routinely.

Inguinal lymph node dissection
ILND has an essential role in the treatment of proven inguinal metastasis and is 
curative in approximately 80% of patients who present with one or two metastatic 
lymph nodes.16 It is, however, a procedure that is associated with significant morbidity, 
such as severe oedema and wound infections. The reported complication rates vary 
from 35% to 88%.35-39 The rate of complications is lower when ILND is performed 
in a prophylactic or therapeutic setting while it is higher in a palliative setting.35,37 In 
order to reduce the high morbidity associated with the standard ILND, efforts have 
been made to reduce the extent of surgery. Catalona first reported on the modified 
inguinal lymph node dissection.40 In this procedure the extent of nodal tissue removed 
is limited, and the saphenous vein is spared. The complication rate of the modified 
ILND is lower, but the oncological safety of this procedure has been questioned.41 
Mainly because of the morbidity of the procedure, several issues of debate remain on 
the role and extent of ILND in clinically node-negative groins. Firstly, the timing of 
ILND is subject of debate. On the one hand, cN0 patients seem to benefit from early 
dissection compared to late dissection (after a wait-and-see policy).4 On the other 
hand, an elective ILND proves to be unnecessary in up to 82% of patients because of 
the low incidence of occult metastases in cN0 patients.2 
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Second point of discussion is the extent of lymphadenectomy. In general, 20-30% 
of patients with positive inguinal nodes have positive pelvic nodes, generating the 
question whether a pelvic lymph node dissection should be performed in all patients 
with positive inguinal nodes. The likelihood of pelvic node involvement is related to 
the number of positive nodes in the inguinal region and the tumour grade within these 
nodes. Patients with two or less positive inguinal nodes and no poorly differentiated 
tumour within these nodes are at low risk of pelvic lymph node involvement.42 In the 
current EAU guidelines, a pelvic lymph node dissection is advised in patients with two 
or more involved inguinal lymph nodes and/or extracapsular invasion of the lymph 
node(s). The likelihood of metastatic involvement of the contralateral cN0 groin is also 
related to the number of positive inguinal nodes in the operated groin. With two or 
more metastases, the probability of occult contralateral involvement is approximately 
30%.43 The EAU guidelines suggest to consider a modified ILND in these cases. At 
our institute we use dynamic sentinel node biopsy (DSNB) to assess the tumour status 
of cN0 groins.

Dynamic sentinel node biopsy
The concept of the ‘sentinel node’ was first used in clinical practice by Cabañas.44 
Based on lymphoscintigraphic studies of the penis, Cabañas identified the lymph node 
medial to the superficial epigastric vein as the first draining node or sentinel node 
of the penis. Sentinel node surgery for penile carcinoma from then on consisted of 
removal of the lymph node in this predetermined location, not taking into account 
individual variations in lymphatic drainage patterns. Several false-negative cases were 
reported, and the technique was largely abandoned.45 Morton et al. revived the concept 
of the sentinel node in melanoma patients, by using blue dye as a tracer of lymphatic 
drainage. With this technique, individual variations could be mapped and the sentinel 
node procedure is now used in a variety of malignancies. 
DSNB for penile carcinoma was introduced in 1994.46 It uses a radioactive tracer 
(99mTechnetium nanocolloid) and blue dye to map the pattern of lymphatic drainage of 
the penis and identify the sentinel node(s). One day before surgery, a lymphoscintigraphy 
is made after the 99mTechnetium nanocolloid is injected around the primary tumour. 
The sentinel node is identified and marked on the skin by a nuclear physician. On 
the day of surgery, blue dye is injected around the tumour about 10 minutes before 
the start of surgery. Intraoperatively, the radioactive sentinel node is located using 
a gamma-ray detection probe and the blue dye. After removal, the sentinel node(s) 
are meticulously analysed for presence of metastasis. In case of a tumour-positive 
sentinel node, a completion ILND is performed.47 The main disadvantage of DSNB 
is the relatively high false-negative rate of 22% in the initial procedures.48 Several 
modifications to the procedure have since been made to improve sensitivity and in a 
recent analysis of the current DSNB procedure, the false-negative rate was reduced to 
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4.8%.49,50 At our institute, DSNB is indicated in all patients with cT1-T3 tumours that 
are unilaterally or bilaterally cN0. DSNB should only be performed in cN0 groins, as 
it seems to be unreliable in groins with suspicious nodes.51 Compared to ILND, the 
morbidity of DSNB is much lower. Complications occur in 7% of cases, and tend to 
be transient and mild.52

adjuvant and neo-adjuvant therapy

Chemotherapy
The role of chemotherapy as adjuvant or neo-adjuvant therapy in the management 
of inguinal metastasis is not well defined, because of the lack of randomized studies in 
this field. Several chemotherapeutic agents have been reported to have an effect on this 
type of tumour, both as single agents as in combination chemotherapy. There is some 
evidence that adjuvant chemotherapy may reduce the number of local recurrences 
after surgery, although the available evidence is too scarce to recommend its routine 
use.1,53 Neo-adjuvant chemotherapy seems to be of value in patients presenting with 
fixed lymph nodes (N3), which are primarily inoperable. In an article combining 
the published experience of various cisplatin-based regimens used in a neo-adjuvant 
setting in patients with fixed inguinal nodes, a clinical response was found in 24 of 35 
patients (68.6%) and 15 (42.6%) patients were able to undergo a lymph node dissection, 
of whom eight (22.6%) patients remained alive without evidence of disease.17 We 
found similar results at our own institute.54

Radiotherapy
There is no role for radiation therapy as a primary treatment in patients with confirmed 
lymph node metastasis, as the five-year survival in this group is only half (25%) that 
of the group with surgery as primary treatment (50%).43 Prophylactic radiotherapy in 
cN0 groins is not recommended, for several reasons: the efficacy has not been proven, 
the risk of complications is significant and the associated fibrotic changes hinder 
reliable follow-up.1 Too little data is available on the use of preoperative radiotherapy, 
to reliably assess its value.17 Also the postradiation effects may hamper consecutive 
surgery. Adjuvant radiotherapy may be given in case of extracapsular growth of the 
lymph node or pelvic lymph node involvement.

future developMents

Several interesting developments could influence the future of management of 
inguinal metastasis. Microarray analysis is a technique with which the activity of 
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thousands of genes can be determined in one single experiment. Using this technique 
in other tumours, genetic expression profiles have been found predicting metastatic 
potential and prognosis.55,56 Preliminary results from an analysis of 56 patients with 
penile carcinoma, did however fail to identify a reliable expression pattern predicting 
lymphatic spread. (Unpublished data)
Video Endoscopic Inguinal Lymphadenectomy (VEIL) is a recently developed 
minimally invasive approach to perform ILND. Although no results on oncological 
safety are available yet, it could significantly reduce the morbidity associated with 
inguinal lymphadenectomy.57 Recent studies that have shown that tumours can actively 
induce lymphangiogenesis enabling lymphatic metastasis. Vascular endothelial growth 
factors (VEGF) are a group of signalling proteins involved in angiogenesis. Some 
subtypes, such as VEGF-C and VEGF-D, have been correlated with lymphangiogenesis 
and lymph node metastasis in clinical studies, giving rise to possible new diagnostic 
and therapeutic options.58 HPV infection is probably the most common sexually 
transmitted disease.59 High-risk human papillomavirus (HPV) has an essential role 
in the carcinogenesis of cervical cancer.60 In around 30% of penile carcinomas, high-
risk human papillomavirus (HPV) DNA is found.61 Recently, the food and drug 
administration (FDA) approved the first vaccine for prevention of cervical cancer, and 
HPV vaccination programs to prevent cervical cancer are currently being considered.62 
Widespread vaccination against high-risk HPV in women may have a substantial 
impact on the incidence of penile carcinoma.
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IntroductIon

Squamous cell carcinoma (SCC) accounts for more than 95% of penile malignancies. 
The pattern of dissemination is predominantly lymphogenic to the inguinal nodes.1 
Management of patients with proven inguinal metastases consists of treatment of the 
primary lesion and inguinal lymph node dissection (ILND). However, the treatment 
of clinically node-negative (cN0) patients has been subject of debate for many years. 
Approximately 20% of these patients harbour clinically occult inguinal lymph node 
metastases.2 Various approaches to detect these metastases have been evaluated. A 
wait-and-see policy carries the risk of detecting metastasis in a later stage, negatively 
influencing outcome.3 For this reason, elective ILND is generally performed. Because 
of the low incidence of occult lymph node metastases, the ILND is unnecessary in 
the majority of patients. Moreover, ILND is associated with major morbidity.4 The 
challenge is to accurately select patients at high risk of occult lymph node metastasis, 
in whom an ILND should be performed. 
Much clinical research has focused on finding primary tumour prognosticators to 
identify these patients. Especially tumour stage and differentiation have been associated 
with the regional lymph node status.5,6 Unfortunately, these characteristics are rather 
unreliable. Relying solely on these prognosticators for the decision to perform ILND 
will lead to unacceptable false-negative and false-positive rates. Therefore, nodal tissue 
analysis remains necessary for most patients. Thus, more reliable predictive factors are 
needed to assist in the selection of patients at high risk of harbouring occult metastases. 
Advances in molecular technology can possibly help in unravelling the biologic 
behaviour of neoplastic diseases. One of the determinants of biological behaviour of a 
primary tumour is activity of its genes. It is hypothesized that this gene activity pattern 
reflects the aggressiveness and maybe the process that underlies lymph node metastasis. 
Therefore, gene-expression profiling may better predict and identify patients at risk 
for developing lymph node metastasis. Preliminary experiences with this technique in 
squamous cell carcinoma in the head and neck region and oesophagus are promising.7,8 
In this study we determine the value of gene-expression profiling as a predictor for 
lymph node status in patients with penile squamous cell carcinoma.

patIents and Methods

Patients and tumour specimens
Investigations were carried out in 70 patients with SCC of the penis treated at our 
institute between 1985 and 2003. Only patients with a minimum follow-up of 
two years were included. All tumours were (re)staged and graded according to the 
2002 TNM system. Primary tumour treatment consisted of (partial) amputation or 
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local excision in all cases. Until 1994, clinically node-negative patients underwent a 
stringent wait-and-see policy to screen for possible inguinal metastasis. Since 1994, 
sentinel node biopsy is performed in this group of patients An inguinal lymph node 
dissection was performed in all patients with histologically proven inguinal metastasis. 
This study represents patients of whom fresh frozen penile tumour material was 
available in our tissue bank. Microarray analysis was only performed in specimens with 
a tumour cell percentage ≥50%, resulting in the exclusion of 14 patients. Thirty-two of 
the resultant 56 tumours belonged to patients with histopathologically proven lymph 
node metastases, i.e. overt lymph node metastases at presentation, a tumour-positive 
sentinel node or nodal metastases encountered during a follow-up period of at least 
two years. All patients with nodal involvement underwent lymphadenectomy. Twenty-
four tumours were derived from patients without signs of lymph node involvement 
and who remained free of nodal metastasis during a follow-up period of at least 
two years. Control visits consisted of physical examination and on indication imaging 
with ultrasound, CT or PET. Virtually all occult metastases in cN0 patients show up 
within this period of time.9 All patients were followed regularly at our institute with 
intervals of two months during the first two years after primary tumour treatment, 
three months in the third year and every six months thereafter.

Study design and sample size
The 56 patients were divided into a training and validation set. For the training set, 
15 patients with overt and histopathologically proven nodal metastases and 15 patients 
without signs of nodal metastases were selected. The validation set consisted of the 
remaining 26 patients, containing 17 node-positive patients and nine node-negative 
patients. With microarray hybridization, a gene-expression profile was made of all 
primary tumour specimens. Based on the differences in gene-expression between 
specimens from node-positive and node-negative patients in the training set, a gene 
classifier was build to predict nodal involvement. The accuracy was tested by applying 
this classifier to the patients in the validation set.

Isolation and amplification of ribonucleic acid (RNA)
Thirty sections of 30µm from each penile tumour were used for RNA isolation. 
The first and last section of each tumour were stained with haematoxylin and eosin 
to monitor the tumour cell percentage of the tissue. Only specimens with ≥50% of 
tumour cells were included in this study. Detailed protocols for RNA isolation and 
amplification are available at: http://www.nki.nl/nkidep/pa/microarray/protocols.
htm and http://microarray.nki.nl/download/protocols.html. In summary, RNAzol 
(Campro Scientific) was used to extract the total RNA, that was purified using the 
Qiagen RNAse free DNAse kit and Rneasy spin columns. Four µg of purified total 
RNA was then amplified with the Invitrogen superscript RNA amplification system.
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Labelling and microarray hybridization
All hybridizations were performed on human 35k oligoarrays, manufactured at the 
Netherlands Cancer Institute. Each array contains 34580 probes, representing 24650 
genes. A complete list of genes and controls on the arrays is available at http://
microarrays.nki.nl/download/geneid.html. One µg of amplified RNA (aRNA) from 
the penile tumour was labelled with fluorescent ULS-Cy3 or ULS-Cy5 (Kreatech 
Biotechnology) and mixed with the same amount of reverse colour labelled aRNA 
from a reference group. The reference group consisted of pooled aRNA derived from 
20 node-positive and 20 node-negative patients. This reference was chosen in order 
to identify small differences in expression level between the samples and the reference 
group. All experiments were done in both colour reversed modes. To monitor the 
consistency of the experiments, a “self-self ”-hybridization (using identical aRNA) 
was performed every 10 experiments. Hybridizations were performed using a Tecan 
HS4800 hybridization station. More detailed information on hybridization is available 
at http://microarray.nki.nl/download/protocols.html. After hybridization, the slides 
were washed and digitized with an Agilent microarray scanner. 

Microarray Data Preprocessing
Imagene 6 software (Biodiscovery, El Segundo, CA) was used to quantify the RNA 
expression levels (based on fluorescence intensity) on the arrays, using the digital 
images from the microarray scanner. After correction for background-noise, intensities 
of each tumour sample were compared to those of the reference pool sample and 
log2-expression ratios were calculated. Confidence levels were assigned to ratios by 
using the Rosetta error model.10 

Data selection and filtering
For further analysis, the number of probes was reduced by filtering out all probes that 
did not significantly change in expression compared to the reference pool. Thus, only 
probes with a significant log2-ratio in at least three samples were selected. As a result, 
the number of probes for further analysis was reduced from 34580 to 11783.

Supervised classification
The data acquired from the training set was used in an attempt to build a classifier that 
distinguished between tumours with and without nodal involvement. For all 11783 
probes, a signal to noise ratio (SNR) was calculated as follows:

μG1 - μG2 / σG1 - σG2

G1 and G2 are the two outcome groups (nodal involvement and no nodal involvement) 
containing the log2 ratios for a probe, μ is the mean and σ is the standard deviation. The 
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probes were than ranked based on the absolute SNR. The top-ranked probes (i.e. the 
probes best differentiating between the two tumour groups) were selected for building 
a classifier. To reduce the chances of including false-positive probes, we performed a 
Monte Carlo randomization with 2000 random permutations, to roughly identify the 
number of probes that can be selected for building the classifier, without risking a 
high possibility of including false-positives genes that would negatively influence the 
accuracy of the classifier. This number was set at a maximum of 50 probes.The optimal 
number of probes for the classifier was determined using a leave-out cross-validation 
procedure (LOCV). In every leave-out step, a sample from both tumour groups (with 
and without nodal involvement) was left out and the top-ranked probes from the 
remaining samples were used to build the classifier. This classifier was then applied to 
the left-out samples to assign them to the two groups. This step was repeated for all 
samples and with an increasing numbers of genes to find the best overall classifier. A 
44-probe classifier was found to have the best performance within the training set. 
Finally, the found classifier was applied to the validation group of 26 patients and the 
sensitivity and specificity were determined.

results

For a detailed overview of patient characteristics see table 1. 

Training set (n=30) Validation set (n=26)

N+ (n=15) N- (n=15) N+ (n=17) N- (n=9)

Median age (range) 65 (29-86) 66 (41-87) 68 (34-81) 72 (60-88)

pT-stage
   1
   2
   3
   4

2
8
5
0

2
11
2
0

3
13
1
0

0
7
2
0

Differentiation
   Well
   Moderate
   Poor

2
7
6

6
8
1

10
5
2

2
6
1

Vascular invasion
   Present
   Absent

6
9

0
15

2
15

2
7

Median tumor 
diameter (mm) 40 (22-90) 30 (12-60) 38 (16-90) 50 (14-95)

Median invasion 
depth (mm) 15 (4-16) 5 (3-8) 10 (4-25) 8 (8-12)

Table 1: The clinicopathological features of the 56 patients
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N+ 3277

N+ 3228

N+ 3354

N+ 3264

N+ 3303 Figure 1: Heat map of the 44 
reporter probes across the 30 
training samples. Each row 
represents a tumour and each 
column a probe. The probes are 
clustered based on the similarities 
across the 30 tumours.

Figure 2: Classification of the 30 samples in the training 
set, based on the 44 selected probes. The diagonal line 
represents the decision boundary, separating the two 
predicted outcome groups. Green dots represent tumours 
with nodal involvement and red dots tumours without. 29 
of 30 tumours were correctly classified.

Figure 3: Classification of the 26 tumours in the validation 
set. Green dots represent tumours with nodal involvement, 
red dots tumours without. When correctly classified, the 
green dots should appear in the area below the diagonal 
line and red dots above. In the validation set, 14 of the 26 
tumours were correctly classified.
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Ranking 
SNR

Absolute 
SNR Transcript

Corresponding
 gene Gene description

1 1.02146 ENSG00000155329 ZCCHC10 Zinc finger CCHC domain-containing protein 10

2 0.960679 ENST00000292144 CD3G T-cell surface glycoprotein CD3 gamma chain precursor (T-cell receptor T3 
gamma chain)

3 0.9545 ENST00000313775 NA

4 0.869505 ENST00000258349 RC3H1 Roquin (RING finger and C3H zinc finger protein 1)

5 0.858896 ENST00000303865 ZBTB43 Zinc finger protein 297B (ZnF-x) (Zinc finger and BTB domain- containing 
protein 22B)

6 0.832102 ENST00000324397 NA

7 0.808873 ENST00000315482 NA

8 0.806565 ENST00000313055 NA

9 0.798641 ENSG00000134013 LOXL2 Lysyl oxidase homolog 2 precursor (EC 1.4.3.-) (Lysyl oxidase-like protein 2) 
(Lysyl oxidase-related protein 2) (Lysyl oxidase-related protein WS9-14)

10 0.790113 ENST00000051619 XK Membrane transport protein XK (Kx antigen) (Kell complex 37 kDa 
component) (XK-related protein 1)

11 0.785921 ENST00000301305 SLC39A4 Zinc transporter ZIP4 precursor (Solute carrier family 39 member 4)

12 0.785757 ENST00000259400 STX17 Syntaxin-17 (KAT01814)

13 0.776817 ENSG00000107464 NA

14 0.771009 ENST00000281381 NA

15 0.765967 ENSG00000125976 RBM12 RNA-binding protein 12 (RNA-binding motif protein 12) (SH3/WW domain 
anchor protein in the nucleus) (SWAN)

16 0.756272 ENSG00000108100 C10orf9 Cyclin fold protein 1 (Cyclin-box protein 1)

17 0.755447 ENST00000319292 NA

18 0.751295 ENST00000313234 NA

19 0.748052 ENST00000323228 NA

20 0.742615 ENST00000307381 NA

21 0.741186 ENST00000307876 NA

22 0.740979 ENST00000310485 NA

23 0.740851 ENSG00000134352 IL6ST
Interleukin-6 receptor beta chain precursor (IL-6R-beta) (Interleukin 6 signal 
transducer) (Membrane glycoprotein 130) (gp130) (Oncostatin M receptor) 
(CD130 antigen) (CDw130)

24 0.736617 ENST00000318816 NA

25 0.728139 ENST00000296223 POLR2H DNA-directed RNA polymerases I, II, and III 17.1 kDa polypeptide (EC 
2.7.7.6) (RPB17) (RPB8) (RPABC3)

26 0.7256 ENSG00000147804 SLC39A4 Zinc transporter ZIP4 precursor (Solute carrier family 39 member 4)

27 0.722921 ENST00000324170 ZCCHC10 Zinc finger CCHC domain-containing protein 10

28 0.722834 ENSG00000134574 DDB2
DNA damage-binding protein 2 (Damage-specific DNA-binding protein 2) 
(DDB p48 subunit) (DDBb) (UV-damaged DNA-binding protein 2) (UV-DDB 
2)

29 0.72275 ENST00000320478 NA

30 0.721083 ENST00000256996 DDB2
DNA damage-binding protein 2 (Damage-specific DNA-binding protein 2) 
(DDB p48 subunit) (DDBb) (UV-damaged DNA-binding protein 2) (UV-DDB 
2)

31 0.718745 ENST00000277240 UGCG
Ceramide glucosyltransferase (EC 2.4.1.80) (Glucosylceramide synthase) (GCS) 
(UDP-glucose:N-acylsphingosine D-glucosyltransferase) (UDP- glucose 
ceramide glucosyltransferase) (GLCT-1)

32 0.718027 ENST00000265183 NA

33 0.717462 ENST00000280772 ANK3 Ankyrin-3 (ANK-3) (Ankyrin-G)

34 0.7094 ENST00000253122 SLC6A8 Sodium- and chloride-dependent creatine transporter 1 (CT1) (Creatine 
transporter 1) (Solute carrier family 6 member 8)

35 0.708016 ENST00000244336 CEACAM8
Carcinoembryonic antigen-related cell adhesion molecule 8 precursor 
(Carcinoembryonic antigen CGM6) (Nonspecific cross-reacting antigen NCA-
95) (CD67 antigen) (CD66b antigen)

36 0.705108 ENST00000265428 WWP1 NEDD4-like E3 ubiquitin-protein ligase WWP1 (EC 6.3.2.-) (WW domain- 
containing protein 1) (Atropin-1-interacting protein 5) (AIP5)

37 0.702582 ENST00000298194 NA

38 0.70146 ENST00000273434 NA

39 0.700692 ENSG00000115677 HDLBP Vigilin (High density lipoprotein-binding protein) (HDL-binding protein)

40 0.699877 ENST00000229277 ENO2 Gamma-enolase (EC 4.2.1.11) (2-phospho-D-glycerate hydro-lyase) (Neural 
enolase) (Neuron-specific enolase) (NSE) (Enolase 2)

41 0.699509 ENST00000314477 NA

42 0.693802 ENST00000319315 NA

43 0.692903 ENSG00000140992 PDPK1 3-phosphoinositide-dependent protein kinase 1 (EC 2.7.11.1) (hPDK1)

44 0.692326 ENST00000325540 NA

Table 2: Overview of the 44 probes in the classifier
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We compared the group of node-positive patients with the group of node-negative 
patients with regard to primary tumour characteristics with multivariate analysis. In this 
series, only infiltration depth was significantly related to nodal metastasis (p=0.002), 
while pT-category (0.46), tumour differentiation (p=0.09), vascular invasion (p=0.50) 
and tumour diameter (p=0.92) were not. An overview of the 44-probe classifier is 
given in table 2. The classifier correctly assigned 29 of 30 specimens in the training set to 
the two outcome groups. (Figure 1 and 2) However, this high accuracy is not an adequate 
estimate, since the classifier was built using the exact same 30 specimens. Therefore the 
independent validation set was used to assess the ‘real-life’ accuracy. In the validation 
set of 26 tumours, the classifier correctly assigned 14 of the 26 (54%) specimens to 
the two outcome groups. Of the 17 specimens with histopathologically proven nodal 
involvement, 12 were classified as node-positive and five as node-negative, resulting 
in a false-negative rate of 29%. Of the nine specimens from node-negative patients, 
two were correctly classified as node-negative and seven as node-positive, resulting in 
a false-positive rate of 78%. (Figure 3) 
In summary, the sensitivity and specificity of the 44-probe classifier for predicting 
lymph node status based on the gene-expression profile of the primary tumour were 
71% and 22%, respectively. The positive and negative predictive values were 63% and 
71%.

dIscussIon

To our knowledge this is the first study that deals with gene-expression patterns 
to predict lymph node status in penile carcinoma. In this study no accurate gene-
expression profile predicting the lymph node status in penile carcinoma could be 
found. 
Gene-expression profiling has been used in other tumours such as breast cancer, 
ovarian cancer and lung cancer. In several studies, profiles were found that successfully 
predicted prognosis, response to treatment or metastatic potential.11-13 Of special 
interest in relation to this study, are investigations performed for squamous cell 
carcinomas in other areas, such as the head and neck region (SCCHN) and oesophagus 
(ESCC). Squamous cell carcinomas have a similar biological behaviour in pattern of 
metastasis.7,8 Roepman et al. identified a gene-expression profile predicting lymph 
node status in patients with SCCHN, after analysing 82 primary tumours from both 
node-positive and node-negative patients.7 A 102-gene classifier was 100% accurate in 
predicting node-negative status and a 77% accurate for node-positive status. However, 
these results have not been confirmed in a validation group. If validated, a significant 
number of patients could be spared a neck dissection using this technique. In a similar 
study in ESCC, Tamoto et al. built a classifier predicting lymph node metastases. In a 
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validation group of 18 patients, this classifier was 88.9% accurate.8 
The classifier that was found in our series, did not prove to be sufficiently accurate 
in validation. One could argue, that a predictive profile was not found because of the 
relatively small number of patients in this series. It is, however, difficult to approximate 
the required number of samples needed to achieve an expected result in advance. 
Traditional statistical methods to estimate the required sample size cannot be used 
in microarray experiments because of very large amounts of data and variability in 
potential outcomes.14,15 In the above-mentioned study of Tamoto, a useful classifier 
was found in a similarly sized group of samples.8 On the other hand, in a large set of 
295 breast cancer samples for instance, no accurate classifier predicting lymph node 
involvement could be found.16 This illustrates that a large sample size it not a guarantee 
for success. 
In the past few years, the role of microRNA in carcinogenesis has become increasingly 
evident. MicroRNAs are a group of non-coding RNAs that regulate the stability and 
translational efficiency of their target messenger RNA.17 There is increasing evidence 
that microRNAs are critical in the control of cell proliferation and survival and have a 
role in the development of cancer.18,19 Initial experiences with microRNA-expression 
profiling have been promising and could provide useful tools for diagnosis and the 
prognosis of various cancers.20 
The management of clinically node-negative penile carcinoma patients remains 
controversial. Ficarra et al. proposed a nomogram to predict the risk of metastasis in 
these patients, based on primary tumour characteristics.21 Although this nomogram 
performed well in their own series of patients with a concordance index of 0.876, it 
needs to be validated before it can be used in clinical practice. The recently introduced 
‘lymphotropic nanoparticle enhanced magnetic resonance imaging’ is an imaging 
modality that uses a lymph node specific contrast agent to visualise lymph nodes. Using 
high-resolution magnetic resonance imaging (MRI), this technique is able to detect 
smaller metastases than conventional MRI.22 Preliminary results of this technique in 
penile carcinoma are promising, but the only reported series yet is small.23 Also, the 
spatial resolution of current MRI scanners is limited to 2mm at best and smaller 
metastases could therefore be overlooked. 
At our institute, we use dynamic sentinel node biopsy (DSNB) to assess the lymph 
node status of clinically node-negative patients.24 Only the sentinel node is surgically 
removed with the aid of preoperative lymphoscintigraphy, intra-operative gamma-
ray detection and a vital dye. Only in case of a tumour-positive sentinel node, a 
completion inguinal lymphadenectomy is performed. The sensitivity and specificity 
of the current procedure are 95.2% and 100%, respectively and morbidity is low.25,26
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conclusIon

In this series, gene-expression profiling did not produce a useful classifier to predict 
nodal involvement in patients with penile carcinoma. The need for non-invasive and 
accurate predictive factors and imaging techniques remains.
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IntroductIon

Penile carcinoma is a rare disease in the Western world with an incidence of around 
one per 100.000.1 Penile carcinoma has a lymphogenic pattern of metastasis and the 
first draining nodes are in the inguinal region.2 The most important prognostic factor 
for survival is the extent of metastatic involvement.3 The strategy of treatment depends 
greatly on nodal status. There is consensus regarding the treatment of node-positive 
patients, in whom a radical inguinal lymph node dissection (ILND) is routinely 
performed. The management of clinically node-negative (cN0) patients poses a clinical 
problem. Around 20-25% of these patients have occult inguinal metastasis and it has 
been shown that early removal of these metastatic nodes provides a survival benefit 
compared to removal at the time the occult metastasis become clinically apparent.3,4 

An elective ILND in all cN0 patients, however, would lead to substantial unnecessary 
morbidity such as lymph oedema and infections.5 As in other diseases facing a similar 
clinical dilemma, such as breast cancer and melanoma, we use dynamic sentinel node 
biopsy (DSNB) to assess the nodal status in cN0 patients.6 Although sentinel node 
biopsy is a minimally invasive procedure, it is still associated with complications. Also, 
a false-negative procedure has a potentially large impact on patient survival.7 
A reliable and non-invasive method to assess the lymph node status in cN0 patients 
would therefore be very welcome. 18F-FDG-positron emission tomography (PET) has 
been shown to be successful in the staging and treatment-monitoring of a variety of 
malignancies.8,9 By adding anatomical information of computed tomography (CT) 
to the functional imaging of PET, the recently introduced hybrid PET/CT imaging 
outperforms single PET in quality of lymph node staging.10,11 Scher et al. showed that 
PET/CT is a potential tool for diagnosis and staging of penile carcinoma.12 However, 
their study consisted of a relatively small group of 13 patients and did not focus on 
cN0 patients. In this study, we prospectively evaluated the role of hybrid PET/CT to 
assess the inguinal node status in cN0 groins in patients with penile carcinoma. 

patIents and Methods

Study design
We prospectively enrolled 24 patients scheduled for DSNB in the period from March 
2006 until May 2007. Within two weeks before surgery, all patients underwent a 
preoperative hybrid PET/CT scan to assess the lymph node status of the cN0 inguinal 
regions. All patients gave their informed consent before entering the study.

Patient characteristics
All patients had a histopathologically confirmed squamous cell carcinoma of the penis. 
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Eighteen patients were bilaterally cN0. Five patients were unilaterally clinically node-
positive and only the cN0 groin was evaluated. In one patient, only one groin could 
be assessed because of an earlier inguinal lymph node dissection for a cytologically 
proven inguinal metastasis in the contralateral groin. This patient was scheduled for 
unilateral DSNB (and enrolled into this study) after a penile recurrence of the tumour. 

Technique of PET/CT
18F-FDG-PET/CT imaging was performed using two different hybrid systems. Until 
September 2006, a mobile PET/CT system was used (Biograph II, Siemens, Erlangen, 
Germany). Nine patients were examined using this system. From September 2006 
on, a definite fixed PET/CT system was used (GeminiTF, Philips, Amsterdam, The 
Netherlands). The remaining 15 patients were scanned with this system. Both systems 
permit the acquisition of co-registered CT and PET images in one session. Patients 
fasted for at least six hours before intravenous injection of 300-400MBq (Biograph II) 
or 180-240MBq (GeminiTF) 18F-FDG. Approximately one hour after injection, the 
PET/CT images were acquired with the patient in supine position. No intravenous or 
oral contrast agents were used. Firstly, a low dose CT (dose modulated with an average 
of 40mAs, 140kV, 5mm section thickness from the knee to the head was performed. 
Immediately after the low dose CT, a 18F-FDG-PET emission scan on the basis of 
two to three minutes per bed position was acquired. PET data were corrected for 
attenuation using CT.

Evaluation of PET/CT results
All PET/CT data were qualitatively interpreted by two different nuclear medicine 
physicians (RVO and CH) with extensive experience. A lesion was considered 
malignant, if its glucose uptake was found to be above levels of surrounding tissue 
on qualitative analysis. Lesions were marked 0, +1, +2 and +3 based on the intensity. 
0 and +1 lesions were considered benign, while +2 and +3 lesions were assumed to 
be malignant. The interpreting nuclear medicine physicians were aware of the clinical 
diagnosis. Beyond the scope of this study, all patients were screened for the presence of 
further tumour dissemination using the PET/CT images.

Technique of sentinel node biopsy
The used technique of sentinel node biopsy at the NKI has been described in detail 
previously.6 In short, all patients scheduled for DSNB underwent a preoperative 
ultrasound two weeks prior to surgery. On indication, fine-needle aspiration cytology 
(FNAC) was performed to detect suspicious lymph nodes, potentially causing tumour-
blockage and rerouting of lymphatic drainage, that were not found with physical 
examination. One day before surgery, lymphoscintigraphic images were obtained from 
all patients, after intradermal, peritumoural injection of a 99mTechnetium nanocolloid 



60

Chapter 5

(Nanocoll®, GE Healthcare, Eindhoven, the Netherlands). Dynamic and static imaging 
was performed post-injection, using a dual-head gamma-camera (ADAC Vertex®, 
Milpitas, California, U.S.A.). Anterior and lateral images were routinely obtained with 
simultaneous transmission scanning using a cobalt-57 flood source to outline the body 
contour for orientation. The location of sentinel nodes was marked on the skin. Shortly 
before sentinel node surgery, 1ml of patent blue dye (Laboratoire Guerbet, Aulnay-
Sous-Bois, France) was injected intradermally around the tumour. Sentinel nodes were 
identified intra-operatively with the aid of the lymphoscintigraphic images, a gamma-
ray detection probe (Neoprobe®, Johnson & Johnson Medical, Hamburg, Germany) 
and the patent blue dye. All harvested sentinel nodes were histopathologically analysed. 
In case of one or more tumour-positive sentinel nodes, a completion ILND was 
performed on the affected side.

Gold standard
The histopathological tumour status of the harvested sentinel node(s) was used as the 
gold standard to compare the PET/CT results. All sentinel nodes are meticulously 
analysed, using step-sectioning and immunohistochemical staining. In case of a sentinel 
node metastasis, the size was recorded. To detect a potential false-negative sentinel 
node, we adhere to a strict follow-up protocol.6 During a median follow-up of 15.4 
(range 11-28) months, no false-negative sentinel node procedures came to light.

Statistical analysis
The sensitivity, specificity, positive-predictive value and negative-predictive value were 
calculated using the standard statistical methods.

 
results

Patient characteristics
A total of 24 patients were enrolled in this study. A detailed overview of patient 
characteristics can be found in table 1.

Results from sentinel node biopsy and histopathology
FNAC was tumour-positive in two of the 42 evaluated cN0 groins. These patients 
proceeded directly to completion ILND without sentinel node biopsy. In the remaining 
40 cN0 groins, at least one sentinel node could successfully be harvested. Three (8%) 
contained metastasis. Thus in total, five of 42 cN0 groins (12%) were tumour-positive.
All patients with a tumour-positive sentinel node underwent completion ILND. 
None of the patients had additional metastasis in the ILND specimen. The size of 
the metastasis in the five tumour-positive cN0 groins were 1, 1, 10, 10 and 30mm, 
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respectively. The 30mm metastasis was not found during physical examination 
because of extreme obesity of the patient, hence the cN0 classification. The node was 
suspicious on the preoperative ultrasound and FNAC of the node turned out to be 
tumour-positive.

PET/CT results
For an overview of results see table 2. Of the five cN0 groins with histopathologically 
proven metastasis, abnormal 18F-FDG uptake, thought to characterize metastasis, was 
observed in only one, leading to a sensitivity of 20% (see figure 1 for example). The 
correctly identified tumour-positive groin contained a metastasis of 30mm. Thus, all 
metastasis ≤10mm were not identified. PET/CT correctly identified 34 of the total 
37 tumour-negative groins, giving a specificity of 92% (see figure 2 for a false-positive 
result). The positive-predictive value was 25% and the negative-predictive value 89%. 
All five clinically node-positive groins were correctly identified on the PET/CT 
images. They contained metastasis of 20, 20, 30, 40 and 60mm, respectively.

Total number of patients 24

cN0 groins*

cN-positive groins
42
5

Age (range) 61 (46-82)

T category at presentation
   T1
   T2

8
16

Tumour differentiation
   Well
   Intermediate
   Poor

10
8
6

Table 1: Patient characteristics
*One patient had a unilateral ILND before enrolment into the study; this groin was not evaluated

PET/CT result

Benign appearance Malignant 
appearance

0 +1 +2 +3

Gold standard Tumour-positive 2* 2* 1 0

Tumour-negative 32 2 3† 0

Table 2: Overview of results
*False-negative result; †False-positive result
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Figure 1: Overview of CT image (A), PET image (B) and 
fused image (C) of cN0 groin showing a true-positive lesion 
in the left groin (arrow)

Figure 2: Overview of CT image (A), PET image (B) and 
fused image (C) of cN0 groin showing a false-positive lesion 
in the right groin (arrow)

A A

B B

C C
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dIscussIon

This study shows that the role of hybrid PET/CT to detect occult inguinal metastasis 
in patients with penile cancer is limited with a sensitivity of only 20%. Therefore, it 
currently cannot replace invasive management options such as sentinel node biopsy 
or elective ILND. A plausible explanation for the low sensitivity might be the size 
of nodal metastasis, which is below the detection threshold of PET/CT. Kitajima et 
al. showed that the sensitivity of PET/CT to detect nodal metastasis in endometrial 
cancer increased with larger size of metastasis.13 They found a sensitivity of 16.7% for 
detection of smaller metastasis (<4mm), which is substantially lower than for metastasis 
between 5mm and 9mm (66.7%) and for metastases of 10mm and larger (93.3%). In 
our study, all nodal metastases larger than 20mm were correctly identified on PET/
CT. With regards to the specificity, we found three false-positive PET/CT results. 
The most obvious reason for this is the inflammatory component with high glucose-
uptake, that is often present in penile carcinoma. 
Several studies, evaluating the role of PET in diagnosing occult nodal metastasis, 
have been performed in patients with squamous cell carcinoma of the head and neck 
region.14,15 This disease is similar to penile cancer in terms of histopathology, lymphatic 
dissemination pattern and the clinical dilemma in managing clinically node-negative 
patients. The reported sensitivities varied from 0 to 100%, probably because of the 
relatively small number of patients. Two larger studies evaluating the role of PET and 
PET/CT in squamous cell carcinoma of the head and neck region both report a 
sensitivity of around 50% and high specificity of >95%.16,17 Both studies conclude that 
PET/CT should not be a routine exam in cN0 patients with squamous cell carcinoma 
of the head and neck region. Sentinel node biopsy is also used in melanoma to manage 
cN0 patients. In this field, several studies were done to investigate a possible role of 
PET in this group of patients. In a systematic review to compare PET with sentinel 
lymph node biopsy for the staging of melanoma, sentinel node biopsy was found to 
be superior to PET in all evaluated studies.18

There are several limitations to this study. The most important one is the relatively small 
number of patients. As only 20-25% of cN0 patients harbour occult metastasis, even 
less patients are available for the calculation of the sensitivity of PET/CT. However, 
because four out of five occult metastasis were missed by PET/CT in this study, it 
seems unlikely that the sensitivity would improve to an acceptable level to omit surgical 
staging. Another limitation is the fact that this study relies on the quality and accuracy 
of sentinel node biopsy as the gold standard. Although the reliability of this procedure 
in penile cancer has been described by various authors, a false-negative procedure 
could still come to light and influence results from this study.6,19,20 However, during a 
follow-up of 15.4 months, no false-negative case occurred. An advantage of the use 
of DSNB compared to elective ILND as gold standard, is the fact that the sentinel 
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node is analysed in detail and potential micrometastases are detected, in contrast to 
the evaluation of the much larger ILND specimens where micrometastases are more 
likely to be missed.21 The management of clinically node-negative penile carcinoma 
patients remains controversial. Several efforts have been made to identify patients with 
occult metastasis based on primary tumour characteristics.22-25 So far, none have been 
accurate enough to use in daily practice. Other imaging techniques have also been 
evaluated. One article evaluating seven patients reported on the use of  lymphotropic 
nanoparticle enhanced magnetic resonance imaging (LNMRI) to assess lymph node 
status in penile carcinoma.26 A very high sensitivity and specificity of 100% and 97%, 
respectively, were reported. Although the initial results are promising, the reported 
series was small and no follow-up data was presented after the pilot study. Moreover, 
some of the analysed patients were clinically node-positive, potentially overestimating 
the accuracy of the technique in cN0 patients. At our institute, we examined the role 
of ultrasound with FNAC to assess clinically node-negative groins. In a series of 43 
patients, sensitivity was 39% and specificity 100%.27 
In our opinion, surgical staging is therefore still the method of choice in the 
management of cN0 patients with penile cancer. It is to be expected that new or 
improved imaging techniques will provide a better alternative in the near future.
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IntroductIon

More than 95% of penile malignancies are squamous cell carcinomas.1 Like other 
squamous cell carcinomas, penile carcinoma has a lymphatic dissemination pattern. 
Haematogenous spread only occurs in advanced stages of disease.2 The primary site 
of metastasis is the inguinal region and the tumour status of these nodes is the main 
prognostic factor for survival.3-6 The treatment of patients with proven tumour-
positive inguinal nodes is clear-cut and consists of a radical inguinal lymph node 
dissection. This procedure is associated with a significant morbidity such as infectious 
complications and oedema.7 
The management of clinically node-negative (cN0) patients poses a clinical dilemma. 
Around 20% of cN0 patients have occult inguinal metastasis and there is evidence 
that this group of patients benefits from early surgical removal of the inguinal nodes, 
compared to a wait-and-see policy.8 However, an elective bilateral inguinal node 
dissection is unnecessary in the majority of cN0 patients. Predicting the presence 
of occult nodal metastasis based on primary tumour characteristics is unreliable and 
current imaging techniques cannot accurately detect occult metastases.9 Dynamic 
sentinel node biopsy is a suitable technique to identify non-palpable metastasis, 
although its use is not widespread.10,11 Therefore, the current management of cN0 
patients consists of an elective bilateral inguinal lymph node dissection in most centres. 
In 1988, Catalona proposed a modified inguinal node dissection to reduce the area 
of dissection and decrease the rate of complications in cN0 patients with penile 
carcinoma.12 In this modified procedure, the focus of dissection is on the lymph nodes 
medial and superior to the saphenofemoral junction. However, the oncological safety 
of this procedure has been questioned and inguinal recurrences were reported after 
modified inguinal node dissection in up to 15% of cases.13,14 Apparently, not all draining 
nodes of the penis are removed in this modified procedure. Lymphoscintigraphy to 
visualise lymphatic drainage is an essential element of sentinel node biopsy. Recently, 
hybrid singe photon emission computed tomography / computed tomography 
(SPECT/CT) scanners have become available, allowing for the mapping of lymphatic 
drainage, after injection with a radioactive tracer, with unprecedented detail and in 
relation to anatomical landmarks obtained from the CT images. 
The purpose of this study was to prospectively determine the anatomical location of 
the draining lymph nodes in penile carcinoma with SPECT/CT and to evaluate the 
implications for the extent of an inguinal lymph node dissection in cN0 patients.

MaterIals and Methods

We evaluated the drainage patterns of 50 consecutive patients in whom SPECT/
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CT was performed between August 2006 and August 2007. All patients had a penile 
tumour ≥T1G2 and were scheduled to undergo dynamic sentinel node biopsy.10

Patient and tumour characteristics are provided in table 1. In addition to the standard 
planar lymphoscintigraphic images, SPECT/CT images were acquired in all patients. 
Only the drainage pattern of cN0 groins and pelvic regions was analysed, in order 
to avoid groins with possible altered drainage due to tumour-blockage in palpable 
nodes. A preoperative ultrasound was performed in all patients in order to identify 
potentially involved lymph nodes that were not palpable to further reduce the risk of 
tumour-blockage and rerouting. Of the 50 patients, 14 were unilaterally cN0. Thus, 
a total of 86 groins and pelvic regions were assessed. All scans were evaluated by a 
nuclear physician. A sentinel node was defined as a lymph node that receives lymphatic 
drainage directly from the primary tumour. 

Lymphatic drainage of the penis
The primary region of lymphatic drainage of the penis is the inguinal region. Daseler 
et al. divided the inguinal region into five zones: four quadrants obtained by drawing 
two perpendicular lines over the saphenofemoral junction and one zone directly 
overlying this junction. (Figure 1) For this analysis, we divided the subsequent pelvic and 
para-aortal lymph nodes into three zones: the trajectory of the external iliac vessels/
obturator nerve, the common iliac vessels and the para-aortal nodes.

No of patients 50

Median age (range) 64 (34-96)

T-stage
   T1
   T2
   T3
   Tx

18
27
4
1

Tumour-differentiation
   Well
   Intermediate
   Poor
   Gx

8
29
9
4

Location of the primary tumour
   Glans only
   Glans/prepuce
   Glans/prepuce/urethra
   Shaft

29
18
1
2

Table 1: Patient and tumour characteristics
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Technique of lymphoscintigraphy
Conventional planar lymphoscintigraphic images were obtained from all patients 
one day before sentinel node surgery, after intradermal, peritumoural injection of the 
99mTechnetium nanocolloid (Nanocoll®, GE Healthcare, Eindhoven, the Netherlands). 
Immediate dynamic imaging was performed followed by static imaging at 30 minutes 
and two hours post-injection, using a dual-head gamma-camera (ADAC Vertex®, 
Milpitas, California, U.S.A.). Anterior and lateral images were routinely obtained with 
simultaneous transmission scanning using a cobalt-57 flood source to outline the body 
contour for orientation. SPECT/CT images were made immediately after the two-
hour planar images. The SPECT/CT system (Symbia T, Siemens, Erlangen, Germany) 
consisted of a dual-head variable-angle gamma-camera equipped with low-energy 
high-resolution collimators and a multislice spiral CT optimized for rapid rotation. 
SPECT acquisition (matrix 128x128, 60 frames in a 25sec/frame) was performed 
using six-degree-angle steps. For CT (130 KV, 17 mAs, B60s kernel), 5mm slices 
were obtained. After reconstruction, SPECT images were corrected for attenuation 
and scatter. Both SPECT and CT axial 5mm slices were generated using an Esoft 
2000 application package (Siemens, Erlangen, Germany). These were transferred to 
picture archiving and communication systems after generation of Dicom files. Fusion 

Figure 1: Division of the inguinal region into five 
zones according to Daseler
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of images was performed using an Osirix Dicom viewer (version 2.7.5) in a Unix-
based operating system (OS X, MacPRO, Apple Inc., Cupertino, CA, USA).

Assignment of sentinel and higher-tier nodes 
In order to accurately determine the zone in which the radioactive nodes were 
located, the fused SPECT/CT images were studied using orthogonal reslicing. On 
the generated coronal images, the saphenofemoral junction was identified in order to 
project Daseler’s zones. The radioactive nodes were then classified according to the 
five zones of Daseler or their subsequent regions. A distinction was made between the 
sentinel nodes and higher-tier nodes. (Figure 2)

Sentinel node surgery and pathology evaluation
The day after lymphoscintigraphy and SPECT/CT, all patients underwent surgery 
to remove the sentinel node(s). Shortly before the operation, 1ml of patent blue dye 
(Laboratoire Guerbet, Aulnay-Sous-Bois, France) was injected intradermally around 
the tumour. Sentinel nodes were identified intra-operatively with the aid of the 
preoperative lymphoscintigraphic and SPECT/CT images, a gamma-ray detection 
probe (Neoprobe®, Johnson & Johnson Medical, Hamburg, Germany) and the patent 
blue dye. All harvested sentinel nodes were histopathologically analysed for metastasis 
with serial sectioning (150μm slices) and immunohistochemical staining.

Figure 2: Coronal fused SPECT/CT image showing the right saphenofemoral junction with applied Daseler’s zones (A) and 
radioactive higher-tier nodes along the trajectory of the iliac vessels and aorta (B)
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results

On the conventional lymphoscintigraphic images, drainage was seen in 81 of the 86 
cN0 groins, leading to a visualisation rate of 94.1%. All nodes that were visualised on 
the planar images were also visible on the SPECT/CT images. In one groin with non-
visualisation on conventional scintigraphy, a sentinel node could be seen on SPECT/
CT images, giving a total visualisation rate of 95.3%. The saphenofemoral junction 
could be identified on the fused SPECT/CT images in all patients.

Location of sentinel nodes and higher-tier nodes
A total of 115 sentinel nodes were found on scintigraphy and SPECT/CT. All sentinel 
nodes were located in the inguinal region, and no direct drainage (circumventing the 
inguinal region) to the pelvic lymph nodes was seen. (Table 2) The majority (73%) of 
sentinel nodes were located in the medial superior zone, 8.7% in the lateral superior 
zone and 18.3% in the central zone. No drainage was seen to the two inferior quadrants. 
(Figure 3) The majority (62.1%) of higher-tier nodes were found in the external iliac 
zone. 

Finding during surgery
Intra-operative use of blue dye did not reveal sentinel nodes in the groins without 
preoperatively visualised drainage. A total of 122 sentinel nodes were removed and 
histopathologically analysed. The higher number of removed nodes compared to the 
number of preoperatively identified nodes, is due to the clustering of nodes. A cluster 
of sentinel nodes in close proximity of each other cannot always be identified as 
separate nodes on the preoperative images.

Drainage zone
Location of sentinel 
nodes (n=115)

Location of higher-tier 
nodes (n=182)

Medial superior zone 84 (73%) 20 (11%)

Lateral superior zone 10 (8.7%) 3 (1.6%)

Central zone 21 (18.3%) 8 (4.4%)

Medial inferior zone 0 0

Lateral inferior zone 0 0

External iliac/obturator zone 0 113 (62.1%)

Common iliac zone 0 26 (14.3%)

Para-aortal zone 0 12 (6.6%)

Table 2: Location of sentinel nodes
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Histopathological findings
A total of nine tumour-positive sentinel nodes were found in eight patients. All 
tumour-positive nodes were located in the medial superior quadrant. Patients with a 
tumour-positive sentinel node underwent a completion radical inguinal lymph node 
dissection on the affected side. Additional nodal metastases in the inguinal lymph 
node dissection specimen were found in one patient, with three of the 17 nodes being 
positive. 
 

dIscussIon

Several interesting findings regarding the lymphatic drainage of the penis come to 
light in this study. Firstly, out of 86 examined cN0 groins, no drainage to the inferior 
quadrants of Daseler’s zones was observed. This is in accordance with the results from 
Riveros et al. and Cabañas, who reported on lymphangiographic studies of the penis in 

Figure 3: Coronal fused SPECT/CT images with 
Daseler’s zones applied. Two nodes were classified as 
superior and one as medial superior (A) and the same 
nodes are seen in axial view (B)
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which ‘no drainage to the most inferior inguinal nodes’ was seen.15,16 Another finding 
is the absence of sentinel nodes (and thus direct drainage) to the pelvic lymph nodes. 
Although several anatomical studies have described the possibility of direct drainage of 
tumours on the glans or urethra to the pelvic nodes17-19, this has never been confirmed 
in clinical studies. The majority of tumours in this series were located on the glans of 
the penis. (Table 1) Further confirming the rarity of direct pelvic drainage is a large series 
of 100 lymphangiographic examinations of the drainage of the penis, in which no 
direct drainage to the pelvic region was found.16 A third interesting result in this study 
is the fact that around 10% of the sentinel nodes were located in the lateral superior 
zone. We could not detect a relation between the primary tumour location and the 
absence or presence of a sentinel node in the lateral superior zone. The lateral superior 
zone is not dissected in the modified inguinal lymph node dissection according to 
Catalona. Although none of the nine tumour-positive nodes in this series were located 
in this zone, the fact that sentinel nodes are occasionally present is in our opinion a 
reason to expand the modified inguinal lymph node dissection to include the lateral 
superior zone. We speculate that the reason that no tumour-positive node was found 
in the central or lateral superior zone, is due to chance because of the low total 
number (nine in eight patients) of positive nodes in this series. 
There are some potential limitations to this study. In this series, lymphatic drainage 
could be visualised in 95% of cN0 groins, with unilateral drainage of the tumour in 
four cases. Unilateral drainage of the penis could be the normal physiological situation 
in some people, but it can also be caused by blockage of lymphatic drainage due to 
a grossly involved metastatic lymph node. The role of blockage was probably limited 
in this study, because all patients in this series underwent preoperative ultrasound 
in order to identify nodes with substantial disease.10,20 Another possible limitation, is 
the fact that this study relies on the quality and accuracy of lymphoscintigraphy and 
the following sentinel node procedure. The use of sentinel node biopsy to manage 
cN0 patients is still not widespread and the feasibility of this procedure in lower 
volume centres is subject of debate.21-23 Because of the limited follow-up time in 
this series, a potential false-negative sentinel node due to non-visualisation on the 
lymphoscintigraphic images and that was not discovered with the preoperative 
ultrasound, could not have become clinically evident. However, in a recent analysis 
of the sentinel node procedure for penile carcinoma in patients with a follow-up of 
at least two years, a sensitivity of 95.2% was found.10 Furthermore, our technique for 
lymphoscintigraphy is proven to provide reproducible results.24 We believe that these 
results form a solid basis for this study. 
Based on the results of this study, we are currently prospectively analysing the radical 
inguinal lymph dissection specimens in patients undergoing a completion dissection 
after a tumour-positive sentinel node. Using markings that are added during the 
operation, the pathologist classifies any additional tumour-positive node(s) into 
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Daseler’s zones. If this analysis confirms the results from this study this clears the path 
for definite introduction of the reduced (to the superior and central zones) inguinal 
lymph node dissection at our institute.

conclusIon

Penile cancer drains directly to nodes in the superior and central zones of Daseler. This 
implies that a modified inguinal lymph node dissection should include all these three 
zones, but not the inferior two zones. Furthermore, this study confirms the absence of 
lymphatic drainage to the inferior zones of the groins as well as the absence of direct 
drainage to the pelvic region.
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IntroductIon

The presence of nodal metastases is the single most important prognostic factor in 
penile carcinoma.1 However, reliable assessment of node status in clinically node-
negative (cN0) patients poses a significant problem. Around 20% of these patients 
harbour occult nodal metastases.2 Therefore, a standard elective inguinal lymph node 
dissection (ILND) in all cN0 patients is unnecessary in up to 80% of patients and is 
associated with substantial morbidity.3,4 In contrast, a wait-and-see policy carries the 
risk of detecting inguinal metastases at a later stage, negatively influencing oncological 
outcome.5,6 
Dynamic sentinel node biopsy (DSNB) is a minimally invasive technique for 
assessing the inguinal lymph node status in cN0 patients. The morbidity associated 
with this procedure is much lower (7%) compared to ILND, while the sensitivity 
is 78-88%.7,8 The procedure was introduced at our department in 1994. The most 
significant drawback was found to be the false-negative rate of 22% in initial series.8 

After analysis of the false-negative cases, several modifications to the DSNB procedure 
were made in order to decrease the false-negative rate and thus increase sensitivity.9,10 

Histopathological analysis was expanded with serial sectioning of the harvested sentinel 
nodes. Furthermore, preoperative ultrasonography of cN0 groins with fine-needle 
aspiration cytology (FNAC) of suspicious nodes was added, as well as exploration of 
groins in case of non-visualisation during scintigraphy and intra-operative palpation 
of the wound to identify suspicious nodes that failed to pick up any tracer. The current 
DSNB procedure is unchanged since 2001. 
The aim of this study was to determine the false-negative and complication-rate of 
the current modified DSNB procedure. The results were compared to those of the 
procedures performed prior to 2001. 
 

patIents and Methods 

Patient selection
DSNB was performed in penile carcinoma patients with at least one cN0 groin. All 
patients undergoing DSNB at our institute are included in a database. We selected the 
patients with a minimum follow-up of two years. For further analysis, these patients 
were divided into two cohorts. Cohort A consisted of patients treated in the period 
from 1994 until 2001 and Cohort B of patients treated from 2001 until July 2004. 
Clinical and pathological tumour stage were determined in all patients according to 
the current TNM classification, which is essentially unchanged since 1987.11 In the 
initial procedures, only patients with T2 or T3 tumours were included. Because of the 
presumed low risk of harbouring metastases, patients with Tcis and T1 tumours were 
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excluded. Since April 2004, DSNB is also performed in patients with T1G2 and T1G3 
tumours, as an interim analysis of our data showed a substantial rate of metastasis in 
these two groups (unpublished data).

Standard DSNB procedure
Lymphoscintigraphic images were obtained from all patients one day before surgery, 
after intradermal, peritumoural injection of a 99mTechnetium nanocolloid (Nanocoll®, 
GE Healthcare, Eindhoven, the Netherlands). Immediate dynamic imaging was 
performed followed by static imaging at 30 minutes and two hours post-injection, 
using a dual-head gamma-camera (ADAC Vertex®, Milpitas, California, U.S.A.). 
Anterior and lateral images were routinely obtained with simultaneous transmission 
scanning using a cobalt-57 flood source to outline the body contour for orientation. 
Other views were made if indicated. The location of sentinel nodes was marked on 
the skin. Shortly before the operation, 1ml of patent blue dye (Laboratoire Guerbet, 
Aulnay-Sous-Bois, France) was injected intradermally around the tumour. Sentinel 
nodes were identified intra-operatively with the aid of the lymphoscintigrapic images, 
a gamma-ray detection probe (Neoprobe®, Johnson & Johnson Medical, Hamburg, 
Germany) and the patent blue dye. A more detailed description of the procedure 
has been published before.12 All harvested sentinel nodes were histopathologically 
analysed. In case of one or more tumour-positive sentinel nodes, a completion ILND 
was performed on the affected side. In the majority of cases, the primary tumour was 
treated in the same session as the DSNB.

Modified procedure
Several modifications were made to the initial procedure in order to improve the 
sensitivity and prevent false-negative cases. Preoperative ultrasound of all cN0 
groins with FNAC of suspicious nodes was added and histopathological analysis of 
the SN was expanded with serial sectioning. Furthermore, surgical exploration of 
scintigraphically non-visualised groins and intra-operative palpation of the wound 
were added. A schematic overview of the initial and current procedure can be found 
in figure 1 and figure 2.

Follow-up
All complications within 30 days of the procedure were recorded. Standard follow-up 
consisted of control visits with two-month intervals during the first two postoperative 
years, three-months intervals in the third year and six-month intervals thereafter. False-
negative procedures are usually identified within the first two years of follow-up.13 

Therefore, for this study we excluded patients with a follow-up less than two years.
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cN0 groin(s) of patient with a  
T2 or T3 penile carcinoma 

Inguinal lymph node dissection 

Lymphoscintigraphy 

DSNB after injection of  
patent blue 

No surgical exploration 

Histopathological analysis of SN 

Follow-up 

SN visualized SN not visualized 

Tumour-positive 

Tumour-negative 

cN0 groin(s) of patient with a  
T1G2/G3, T2 or T3 penile carcinoma 

Inguinal lymph node dissection 

Lymphoscintigraphy 

Sentinel node biopsy after  
injection of patent blue and 

intraoperative palpation of the wound 

Exploration of non-visualized  
groin(s) after injection of patent blue 

Histopathological analysis of  
sentinel node with serial sectioning 

Follow-up 

Sentinel node visualised 
Sentinel node not 
visualized 

Tumour-positive 

Tumour-negative 

Ultrasound, FNAC of  
suspicious lymph nodes 

Positive FNAC No suspicion or negative FNAC 

Figure 1: Flow diagram of the initial procedure

Figure 2: Flow diagram of the current procedure



83

Reliability and safety of current dynamic sentinel node biopsy in penile carcinoma

Statistical analysis
The false-negative and complication rate of both cohorts were compared using Fisher’s 
exact and chi-square tests. The two cohorts were checked for significant differences 
in age, cT-stage, pT-stage, tumour differentiation, lymphatic invasion and infiltration 
depth were checked using a chi-square and t-test. (Table 1) Confidence intervals (CI) 
were calculated using the exact binominal method. All analyses were performed using 
SPSS (v14.0, SPSS inc., Chicago, Illinois) and SAS (v9.1, SAS Institute Inc, Cary, 
North Carolina) software packages.

results

Patient characteristics and follow-up
Cohort A consisted of 92 patients, of whom 83 had bilateral cN0 groins. Nine 
patients had unilateral node-positive groins (based on physical examination, imaging 
and FNAC of palpable nodes). These patients underwent DSNB in the clinically 
unaffected groin only, resulting in a total of 175 groins suitable for DSNB in cohort A. 
Cohort B contained 58 patients, of whom 47 were bilaterally cN0 and 11 unilaterally 
node-positive, resulting in a total of 105 groins suitable for DSNB. Detailed patient 
characteristics, including primary tumour features, can be found in table 1. The 
differences between cT and pT category indicate that physical examination to assess 
T-category is not always reliable. The relatively high number of T1G1 tumours found 
during histopathological analysis, is due to the fact that these tumours were clinically 
staged as T2 tumours and therefore included in this series. Median follow-up in cohort 
A and B were 83 (range 24-130) and 30 (range 24-49) months, respectively. 

Visualisation on scintigraphy
At least one sentinel node was visualised during scintigraphy in 157 of the 175 cN0 
groins in cohort A (89.7%). The 18 non-visualised groins were not surgically explored. 
In cohort B, ninety-seven of 105 groins (92.4%) were visualised during scintigraphy. 
All eight non-visualised groins were explored for possible sentinel nodes with blue 
dye.

False-negative rate 
In cohort A, 21 of 157 explored groins (13.4%) contained tumour-positive sentinel 
nodes. In cohort B, 20 of 105 explored groins were tumour-positive (19%). Six false-
negative DSNB procedures were encountered; five in cohort A and one in cohort B. 
The false-negative rate in cohort A was 19.2% (95%-CI: 6.7% - 39.4%) (five false-
negative out of 26 positive groins) and 4.8% (95%-CI: 0.1% - 23.8%) in cohort B (one 
false-negative out of 21 positive groins) (p=0.20). 
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False-negative procedures
The six false-negative procedures, as encountered in this study, have been described 
in detail before.9 In summary, the five false-negative procedures in cohort A were 
most probably caused by non-visualisation of the groin due to tumour-blockage 
(i.e. complete blockage of lymphatic drainage to the groin due to obstruction of the 
sentinel node by tumour) in one patient, tumour-blockage and rerouting to a “neo”-
sentinel node in three patients, and non-detection of a micrometastasis during routine 
histopathological analysis in one patient. The false-negative procedure in cohort B 
was due to low tracer uptake. Although a sentinel node in both groins could be 
identified on the scintigraphic images, identification of the sentinel nodes during 
surgery was hampered by very low radioactivity. Both groins were explored, but a 
sentinel node could only be identified on the left side. Several months later, the patient 
presented with a recurrence in the right groin. All six false-negative procedures came 
to light in the form of an inguinal recurrence. Five of six recurrences occurred within 
nine months of DSNB. One recurrence was found at 27 months after DSNB. All six 

Cohort A Cohort B p-value

No. of patients 92 58

Median Age (years) 65 (30-90) 68 (33-82) p=0.82

No. of explored groins 157 105

cT-category
   T1
   T2
   T3

0
77 (84%)
15 (16%)

2    (3%)
44  (76%)
12  (21%)

p=0.15

pT-category
   T1
   T2
   T3

14 (15%)
70 (76%)
8   (9%)

15 (26%)
35 (60%)
8   (14%)

p=0.12

Tumour differentiation
   Well
   Intermediate
   Poor
   Missing

38 (41%)
40 (43%)
14 (15%)
0

27 (50%)
18 (33%)
9   (17%)
4 

p=0.47

Lymphatic invasion
   Yes
   No
   Missing 

9   (10%)
83 (90%)
0   

5   (10%)
47 (90%)
6

p=0.61

Infiltration depth (mm)
   Mean (range) 9.0 (1-30) 10.4 (1-40) p=0.29

Table 1: Patient and tumour characteristics
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patients underwent an ILND shortly after diagnosis of the recurrence. Four of them 
died of disease within 13 months. The other two patients still remain alive without 
evidence of disease at eight and 11 years.

Histopathological analysis 
In cohort A, at least one sentinel node was found in 153 of 157 explored groins. Of the 
21 tumour-positive groins, five (23.8%) contained micrometastases (metastases ≤2mm). 
In cohort B, one or more sentinel nodes were found in 99 of 105 explored groins. Out 
of the 20 positive groins in cohort B, eight (40%) contained micrometastases.
For further analysis, we divided all patients into the three different risk-groups (based 
on primary tumour characteristics), that were specified in the latest EAU guidelines14: 
Low risk (Tcis, TaG1/G2, T1G1), intermediate risk (T1G2) and high risk (≥T2 or G3). 
In table 2, these risk-groups are combined with the pN-status of all patients.

Complications
Complications were present in 17 groins of 15 patients, all of them were minor and 
transient. Some patients had more than one complication per groin. See table 3 for more 
details. The complication rate in cohort A was 10.2% (95%-CI: 5.9% – 16%) and 5.7% 
(95%-CI: 2.1% - 12.0%) in cohort B (p=0.20).

Risk group pN0  (n=96)* pN+  (n=50)†

Low   -T1G1 17 (94%) 1   (6%)

Intermediate -T1G2 5   (56%) 4   (54%)

High  -T1G3 
  -T2G1
  -T2G2
  -T2G3
  -T3G1
  -T3G2
  -T3G3
  ---------------- 
  total high risk

0   (0%)
30 (73%)
26 (58%)
10 (53%)
5   (83%)
2   (50%)
1   (33%)
-------------
74 (63%)

1   (100%)
11 (27%)
19 (42%)
9   (47%)
1   (17%)
2   (50%)
2   (67%)
--------------
44 (37%)

Table 2: Overview of EAU guidelines risk groups and nodal status
*Four node-negative patients with missing tumour differentiation data are not included in the table
†Node-positive patients include all patients with a tumour-positive sentinel node, patients with false-negative DSNB procedures and the unilateral cN0 patients 
with proven nodal metastasis on the contralateral side
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dIscussIon

The concept of sentinel node biopsy was first used in clinical practice by Cabañas 
in 1977.15 Based on lymphangiographic studies he labelled the lymph node medial 
of the superficial epigastric vein as the sentinel node for penile drainage. As a result, 
sentinel node surgery from then on consisted of removal of the lymph node in this 
predetermined location, not taking into account individual variations in lymphatic 
drainage patterns. Several false-negative cases were described and the technique did 
not gain widespread acceptance because of the low sensitivity.16 Morton et al. first 
described a technique using blue dye for lymphatic mapping to identify the sentinel 
node.17 This technique caused a break-through in the application of the sentinel node 
concept, and it is now used in a variety of malignancies. DSNB (using blue dye and 
lymphoscintigraphy) was introduced for penile carcinoma in 1994 at our institute. 
This study shows that DSNB procedure has matured into a reliable and safe method for 
assessing lymph node status in cN0 patients with penile carcinoma. The false-negative 
and complication rate have decreased substantially since the last modification to the 
protocol. Considerably larger numbers of patients are needed to confirm that these 
decreases are statistically significant. The low incidence of this disease does however 
limit the number of patients feasible for this procedure. Due to the retrospective and 
non-randomized nature of this study, it cannot be concluded that the lower false-
negative rate is caused by the modifications only. The increased overall experience in 
performing DSNB might also be a contributing factor, but this is difficult to quantify. 
The aforementioned reasons, do also limit the value of statistical comparison between 
the two cohorts. Still, in our opinion, a large part of the learning curve can be skipped 
in centres newly introducing the DSNB procedure for penile carcinoma, by instituting 

Cohort A Cohort B p-value

No. of patients 92 58

No. of explored groins 157 105

Complications per groin
   Infection
   Seroma/lymfocele
   Wound dehiscence
   Mild lymph edema
   Necrosis
   Delayed bleeding

Total (calculated per groin)

8
4
1
1
1
1

16 (10.2%)

4
1
0
1
0
0

6 (5.7%) p=0.20

Table 3: Overview complications
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the above-mentioned modifications from the start. 
The most common cause (four out of six) of a false-negative procedure in our series 
was tumour-blockage of the sentinel node, altering or completely blocking lymphatic 
drainage to the groin. Preoperative ultrasound of the groins with FNAC of suspicious 
nodes has been added to the procedure to identify and cytologically examine possible 
blocked sentinel nodes. A second advantage to this is that patients are spared a DNSB 
when cytology is positive, in which case an immediate ILND is performed. In a study 
performed at our institute, sensitivity and specificity for preoperative ultrasound with 
FNAC to identify inguinal metastasis in cN0 patients were 39% and 100%, respectively. 
The number of groins requiring DSNB was reduced by 11%.18 In a recent update of 
these data we found a sensitivity and specificity of 28% and 100%, while a DSNB was 
prevented in 6% of the cN0 groins (unpublished data). In the false-negative procedure 
due to non-detection of a sentinel node metastasis with routine histopathological 
analysis, the metastasis was found during re-evaluation with serial sectioning. In this 
series, 13 out of 41 positive groins contained micrometastases. The addition of serial-
sectioning (with a slice thickness of 150μm) to routine histopathological examination 
aided in the detection of these metastases. The higher rate of micrometastases in 
cohort B than in cohort A (40% vs. 23.8%) could be explained by the addition of 
serial-sectioning and also by the earlier detection of larger metastases by ultrasound 
and FNAC in cohort B. The last false-negative procedure in this series occurred using 
the current DSNB protocol. The preoperatively visualised sentinel node could not be 
found during surgery, due to low tracer uptake. To prevent such cases in the future, 
we are now considering to perform an ILND in patients with a visualised sentinel 
node that is not found intraoperatively. In an article by Algaba et al., the value of 
intraoperative frozen sectioning was evaluated in several urological tumours. They 
conclude that the assessment of lymph node status with frozen sectioning is indicated 
in cN0 patients with intermediate or high risk penile cancer.19 The reason that we do 
not use intraoperative frozen sectioning of the sentinel node is the high incidence of 
micrometastases that could potentially be missed using this technique. 
Despite its low morbidity, DSNB is an invasive procedure. Several efforts have been 
made to examine non-invasive methods to assess lymph node status in cN0 patients. A 
number of primary tumour characteristics, such as tumour stage, tumour differentiation 
and vascular and lymphatic invasion have been associated with nodal metastasis.2,20 In 
the current EAU-guidelines on penile cancer, an elective ILND is recommended in 
cN0 patients that are in the high-risk group based on primary tumour characteristics.14 
Looking at this series, it is our impression that this risk stratification needs fine tuning 
as the clinical basis is not reliable enough. The majority of patients in this series are 
in the high risk group and according to the EAU guidelines should have undergone 
elective ILND, while only 37% of patients were in fact node-positive in this group. 
(Table 2) 
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Recently, Ficarra et al. published a nomogram, that uses primary tumour characteristics 
and cN-stage to predict inguinal lymph node involvement. A good concordance index 
of 0.867 was found, but this study also generated some questions.21 Grade two tumours 
were found to have a higher risk of metastases than grade three tumours, which 
contrasts with results of others.14,22 The nomogram also predicts that superficially 
growing tumours have a greater risk of metastases than vertically growing tumours. 
This is different from what Cubilla et al., who proposed this classification, found in 
their series.23 Although the nomogram is interesting it needs to be validated before 
it can be routinely applied. Two other non-invasive techniques for assessing lymph 
node status have recently come to attention. Scher et al. published results of combined 
PET/CT scanning. They found a sensitivity of 89% for the detection of inguinal 
lymph node metastasis in a series of 13 patients with penile carcinoma.24 Lymphotropic 
nanoparticle magnetic resonance imaging has also been employed for this matter. In 
a recent study, seven patients with penile carcinoma underwent this examination and 
a sensitivity of 100% was found, with a specificity of 97%.25 Both initial series show 
promising results, but the current spatial resolution limits these techniques to detecting 
only metastases larger than 2mm at best. 
In many centres, elective ILND is currently still the mainstay of treatment in the 
management of cN0 penile carcinoma patients.3,26,27 The high morbidity associated 
with this procedure poses a serious problem, especially while this procedure is 
performed unnecessarily in the majority of patients. In our opinion, the DSNB 
procedure has evolved into a reliable and safe alternative for elective ILND in cN0 
patients and its role should be expanded.

conclusIon

Since the introduction of DSNB for penile carcinoma in 1994, a number of 
modifications to the DSNB protocol were made to reduce the false-negative rate. 
The current procedure, performed since 2001, has a false-negative rate of 4.8%, with a 
complication rate of 5.7%. DSNB seems to be a reliable and safe method for assessing 
lymph node status in cN0 patients. 
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IntroductIon

There is no consensus on the management of clinically node-negative (cN0) patients 
with penile carcinoma.1 Around 20-25% of these patients have occult inguinal 
metastases and there is evidence that an elective inguinal lymph node dissection 
leads to a better survival compared to surgical removal at the time that metastases 
become clinically apparent.2,3 However, elective inguinal lymph node dissection in all 
cN0 patients is unnecessary in 75-80% of cases and this procedure is associated with 
substantial morbidity.4,5 Current imaging techniques such as ultrasound, computed 
tomography (CT) and positron emission tomography (PET), as well as risk prediction 
based on primary tumour characteristics, have so far been unable to reliably identify 
cN0 patients with occult metastasis.6,7 
Similar clinical challenges in breast cancer and melanoma have been addressed with 
the use of sentinel node biopsy. This technique has become a routine procedure in 
the management of cN0 patients with breast cancer and has an increasingly important 
role in melanoma. For both diseases, good reliability and acceptable complication rates 
have been reported and numerous patients have been spared an unnecessary lymph 
node dissection.8,9 It seems contradictory that, although penile carcinoma was one of 
the first malignancies in which the concept of sentinel node biopsy was described, its 
use for this disease is still under debate and not widespread.10 Sentinel node biopsy 
for penile carcinoma, using a modern technique of lymphatic mapping with blue dye 
and a radioactive tracer, was introduced in 1994 and its reliability and low morbidity 
have been reported by various authors.11-13 Reservations to the use of sentinel node 
biopsy include the fact that most of the current results are from one institution and 
the supposedly long learning curve associated with the procedure.14 
The purposes of this study were to address these issues by analysing sentinel node 
biopsy results from two different centres with regards to sentinel node identification 
rate, false-negative rate and complication rate of the procedure and evaluating the 
learning curve.

 
patIents and Methods

The data regarding sentinel node biopsy from two referral centres for penile carcinoma 
were combined. The database from The Netherlands Cancer Institute (NKI) in 
Amsterdam contains 297 patients with 550 cN0 groins, treated in the period between 
1994 and November 2007. The database from Saint George’s Hospital (SGH) in 
London contains 134 patients with 263 cN0 groins, treated between January 2004 
and November 2007. Both databases include detailed information on preoperative 
examinations, surgical procedures, histopathological findings and follow-up. 



93

Two-centre evaluation of DSNB for squamous cell carcinoma of the penis

General overview of primary tumour treatment
The penile tumour was treated surgically, in most cases in the same operation session 
as the sentinel node biopsy. The primary tumour treatment has been described in 
detail before.15,16 In general, T1 and T2 tumours smaller than 2cm were treated with 
penile-preserving methods. T2 tumours over 2cm, T3 and T4 tumours were treated 
with glans amputation and partial or total amputation. Re-excision was carried out in 
case of a positive margin.

Indications for sentinel node biopsy and inclusion criteria for analysis
In both institutes sentinel node biopsy is performed in cN0 groins of patients with 
a penile squamous cell carcinoma staged as ≥T1G2.17,18 More than 95% of penile 
malignancies are squamous cell carcinomas. Patients with other types of penile 
malignancies were excluded from analysis. Sentinel node biopsy was introduced at 
NKI in 1994. This procedure is used for patients with bilateral cN0 groins and also 
for staging the cN0 groin in patients with unilateral clinically node-positive disease.19 

Since 2001, several modifications have been made in the procedure to decrease the 
false-negative rate, including the addition of preoperative ultrasound of cN0 groins 
and immediate fine-needle aspiration cytology if a suspicious node is seen during 
ultrasound investigation.20 Sentinel node biopsy was introduced at SGH in 2004, 
based on the modified protocol from the NKI. Only patients treated following the 
modified protocol were included in this analysis; 189 patients with 348 cN0 groins 
treated after 2001 at NKI and 134 patients with 263 cN0 groins treated at SGH. Thus, 
a total of 323 patients with 611 cN0 groins were available for analysis. Patients with 
clinically node-positive disease underwent an inguinal lymph node dissection on this 
side after fine-needle aspiration cytology. A pelvic lymph node dissection was done if 
histopathology revealed two or more tumour-positive inguinal nodes or extracapsular 
growth.21

Protocols for sentinel node biopsy
Both institutes use essentially the same protocol, except for some minor differences. 
Firstly, the preoperative ultrasound at SGH is performed immediately before 
sentinel node surgery for logistical reasons; at NKI there are two weeks in-between. 
Furthermore, at SGH preoperative scintigraphy is performed the same day as sentinel 
node surgery. At NKI scintigraphy is performed the previous day. The protocols from 
both institutes have been described in detail before.12,22 
 
Technique of lymphatic mapping
Lymphoscintigraphic images were obtained from all patients before surgery after 
intradermal, peritumoural injection of a 99mTechnetium labelled nanocolloid 
(Nanocoll®, GE Healthcare, Eindhoven, The Netherlands). Immediate dynamic 
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imaging was performed followed by static imaging at 30 minutes, 90 minutes (SGH) 
and two hours (NKI) post-injection, using a dual-head gamma-camera. Anterior and 
lateral images were routinely obtained with simultaneous transmission scanning using 
a cobalt-57 flood source to outline the body contour for orientation. Other views 
were made if indicated. The location of sentinel nodes was marked on the skin, after 
analysis of the lymphoscintigraphic images by the nuclear medicine physician. The 
sentinel node was defined as a node on a direct lymphatic drainage pathway from the 
primary tumour.

Sentinel node surgery and pathology evaluation
Shortly before surgery, 1ml of patent blue dye was injected intradermally; around the 
tumour (NKI) or circumferentially around the penile shaft (SGH). Sentinel nodes 
were identified intra-operatively with the aid of the preoperative lymphoscintigraphic 
images, a gamma-ray detection probe and the patent blue dye. After removal of the 
sentinel nodes, the groin was palpated for suspicious nodes that failed to pick up any 
tracer. All harvested sentinel nodes were histopathologically analysed for metastasis 
with serial sectioning (2mm at SGH, 150μm at NKI) and immunohistochemical 
staining using CAM5.2 and pankeratin. An ipsilateral completion inguinal lymph node 
dissection was performed in patients with a tumour-positive sentinel node. A pelvic 
lymph node dissection was done in case histopathological evaluation of the inguinal 
lymph node dissection specimen revealed two or more tumour-positive nodes or 
extracapsular growth.

Follow-up
All complications of sentinel node biopsy in the immediate postoperative period 
were recorded. The standard follow-up schedule at the NKI consisted of control visits 
every two months during the first two years after sentinel node biopsy, three months 
intervals in the third year, and six-months intervals thereafter. At SGH, control visits 
were scheduled two-monthly in the first year, four-monthly in the second year and 
six-monthly in the third year after sentinel node biopsy. In both institutes, follow-
up visits consisted of physical examination, with the focus on a potential inguinal 
recurrence. On indication, ultrasound and computed tomography (CT) were used. 
The median follow-up duration of the entire group was 17.9 months (range 1-69). 

Definition of false-negative procedure
We classified the sentinel node biopsy as false-negative in case of a regional nodal 
recurrence following a tumour-negative sentinel node. In case of a new primary 
tumour or a penile recurrence predating the regional nodal recurrence, the sentinel 
node procedure was not considered false-negative. 
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Statistical analysis
The false-negative rate of sentinel node biopsy was calculated according to standard 
statistical methods (false-negative procedures / true-positive procedures + false-
negative procedures) for both institutes separately and using the combined data. 
To evaluate the presence of a learning curve, we analysed the results of the first 30 
procedures at SGH regarding false-negative rate and complications. 
 

results

A total of 323 patients with 611 cN0 groins were included in this study. A detailed 
overview of patient characteristics can be found in table 1. 

NKI SGH Combined

No of patients 189 134 323

No of cN0 groins 348 263 611

Tis
T1
   G1
   G2
   G3
   missing
T2
   G1
   G2
   G3
   missing
T3
   G1
   G2
   G3
   missing
T4
   G2

Tx

0

9
19
7
3

49
42
21
13

4
12
8
1

0

1

2

7
27
14

10
21
34
0

0
6
9
0

1

3

2

16
46
21
3

59
63
55
13

4
18
17
1

1

4

Median follow-up 23 months (1-69) 16 months (1-38) 17.9 

Median age 65 (33-96) 64 (26-90) 64 

Table 1: Overview of patient and tumour characteristics
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Preoperative ultrasound guided fine-needle aspiration cytology
Preoperative fine-needle aspiration cytology was tumour-positive in 26 clinically 
node-negative groins (15 at NKI, 11 at SGH). At NKI, these patients underwent an 
immediate inguinal lymph node dissection on the affected side. Because at SGH, the 
fine-needle aspiration cytology was performed the same day as sentinel node surgery, 
the results were not available at the time of surgery and all patients proceeded to 
sentinel node surgery. Thus, lymphatic mapping was performed in 596 cN0 groins.

Visualisation and identification rate
See table 2. All non-visualised groins were explored for radioactivity using the gamma-
probe, explored for blue dye and intraoperatively palpated for suspicious nodes, except 
for four cN0 groins at SGH in which an immediate inguinal lymph node dissection 
was performed because of non-visualisation. 

Histopathological analysis
Seventy-nine of the 592 explored cN0 groins (13%) contained a tumour-positive 
sentinel-node (42 / 333 cN0 groins at NKI and 37 / 259 cN0 groins at SGH).
Fourteen of the 79 completion inguinal lymph node dissections after removal of a 
positive sentinel node revealed additional inguinal metastasis (18%).

False-negative procedures and false-negative rate
A total of six false-negative cases (three at NKI, three at SGH) came to light during 
follow-up, all within 15 months. These patients with an inguinal recurrence underwent 
an inguinal lymph node dissection, except for one patient who underwent radiotherapy 
of the groin at the NKI. Of the three patients with a false-negative procedure at NKI, 
two died at four and 10 months after the inguinal recurrence. The remaining patient 
was alive at 13 months without evidence of disease. The false-negative rate at NKI 
was 6.7%. At SGH, all three false-negative cases were still alive after chemotherapy for 
lung metastases in two patients and adjuvant radiotherapy to the groin in one patient 
at three, six, and three months after the recurrence, respectively. The false-negative rate 

NKI SGH Combined

No of groins undergoing 
scintigraphy

333 263 596

Sentinel node visualisation 
rate on scintigraphy

310 / 333 (93%) 253 / 263 (96%) 563 / 596 (94%)

Sentinel node identification 
rate during surgery

319 / 333 (96%) 253 / 259 (98%) 572 / 592 (97%)

Table 2: Visualisation and identification rate
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at SGH was 7.5%. The combined false-negative rate was 7% (six false-negative groins 
/ 79 sentinel node tumour-positive groins + six false-negative groins).

Complications
A complication occurred in 28 of the 592 explored groins, leading to a complication 
rate of 4.7% of operated groins. (Table 3)

Evaluation of learning curve
None of the false-negative cases at SGH occurred during the first 30 procedures 
of SGH. The first false-negative procedure that occurred was the 41st case. No 
complications occurred in the first 30 patients. 

 
dIscussIon

This study shows that sentinel node biopsy is a suitable procedure to identify patients 
with occult inguinal metastasis. In this large series of patients treated according to a 
standardized protocol, a sensitivity of 93% was found. The complication rate is low 
and almost all complications were transient and could be managed conservatively. 
Furthermore, this study demonstrates that the encouraging results from an experienced 
centre can also be achieved in a centre introducing the technique.
The initial results of sentinel node biopsy at NKI were plagued by a relatively high false-
negative rate of 22%.19 A detailed analysis of the false-negative cases was performed and 
several modifications to the procedure were made. Preoperative ultrasound was added 
as a standard examination to decrease the risk of missing a sizeable metastatic lymph 
node that is not detected during physical examination but that could lead to tumour-
blockage and rerouting of lymphatic fluid and thus a potential false-negative procedure. 

NKI SGH Combined

No of patients 188 134 322

No of explored cN0 groins 333 259 592

Complications
   Infection*

   Seroma / lymphocele
   Mild lymph edema
   Wound edge necrosis
   Delayed bleeding

8
5
1
3
2

1
5
0
0
3

9
10
1
3
5

Total 19/333 (5.7%) 9/259 (3.5%) 28/592 groins (4.7%)

Table 3: Overview of complications
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Groins without a visualised sentinel-node are routinely explored with the gamma-
probe for radioactivity and for blue dye, and in all patients intra-operative palpation of 
the wound is performed. Also, several modifications were made in the histopathological 
analysis. All sentinel nodes are serially sectioned and immunohistochemically stained 
to avoid missing micrometastasis. Since the modifications were instituted, the false-
negative rate decreased to 4.8%.12 
The results from this study contrast with several other studies that recently were 
published on the topic of sentinel node biopsy for penile cancer.23-25 Spiess et al. 
reported on their experience with sentinel node biopsy in 31 patients, who all 
underwent completion inguinal node dissection after the sentinel node biopsy. They 
found a false-negative rate of 29%.25 In their series of 27 patients, Gonzaga-Silva 
et al. reported a false-negative rate as high as 75% when using an isolated gamma-
probe technique to identify the sentinel node. The possible reasons for the latter poor 
results have been discussed before, and could be due to a sub-optimal technique, for 
instance lacking the preoperative ultrasound evaluation of the groins or preoperative 
lymphoscintigraphy.26-28 
Another explanation of the above-mentioned high false-negative rates, combined with 
the initial false-negative rate of 22% that was found at NKI,19 may be the presence 
of a learning curve to reach an acceptable accuracy of the procedure. A false-negative 
sentinel node biopsy may have an impact on the chances of survival. Surgical resection 
of occult metastatic disease offers a survival benefit compared with inguinal node 
dissection when occult disease becomes clinically apparent.2,3 Patients with a false-
negative procedure should therefore be considered under-treated compared with 
elective inguinal lymph node dissection. Therefore, many advocate a learning phase 
when introducing the technique, in which a completion lymph node dissection is 
performed regardless of the tumour status of the sentinel node. In two of the largest 
multi-centre trials evaluating the value of sentinel node biopsy in melanoma (MSLT-I) 
and breast cancer (ALMANAC), learning phases of 30 and 40 cases, respectively, were 
required in the participating centres.29,30 However, in the ALMANAC study involving 
14 breast units in the UK, no learning curve could be demonstrated in an analysis of 
the initial procedures.30 From a statistical point of view, there are also some remarks to 
be made regarding the length and accuracy of a learning phase. Tanis et al. calculated 
that a learning phase of at least 300 node-positive cases is necessary to determine with 
95% certainty that a surgeon can find the sentinel node in 95% of the patients with 
a false-negative rate of not more than 5%.31 If 13% of cN0 groins contain involved 
nodes, this means that a statistically sound learning phase requires 2307 groins. This 
number is unrealistic, especially in a rare disease as penile cancer. Interestingly, in a 
recent multi-centre trial prospectively evaluating the role of sentinel node biopsy 
in vulvar carcinoma, a learning phase of only 10 cases was required for participating 
centres. The rationale for this shorter learning phase was the smaller variability of 
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lymphatic drainage compared to melanoma and breast cancer, and the assertion that 
the draining nodes are often superficially located in the inguinal region and therefore 
easier to harvest.32 In the limited number of patients in the present study, we could 
not demonstrate the presence of a learning curve at SGH after introduction of sentinel 
node biopsy. No completion lymph node dissection was performed in the initial 
procedures. Although this, for above-mentioned statistical reasons, could be due to 
chance, it could also be that a substantial part of the learning curve can be skipped 
when using an optimized protocol. 
A fact not to be overlooked is the multidisciplinary nature of sentinel node biopsy, 
relying also on the experience of the nuclear medicine physicians and pathologists. 
Nowadays, the sentinel node procedure is performed in many institutes in breast cancer 
and melanoma, and a considerable amount of knowledge regarding the visualisation, 
identification and histopathological analysis of the sentinel node is available from 
which urologists can draw. 
A weak point of this study is the median follow-up time of 17.9 months. A longer 
follow-up period may reveal more false-negative cases and decrease the sensitivity 
of sentinel node biopsy. It is generally assumed that a false-negative sentinel node 
procedure becomes clinically apparent within two years.12 
Should sentinel node biopsy for penile carcinoma be performed by every urologist? 
We want to stress that in a rare disease such as penile carcinoma, centralization of 
management into specialized centres may be required for the physician involved to 
gain and maintain the required amount of experience. This study was performed 
in two tertiary referral hospitals for penile cancer. It seems sensible to perform the 
procedure in such centres. Based on the lack of learning curve in this study, one 
might advocate that the procedure can also be performed in hospitals with a lesser 
volume of patients, assuming that experience with the sentinel node procedure in 
other malignancies such as breast cancer and melanoma has been obtained. The risk 
of a false-negative procedure should be weighed against the morbidity of an elective 
inguinal lymph node dissection. 

conclusIon

With the use of an up-to-date protocol, sentinel node biopsy for penile carcinoma is a 
suitable procedure to identify clinically node-negative patients with occult metastasis. 
The sentinel node identification rate was 97%, the false-negative rate was 7% and the 
complication rate 4.7%. In the present study, no learning curve could be demonstrated. 
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IntroductIon

Sentinel node biopsy is used in a variety of malignancies with a lymphogenic 
dissemination pattern to assess the tumour-status of the regional lymph nodes.1-3 

This procedure selects patients who may benefit from an early regional lymph node 
dissection and identifies others who can be spared such dissection in case of absence 
of metastasis in the sentinel node. Unfortunately, the sentinel node procedure is not 
100% accurate and lymph node metastases have been reported after a negative sentinel 
node procedure.4 Such false-negative cases have a potential impact on survival.5,6 

Several hypotheses have been postulated as to why a tumour-positive sentinel node 
might be overlooked.4 One of the proposed causes is the alteration of lymphatic 
drainage by a phenomenon called ‘tumour-blockage’.6 In case of tumour-blockage, 
massive tumour invasion of the sentinel node completely obstructs the lymph flow, 
preventing the tracers from accumulating in the sentinel node and thus preventing 
its identification. The tracers can be rerouted through other lymphatics to a so-called 
‘neo’-sentinel node that may not yet be involved. In this scenario, the original sentinel 
node harbouring the tumour-cells is overlooked and may become apparent later on 
when the disease progresses and the node becomes palpable. Although the concept of 
tumour-blockage and rerouting is widely accepted, there is little reported evidence to 
support this hypothesis. Hybrid single photon emission computed tomography and 
computed tomography (SPECT/CT) scanners combine the physiological information 
provided by lymphoscintigraphy with the anatomical landmarks provided by CT. This 
technique creates the opportunity to demonstrate the process of tumour-blockage 
and rerouting in vivo. At The Netherlands Cancer Institute, sentinel node biopsy is 
performed in penile carcinoma to assess the tumour status of clinically node-negative 
groins. More than 95% of penile malignancies are squamous cell carcinomas which 
typically metastasize to the inguinal lymph nodes.7-9 
The present study concerns 17 patients with unilateral palpable and cytologically 
confirmed inguinal metastasis, who were scheduled for sentinel node biopsy of the 
contralateral clinically node-negative groin. The palpable metastatic groins were 
evaluated for signs of tumour-blockage and rerouting using SPECT/CT.

MaterIals and Methods

Since August 2006, all penile carcinoma patients scheduled for sentinel node biopsy 
undergo preoperative SPECT/CT in addition to the conventional planar scintigraphic 
images. Between August 2006 and September 2008, 105 consecutive patients with 
a ≥T1G2 penile tumour underwent hybrid SPECT/CT prior to sentinel node 
biopsy.10,11 Included in this study were all 17 patients with a unilateral palpable node in 
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the groin that was confirmed to contain metastatic disease using fine-needle aspiration 
cytology. Median age of the patients was 67 years (range 48-87). Six patients had a T1 
tumour, nine patients a T2 tumour, and two a T3 tumour. Tumour differentiation was 
intermediate in 12 patients, poor in one patient and unavailable in four patients. 
Conventional planar lymphoscintigraphic images were obtained from all patients 
one day before sentinel node surgery, after intradermal, peritumoural injection of the 
99mTechnetium nanocolloid (Nanocoll®, GE Healthcare, Eindhoven, the Netherlands). 
The tracer was administered at three or four sites around the tumour with a total 
volume of 0.3 ml to 0.4 ml in an average dosage of 70 MBq. SPECT/CT images were 
made immediately after the two-hour conventional images. The SPECT/CT system 
(Symbia T, Siemens, Erlangen, Germany) consisted of a dual-head variable-angle 
gamma-camera equipped with low-energy high-resolution collimators and a spiral 
CT optimized for rapid rotation. SPECT acquisition (matrix 128x128, 60 frames in 
a 25sec/frame) was performed using six-degree-angle steps. The CT settings were 
130 KV, 17 mAs, B60s kernel. After reconstruction, SPECT images were corrected 
for attenuation and scatter. Both SPECT and CT axial 5mm slices were generated 
using an Esoft 2000 application package (Siemens, Erlangen, Germany). These were 
transferred to picture archiving and communication systems after generation of Dicom 
files. Fusion of images was performed using an Osirix Dicom viewer in a Unix-based 
operating system (MAC OS X, MacPRO, Apple Inc., Cupertino, CA, U.S.A.). 
All scans were evaluated by two experienced nuclear medicine physicians. First, 
the CT images were separately analysed in order to identify the palpable metastatic 
inguinal lymph node. The largest diameter of the node was measured. Subsequently, 
the fused images were analysed for uptake of radioactivity in this node and to identify 
the radioactive sentinel nodes and higher-tier nodes. A sentinel node was defined a 
lymph node on a direct drainage pathway from the tumour.12 To facilitate the analysis 
of the lymphatic drainage patterns, the fused images were studied after orthogonal 
reslicing when needed. All patients underwent an inguinal lymph node dissection 
of the palpable metastatic groin and sentinel node biopsy was performed in the 
contralateral clinically node-negative side. 

results

The palpable metastatic nodes were identified on the CT images in all 17 groins 
and had a median size of 29mm (range 19-90mm). Four of the 17 (24%) palpable 
metastatic nodes showed uptake of radioactivity on the SPECT/CT images. In 10 
groins (59%) there was no uptake in the metastatic node and rerouting of the lymph 
to a neo-sentinel node was observed. (Figure 1) Nine of these neo-sentinel nodes were 
in the ipsilateral groin, while in the remaining case a neo-sentinel node was located 
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in the contralateral groin. (Figure 2) Complete absence of lymphatic drainage to 
the clinically node-positive groin was observed in remaining three patients (18%)  
(figure 3). In the end, 13 of the 17 patients (76%). All patients underwent an inguinal 
lymph node dissection of the groin containing the palpable metastatic node. The 
dissection specimens contained a median of two tumour-positive lymph nodes (range 
1-7 nodes). The median size of the metastatic nodes was 25mm. Extracapsulary growth 
was present in five of the 17 specimens. Five of the 17 contralateral clinically node-
negative groins contained a tumour-positive sentinel node. 

Figure 1: Penile cancer patient with palpable lymph nodes in the right groin and a clinically node-negative left groin. On the 
anterior conventional image (A) lymphatic drainage to both groins is observed. Fused axial SPECT/CT (C) shows an enlarged 
lymph node in the right groin without radioactive uptake (solid arrow) and a sentinel node on the left groin (dotted arrow). 
Fused axial 2D SPECT/CT with maximum intensity projection (B) and 3D SPECT/CT displayed with volume rendering (D) 
demonstrate lymphatic drainage (small arrows) bypassing the metastatic inguinal lymph node (large arrow). Note also uptake 
of the tracer in other inguinal and iliac lymph nodes.
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dIscussIon

The sentinel node procedure is based on the hypothesis that a lymph node on a 
direct drainage pathway from the primary tumour is the first to be involved in case of 
dissemination. This study proves that massive tumour invasion of this sentinel node can 
prevent the uptake of the injected tracers and hinder its identification by the nuclear 
medicine physician and surgeon. In addition, the obstructed sentinel node can cause 
diversion of the lymph flow to a neo-sentinel node that may not yet be involved. The 
presumption of this node being the only sentinel node while overlooking the original 
one can result in a false-negative procedure. In the present study, total absence of 
lymphatic drainage to the palpable metastatic groin was seen in 18% of the patients 

Figure 2: Patient with palpable lymph node in the right groin and clinically node-negative left groin. Both early (A) and delayed 
(B) planar anterior images show a lymph vessel draining to the right groin (large horizontal arrow). On the delayed image, lym-
phatic crossing-over (small vertical arrows) to the left groin is visualised and a neo-sentinel node is observed (dotted horizontal 
arrow). Note that the tracer accumulation in the right groin is not related to a lymph node, but to tracer stasis in the lymphatic 
vessel as seen (short vertical arrows) on fused SPECT/ CT (C) and CT (D) in which no lymph node is visible at the location of 
the hotspot. This abnormal lymphatic drainage of the right groin is caused by an enlarged lymph node (solid oblique arrow) as 
seen on axial fused SPECT/CT (E). The neo-sentinel node in the left groin is displayed on fused SPECT/CT (dotted arrow).
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and in 59% rerouting to a neo-sentinel node was observed. Tracer uptake was noted 
in only 24% of the grossly metastatic lymph nodes. Two studies have examined the 
reliability of sentinel node biopsy in penile carcinoma patients with clinically palpable 
inguinal nodes, with the rationale that metastasis are found in only 50% of palpable 
nodes, while the rest are caused by an inflammatory reaction.13-15 Disappointing false-
negative rates of 60% and 75% were found in both studies and it was concluded that 
sentinel node biopsy is unreliable in clinically node-positive groins. These results are 
in concordance with our current findings and emphasize the importance of accurately 
selecting only clinically node-negative patients for sentinel node biopsy. 
In this study, the phenomenon of lymphatic blockage and rerouting was demonstrated 
in clinically palpable metastatic nodes. It seems plausible that this observation can, at 
least in part, be extrapolated to non-palpable metastatic lymph nodes. Such nodes 
cannot be detected by physical examination either because of their limited size or 
in case of an obese patient. We speculate that especially the latter scenario could lead 
to a false-negative sentinel node procedure. Although, there are no data available 

Figure 3: A 71 year old patient with palpable lymph nodes in the left groin and a clinically node-negative right groin. No lym-
phatic drainage to the left groin is observed on early (A) and delayed (B) conventional anterior images. This blockage is caused 
by a enlarged lymph node in the left groin (solid arrows) as observed on both 2D axial (C) and 3D volume rendered (D) fused 
SPECT/CT. Two sentinel nodes with radioactivity uptake are seen in the right groin (dotted arrows).
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regarding the size of metastasis in relation to the uptake of radioactivity, it seems likely 
that a lymph node accumulates less radioactivity with an increasing tumour-load. An 
enlarged lymph node (potentially not accumulating tracers) is more challenging to 
detect in obese patients, thus increasing the likelihood of a false-negative sentinel node 
procedure. 
To assure the optimal selection of patients suitable for sentinel node biopsy, preoperative 
staging of the lymph nodes is essential. Probably the most important and easy tool is 
precise physical examination to select only patients who have no palpable suspicious 
lymph nodes. An additional tool is preoperative ultrasound with fine-needle aspiration 
cytology. Ultrasound may be able to diminish the risk of tumour-blockage by detecting 
sizeable metastatic nodes that are not yet palpable.16-19 Another measure to reduce the 
chance of a false-negative procedure is intra-operative palpation of the wound to 
identify unstained and non-radioactive that are suspicious because of their consistency, 
but were not found during physical examination and ultrasound.6,20,21 
The false-negative rates for sentinel node biopsy vary between different malignancies. 
In a comprehensive review of 26 published series on sentinel node biopsy in breast 
cancer, followed by routine axillary node dissection, a wide variety of false-negative 
rates was seen ranging from 0% to 40% with a median of 7%.22 In a recent study at our 
institute regarding breast cancer patients, the false-negative rate without confirmatory 
node dissection was 1.2%.23 The recent favourable false-negative rates may be due to 
the adjuvant therapy that the majority of breast cancer patients receive. Postoperative 
radiotherapy is often given to the breast and is likely to clean up some of the tumour-
positive nodes that surgeons may overlook and leave behind in the adjacent axilla. 
The same can be said for the adjuvant systemic treatment that many of these patients 
receive. Contemporary false-negative rates in melanoma are around 10%.24-26 The lack 
of standard adjuvant therapy for this disease could explain the difference compared 
to the procedure in breast cancer. Reported false-negative rates in penile cancer vary 
from 4.8% to 29%.3,27 At our own institute, we saw a decrease in false-negative rate 
from 22% to 4.8% after introduction of a number of measures including preoperative 
ultrasound and improved histopathological analysis of the harvested sentinel node.3,28

This study shows that tumour-blockage and rerouting is a real scenario in lymphatic 
drainage. Accurate patient selection with conscientious physical examination and 
preoperative ultrasound might reduce the risk of a false-negative sentinel node 
procedure.
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IntroductIon

While therapy for local and loco-regionally metastasized penile carcinoma is 
straightforward, a significant number of patients present with irresectable disease, i.e. 
fixed inguinal lymph nodes or inoperable locally advanced disease. Even in advanced 
cases, haematogenous spread is rare. Distant metastases are present in 1-2% of patients 
at initial presentation.1 Patient delay is an important factor explaining presentation 
in such advanced state of disease. If left untreated, prognosis of irresectable disease is 
ominous, with a three-year mortality rate of >90% in early series of untreated penile 
carcinoma.1-3 Treatment options for this advanced stage of disease are often limited to 
palliative radiation- and chemotherapy. However, in a selected group of patients without 
evidence of distant metastasis, neo-adjuvant chemotherapy has successfully been used 
for downstaging disease to enable surgery with curative intent. Literature on this topic 
is fragmented, as no large series are available and most neo-adjuvant chemotherapy 
cases are described as part of general series of advanced penile carcinoma.4-8 
The aim of this study was to assess the value of neo-adjuvant chemotherapy in 20 
patients with irresectable penile carcinoma treated at our institute. 

 
Methods

Patient selection and indication for neo-adjuvant chemotherapy
We reviewed in our database all patients treated at our institute for penile carcinoma 
until August 2005. Only patients with a minimum follow-up of one year were 
included. Of the 477 patients that were treated in the period from 1972 until August 
2005, 20 received neo-adjuvant chemotherapy for downstaging of irresectable penile 
carcinoma. The indication for neo-adjuvant chemotherapy was downstaging of 
inoperable regionally or locally advanced disease, i.e. fixed inguinal lymph nodes or 
irresectable locally advanced disease in patients with sufficient performance status and 
without evidence of distant metastasis (M0). 

Staging 
Tumour stage was (re)classified according to the 2002 TNM-classification9 and 
recorded at the start of chemotherapeutic treatment, based on physical examination, 
radiological imaging and histopathological examination when available.

Chemotherapy 
During 34 years, five different regimens were used consecutively. (Table 1) Until 1985 
single agent therapy with bleomycin (Bleo), from 1986 until 1999 combination 
chemotherapy with Bleo, vincristin (Vin) and methotrexate (MTX) and from 1999 
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until 2001 combination therapy of 5-fluorouracil (5FU) and cisplatin (Cis). Since 
2001, a regimen containing Cis, Bleo and MTX was used. One patient was included 
in the EORTC 30992 study protocol10 and treated with Cis and CPT-11 (irinotecan). 
Chemotherapy was discontinued in case of tumour progression or severe toxicity. 
When necessary dose adjustments were made based on haematological and renal 
toxicity.

Response
Tumour response was recorded based on physical examination and radiological 
imaging at least every two cycles and was divided into the following categories: 
complete response, partial response and stable/progressive disease. Complete response 
was defined as total disappearance of measured lesions on physical examination 
and imaging. Partial response: decrease of the sum of diameters of lesions, without 
simultaneous increase in size of any of the lesions or the appearance of new lesions. 
Stable/progressive disease: no measurable response or increase in summed diameter of 
measured lesions, as well as the appearance of any new lesions.

Drug/combination/dose No. 
of  patients

No. of responders (%)

Bleo
Bleo 15mg iv day 1 and 3, repeated weekly until total maximum dose of 
200-300mg

3 1 (33)

Bleo/Vin/MTX
Bleo 15mg iv day 1 and 2, Vin 1mg iv day 1, MTX 30-50mg iv day 3, 
repeated with a 1 week interval until maximum of 12 cycles

5 3 (60)

5-FU/Cis
5-FU 1000mg/m2 iv day 1-5, Cis 100mg/m2 iv day 1, repeated with a 
3 week interval until maximum of 5 cycles

1 1 (100)

Bleo/Cis/MTX
Bleo 15mg iv day 2-5, Cis 20mg/m2 iv day 2-5, MTX 200mg/m2 iv day 
1, repeated with a 3 week interval until maximum of 4 cycles

10 6 (67) *

Cis/CPT-11 (irinotecan) †

Cis 80mg/m2 iv day 1, CPT-11 60mg/m2 iv day 1, 8 and 15, repeated 
with a 2 week interval until maximum of 8 cycles

1 1 (100)

Table 1: Overview of chemotherapeutic treatments
*One patient was not evaluable    †Included in the EORTC 30992 study10
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Toxicity 
Information on toxicity was obtained from patient charts and whenever possible 
classified according to the common terminology criteria of adverse effects.11 In Bleo 
containing regimens chest X-rays and on indication lung function tests were done to 
assess possible pulmonary toxicity. Regular blood tests, including renal function, white 
blood cell and platelet count were done to monitor toxicity.

Surgery 
The procedures performed in patients considered eligible for subsequent surgery after 
chemotherapy were: inguinal lymph node dissection, pelvic lymph node dissection, 
partial and total penectomy. Some of the procedures necessitated extended removal 
of surrounding soft tissue, with or without parts of the pelvic bony structures. 
Reconstruction was done with the aid of vascularised flaps.

Statistical analysis
Overall survival was defined as the date of start of neo-adjuvant chemotherapy to 
the last date of follow-up or death. Survival probabilities were estimated with the 
Kaplan-Meier method. For further analysis all patients receiving neo-adjuvant 
chemotherapy were divided into two groups: non-responders (stable/progressive 
disease) and responders (partial and complete response). To analyse possible correlation 
with survival, univariate analysis with a log-rank test was performed for the following 
variables: response to chemotherapy, T-category, N-category, tumour differentiation 
and age at start of chemotherapy. One unevaluable patient was excluded from further 
analyses. All analyses were performed with SPSS (v12.0, SPSS inc., Chicago, Illinois) 
and SAS (v9.1, SAS Institute Inc, Cary, North Carolina) software packages. 

results

Patient characteristics
All 20 patients had a histopathologically proven squamous cell carcinoma of the penis, 
of which one was a spindle cell (sarcomatoid) carcinoma. See table 2 for further details.

Chemotherapy and tumour response
One patient (receiving Bleo/Cis/MTX) died of toxicity within two weeks after start 
of chemotherapy, before tumour response could be evaluated. An objective tumour 
response was measured in 12 of the remaining 19 patients (63%), consisting of two 
complete and 10 partial responses. Stable/progressive disease was found in seven (37%) 
patients. See table 1 for more details.
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Survival
Median follow-up was 23 months (range one to 134). The overall five-year survival 
was 32% (95%-CI: 17% - 62%). A significant difference in survival (log rank p=0.012) 
was found between patients responsive to chemotherapy and non-responsive patients. 
(Figure 1) In the group of responders, five-year survival was 56% (95%-CI: 34% - 94%), 
while all non-responders died within nine months after start of treatment.. No 
significant correlation was found between T-category (p=0.75), N-category (p=0.85), 
tumour differentiation (p=0.65), age (p=0.26) and survival.

Total no. of patients 20

Age at start chemotherapy 62 (35-79)

Tumour stage        
   T1N3
   T2N2
   T3N0*

   T3N3
   T4N0
   T4N1
   T4N3

1
4
1
6
1
1
6

Differentiation    
   Good
   Moderate
   Poor
   Unknown

8
5
6
1

Table 2: Patient characteristics
*Neo-adjuvant chemotherapy for rapidly progressing recurrence of spindle cell carcinoma

Partial/complete response

Log rank p=0.012

Stable/progressive disease

Months after start of chemotherapy
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Figure 1: Overall survival probability 
according to clinical response
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Toxicity
Severe toxicity occurred in four of 20 patients: three toxic deaths were recorded 
and treatment was discontinued in one patient. The first patient died of an autopsy 
confirmed bleomycin pneumonia with lung emboli, three months after start of 
chemotherapy (Bleo/Vin/MTX). The second patient died of tromboembolic 
complications involving brain stem infarction, within two weeks after start of 
chemotherapy (Bleo/Cis/MTX). The third patient died of a bacterial pneumonia 
during a period of prolonged leucopenia, three months after start of chemotherapy 
(Bleo/Cis/MTX). The discontinuation of treatment in one patient (Bleo/Cis/MTX) 
was because of severe pulmonary toxicity (grade 3), probably caused by bleomycin. It 
should be noted that three of the four patients with severe toxicity received the Bleo/
Cis/MTX regimen. Grade one and two nausea and increased fatigue were almost 
universally reported side effects, as was grade one or two alopecia in a large number 
of patients. 

Surgery 
Of 20 patients treated with neo-adjuvant chemotherapy, nine responders to 
chemotherapy (two complete and seven partial) underwent subsequent surgery. 
Another three responders were scheduled for surgery, but two of them died of 
chemotherapeutic toxicity before they could be operated on and one patient was 
declared unfit for operation. Three non-responders were operated on in an attempt 
to improve local control. See figure 2 for more details. An overview of performed 
operations can be found in table 3. When needed, large skin defects were covered using 
vascularised flaps with the aid of a plastic surgeon. There was a significant difference 
(p<0.001) in survival between the responders and non-responders after surgery. All 
three non-responders had fatal locally recurrent disease: one patient died of bleeding 
due to invasion in the femoral artery, and two patients with widespread cutaneous 
metastases died of infectious complications, all within eight months after surgery. Only 
one of nine patients in the group of responders had locally recurrent disease and died 
of bleeding due to ingrowth in the femoral artery and vein. This patient had extensive 
invasion in the surrounding tissue, including the pubic and symphysis bones.

Histopathological findings 
No residual tumour (pT0N0) was found in the two patients with a clinically complete 
response. All partial responders had radically excised residual viable tumour, except for 
one patient with extensive tumour spread with invasion in the pubic and symphysis 
bone and prostate (pT4). The three non-responding patients that underwent surgery 
to improve local control all had positive inguinal and pelvic nodes (pN3) and local 
recurrences (as mentioned above) occurred within three months after surgery. 
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patients receiving  
neo-adjuvant chemotherapy 

20 

non-responsive to chemotherapy 
7 

responsive to chemotherapy 
12 

not evaluable due to   
death of toxicity 

1 

death of toxicity 
2 

surgery with curative  
intent 

9 

un t for sub- 
sequent surgery  

1 

no further treatment  
4 

(death at 6, 6, 6 and 7 months) 

surgery to improve  
local control 

3 

local recurrence 
3  

(death at 4, 8 and 8 months) 

local recurrence 
1 

(death at 1 month) 

long term disease-free 
8 

(median follow-up 20.4 months) 

Figure 2: Schematic overview of various treatments

Type of surgery* Responders (n=9) Non-responders (n=3)

Inguinal lymph node dissection
   Bilateral
   Unilateral
   Bilateral with en-bloc resection of 
   prepubic fat

5
1
3

0
1
2

Bilateral pelvic lymph node dissection 2 3

Partial penile amputation 3 1

Total penile amputation 2 1

Partial resection of pubic and symphysis bone 1 0

Table 3: Overview of performed operations
*More than one type of operation per patient is possible
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dIscussIon

The role of chemotherapy in penile carcinoma is not well defined. Several 
chemotherapeutic agents have been reported to have an effect on this type of tumour, 
both as single agents as well as in combination chemotherapy, but numbers of patients 
in reported series remain relatively low due to the low incidence of this disease.4-6,8,12-17 
Neo-adjuvant chemotherapy seems to be a valid treatment option for downstaging 
irresectable penile carcinoma. In their review on advanced penile carcinoma Culkin 
et al. combined results of available literature on cisplatin-based neo-adjuvant 
chemotherapy. A clinical response was found in 24 of 35 patients (69%) and 15 (43%) 
underwent additional surgery. Eight (23%) remained alive without evidence of disease 
for one to 10 years.1 These results are similar to ours. Mitropoulos et al. described a 
series of 13 patients treated with neo-adjuvant cisplatin and interferon-α2B. Response 
rate was 75% in 12 evaluable patients and eight (67%) remained disease free more than 
21 months. Two patients died of metastatic disease and the remaining two patients had 
a local recurrence, for which they were successfully treated.5 The majority of the study 
population however were clinically node-negative T2 and T3 tumours, so results are 
difficult to compare. 
Subsequent surgery after chemotherapy has an important role in obtaining local control 
in advanced disease. All but two patients undergoing surgery still had viable residual 
tumour after chemotherapeutic treatment during histopathological examination, 
stressing the need for subsequent surgery. Looking at our results, the marked difference 
in survival in the group that underwent subsequent surgery between the responder and 
non-responder groups suggests that it is wise to refrain from further surgical treatment 
in the latter group as survival rates are dismal. Moreover did surgery in these cases 
not add positively to local control in terms of wound management or pain control. 
Palliation remains difficult in this category of patients, unresponsive to chemotherapy, 
and often with coexisting lymph oedema, painful ulcers and foul smelling wounds. 
Toxicity was high in our series, with three deaths directly related to toxicity and 
discontinuation of treatment because of toxicity in one patient. Toxicity was 
particularly severe in the group of patients which received Bleo/Cis/MTX. Similar 
results were found in a phase II study on the Cis/Bleo/MTX regimen for penile 
carcinoma, performed by the Southwest Oncology Group.12 Of the 41 evaluable 
patients, five died of toxicity and another six patients had one or more life threatening 
toxic episodes. Because of the low numbers of patients it is difficult to accurately 
compare the response and toxicity rates of the different chemotherapeutic regimens. 
No specific regimen can therefore be recommended, but looking at the relatively high 
toxicity in the Bleo/Cis/MTX group, a careful consideration must be made, whether 
the high response rate outweighs the high rate of toxicity in this regimen. 
Future challenges are ahead in optimizing treatment of advanced penile carcinoma. 
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Looking at more prevalent squamous cell carcinomas in other areas, such as head 
and neck and cervix, concomitant chemoradiation therapy has taken a prominent 
role in the treatment of various stages of disease. A number of meta-analyses show 
a significant advantage of chemoradiation therapy over single modality therapy in 
disease-free and overall survival, although acute toxicity is potentially higher.18,19 So far, 
very little research has been done in this area concerning penile carcinoma. Another 
interesting option is the use of newer tumour-active drugs, both as single agents or as 
part of combination therapy. In the treatment of squamous cell carcinomas of head and 
neck (SCCHN) a number of agents have shown promising results, while having more 
favourable toxicity profiles. New active drugs include taxanes such as paclitaxel and 
docetaxel, of which docetaxel has also successfully been used as radio sensitiser.20,21 A 
second group of agents are targeting the epidermal growth factor receptor, a receptor 
that is over-expressed in the majority of squamous cell carcinomas. Examples are 
cetuximab (a monoclonal antibody) and small molecule tyrosine kinase inhibitors 
such as erlotinib and gefitinib, which all have shown to be active in squamous cell 
carcinomas.22-25 Concomitant cetuximab and radiation therapy has also been shown 
to be superior in terms of survival and loco-regional control in advanced SCCHN to 
radiation therapy alone.26 In order to obtain sufficient numbers of patients required for 
investigating these new therapeutic approaches, multi-institutional studies are needed. 

conclusIon

Neo-adjuvant chemotherapy appears to be a valid treatment option for downstaging 
of irresectable penile carcinoma. An objective tumour-response was found in 12 of 19 
evaluable patients. Nine patients underwent subsequent surgery with curative intent, 
of whom eight were long term survivors. Toxicity was high in our series with a total 
of three deaths due to chemotherapeutic toxicity and discontinuation of treatment 
in one patient. Subsequent surgery only seems warranted in patients responsive to 
chemotherapy, as prognosis of operated non-responders was dismal and local control 
was not improved. Due to the different regimens used and the relatively low number 
of patients, no specific chemotherapeutic regimen can be recommended, although 
the high toxicity in the Bleo/Cis/MTX regimen should be taken into account when 
considering this type of chemotherapy.
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IntroductIon

Penile carcinoma is a rare disease in the Western world, with an incidence ranging from 
0.1 to 2.2 per 100.000 males.1,2 The low prevalence presents a challenge for scientific 
research and consequently, most studies are hampered by small numbers of patients. 
Additionally, the majority of reports are single-institutional experiences. The main aim 
in oncological treatment is to eradicate cancer, with minimal morbidity to the patient. 
Besides adequate treatment of the disease, accurate follow-up is essential. Ideally, a 
follow-up schedule should give the opportunity to detect a tumour recurrence in the 
earliest stage, while causing the least possible burden to the patient and health care 
system. Therefore, it is important to have insight in the recurrence patterns of the 
disease. However, only few data regarding this issue are available for penile carcinoma. 
In this retrospective analysis of 700 patients from two referral centres, we evaluated 
the recurrence patterns of penile carcinoma in different treatment settings and provide 
recommendations for follow-up based on the findings. 

MaterIals and Methods

The recorded data of 747 patients from two referral centres for penile carcinoma 
were combined. The database from The Netherlands Cancer Institute – Antoni van 
Leeuwenhoek Hospital (NKI) contained 545 patients, treated in the period from 
1956 until January 2006. The database from Örebro University Hospital in Sweden 
contained 202 patients, treated in the period from 1984 until March 2007. 

Recorded data and inclusion criteria for analysis
In both institutes, detailed information on patient characteristics, the TNM stage and 
tumour differentiation at presentation, treatment and follow-up have been recorded 
in the database.3 Patients with other types of penile tumours than squamous cell 
carcinoma, such as melanoma, were not recorded in the databases. Only patients with 
a minimum follow-up of three months after diagnosis of the primary tumour were 
included in this study. Around 5% of the patients were initially treated in another 
hospital for the primary tumour and referred afterwards, mainly because of irradical 
removal of the tumour. If no information of the primary tumour was available in these 
cases, they were excluded. Finally, six patients that that did not undergo treatment for 
the primary tumour because it was considered inoperable, were excluded. A total of 
47 patients were excluded based on these criteria, leaving 700 patients for analysis. See 
table 1 for more details.
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Definitions
A tumour recurrence was defined as local, regional or distant return of disease after 
a minimum period of three months after primary treatment. Return of disease 
within three months after primary treatment was regarded as residual disease. A local 
recurrence was defined as recurrent tumour on the penis, a regional recurrence as 
recurrent disease in the lymph nodes (inguinal and/or pelvic) and a distant recurrence 
was defined as a distant metastasis. The date of diagnosis was recorded as the date of 
first presentation at the NKI and the date of first treatment at Örebro University 
Hospital. In both centres, the time between initial diagnosis and first treatment is 
generally less than one month. 

Standard treatment of the primary tumour
In both institutes, the majority of Tis, Ta and T1 tumours were treated with penile 
preserving therapy such as laser or local excision. Biopsies were taken to confirm 
complete removal. A minority of patients in the period from 1970 until 1984 
underwent radiation therapy for the primary tumour, based on patient preference. At 
NKI, patients with T2-tumours <2cm and at Örebro University Hospital, T2 tumours 
<3cm, were treated with penile preserving methods.4 In both institutes larger and 
higher staged tumours were treated with partial or total amputation. Of the 415 

NKI Örebro University Hospital Total

Total number of patients 527 173 700

Age at diagnosis 65 64 65 

Median follow-up time in 
months (range)

56.4 (3-358) 71.2 (4-268) 60.6 (3-358)

pT-stage at presentation
   Tis
   Ta
   T1
   T2
   T3
   T4
   Tx

49 (9.3%)
18 (3.4%)
166 (31.5%)
236 (44.8%)
29 (5.5%)
4 (0.8%)
25 (4.7%)

47 (27.2%)
2 (1.2%)
41 (23.7%)
53 (30.6%)
16 (9.2%)
0 (0%)
14 (8.1%)

96 (13.7%)
20 (2.9%)
207 (29.6%)
289 (41.3%)
45 (6.4%)
4 (0.6%)
39 (5.6%)

Tumour differentiation
   Well
   Intermediate
   Poor
   Cis
   Gx

162 (30.7%)
204 (38.7%)
75 (14.2%)
49 (9.3%)
37 (7.0%)

47 (27.2%)
59 (34.1%)
18 (10.4%)
47 (27.2%)
2 (1.2%)

209 (29.9%)
263 (37.6%)
93 (13.3%)
96 (13.7%)
39 (5.6%)

Table 1: Overview of patient and tumour characteristics
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patients treated with penile preserving therapy, 289 (69.6%) underwent laser-therapy 
(CO

2
-laser at NKI and CO

2
 in combination with Nd-YAG at Örebro University 

Hospital). Local excision was performed in 105 (25.3%) and radiation therapy in 21 
(5.1%) patients. Of the 285 performed penile amputations, 214 (75.1%) were partial 
and 71 (24.9%) total. 

Treatment of regional lymph nodes
In both centres, patients with histologically or cytologically proven tumour-positive 
groins underwent an inguinal lymph node dissection (ILND) of the affected side. 
At NKI, in case of ≥2 tumour-positive inguinal lymph nodes an ipsilateral pelvic 
lymph node dissection was performed. This strategy was adopted at Örebro University 
Hospital since 2002. Before that period, all patients with positive inguinal lymph 
nodes were considered for ipsilateral pelvic lymph node dissection. At NKI, adjuvant 
radiation therapy was given in case of extracapsular growth or tumour-positive 
pelvic lymph nodes. At Örebro University Hospital, patients were given adjuvant 
chemotherapy in case of tumour-positive pelvic lymph nodes and radiation therapy 
in case of extracapsular growth or inoperable regional lymph nodes. At NKI, until 
the introduction of dynamic sentinel node biopsy (DSNB), clinically node-negative 
(cN0) patients were subjected to a risk-adapted wait-and-see policy, in which patients 
with Tis, Ta, T1 and well and intermediately differentiated T2 tumours were followed. 
Clinically node-negative patients with higher staged or graded tumours underwent 
an immediate bilateral ILND.5 At Örebro University Hospital, patients with pT1G2 
and higher staged or graded tumours generally underwent an elective bilateral ILND, 
while the remaining patients were subjected to a wait-and-see policy. DSNB was 
introduced in 1994 at NKI and in 2006 at Örebro University Hospital.6 In case of a 
tumour-positive sentinel node, a completion ILND was performed. Palliative chemo- 
or radiotherapy was given in a minority of patients presenting with or progressing to 
inoperable advanced disease.

Standard follow-up
The time of follow-up was defined as the time from diagnosis until the last follow-up or 
death. Follow-up consisted of physical examination and imaging with ultrasound and 
CT on indication. At NKI, the follow-up has been standardized since 1988, to reduce 
the variability in frequency and length. In general, follow-up consisted of control visits 
with two-month intervals during the first two years after primary treatment, three-
month intervals in the third year and six-month intervals thereafter. Patients were 
discharged from follow-up in case of 10 or more years without evidence of disease. 
The database from NKI is linked with the Dutch national registry. Patient deaths were 
cross-referenced with this registry as an extra control measure. At Örebro University 
Hospital, the patients who underwent penile preserving treatment were followed 
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every three months during the first two years and every six months thereafter. Patients 
who underwent partial or total amputation were followed one month after primary 
treatment and every six months thereafter. Patients were discharged from follow-up 
after at least five years without evidence of disease. Death causes were obtained from 
the Swedish National Board of Health and Welfare. 

Evaluation of local recurrences
The total rate of local recurrences was evaluated. For further analysis, patients were 
divided in two groups: the first group consisted of patients who underwent penile 
preserving treatment and the second group contained patients who underwent partial 
or total penile amputation. 

Evaluation of regional and distant recurrences
After analysis of the total number of regional and distant recurrences, the patients were 
divided into three groups. Patients who underwent surgical nodal staging (DSNB or 
ILND) were subdivided into tumour-positive (pN+) or tumour-negative nodal status 
(pN0). The third group contained the patients who were subjected to a wait-and-see 
policy. Of the 305 patients who underwent surgical nodal staging, 189 (62%) were 
staged using DSNB. The frequency of recurrences was calculated in the three groups.

Statistical analysis
The Kaplan-Meier method was used to estimate the time to recurrence, cumulative 
risk of recurrence, the five-year disease specific survival and the disease-specific 
survival after a recurrence. The time to recurrence was defined as the time between 
diagnosis and the event of recurrence. The disease-specific survival was calculated 
as the time between diagnosis or the recurrence and death (of penile cancer) or the 
date of last follow-up. A minority of patients had a simultaneous local and regional 
or distant recurrence. In the disease-specific survival analyses, the regional or distant 
recurrence was calculated in these cases, because they were regarded to be decisive 
for survival. In all other calculations, the local recurrence was counted. All statistical 
analyses were performed using SPSS (v15.0, SPSS inc., Chicago, Illinois) and SAS 
(v9.1, SAS Institute Inc, Cary, North Carolina) software packages.

results

The median time of follow-up for all patients was 60.6 months (range 3-358 months). 
The five-year disease specific survival was 82.4% (95%-CI: 79.3 – 85.7%) for the 
entire group of patients. A total of 205 out of 700 patients (29.3%) had a recurrence 
during the entire period of follow-up, consisting of 109 (15.6%) patients with a local, 
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65 (9.3%) patients with a regional and 10 (1.4%) patients with a distant recurrence. 
Eighteen patients had a simultaneous local and regional recurrence and three patients 
a simultaneous local and distant recurrence. A cumulative risk for recurrence plot is 
presented in figure 1. 
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Figure 1: Cumulative risk of recurrence
In patients with a simultaneous local and regional or distant metastasis, the local recurrence was taken into account

Years after 
primary 
treatment

Local Recurrence (n=130) Regional Recurrence (n=65) Distant recurrence 
(n=10)

Absolute % Cumulative % 
(95%-CI)

Absolute % Cumulative %
(95%-CI)

Absolute % Cumulative %
(95%-CI)

Year 1 40.0% 40.0% 
(31 – 47.9%)

63.1% 63.1% 
(49.3 – 73.1%)

70% 70% 
(22.7 – 88.4%)

Year 2 26.2% 66.2% 
(57 – 73.4%)

23% 86.1% 
(74.6 – 92.4%)

30% 100%

Year 3 10.7% 76.9% 
(68.4 – 83.1%)

6.2% 92.3% 
(82.1 – 96.7%) 

- -

Year 4 7.7% 84.6% 
(77 – 89.7%)

6.2% 98.5% 
(89.2 – 99.8%)

- -

Year 5 3.1% 87.7% 
(80.5 – 92.2%)

1.5% 100% - -

Table 2: Overview of recurrences per year and cumulative
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The number of patients in the analysis at a given follow-up period can be found 
above the x-axis. Of all recurrences, 92.2% occurred within the first five years. All 
regional recurrences occurred within 50 months and all distant recurrences within 
16 months, respectively. Therefore, all recurrences that occurred after five years were 
local recurrences. (Figure 2) For a detailed overview of the recurrences per follow-up 
year, see table 2.

Local recurrences after penile preserving treatment vs. amputation
Of the 415 patients undergoing penile preserving treatment, 115 (27.7%) developed a 
local recurrence. This number was 15 (5.3%) in the group of 285 patients treated with 
partial or total amputation. More details on the local recurrence rate in the group of 
patients who underwent penile preserving therapy can be found in table 3.

Regional recurrences after wait-and-see versus surgical staging of the lymph nodes
Of the 700 patients, 395 did not undergo surgical staging of the lymph nodes and a 
wait-and-see policy was used to detect nodal recurrences. Surgical staging was done 
in the remaining 305 patients of whom 174 (57%) were staged as pN0 and 131 (43%) 
as pN+. In the wait-and-see group, 9.1% patients developed a regional recurrence 
and 0.8% patients a distant recurrence. In the group surgically staged as pN0, the 
regional recurrence rate was 2.3% (consisting of 2% in the ILND-group and 2.8% 
in the DSNB-group) and the distant recurrence rate was 1.1%. Finally, in the group 
surgically staged as pN+, the regional recurrence rate was 19.1% and the distant 
recurrence rate was 3.8%.

Local recurrence (n=130)

Distant recurrence (n=10)
Regional recurrence (n=65)

Type of recurrence

Time to recurrence (months)
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Figure 2: Time to recurrence
In patients with a simultaneous local and regional or 
distant metastasis, the local recurrence was taken into 
account
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Survival after a recurrence
The five-year disease-specific survival after a recurrence (regardless of type) was 60.6% 
(95%-CI: 53.8 – 68.2%). This rate was 92% in the group of 109 patients who had a 
local recurrence, 32.7% in the group of 83 patients with a regional recurrence, while 
all 13 patients with a distant recurrence died within 22 months. See figure 3 for more 
details. 

Pathological stage and differentiation Local recurrence (n=115)

Tcis (95) 30 (31.6%)

Ta (9)
   G1 (9) 2 (22.2%)

T1 (168)
   G1 (80)
   G2 (62)
   G3 (20)
   Missing (6)
Total         168

23 (28.8%)
16 (25.8%)
4 (20%)
2 (33.3%)
45 (26.8%)

T2 (111)
   G1 (32)
   G2 (60)
   G3 (19)
Total:        111

10 (31.3%)
15 (25%)
6 (31.6%)
31 (27.9%)

T3 (8)
   G1 (3)
   G2 (5)
Total:        8

0 (0%)
0 (0%)
0 (0%)

T4* (1)
   G3 (1) 0 (0%)

Tx (23)
   G1 (2)
   Missing (21)
Total:        23

1 (50%)
6 (28.6%)
7 (30.4%)

Table 3: Overview of local recurrences after penile preserving therapy
*This patient had a tumour on the base of the penis growing into surrounding tissue and was thus classified as T4. However, the tumour could be locally excised.
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dIscussIon

This study gives a detailed insight in the recurrence patterns of penile carcinoma in 
different treatment settings and their impact on survival. Penile preserving treatment 
has an increasingly important role in the management of penile carcinoma, as the 
quality of life is influenced by the type of surgery performed.7-9 The risk of a local 
recurrence is higher when using penile preserving methods. However, despite the high 
number of local recurrences after penile preserving treatment (27.7% in this series), 
there is little impact on survival. Previous studies show similar results, indicating that 
penile preserving treatment can safely be attempted.4,10,11 Besides the good prognosis, 
a local recurrence is usually visible to the patient and partner. In our opinion, patient 
self-examination should be an integrated part of the follow-up. 
Regional recurrences have a major impact on survival, with only one third of patients 
alive after five years. Our results indicate that patients subjected to a wait-and-see 
policy and patients surgically staged as pN+ are at increased risk (9.1% and 19.1%, 
respectively) of developing a regional recurrence. This contrasts to the 2.3% regional 
recurrence rate in patients surgically staged as pN0. Other studies show an increased 
survival after surgical staging compared to a wait-and-see policy.12,13 Therefore, 
we advise to reserve the wait-and-see policy in cN0 patients strictly to the Tis, 
Ta and T1G1 patients. One should keep in mind that an ILND is associated with 
considerate morbidity and in some cases, the advantage could be outweighed by the 
complications.14 For this reason, both participating institutes in this study perform 
DSNB, which has matured into a reliable staging method with a low morbidity.6,15,16 
All regional recurrences occurred within 50 months after primary treatment. This 

Local recurrence (n=109)

Distant recurrence (n=13)
Regional recurrence (n=83)

Type of recurrence

Time after recurrence (months)

S
u
rv
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Figure 3: Disease specific survival after 
different types of recurrence
In patients with a simultaneous local and regional or 
distant metastasis, the regional or distant metastasis 
was taken into account
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suggests that a five-year follow-up period is sufficient. All recurrences in this series 
occurring after five years were local recurrences. It could be that a local recurrence 
after such a long period is in fact a new primary tumour, instead of a recurrence. 
Similar to other tumours such as bladder cancer, a second primary tumour could 
develop because the tissue proved to be ‘at risk’ for developing a malignancy. 
Traditionally, the follow-up of the regional nodes relies heavily on physical examination 
of the inguinal region. However, there is evidence that regional recurrences can occur 
despite a rigid follow-up schedule with good compliance indicating that there is a 
need for additional imaging techniques besides physical examination.13 Ultrasound is 
a suitable option in this setting, being non-invasive, harmless and easily performed.17,18 
All distant recurrences in this series proved to be incurable. Because of the ominous 
prognosis after a distant recurrence, the focus of follow-up should not be on their 
detection. 
Patterns of recurrence form the basis for rational recommendations for follow-up. The 
only international guidelines available for penile carcinoma are the EAU guidelines.1 
In these guidelines, recommendations for follow-up are based on the management of 
the primary tumour and lymph nodes and a two- to six-month follow-up interval is 
suggested for a period of five years. A more frequent follow-up is advised for patients 
undergoing penile preserving therapy or wait-and-see policy for the inguinal nodes. 
Given the small impact on survival of a local recurrence, the follow-up interval for 
the primary tumour currently stated in the EAU-guidelines seems unnecessarily high. 
A patient treated for a Tis tumour will have 16 follow-up visits in the first three 
years after primary treatment. In addition, the two-month follow-up interval for the 
regional lymph nodes with only physical examination has been less effective than 
expected. Consequently, we believe that there is room for improvement in the follow-
up recommendations of the EAU-guidelines. 
There are various limitations to this study. The results from this study and the follow-
up recommendations are based on the data of two centres. Although the number of 
analysed patients is substantial, the results do not necessarily reflect those of other 
centres using different techniques for the management of penile carcinoma. For 
instance, the local recurrence rate after penile preserving therapy in our series (27.7%) 
is higher than in other recent reports on penile preserving methods. In a large series 
of 224 patients that underwent peniscopically controlled CO

2
-laser excision, the 

recurrence rate was 17.5%.19 Results for glans resurfacing in selected patients are also 
promising in this respect.20 In case these techniques become more widespread and 
yield similar or better results in the future, the recommendations for follow-up after 
penile preserving treatment should be changed accordingly. Although we have tried to 
outline the used treatments and follow-up schedules as detailed as possible, the actual 
treatment and follow-up will sometimes differ from the described. We acknowledge 
the fact that this variability is increased because patients were treated in two institutes 
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and follow-up sometimes carried out in the referring hospital. To enable analysis of 
the data, several generalizations were made. Different types of treatment were reduced 
to simplified groups such as ‘penile preserving treatment’. As a consequence of the 
retrospective nature of this study, the optimal time-interval between follow-up visits 
will remain an approximation. Only a prospective study in a large series of patients 
can determine the optimal frequency. Finally, the large time span of five decades in 
which patients were treated, is likely to influence results. For instance, the increasing 
overall experience, the introduction of various new surgical, anaesthetic and imaging 
techniques are confounding factors, although difficult to quantify. 

Recommendations for follow-up
We recommend a maximum follow-up of five disease-free years. Of the total 
recurrences, 74.1% occur during the first two years, hence the more intense interval 
of follow-up. During the first two years, we recommend a three-month follow-up 
interval for the patients undergoing penile preserving therapy and a six-month interval 
for the patients who underwent a penile amputation. Patient self-examination should 
be advised. Regarding the follow-up of the regional lymph nodes during the initial 
two years, we advise a more intense (three-month interval) follow-up for patients 
subjected to a wait-and-see policy and patients surgically staged as pN+. A six-month 
interval is recommended for patients surgically staged as pN0. Ultrasound, with fine-
needle aspiration cytology on indication, is recommended in addition to physical 
examination of the inguinal regions. For all above-mentioned groups, the follow-up 
can be less intense in years three, four and five. See table 4 for more details.

Interval of follow-up Recommended 
examinations

Maximum 
length of 
follow-up

Years 1 and 2 Years 3, 4 and 5

Recommendations for follow-up of primary tumour

Penile preserving 
treatment 3 months 6 months Self-examination 5 years

Amputation 6 months 1 year Self-examination, 5 years

Recommendations for follow-up of the inguinal lymph nodes

Wait-and-see 3 months 6 months Self-examination
US with FNAC  5 years

pN0 6 months 1 year Self-examination
US with FNAC  5 years

pN+ 3 months 6 months Self-examination
US with FNAC  5 years

Table 4: Recommendations for follow-up
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concludIng reMarks and future prospects

Several interesting developments could impact the management of penile cancer in 
the near future. There is an ongoing trend towards less mutilating treatment of the 
primary tumour and an increasing number of patients are treated using penile sparing 
techniques with acceptable local control.1-4 Imaging modalities such as MRI could 
improve selection of patients eligible for penile sparing treatment.5 New PET-tracers 
can be used to detect not only the primary tumour and metastasis, but also for the 
prediction and monitoring of response to specific therapy. 6-8 Although in this thesis 
no useful predictive gene-expression profile was found for lymph node metastases, 
microarray analysis has an increasing role in cancer research. In other tumours, genetic 
expression profiles have been found predicting metastatic potential, response to 
therapy and prognosis.9-11 Similar studies in penile cancer could provide useful results 
in these areas as well. Recent studies have shown that tumours can actively induce 
lymphangiogenesis enabling lymphatic metastasis.12 Vascular endothelial growth 
factors (VEGF) are a group of signalling proteins involved in angiogenesis. Some 
subtypes, such as VEGF-C and VEGF-D, have been correlated with lymphangiogenesis 
and lymph node metastasis in clinical studies, giving rise to possible new diagnostic 
and therapeutic options.13 Video endoscopic inguinal lymphadenectomy (VEIL) is a 
minimally invasive approach to perform an inguinal lymph node dissection.14 Robot-
assisted laparoscopic inguinal lymphadenectomy is also being explored.15 Although no 
results on regional control are available yet, these techniques could significantly reduce 
the morbidity associated with inguinal lymphadenectomy. Human papillomavirus 
(HPV) infection is probably the most common sexually transmitted disease.16 High-
risk HPV has an essential role in the carcinogenesis of cervical cancer.17 In around 
30% of penile carcinomas, high-risk HPV-DNA is found.18 Recently, the Food and 
Drug Administration (FDA) approved the first vaccine for prevention of cervical 
cancer19, and HPV vaccination programs to prevent cervical cancer are being planned. 
Widespread vaccination against high-risk HPV in women may have a substantial 
impact on the incidence of penile carcinoma.
This thesis illustrates that several areas in the management of penile cancer are 
candidates for improvement. Tumour staging can be enhanced with modifications 
to the current classification, and in specific groups of patients follow-up can be 
less intensive than what is currently assumed. Furthermore, dynamic sentinel node 
biopsy has matured into a reliable and safe procedure to stage clinically node-negative 
patients. These satisfactory results can also be achieved in a centre newly introducing 
this technique with the use of an adequate protocol. Hopefully, this will pave the way 
to more widespread use of sentinel node biopsy in penile cancer. 
Compared to more prevalent diseases, many aspects in the management of penile 
carcinoma remain based on a limited amount of scientific evidence. Multi-institutional 



141

Concluding remarks and future prospects

efforts are required to obtain the numbers of patients necessary for meaningful scientific 
studies. Furthermore, centralization of care for this rare tumour into specialized 
centres seems inevitable in order to gain and maintain the required experience for the 
involved physicians. This will benefit both the patient and doctor. 
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suMMary

A brief overview of the incidence, etiology and current controversies in the management 
of penile cancer is provided in chapter 1. In chapter 2, the prognostic and practical value 
of the current TNM classification for penile carcinoma is evaluated in 513 patients 
treated at The Netherlands Cancer Institute (NKI). The disease-specific survival was 
calculated using Kaplan Meier and log rank analysis for all T- and N-categories. No 
significant difference in survival was found between the current T2 and T3 tumours 
(p=0.57). Furthermore, there was no significant survival difference between the N1 
and N2-categories (p=0.18). Using a modified classification, a significant difference 
in survival was found between all T and N-categories. Furthermore, clinical staging 
is facilitated.
Penile cancer has a lymphogenic dissemination pattern. In chapter 3, an overview of 
the current management of the regional lymph nodes is provided. The first draining 
lymph nodes are in the inguinal region. Around 20% of clinically node-negative (cN0) 
patients have occult inguinal metastasis and there is evidence that these patients benefit 
from early dissection compared to removal at the time the occult metastases become 
clinically apparent. In most centres, an elective lymph node dissection is standard of 
care in cN0 patients, although this procedure is associated with substantial morbidity. 
Alternative techniques to select the patients with occult metastasis are risk prediction 
based on primary tumour characteristics, imaging techniques such as ultrasound or 
magnetic resonance imaging (MRI) and dynamic sentinel node biopsy (DSNB). It is 
concluded that surgical staging is currently the only reliable method to identify the 
patients with occult metastases. DSNB is a minimally invasive option with a high 
sensitivity and low morbidity.
In chapter 4, the value of gene-expression profiling as a predictor of the tumour-status of 
the regional nodes in patients with penile carcinoma is evaluated. Tumour samples of 
56 patients were analysed for gene-expression using 35K oligoarrays. In a training-set 
of 30 tumour samples, a 44-probe classifier was found to have the best performance for 
the prediction of nodal metastasis. In the validation set of 26 samples, a disappointing 
accuracy of 54% was found. The sensitivity and specificity of the 44-probe classifier 
was 71% and 22%, respectively. Microarray gene-expression profiling did not produce 
a useful classifier to predict nodal involvement in patients with penile carcinoma.
In chapter 5, the value of hybrid 18F-FDG positron emission tomography / computed 
tomography (PET/CT) for the prediction of occult metastasis is evaluated. In 24 
patients with 42 cN0 groins scheduled to undergo DSNB, a preoperative hybrid 
PET/CT scan was performed to assess the nodal status of the cN0 groins. The 
histopathological tumour-status of the removed sentinel node was used as the gold 
standard to evaluate the PET/CT results. One of the five tumour-positive cN0 groins 
was correctly predicted on the PET/CT images (sensitivity 20%). All false-negative 
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PET/CT scans contained metastases ≤10mm. Of the remaining 37 tumour-negative 
groins, 34 were correctly predicted with PET/CT (specificity 92%). It is concluded, 
that the role of PET/CT in the evaluation of the groins in cN0 penile cancer patients 
is limited due to its low sensitivity. 
In chapter 6, the lymphatic drainage pattern of 50 cN0 penile cancer patients scheduled 
to undergo DSNB was analysed using a hybrid single photon emission computed 
tomography/CT (SPECT/CT) scanner. The groin was divided according to the 
five Daseler’s zones: four zones by drawing a vertical and horizontal line over the 
saphenofemoral junction, and one zone directly overlying this junction. The visualised 
sentinel-nodes and higher-tier nodes were divided into these zones. All sentinel nodes 
were found in the superior and central inguinal zones and no lymphatic drainage 
was seen to the inferior two regions of the groin. This suggests that the extent of an 
inguinal node dissection in cN0 patients could be reduced to removal of the superior 
and central inguinal zones. This may decrease the extensive morbidity associated with 
this procedure. 
In chapter 7, the current results from DSNB at NKI were evaluated. Over time, several 
modifications such as preoperative ultrasound and improved histopathological 
analysis were made to reduce the false-negative rate of DSNB. The false-negative and 
complication rate of the current procedure, as performed at NKI since 2001, were 
compared with results from the prior procedures. Since the modifications, the false-
negative dropped from 19.2% to 4.8%. The complication rate decreased from 10.2% 
to 5.7%. DSNB has matured into a reliable and safe method for assessing lymph node 
status in cN0 penile carcinoma patients. Despite the encouraging results from DSNB 
at NKI, in most centres an elective inguinal lymph node dissection is still standard 
of care. Reservations to the introduction of DSNB include the fact that most results 
come from one institution and the supposedly long learning curve associated with 
the procedure. In chapter 8, these issues are addressed by evaluating DSNB results from 
two centres: NKI and St. George’s Hospital in London (SGH). DSNB was introduced 
in 2004 at SGH based on the current protocol from NKI. The presence of a learning 
curve at SGH was evaluated. The combined false-negative rate was 7% (6.7% at NKI 
and 7.5% at SGH). Complications occurred in 4.7% of explored groins (5.7% at 
NKI and 3.5% at SGH). None of the false-negative cases occurred in the initial 30 
procedures at SGH. It is concluded that sentinel node biopsy is a suitable procedure 
to stage cN0 penile cancer with a low complication rate. The satisfactory results from 
NKI can also be achieved by a centre newly introducing the technique according to a 
structured protocol. No learning curve was demonstrated in this study.
One of the suggested causes of a false-negative sentinel node procedure is extensive 
metastatic involvement of a sentinel node that leads to blocked inflow and rerouting 
of lymph fluid to a ‘neo’-sentinel node that may not yet contain tumour. There 
is, however, little evidence to support this hypothesis. In chapter 9, hybrid SPECT/
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CT was used to evaluate the concept of tumour-blockage and rerouting in penile 
carcinoma patients with palpable groin metastases. The pattern of lymphatic drainage 
in the 17 palpable and cytologically confirmed metastatic groins was evaluated for 
signs of tumour-blockage or rerouting. Four of the 17 palpable metastatic nodes (24%) 
showed uptake of radioactivity on the SPECT/CT images. In 10 groins, rerouting of 
lymphatic drainage to a neo-sentinel node was seen. Complete absence of lymphatic 
drainage was seen in the three remaining groins. The assumed concept of tumour-
blockage and rerouting was visualised in 76% of the groins with palpable metastases. 
Although these results are based on clinically node-positive groins, they can probably 
be extrapolated to cN0 groins. Conscientious physical examination and ultrasound 
with fine-needle aspiration cytology before DSNB may identify impalpable nodes 
with considerable tumour invasion at an earlier stage and thereby reduce the incidence 
of false-negative procedures.
Chapter 10 focuses on the role of neo-adjuvant chemotherapy for advanced penile 
carcinoma. At NKI, 20 patients received neo-adjuvant chemotherapy for downstaging 
of irresectable disease in the period from 1972 until 2005. The clinical tumour response, 
chemotherapeutic toxicity, subsequent surgery and long term clinical outcome were 
evaluated. An objective tumour response was achieved in 12 of 19 evaluable patients. 
Overall five-year survival was 32%. A significant difference (p=0.012) in survival was 
found between responders (five-year survival 56%) and non-responders (all patients 
died within nine months). Nine responders underwent subsequent surgery with 
curative intent. Eight of them were long-term survivors without evidence of recurrent 
disease. Toxicity of chemotherapy was high with three toxic deaths and discontinuation 
of treatment in one patient. These results suggest that neo-adjuvant chemotherapy is 
a valuable treatment option for patients with irresectable penile carcinoma, otherwise 
considered not curable. 
In chapter 11, 700 patients from two referral centres for penile carcinoma (NKI and 
Örebro University Hospital, Sweden) were evaluated for recurrences in order to 
find a rational follow-up regimen. Recurrences were categorised as local, regional 
or distant. The rate of local recurrences was compared between patients undergoing 
penile preserving treatments and partial/total amputation. Regional recurrences were 
compared between patients surgically staged as node-negative or node-positive and 
cN0 patients subjected to a wait-and-see policy. A total of 205 out of 700 patients 
(29.3%) had a recurrence. Of these, 92.2% occurred within five years after primary 
treatment. The local recurrence rate was 27.7% after penile preserving therapy and 
5.3% after amputation. The regional recurrence rate was 2.3% in patients surgically 
staged as node-negative, 19.1% when surgically staged as node-positive and 9.1% in 
patients undergoing a wait-and-see policy. It is concluded that patients undergoing 
penile-preserving therapy, patients surgically staged as node-positive and those 
undergoing a wait-and-see policy for the nodal status are at high risk of developing a 
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recurrence. Follow-up recommendations are provided, based on the risk and impact 
on survival of a recurrence. In chapter 12, future prospects in the management of penile 
cancer are discussed. 

saMenvattIng

Een kort overzicht van de incidentie, etiologie en controverses in de huidige behandeling 
van peniscarcinoom wordt gegeven in hoofdstuk 1. In hoofdstuk 2 wordt de prognostisch 
voorspellende en praktische waarde van de TNM classificatie voor peniscarcinoom 
geëvalueerd in een analyse van 513 patiënten behandeld in het Nederlands Kanker 
Instituut (NKI). De ziektespecifieke overleving werd berekend met behulp van de 
methode van Kaplan Meier en log-rank analyse voor alle T- en N-categorieën. Er 
was geen significant verschil in overleving tussen patiënten met een T2 en T3 tumor 
(p=0,57). Eveneens werd geen significant overlevingsverschil gevonden tussen N1 
en N2-patiënten (p=0,18). Met enkele aanpassingen aan de huidige classificatie werd 
wel een significant overlevingsverschil tussen alle T en N-categorieën gevonden. 
Bovendien wordt klinisch stadiëring hiermee vereenvoudigd.
Peniscarcinoom heeft een lymfogeen metastaseringspatroon. Hoofdstuk 3 geeft een 
overzicht van de huidige mogelijkheden bij de stadiëring en behandeling van de 
lymfklieren bij peniscarcinoom. De eerst drainerende lymfklieren zijn gelegen in 
de lies. Ongeveer 20% van de klinisch kliernegatieve (cN0) patiënten heeft occulte 
kliermetastasen. Er is een overlevingsvoordeel wanneer deze occulte metastasen in 
een vroeg stadium worden verwijderd, vergeleken met verwijdering op het moment 
dat de occulte metastasen zich klinisch manifesteren. In veel centra wordt daarom 
een profylactische liesklierdissectie verricht bij deze groep patiënten, ondanks het 
hoge aantal complicaties dat hiermee gepaard gaat. Alternatieve methoden voor 
het opsporen van occulte metastasen zijn risico-inschatting op basis van primaire 
tumorkenmerken, beeldvormende technieken zoals echo en magnetic resonance 
imaging (MRI) en dynamische sentinel node biopsie (DSNB). De conclusie is 
dat chirurgische stadiëring momenteel de enige betrouwbare methode is voor het 
opsporen van occulte metastasen. DSNB is een minimaal-invasieve optie met weinig 
complicaties.
In hoofdstuk 4 wordt de waarde van microarray genexpressie onderzoek in het 
voorspellen van lymfkliermetastasen bij peniscarcinoom bekeken. Het genexpressie-
profiel van 56 penistumoren werd bekeken met behulp van 35K-oligoarrays. In de 
trainingsgroep van 30 tumoren (waarvan 15 met lymfkliermetastasen en in 15 zonder) 
werd een combinatie van 44 genen gevonden met een goede voorspellende waarde 
voor de aan- of afwezigheid van lymfkliermetastasen. In de validatiegroep van 26 
tumoren bleek de gevonden combinatie van 44 genen slechts in 54% van de gevallen 
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de lymfklierstatus goed te voorspellen. Microarray genexpressie bleek in deze studie 
niet betrouwbaar voor het voorspellen van lymfkliermetastasen.
In hoofdstuk 5 wordt de waarde van hybride 18F-FDG positron emission tomography-
computed tomography (PET-CT) wat betreft het identificeren van occulte 
lieskliermetastasen onderzocht. Er werden 24 patiënten met in totaal 42 cN0 
liezen onderzocht. Voorafgaand aan DSNB werd een PET-CT scan verricht om de 
tumorstatus van de liesklieren te voorspellen. De tumorstatus van de sentinel node 
werd gebruikt als gouden standaard. Slechts één van de vijf tumorpositieve liezen werd 
geïdentificeerd op de PET-CT beelden (sensitiviteit 20%). Alle foutnegatieve PET-CT 
uitslagen betroffen kliermetastasen kleiner dan 10mm. Van de 37 kliernegatieve liezen, 
werden er 34 correct voorspeld op basis van de PET-CT-beelden (specificiteit 92%). 
Er wordt geconcludeerd dat PET-CT momenteel niet gevoelig genoeg is om occulte 
metastasen in de lies op te sporen.
In hoofdstuk 6 wordt het lymfedrainagepatroon van 50 patiënten met peniscarcinoom 
geanalyseerd met behulp van een hybride single photon emission computed 
tomography-CT (SPECT-CT) scanner. De lies werd hiervoor verdeeld in de vijf 
zones volgens Daseler: vier zones door een denkbeeldig kruis te trekken boven de 
saphenofemorale confluens met de vijfde zone direct boven deze confluens. De op 
SPECT-CT afgebeelde sentinel nodes en hogere echelonklieren werden ingedeeld 
in deze zones. Alle sentinel nodes werden gevonden in de twee craniale zones en de 
centrale zone van de lies. Er was geen lymfdrainage naar de twee caudale zones in 
de lies. Op basis van deze bevindingen kan een liesklierdissectie bij cN0 patiënten 
worden beperkt tot verwijdering van slechts de twee craniale zones en de centrale 
zone. Hiermee kan het hoge aantal complicaties van een liesklierdissectie mogelijk 
worden verkleind.
In hoofdstuk 7 worden de resultaten van DSNB in het NKI geëvalueerd. Sinds de 
invoering in 1994 zijn diverse veranderingen in het DSNB-protocol doorgevoerd 
om het aantal foutnegatieve uitslagen te verminderen. Voorbeelden hiervan zijn de 
toevoeging van preoperatieve echo van de lies en uitgebreidere histopathologische 
analyse. De resultaten van DSNB volgens het huidige protocol, onveranderd sinds 
2001, werden vergeleken met de eerdere resultaten. Sinds de laatste veranderingen in 
2001 is het foutnegatief-percentage gedaald van 19,2% naar 4,8%. In dezelfde periode 
daalde het percentage complicaties van 10,2% naar 5,7%. DSNB lijkt geëvolueerd tot 
een betrouwbare en veilige procedure om occulte lieskliermetastasen te identificeren 
in cN0 patienten.
Ondanks de goede resultaten wat betreft DSNB in het NKI, wordt in de meeste 
klinieken nog steeds standaard een profylactische liesklierdissectie verricht bij cN0 
patiënten. De voornaamste bezwaren tegen de introductie van DSNB zijn het feit 
dat de meeste resultaten van één kliniek afkomstig zijn en de veronderstelde lange 
leercurve van de procedure. Bovenstaande punten komen aan bod in hoofdstuk 8, waar 
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de resultaten van DSNB in twee verschillende centra worden geëvalueerd: Het NKI 
en St. George’s Hospital (SGH) in Londen. DSNB werd hier in 2004 geïntroduceerd 
op basis van het protocol uit het NKI. Naast het foutnegatief-percentage en het 
aantal complicaties, werd de leercurve van DSNB na introductie in SGH geëvalueerd. 
Het gecombineerde foutnegatief-percentage was 7% (6,7% in het NKI en 7,5% in 
SGH). Complicaties traden op in 4,7% van de geopereerde liezen (5,7% in het NKI 
en 3,5% in SGH). Er kwamen geen foutnegatieve uitslagen voor in de eerste 30 
procedures in SGH, waarmee er dus geen sprake lijkt van een lange leercurve. Er 
wordt geconcludeerd dat DSNB een geschikte procedure is voor het stadiëren van 
cN0 patiënten. De goede resultaten uit het NKI zijn ook haalbaar in een centrum 
waar de procedure nieuw wordt ingevoerd op basis van het NKI-protocol.
Een van de veronderstelde oorzaken van een foutnegatieve DSNB procedure is 
uitgebreide tumorinvasie van de sentinel node, waardoor de lymfdrainage wordt 
geblokkeerd en/of omgeleid naar een ‘neo’-sentinel node waarin nog geen metastasen 
zitten. Tot op heden is er weinig wetenschappelijk bewijs voor deze hypothetische 
oorzaak van een foutnegatieve procedure.
In hoofdstuk 9 werd SPECT-CT gebruikt om het concept van tumorblokkade en 
omleiding van lymfedrainage bij patiënten met peniscarcinoom en palpabele liesklieren 
te analyseren. In 17 liezen met een palpabele en cytologisch bewezen tumorpositieve 
klier werd het lymfedrainagepatroon onderzocht op tekenen van tumorblokkade 
en omleiding. Slechts vier van de 17 palpabele klieren (24%) lieten opname van 
radioactiviteit zien op de SPECT-CT beelden. In 10 liezen werd omleiding van lymfe 
naar een neo-sentinel node gezien. Lymfdrainage was volledig geblokkeerd in drie 
van de 17 liezen. Het veronderstelde concept van tumorblokkade en omleiding werd 
aangetoond in 76% van de liezen met een palpabele metastase. Het lijkt plausibel 
dat deze resultaten kunnen worden geëxtrapoleerd naar cN0 liezen. Nauwkeurig 
lichamelijk onderzoek en echografisch onderzoek van de lies met fine-needle 
aspiration cytology voorafgaand aan DSNB zijn belangrijke onderzoeken om occulte 
klieren met daarin uitgebreide tumorinvasie op te sporen en hiermee de kans op een 
foutnegatieve procedure door tumorblokkade en omleiding te verkleinen.
In hoofdstuk 10 wordt de rol van neoadjuvante chemotherapie als behandeling voor 
gevorderd peniscarcinoom bekeken. In het NKI werden tussen 1972 en 2005 20 
patiënten behandeld met neoadjuvante chemotherapie voor downstaging van primair 
inoperabel peniscarcinoom. De tumorrespons, toxiciteit, opvolgende chirurgie en 
lange-termijnsoverleving werden geëvalueerd. Een tumorrespons op chemotherapie 
werd gezien in 12 van de 19 evalueerbare patiënten. De overall vijfjaarsoverleving 
was 32%. Er was een significant verschil (p=0,012) in overleving tussen patiënten 
met respons op chemotherapie (vijfjaarsoverleving 56%) en patiënten zonder respons 
(alle patiënten overleden binnen negen maanden). Van de 12 patiënten met respons 
op chemotherapie, werden er negen geopereerd met curatieve opzet. Acht van hen 
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bleven langdurig ziektevrij. Drie patiënten overleden aan toxische effecten van de 
chemotherapie en de therapie moest gestaakt worden in één patiënt. Deze resultaten 
suggereren dat neoadjuvante chemotherapie een waardevolle behandeloptie is bij 
patiënten met primair irresectabel peniscarcinoom. Deze groep werd eerder niet 
geneesbaar geacht.
In hoofdstuk 11 werd het recidiefpatroon van 700 patiënten uit twee instituten (NKI 
en Örebro University Hospital Sweden) onderzocht met als doel het maken van een 
rationeel follow-up schema. De recidieven werden ingedeeld in lokaal, regionaal of 
afstandsmetastasen. Het percentage recidieven werd vergeleken tussen patiënten die 
werden behandeld met een penissparende operatie en patiënten die een amputatie 
ondergingen. Regionale recidieven werden vergeleken tussen patiënten die chirurgisch 
gestadiëerd waren als kliernegatief, klierpositief en cN0 patiënten die met een wait-
and-see schema werden gevolgd. Van de 700 patiënten, hadden er 205 (29,3%) een 
recidief. Van deze recidieven trad 92,2% op binnen vijf jaar na initiële behandeling. 
Het percentage lokale recidieven was 27,7% na penissparende therapie en 5,3% na 
amputatie. Het percentage regionale recidieven was 2,3% bij patiënten chirurgisch 
gestadiëerd als kliernegatief, 19,1% bij patiënten gestadiëerd als klierpositief en 
9,1% bij patiënten in een wait-and-see schema. Concluderend hebben patiënten die 
penissparende therapie ondergaan, patiënten chirurgisch gestadiëerd als klierpositief 
en patiënten in een wait-and-see beleid een hogere kans op een recidief. Een follow-
up schema werd gemaakt op basis van deze gegevens en de impact van een recidief 
op overleving.
Hoofdstuk 12 geeft een overzicht van toekomstige onderzoeks- en behandelopties van 
peniscarcinoom.
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IntroductIon

Penile carcinoma is a rare malignancy in the Western world, with an incidence of less 
than one per 100.000 males in Europe and the USA. The vast majority (>95%) of 
penile malignancies are squamous cell carcinomas (SCC).1 Spindle cell carcinoma or 
sarcomatoid carcinoma is a rare subtype, representing 1.4-4% of SCC’s of the penis. 
It has a relatively poor prognosis and is associated with a high degree of lymph node 
metastasis and hematogeneous spread.2,3

Positron emission tomography (PET) is a scanning technique used for staging a 
variety of malignancies. Since its introduction more than two decades ago there has 
been an enormous expansion in clinical applications of PET. The most frequently used 
PET-tracer is 18F-Fluorodeoxyglucose (18F-FDG), measuring glucose consumption of 
tissues. Elevated glucose consumption, for instance by tumour or metastasis, appears as 
a hot-spot on the scan.
Only recently has the PET scan been introduced as a technique for staging penile 
cancer.4,5 In this report we describe a case of spindle cell carcinoma of the penis and 
the added value of PET scan over computed tomography (CT) scan for staging. 

case presentatIon and ManageMent

A 60 year old male presented with phimosis, for which he was circumcised. At surgery 
an ulcerating tumour ø1cm was found, growing from the prepuce. Histopathological 
evaluation showed a large spindle cell component and additional immunohistochemical 
staining was positive for vimentin and negative for keratin, factor VIII, CD31, HMB45 
and S100, resulting in a final diagnosis of a spindle cell carcinoma. Tumour-free margins 
were less than 1mm. The patient was referred to our institution for further treatment.
Physical examination showed a well healed circumcision scar without signs of residual 
tumour on the penis. No inguinal nodes were palpable. The tumour of the patient 
was classified as cT1N0M06 and it was decided to carefully monitor him every two 
months. At the next control visit a suspicious lesion on the glans and a large inguinal 
node (5cm) on the left side were found. Fine needle aspiration cytology (FNAC) 
of this node showed metastasis of a spindle cell carcinoma. A PET scan was done to 
evaluate possible further metastasis, revealing a hotspot in the left inguinal region, and 
one para-vesical hotspot on the right. (Figure 1)
An additional CT scan showed an enlarged necrotic lymph node in the left inguinal 
region but no focus was found explaining the para-vesical hotspot. A left inguinal 
lymph node dissection, a dynamic sentinel node procedure on the right side and a 
partial penectomy were performed. Histological examination confirmed a radically 
excised penile recurrence of spindle cell carcinoma and a left inguinal node metastasis 
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Figure 1: PET scan showing paravesical hot 
spot on the right side (arrow)

Figure 3: CT scan showing right paravesical 
lesion three months earlier (arrow)

Figure 2: CT scan showing right paravesical 
osteolytic  
process (arrow)
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with extra nodular growth. The right inguinal sentinel node was tumour-negative.
Because of extra nodular growth an additional left iliac lymph node dissection was 
performed and adjuvant radiotherapy was scheduled. Histological examination 
revealed no additional metastasis in the left iliac nodes. Prior to radiation therapy a 
CT scan was done. Unexpectedly, a large osteolytic process in the right acetabulum 
was found. (Figure 2) Curative radiation therapy was abandoned and palliative radiation 
was administered for the bony metastasis. 
Because of this unfortunate turn of events we reviewed the PET and CT scan made 
three months earlier. In retrospect a lesion was discovered on the CT scan in the right 
acetabulum. (Figure 3) corresponding with the para-vesical lesion seen on the PET scan.

 
dIscussIon

Due to its low incidence relatively few reports on spindle cell carcinoma of the penis 
are available.7-13 Lont et al. described a series of five cases in a group of 341 patients 
with penile carcinoma. Three out of five patients had nodal involvement and four died 
within seven months after initial presentation, demonstrating the poor prognosis and 
high rate of metastatic spread associated with this type of tumour.3 More recently a 
clinicopathologic study of 15 cases of spindle cell carcinoma was described by Velazques 
et al. Four-hundred cases of penile carcinoma were reviewed, from which 15 spindle 
cell carcinomas were identified. Lymph node status and follow-up were available in 
nine and five patients respectively. They concluded that spindle cell carcinomas of the 
penis are usually associated with lymph node metastasis (89%) and poor outcome.2 
Little is known about systemic treatment of metastasized penile spindle cell carcinoma 
and to our knowledge no literature is available on systemic chemotherapy for this type 
of tumour. 
PET is used for diagnosing, staging and assessing effect of treatment in a wide variety 
of malignancies. In a comprehensive review of all literature until 2001 on 18F-FDG/
PET scan an overall sensitivity and specificity of 84% and 88% were found respectively, 
based on more than 18.000 patient studies. The average management change after 
doing a PET scan was estimated at 30%.14 Little data on the use of PET scan in 
penile carcinoma is available however. One previous case report described the use 
of PET in metastatic penile carcinoma.4 In a recent series by Scher et al. 13 patients 
with suspected penile cancer or recurrent disease were examined with a combined 
18F-FDG PET/CT scan.5 Results were compared to histopathological findings during 
biopsy or surgery. Sensitivity for the detection of primary tumour was 75% and 
specificity 75%. For nodal metastasis sensitivity and specificity were 80% and 100% 
respectively. Although this is a relatively small series, results are promising and show 
the potential role of PET scanning in staging of penile carcinoma. Another interesting 
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development is the use of lymphotropic nanoparticle enhanced magnetic resonance 
imaging (LNMRI) for staging regional lymph node status in penile carcinoma. In a 
recent article LNMRI was found to be 100% sensitive and 97% specific in assessing 
lymph node status in a group of seven patients with penile carcinoma compared to 
histopathological examination.15 However, this technique is still in an experimental 
stage and not available in most institutes.
This case report underlines the additional value of PET scan over CT scan for staging 
of penile carcinoma. The PET scan in retrospect showed the bony metastasis three 
months earlier than it became evident on CT scan, which probably would have been 
reason to refrain from further surgical treatment. Too little data on this subject is 
available to make definite recommendations, but an additional PET scan in patients 
with spindle cell carcinoma could be of significant value, especially when taking into 
account the aggressive nature of this kind of tumour. Further research on this subject 
is warranted.
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IntroductIon

Squamous cell carcinoma (SCC) of the penis is a relatively rare disease in developed 
countries with age-standardised incidence rates ranging from of 0.3–1 per 100.000 
men, whilst in parts of South America (Brazil and Columbia) and Africa (Uganda) the 
incidence can reach four per 100.000 men. In Europe about 4.000 cases are diagnosed 
each year, comprising less than 0.5% of all cancers.1 The disease generally occurs late 
in life, with a mean age at diagnosis of 60 years and an age-related incidence rising 
continuously to reach its highest level after 70 years. 
For future preventive and therapeutic strategies, it is of major importance to gain insight 
into the pathogenesis of penile SCC. The development is most likely a stepwise chain 
of events over a period of many years from preneoplastic lesions to SCC. The etiology 
of penile SCC appears to be multifactorial, with a history of smoking, phimosis, poor 
hygiene and lack of circumcision during childhood commonly associated with this 
neoplasm.2,3 However, the exact etiological mechanisms that lead to the development 
of penile SCC are currently largely unknown. 
Sero-epidemiological and DNA detection studies have suggested a functional role 
of high-risk human papillomaviruses (hr-HPV) for a subset of penile SCCs.4-10 

Penile carcinomas with basaloid features and those of the warty subtype displayed 
the highest hr-HPV prevalence, up to 100%.9,11,12 On the other hand, keratinizing or 
not otherwise specified penile SCCs, which represent the most common histotypes 
(>95%) diagnosed in Europe and USA, generally showed a lower HPV prevalence of 
about 30-40%.8,9

To prove causal involvement of HPV in carcinogenesis specific criteria have been 
postulated,13,14 including the presence of intratumoural viral DNA, intratumoural 
oncogene transcripts, and serum antibodies to HPV proteins. In previous studies 
evaluating a role of HPV infections in penile carcinogenesis, only some of these criteria 
have been addressed. Comparative studies, i.e., serological versus molecular analyses 
in cases, and the evaluation of types other than HPV16 gained limited attention. 
In addition, sample sizes were modest in most studies. As such, many aspects of the 
association between HPV infections and the development of penile SCC remain 
elusive. 
In view of current HPV vaccine developments, better defining the precise contribution 
of HPV to the etiology of penile SCC regains interest. The family of HPVs nowadays 
consists of approximately 100 completely characterized types.15 The mucosal hr-
HPV types are acknowledged to have carcinogenic capacity, but recent data suggest 
oncogenic potential of some cutaneous HPV types as well (reviewed in Akgül et al.16). 
Interestingly, DNA of the cutaneous type HPV8 has occasionally been detected in 
penile lesions.17 
In the present study, we performed a comprehensive study on a unique, large series of 
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83 patients with penile SCC for presence and biological activity of a broad spectrum 
of mucosal and cutaneous HPV types by analysing viral DNA, RNA, and antibodies to 
HPV L1, E6, and/or E7 proteins. A potential role of HPV types in penile carcinogenesis 
was further explored by a case-control study using HPV-based serological parameters. 

 
MaterIals and Methods

Patients, controls, sera and tissue samples
This study was approved by and followed the local ethical guidelines of the Institutional 
Review Board of the Netherlands Cancer Institute. Investigations were carried out 
on 83 patients with primary invasive penile SCC treated in the Netherlands Cancer 
Institute between 1969 and 2000. The study represents the patients of whom formalin-
fixed paraffin-embedded (FFPE) material from the primary tumour was available, and 
sera were collected at the time penile SCC was diagnosed. The age ranged from 27 to 92 
years (median 65 years). Survival and clinicopathological data of the patients have been 
previously described.18 Of 30 patients analysed in this study, a corresponding frozen 
tissue specimen was tested during the course of a previous study.8 Haematoxylin and 
eosin (H&E)-stained FFPE-sections were used for histological subtyping according to 
standard histological criteria.11 
A control group of 104 sera of males not diagnosed with penile cancer was collected 
between 1985 and 1989.19 Twenty-one sera of controls (median 63 years, range 37-
85) comprised the training set to calculate cut-off values for serological assays, and 83 
sera of males (median 64 years, range 27-81) who were age-matched to the cases (<40 
years: 7 vs. 7, 41-65 years: 40 vs. 38, and >65 years: 36 vs. 38, respectively) comprised 
the control set. Informed consent was obtained from all participating men.

Tissue preparation and nucleic-acid isolation 
FFPE-samples were serially sectioned (15×5µm) on a microtome. The first and last 
sections were H&E-stained for histomorphological assessment. In-between sections 
were collected in sterile tubes (two for DNA isolation and one for RNA isolation). 
Sectioning and sample preparation were performed with highest measures to avoid 
(cross-)contamination. None of the control samples (i.e. paraffin sections lacking tissue 
that were cut in-between patient samples) were positive in any (RT-)PCR reaction, 
indicating adequate avoidance of RNA- and DNA-based contamination.
For each tumour specimen, we isolated DNA in duplicate by digestion of deparaffinized 
sections overnight at 37°C using proteinase K solution, followed by heat-inactivation 
of proteinase K and DNA extraction using the high pure PCR template preparation 
(HPPTP) kit according the manufacturer’s recommendations (Roche, Mannheim, 
Germany). DNA isolates were frozen at -20°C until use.



160

Appendix 2

RNA was isolated from deparaffinized FFPE-sections by overnight lysis in NucliSense 
Lysis Buffer (BioMerieux, Boxtel, The Netherlands) and subsequent NucliSense 
EasyMag isolation procedure (BioMerieux, Boxtel, The Netherlands). RNA isolates 
were stored at -80°C until use.

β-globin and HPV-DNA PCR detection and typing 
β-globin PCR analysis was performed on DNA isolates as described previously.8 

None of the tumour specimens used in this study was β-globin-negative indicating 
adequate sample quality. 
Mucosal HPV-DNA was detected by L1 region-based GP5+/6+-PCR-enzyme 
immunoassay (EIA) followed by typing using Reverse Line Blot (RLB) assay as 
described previously.20,21 GP5+/6+-PCR-EIA-RLB was applied in duplicate with 
both DNA isolates of each tumour specimen. Typing data were highly concordant 
between duplicate measurements (type-concordance: 100%) and duplicate DNA 
samples (type-concordance: 94%). For analysis, patients were scored positive for mucosal 
HPV types when these were detected in at least three out of four measurements. 
Beta-gamma cutaneous (BGC) HPV-DNA was detected and typed by L1 region-based 
BCG-HPV-PCR-RLB as described previously.22 The assay was supplemented with 
probes for 36 (putative) types, subtypes or variants submitted to GenBank (available at  
http://www.hpv-web.lanl.gov): HPV-DL231, -DL250, -DL253, -DL267, -DL284, 
-DL285, -DL287, -DL332, -DL297 (accession number (AC): Z95963 to Z95971), 
-DL428 (AC: AJ010823), -DL436 (AC: AJ010824), -RTRX2, -RTRX3, -RTRX4 
(AC: L38919 to L38921), -X10b (AC: AF091446), -X11b (AC: AF091447), -X11c 
(AC: AF097701), -X13(AC: AF054873), -X14 (AC: AF054874), -X20 (AC: AF054877), 
-X23 (AC: AF054879), -X24, -X25, -X26, -X27, -X29, -X32, -X33 (AC: AF054881 
to AF054887), -x34 (AC: AF055710), -X35 (AC: AF055711), -5c (AC: AF091436), 
-15b (AC: AF091457), -22b (AC: AF091439), -24b (AC: AF091441), -38b (AC: 
AF091443), and -38c (AC: AF091444). Based on our previous study demonstrating a 
reduced reproducibility of the BCG-HPV-PCR-RLB assay in case of infections with 
multiple types or lower viral loads,22 BGC-HPV-PCR-RLB was applied in triplicate 
with both DNA isolates of each tumour specimen, and patients were scored positive 
for cutaneous HPV types/subtypes/variants in case these were detected in at least four 
out of six measurements. 

Viral load analysis
Quantitative real-time PCR was performed by LightCycler technology (Roche, 
Mannheim, Germany) to estimate the amount of mucosal HPV16 and cutaneous 
HPV5, 8, 15, 20, 21 and 23 DNA in relation to human β-globin DNA as previously 
described.23,24 Viral load was determined as number of viral genome copies per cell 
equivalent. 
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Reverse transcriptase (RT)-PCR
Prior to RT-PCR, RNA samples were RQ1-DNase-treated according to the 
manufacturer’s directions (Promega, Leiden, The Netherlands). Subsequently, reverse 
transcription of RNA samples into cDNA was performed essentially as described 
before.25 A reaction without RT was run in parallel for each specimen.
For detection of HPV16 oncogene transcripts, we performed RT-PCR amplifying a 
small fragment (86bp) using primers that were designed to detect the most abundant 
splice variant within the HPV16E6 open reading frame, namely E6*I. For that 
purpose, the forward primer was designed to cover the splice-site, favoring detection 
of spliced HPV-transcripts and reducing possible interference by traces of HPV-
DNA that might still be present in the sample. The location of primers according to 
the HPV16 genome26 are nt211-225 and 409-413 (forward primer), and nt460-479 
(reverse primer). PCR products were detected using an EIA with an HPV16E6*I-
specific probe (nt425-451), essentially as described before.21 RNA from FFPE, 
HPV16-containing SiHa cells was used as positive control for RT-PCR. 
For detection of HPV8 oncogene transcripts, we performed two LightCycler-based 
RT-PCR assays designed to detect HPV8E6 or E7 mRNA, respectively, as described.27 
RNA from HPV8-containing primary keratinocytes was used as positive control for 
RT-PCR.
To assess the quality of all RNA specimens, RT-PCR was performed by LightCycler 
technology using primers specific for the gene encoding the U1 small nuclear 
ribonucleoprotein-specific A protein (snRNP U1A, 72bp, sequences on request) 
and LightCycler FastStart DNA MasterPLUS SYBR Green I (Roche). One of the 
specimens used in this study was negative in snRNP U1A RT-PCR assay, and is stated 
as such in the results section. 
None of the negative control reactions lacking RT were positive in any of the RT-
PCRs, indicating absence of interference with possible traces of residual DNA.

Fluorescent bead technology-based multiplex serology for HPV
Sera were evaluated for the presence of antibodies against HPV L1, E6 and/or E7 
antigens of the following HPV types: 1L1, 2L1, 3L1, 5L1, 6L1, 8L1/E6/E7, 9L1/
E6/E7, 10L1, 11L1, 15L1/E7, 16L1/E6/E7, 18L1/E6/E7, 20L1, 24L1, 31E6, 32L1, 
33E6/E7, 35E6, 36L1, 38L1/E6/E7, 45E6, 52E6/E7, and 58E6/E7. Additionally, 
antibodies against major capsid proteins VP1 of poliomaviruses BKV, JCV and LPV 
were evaluated. Antibodies were detected using a fluorescent bead technology-based 
multiplex serology assay as described previously.28,29 Serological analyses of cases and 
controls were run in parallel, blinded for the identity of the specimen. Sera were 
scored positive when antigen-specific median fluorescence intensity (MFI) values were 
above cut-off level as calculated for each antigen using the mean + 3 x the standard 
deviation of GSTtag-corrected MFI levels in the training set, with a minimum of 100 
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MFI. None of the specimens in this study was negative for all three VP1-antibodies, 
indicating adequate sample quality. 

Statistical analysis 
Binary logistic regression models with adjustment for age were used to evaluate 
the correlation between molecular and serological parameters in patients, as well as 
to estimate from the serological case-control study the association between HPV 
seropositivity (yes or no), subgroup (mucosal hr-HPV, mucosal low-risk (lr-)HPV, or 
cutaneous HPV), or specific HPV antigen or type with penile SCC. Corrections for 
multiple comparisons were included in the analyses for individual antigens and types 
(n=37 and n=23, respectively). All statistical analyses were performed using SPSS11.5-
software. P-values of 0.05 or less were considered statistically significant.

results

Presence of HPV-DNA and oncogene transcripts in penile SCC 
HPV DNA of mucosal and/or cutaneous types, as single or multiple infection, was 
detected in 55% (46/83) of penile SCCs: mucosal types in 24/83 (29%), cutaneous 
types in 14/83 (17%) and a combination thereof in 8/83 (10%). (Table 1) The majority 
of the HPV DNA-positive tumours contained HPV16 (24/46, 52%). HPV8 was the 
second most prevalent type (10/46, 22%), and co-infected with HPV16 in 4/10 (40%) 
cases. The prevalence of all other HPV types among the HPV DNA-positive cases was 
less than 11% (≤5/46) each. 
RT-PCR analysis of HPV16 DNA-positive cancers revealed HPV16 E6*I mRNA 
expression in the majority of cases (18/24, 75%, Table 1). HPV16 viral load analysis 
demonstrated a median of 72 genome copies per cell (range: 8.5-2667) in mRNA-
positive cancers, and 0.5 copies/cell (range: 0.04-2.0) for transcript-negative HPV16 
DNA-positive SCCs. Viral load levels were below the detection limit of the quantitative 
real-time PCR assays (<0.5 copy/cell) for cancers containing HPV types 5, 8, 15, 20, 
21 and/or 23. Moreover, none of the HPV8-positive cancers demonstrated HPV8 E6 
and/or E7 mRNA expression. 

Serological findings in penile SCC and correlation to molecular data
Prevalence of antibodies against the various HPVE6 and E7 proteins in the sera 
of patients with penile SCC was low (≤8%), except for antibodies against HPV16 
E6 and E7 that were found in 16% and 24%, respectively. (Table 2) Concomitant E6 
and E7 seropositivity was only found for HPV16, i.e., in seven of the 83 cases (8%). 
Seroprevalence against the various HPV L1 capsid proteins was highly variable (range: 
0-42%), with highest prevalence for mucosal lr-HPV type HPV11 (42%), followed by 
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the cutaneous types HPV38 (40%), HPV8 (37%), and HPV15 (31%). 
For HPV16, seropositivity against L1, E6 and/or E7 was significantly associated with 
an (active) infection indicated by the presence of intra-tumoural HPV16 DNA and/or 
RNA. (Table 2) Odds ratios (OR) ranged from 4.5 (95% confidence interval (CI) 1.5-
13) to 25 (95%CI 2.7-227) for HPV16 DNA presence in the tumour, and from 6.7 
(95%-CI 2.1-21) to 44 (95%CI 4.5-422) for intratumoural HPV16 RNA presence. 
Notably, the tumours of all seven patients that were double seropositive for HPV16 E6 

Any SCC

DNA+ / 16RNA+

Not otherwise 
specified SCC

DNA+ / 16RNA+

Verrucous SCC

DNA+ / 16RNA+

Warty SCC

DNA+ / 16RNA+

Sarcomatoid 
SCC

DNA+ / 16RNA+

Single Infection

   mucosal hr-HPV

      HPV16

      HPV18

      HPV45

      HPV56

   mucosal lr-HPV

      HPV6

   cutaneous HPV

      HPV8

      HPV12

      HPV17

      HPV20

      HPV23

      HPV-rtrx2

31 / 13 

18 / 13*

1 / 0

1 / 0

1 / 0

2 / 0

2 / 0

2 / 0

1 / 0

1 / 0

1 / 0

1 / 0

26 / 12

16 / 12*

1 / 0

1 / 0

1 / 0

1 / 0

1 / 0

2 / 0

1 / 0

1 / 0

1 / 0

- / -

4 / 1

2 / 1

- / -

- / -

- / -

- / -

1 / 0

- / -

- / -

- / -

- / -

1 / 0

1 / 0

- / -

- / -

- / -

- / -

1 / 0

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

Multiple Infection

   HPV16 + HPV18

   HPV16 + HPV-x23

   HPV16 + multiple 

   cutaneous types†

   HPV18, -17, and -20

   HPV45, -20, -23, -x23, 

   -x32, and -RTR4

   HPV58, -40, -83, -8, 

   -23, -x23, and -x33

   multiple cutaneous 

   types‡

15 / 5

1 / 0

1 / 1

4 / 4

1 / 0

1 / 0

1 / 0

6 / 0

14 / 5

1 / 0

1 / 1

4 / 4

1 / 0

1 / 0

1 / 0

5 / 0

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

- / -

1 / 0

- / -

- / -

- / -

- / -

- / -

- / -

1 / 0

HPV DNA-negative 37 / 0 32 / 0 3 / 0 1 / 0 1 / 0

Total 83 / 18 72 / 17 7 / 1 2 / 0 2 / 0

Table 1: HPV genotypes in penile SCC according to histotype
Note: DNA + indicates the number of penile SCCs positive for DNA of respective HPV types specified in each row. 16RNA + indicates the number of penile SCCs 
positive for RNA of type HPV16
*One tumour was of inadequate sample quality (i.e. snRNP-negative)
†Includes HPV5 (2/4), -8 (4/4), -12 (2/4), -15 (1/4), -17 (2/4), -DL436 (1/4)
‡Includes HPV5c (2/6), -8 (3/6), -9 (1/6), -15 (1/6), -15b (2/6), -x29 (1/6), -24b (1/6), -21 (1/6), -23 (2/6), -x23 (2/6), -x26 (1/6), -22b 
(1/6), -12 (1/6), -17 (1/6)



164

Appendix 2

and E7 displayed both HPV16 DNA and RNA. For none of the other HPV types, a 
significant association between seropositivity for any of the antigens and HPV DNA 
presence in the tumour was observed. 

Case-control evaluation of the seroprevalence of HPV antibodies
Overall, seropositivity for any HPV type compared to seronegativity for all HPV types 
was strongly associated with penile SCC, both for antibodies against L1 capsid proteins 
(OR=6.7, 95%CI 2.4-19; Table 3) and early E6 and/or E7 proteins (OR=11, 95%CI 
3.6-34; Table 3). HPV subgroup analysis revealed an association of penile SCC with 
mucosal hr- and lr-HPVs as well as cutaneous HPVs, with highest OR for mucosal 
hr-HPV L1 seropositivity. (Table 3) Association of penile SCC to HPV seropositivity 
could not solely be attributed to HPV16 infections, since similar associations were 
found after excluding cases with HPV16 DNA-positive SCC or HPV16-seropositive 
men. (Table 3) 
Analyses for individual antigen seropositivity revealed significantly elevated ORs for 
penile SCC among men who were seropositive for antibodies against HPV16 L1, 
16E7, 6L1 and 3L1. (Table 4) The association between HPV16 L1 and E7 antibodies 
and penile SCC could mainly be attributed to men with HPV16 DNA-positive 
SCCs. (Table 4) Within the group of patients who had HPV16 DNA-negative tumours, 
an additional association with seropositivity against HPV18L1, next to HPV6L1, 
was found, while that with HPV16L1,16E7 and 3L1 disappeared. (Table 4) None of 
the other HPV antigens (n=32) demonstrated a significant difference in antibody 
seroprevalence between cases and controls (data not shown). Also seroprevalence of 

All  HPV16 DNA/RNA status                          DNA+                                   RNA+             

HPV16 serology  n (%)
-  / -
n (%)

+ / -
n (%)

+ / +
n (%) OR (95% CI) * p * OR (95% CI) * p *

 

16L1 seronegative
16L1 seropositive

63 (76)
20 (24)

50 (85)
9 (15)

5 (83)
1 (17)

8 (44)
10 (56)

4.5 (1.5-13) 0.0060 6.7 (2.1-21) 0.0013  

16E6 seronegative
16E6 seropositive

70 (84)
13 (16)

55 (93)
4 (7)

6 (100)
0 (0)

9 (50)
9 (50)

8.3 (2.1-33) 0.0023 17 (3.8-72) 0.0002

16E7 seronegative
16E7 seropositive

63 (76)
20 (24)

50 (85)
9 (15)

5 (83)
1 (17)

8 (44)
10 (56)

5.0 (1.6-14) 0.0047 7.0 (2.2-22) 0.0010

Double 16E6/E7 
seronegative
Double 16E6/E7 
seropositive†

75 (92)

7 (8)

59 (100)

0 (0)

6 (100)

0 (0)

11 (61)

7 (39)

25 (2.7-227) 0.0047 44 (4.5-422) 0.0011  

 Total 83 (100) 59 (100) 6 (100) 18 (100)  

Table 2: Antibody response against HPV16 proteins and the presence of HPV16 DNA and RNA in penile SCC
Note: DNA + indicates the association between the corresponding seroresponse and HPV16 DNA presence in the tumour tissue. RNA + indicates the association 
between the corresponding seroresponse and HPV16 oncogene transcript presence in the tumour tissue
*Binary logistic regression with adjustment for age
†To allow calculations, one DNA-negative patient (aged 65 years) was set to seropositive
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(n=
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C
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I) *
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C
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)

O
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specific H
PV

 antigen
   H

PV
16L1

   H
PV

16E
7

   H
PV

18L1
   H

PV
3L1

   H
PV

6L1

2 (2)
6 (7)
4 (5)
2 (2)
7 (8)

20 (24)
20 (24)
20 (24)
12 (14)
24 (29)

9.8 (1.4-69)
4.3 (1.2-16)
4.1 (0.9-19)
6.1 (1.5-25)
6.4 (1.1-37)

0.0220
0.0276
0.0707
0.0376
0.0126

11 (46)
11 (46)
7(29)
7 (29)
6 (25)

30 (1.1-10
4)

23 (2.3-232)
0.5 (0.1-35)
36 (2.1-643)
8.9 (0.4-211)

0.0470
0.0077
0.7290
0.0141
0.1773

9 (15)
9 (15)
13 (22)
5 (8)
18 (31)

6.7 (0.8-59)
3.4 (0.7-16)
9.2 (1.7-51)
3.6 (0.4-32)
7.5 (1.6-36)

0.0859
0.1166
0.0108
0.2595
0.0109

A
ny antigen against 

specific H
PV

 types †

   H
PV

18
   H

PV
16

11 (13)
4 (5)

38 (46)
22 (27)

5.0 (1.9-13)
5.3 (1.3-21)

0.0014
0.0190

18 (75)
7(29)

15 (2.6-86)
2.2 (0.1-68)

0.0026
0.6524

20 (34)
15 (25)

4.2 (1.4-13)
8.4 (1.9-37)

0.0127
0.0054

Table 4: Type specific HPV seropositivity
Note: Indicated are only those antibody responses that significantly differed between controls and cases in any of the three groups (i.e. all cases, HPV16-DNA positive cases, or HPV16-DNA negative cases
*Binary logistic regression with adjustment for age and correction for multiple comparisons
†Seropositivity to any antigen of a specific HPV type was calculated for those types of which L1 and E6 and/or E7 antibodies were evaluated (i.e., cutaneous types 8, 9, 15 and mucosal types 16, 18, 
33, 52 and 58)
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antibodies against the poliomaviruses BKV, JCV, and LPV did not differ significantly 
between cases and controls (i.e., 95% vs. 99%, 78% vs. 81%, 39% vs. 41%, respectively).
Finally, seropositivity against any antigen for those HPV types of which more than one 
antigen was assessed (i.e., HPV8, 9, 15, 16, 18, 33, 38, 52, and 58), was evaluated. This 
analysis revealed similar data as obtained following analysis of individual antigens of 
these types, i.e., an association of HPV16 to mainly HPV16 DNA-positive tumours, 
and HPV18 to predominantly HPV16 DNA-negative tumours. (Table 4)
 

dIscussIon

The current study describes a comprehensive serological and molecular examination 
of HPV infections in relation to penile SCC. This is the first study including a large 
series of penile SCC patients, taking into account a wide variety of mucosal and 
cutaneous HPV types from different genera, and integrating molecular and serological 
findings. Both antibodies against early E6 and/or E7 proteins, which are for certain 
types acknowledged to be associated with HPV-related cancer, and capsid L1 proteins, 
which are in general recognized to represent current and/or past exposure to HPV 
infections30, were measured. 
Our study provides strong evidence that HPV16 infections play a biological role in 
the development of a subset of penile SCCs. Association of HPV16 to penile SCC has 
been suggested before by molecular3,8-10 and serological studies.5-7 Herein, an active 
involvement of HPV16 infections in penile carcinogenesis is strengthened by detection 
of viral gene-expression and high viral load in the tumours as well as by a strong 
correlation between HPV16-based molecular and serological parameters. Serology 
was found to underestimate HPV exposure, in agreement with a previous study.6 
The failure to detect type-specific antibodies in patients whose tumours contained 
a current infection with the respective HPV type remains unclear, but differences in 
sensitivity between molecular and serological tests, and/or deficiency in the HPV-
specific immune response in cancer patients might be plausible explanations.
Our serological case-control analyses further revealed an association of antibodies 
against HPV18 and HPV6 to penile SCC in males without HPV16 infection. Also at 
the DNA level tumours with single or multiple infections of these mucosal types were 
found. Nevertheless, frequencies were low and no correlation between molecular and 
serological markers could be observed for these HPV types. As such, although our data 
and those of others3,8-10,18,31,32 indicate an association of HPV18 and HPV6 DNA and/
or antibodies with penile SCC, the contribution of these types to penile pathogenesis 
is elusive.
At present, it is also unknown whether cutaneous HPV types are causally associated 
with a subset of penile SCCs. High antibody frequencies against certain cutaneous types 
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were found in the sera of patients and DNA of cutaneous HPV types was detected in 
penile SCCs. However, antibody seropositivity in patients did not differ significantly 
from that in controls and no direct correlation between serological and molecular 
parameters in cases, like found for HPV16, could be demonstrated. Furthermore, viral 
loads levels were low, in line with findings for HPV8 in penile Erythroplasia of Queyrat, 
a carcinoma in situ of the penile mucosa.17 Also viral gene-expression was absent. 
Thus, our findings argue against an etiological role of cutaneous HPV types in penile 
cancer. Nevertheless, our results are similar to previous studies23,27,29 that investigated 
serological and molecular HPV markers in relation to non-melanoma skin cancer, in 
which cutaneous HPV types are supposed to be pathogenetically involved. 
In addition to type specific findings, any HPV seropositivity, both overall and per 
supgroup, was found to be associated with penile SCC. Comparison of HPV to 
poliomavirus serology is strengthening that these HPV findings were penile SCC- 
(or generally tumour-) specific. The higher seroprevalence in cases, over and above 
the association of HPV16 to penile SCC, suggests an increased prior exposure of 
penile cancer patients to HPV infections, most likely related to sexual lifestyle.33 A 
potential history of increased exposure to a broad spectrum of HPV types is further 
underscored by the finding that cases demonstrated significantly more seropositivity 
to multiple HPV types as compared to controls (data not shown). 
In conclusion, we have provided strong molecular and serological evidence that mucosal 
hr-HPV type16 acts as carcinogen in a subset of penile malignancies. Consequently, 
prophylactic HPV vaccination with HPV16-virus-like particles might reduce the 
development of approximately one-third of penile SCCs. Furthermore, our case-
control analysis supports a greater prior exposure to a broad spectrum of HPV types 
for males who develop penile cancer. At the individual level, however, insufficient 
evidence for a contribution of HPV types other than HPV16 in the pathogenesis of 
penile SCC was found. 
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doen in het AVL. Ik hoop in de toekomst nog vaak met je te kunnen samenwerken.

Mijn copromotor, dr. O.E. Nieweg. Beste Omgo, naast een betrokken en kundig arts 
ben je een wetenschapper in hart en nieren en ik prijs mezelf gelukkig te hebben 
samengewerkt met een expert op het gebied van de sentinel node biopsie. Van jouw 
nauwkeurigheid in zowel wetenschappelijk als taalkundig opzicht heb ik veel geleerd. 
Na jouw kritische blik was een stuk ook daadwerkelijk ‘af ’. Hartelijk dank voor je 
onmisbare bijdrage.

Dr. R.A. Valdés Olmos, beste Renato, jouw enthousiasme voor je vak en de 
wetenschappelijke kant ervan bleek bijzonder aanstekelijk. De nucleaire geneeskunde 
kreeg dan ook al snel een belangrijke rol in mijn onderzoek. Maar niet alleen 
vakinhoudelijk ben je gedreven. Jouw warme en gastvrije manier van met mensen 
omgaan heeft een onvergetelijke indruk achter gelaten. De wekelijkse ‘sentinel node 
bespreking’ was altijd een mooi moment om naar uit te kijken en ik zal ook niet 
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vergeten hoe je mij tijdens mijn eerste wetenschappelijke stapjes op een congres in 
Rome op sleeptouw nam (en ‘s avonds een Chileens wijntje voorschotelde). Veel dank 
voor alles.

Collega arts-onderzoekers van de afdeling HOD uit het AVL. Misschien wel het 
belangrijkste ingrediënt voor een leuke baan zijn je collega’s. Nou bleek al snel 
dat ik het op dat vlak enorm getroffen had. Dank voor alle memorabele lunches, 
vrijmibo’s en de liters ‘slappuccino™’. In deze zeer ontspannen setting heb ik ook op 
wetenschappelijk vlak erg veel aan jullie gehad. In het bijzonder dienen natuurlijk de 
leden van het illustere ‘kamertje 1’ genoemd te worden: you know who you are!

De ‘uro’pathologen, Hester van Boven en Maarten Gallee, dank voor de vele revisies 
van materiaal. Ik besef dat ik het jullie wel eens zwaar heb gemaakt als ik weer fluitend 
met een bakje met 150 coupes aan kwam zetten... Zonder jullie bijdrage was dit 
proefschrift niet mogelijk geweest.

Alle overige medeauteurs en de urologen uit het AVL wil ik graag bedanken voor hun 
bijdrage en prettige samenwerking.

Er bestaan denk ik weinig plekken in Nederland waar het doen van wetenschappelijk 
onderzoek zo goed ondersteund wordt als het AVL. Medewerkers van het secretariaat 
HOD, de afdeling statistiek (in het bijzonder Ninja Antonini en Tony vd Velde), de 
tumorregistratie, het archief, de OK, audiovisuele dienst en alle anderen die een 
bijdrage leverden, hartelijk dank.

Bin Kroon en Niels Graafland. Respectievelijk mijn voorganger en opvolger wat betreft 
het onderzoek naar peniscarcinoom. Hartelijk dank voor de fijne samenwerking .

Drs. M.T.W.T. Lock, beste dokter Lock, dankzij u ben ik de urologie ingerold en 
heb ik mijn eerste wetenschappelijke ervaring opgedaan. De uurtjes die ik tijdens 
mijn ANIOS plek in het Centraal Militair Hospitaal heb kunnen besteden aan mijn 
proefschrift waren onmisbaar en ik stel zeer op prijs dat dit mogelijk werd gemaakt.

Mijn collega’s van de afdeling urologie in het Centraal Militair Hospitaal en UMC 
Utrecht wil ik graag bedanken voor het gezellige en leerzame afgelopen jaar. 

Collega’s van de afdeling chirurgie in het Meander MC Amersfoort, het valt niet 
altijd mee om een proefschrift af te ronden en je ondertussen de beginselen van de 
chirurgie eigen te maken. Dank voor jullie hulp hierbij en ik zie er naar uit om de 
komende jaren met jullie samen te werken.
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Leden van het ‘Gevaar’ der USR Triton: Lucas, Jan, Jurrian en Eelco. Hoewel ik 
geen meter met jullie in een roeiboot heb afgelegd, zijn jullie sinds de eerste borrel 
mijn vaste makkers. Dank voor jullie vriendschap en ik zie jullie met een belachelijk 
oranje T-shirt en een afropruik op de Eiffeltoren op 20-09-2009 (als we die raadsels 
tenminste ooit opgelost krijgen).

Cru99, de allermooiste lichting die ooit in de medische collegebanken van Utrecht 
heeft gezeten!

Molenstraters, homies 4 life! En iets met jullie moeders, het schiet me nu even niet te 
binnen...

Mijn paranimfen: Broer Niek ‘Schnitzel’ Leijte en Jan ‘El hombre de partido’ van 
Overbeeke. Trouwe vrienden, ik ben trots dat jullie aan mijn zijde staan tijdens mijn 
verdediging.

Mijn lieve ouders, Inkie en Niek. Ik zeg het niet vaak genoeg, maar weet dat jullie 
liefde en onvoorwaardelijke steun voor mij onmisbaar zijn. Dank voor alles. 

Tot slot, mijn lieve Fleur. De afgelopen 4 jaar met jou zijn voorbij gevlogen, ik kijk uit 
naar de volgende 100! Hou van jou!


