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1 Epidemiology and etiology

Penile cancer is a rare disease in the Western world with an age-adjusted standardized incidence 
around one per 100.000.1 More than 95% of these tumours are of the squamous cell 
carcinoma subtype. There is a worldwide geographic variation in incidence that could 
be caused by differences in socio-economic status, cultural and religious conditions.1 For 
example, penile cancer is very rare in population who routinely practice circumcision 
during neonatal or childhood period. Causative risk factors for this disease include phimosis 
(resulting in chronic infection), tobacco use, and human papillomavirus (HPV) status. 

Although the exact pathogenesis is largely unknown,2 inflammation may represent 
a critical component in tumour development or progression as many penile cancers arise 
at sites of infection, chronic irritation or injury. There appears to be a HPV-mediated 
and a HPV-independent penile carcinogenesis.2 Around 45% of penile carcinomas are 
HPV-related of which HPV-16 is the predominant type.3 Most common disrupted 
pathways, both in HPV-mediated and HPV-independent penile carcinogenesis, involve 
the p14ARF/MDM2/p53 and/or p16INK4a/cyclin D/Rb pathways.2 

In the Netherlands, approximately 100-120 new patients are diagnosed yearly 
with primary invasive penile cancer. The low incidence of penile cancer poses a challenge 
for the clinicians as many aspects in the management are based on a limited amount of 
scientific evidence. Until a few decades ago, most evidence was derived from retrospective, 
single institutional analyses with limited number of patients. During the last decades, 
however, there has been a shift towards centralization of penile cancer care in the 
Netherlands and the United Kingdom with collaboration among large centres. This has 
resulted in improved knowledge about the diagnosis and treatment of penile cancer. 

Staging and treatment of clinically node-negative penile cancer

As is common in squamous cell carcinomas, the pattern of dissemination is predominately 
lymphogenic. The primary draining lymph nodes are invariably located within the inguinal 
lymphatic region.4,5 Thereafter, dissemination continues to the pelvic nodes and/or distant 
sites.4,5 At initial presentation, distant metastases are present in only 1-2% of the 
patients and usually accompanied by clinically evident lymph node metastases. Primary 
haematogenic spread has only been documented in squamous cell carcinoma of the 
sarcomatoid subtype.6 

Most patients (up to 80%) diagnosed with penile cancer in Western countries 
present without any palpable abnormalities in the groins.7 The other 20% of patients 
present with palpable nodes.7 Inguinal lymph nodes that become palpable during follow 
up are almost invariably due to metastases.8 The presence of lymph node involvement is 
the single most important prognostic factor for cancer-specific death.9-15 

The optimal management of clinically node-negative (cN0) patients has been 
subject of debate for a long time.16 Approximately 20-25% of these cN0 patients harbour 
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1occult nodal involvement. These occult metastases are, by definition, not detected by 
physical examination. Current available non-invasive staging techniques are hampered 
by inaccurate assessment of the regional lymph nodes, that is, missing of micrometastatic 
disease.17 Surgical resection of occult metastatic disease has shown to benefit survival 
compared to inguinal node dissection when occult metastases becomes clinically apparent.18-20 
Elective lymphadenectomy in all cN0 patients, but also in those considered “high-risk” 
according to European Association of Urology guidelines,21 leads to unnecessary lymph 
node dissection in almost 80% of the cases because of absence of lymph node metastases 
in the resected specimen.22 Furthermore, lymphadenectomy is not without drawbacks. 
Up to 35–70% of patients have short- or long-term complications, such as postoperative 
infection, wound dehiscence, and lymph oedema.23 Therefore, there is an understandable 
reluctance to perform elective lymphadenectomy in all cN0-patients with penile cancer 
or those considered “high-risk”. As a consequence, some clinicians manage these cN0 
patients with close surveillance and carry out lymphadenectomy only when metastases 
become clinically apparent. While elective inguinal lymphadenectomy is considered over-
treatment in up to 80% of cN0 patients, close surveillance may lead to unintentional 
delay because of outgrowth of occult metastases as mentioned above. These controversies 
led to the introduction of minimally-invasive approaches. 

In 1994, dynamic sentinel node biopsy (DSNB) was introduced at the Netherlands 
Cancer Institute / Antoni van Leeuwenhoek Hospital (NKI/AVL) in Amsterdam to 
stage cN0 patients. After preoperative lymphoscintigraphy and using an intraoperative 
gamma-ray detection probe and blue dye, only the lymph nodes on a direct lymphatic 
drainage pathway are removed via a small inguinal incision.24-26 If the sentinel node is 
tumour-positive, completion ipsilateral lymphadenectomy is carried out. Groins with 
tumour-free lymph nodes are managed with close surveillance thereby avoiding the 
lymphadenectomy associated morbidity. Lymphoscintigraphy visualizes in a dynamic 
fashion the individual drainage patterns of each patient. During the past decade, DSNB 
has evolved into a reliable minimally-invasive staging technique with an associated 
sensitivity of 93–95% with a low morbidity.24,27 These figures are comparable with the 
results in patients with melanoma. Recently, in a large prospective series of 323 patients 
of two tertiary referral hospitals (NKI-AVL in Amsterdam and St. Georges Hospital 
in London) who use essentially the same protocol, DSNB has shown to be a reliable 
method with a low complication rate.26 The combined sensitivity of this procedure was 
93% with a specificity of 100%.26 Complications occurred in less than 5% of explored 
groins. Furthermore, no learning curve could be demonstrated in the initial 30 procedures 
in the series of the second hospital St Georges Hospital. 

With the implementation of DSNB in the clinical management of cN0 patients 
with penile carcinoma, contemporary five-year cancer-specific survival has reached up to 
90% at the NKI/AVL  (figure 1, non-published data). Clinically node-negative patients 
who remain at risk for cancer-specific death are those who have multiple tumour-positive 
lymph nodes in the completion lymphadenectomy specimen, those who experience a 
local recurrence with subsequently new lymphatic spread and men who develop a groin 
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1 recurrence in a sentinel node-negative groin (i.e. false-negative sentinel node biopsy). 
Future improvements of clinical care should aim to improve the outcome of these sub-
groups.

Figure 1 – Contemporary 5-year cancer-specific survival estimates at the NKI/AVL 
according to clinical nodal staging at presentation of  patients treated between 2001 
and April 2008 (non-published data). Values indicate number of  patients at risk.

Clinical and pathological node-positive penile cancer

Although the management and outcome of patients with cN0 penile cancer has improved 
during the last decades by the implementation of DSNB, the management of those 
with clinically node-positive penile cancer has remained almost identical. As mentioned 
above, approximately 20% of the patients with penile carcinoma present with palpable 
nodes. Up to 70% of these patients will actually have metastatic inguinal nodal involve-
ment.15 The remaining patients have enlarged nodes secondary to infection. Surgical 
resection in the form of regional lymphadenectomy is considered the cornerstone of 
treatment in patients with pathological node-positive (pN+) penile cancer. At our institute, 
adjuvant (i.e. postoperative) radiotherapy is given when high-risk pathological parameters 
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1are found in the dissected specimens, which is defined as presence of two or more 
metastatic inguinal nodes and/or extranodal extension. Rationale for this are series in 
head and neck cancer showing improvement of survival.28 

Several previously published series in penile cancer have suggested that 
contemporary treatment is effective in patients with one or two involved inguinal nodes 
without extranodal extension with cure in almost 80%.9-15 On the other hand, survival 
figures drop dramatically when more tumour is present. For example, patients with 
pelvic nodal involvement are generally considered to have poor outcome with reported 
five-year survival 0-20%.9-15 This suggests that a subgroup of patients with “high-risk” 
pN+ penile cancer should be treated in a different way. Accurate identification of this 
high-risk subgroup is of utmost importance for the implementation of new treatment 
modalities and inclusion for clinical trials. This thesis analyzes contemporary management 
of patients with penile cancer, evaluates new imaging modalities and identifies sub-
groups with high-risk pN+ disease.

OUTLINE OF THIS THESIS

Chapter 2 of this thesis evaluates the incidence and survival of patients with 
penile squamous cell carcinoma in the Netherlands. In chapter 3, prognostic factors 
for occult lymph node involvement in cN0 penile carcinoma and the assessment of the 
EAU high-risk group are analyzed. Chapter 4 describes a prospective study regarding 
the value of hybrid PET/CT in cN0 penile cancer for the prediction of occult metastases. 
In chapter 5, the results of so called “postresection” DSNB are described in patients 
who had sentinel node biopsy after previous primary tumour resection. Chapter 6 
explores the value of repeat DSNB in patients with locally recurrent penile carcinoma 
who had previous penile tumour resection and sentinel node biopsy. Prognostic factors 
for cancer-specific death in patients with pN+ penile cancer are evaluated in chapter 7. 
Chapter 8 analyzes the new 2009 AJCC/UICC pathological nodal staging system of 
penile cancer. This classification was introduced in January 2010. Chapter 9 evaluates 
the impact of inguinal recurrence following therapeutic lymphadenectomy on patient 
outcome and identifies a subgroup with high-risk pN+ penile cancer who seem not to 
benefit from contemporary management consisting of lymphadenectomy and postop-
erative radiotherapy. The identification of this high-risk pN+ subgroup with diagnostic 
CT imaging is described in chapter 10. In chapter 11 the value of preoperative staging 
of the pelvic nodes with 18F-FDG-PET/CT for detection of pelvic nodal involvement is 
presented. The first clinical results of 18F-FDG-PET/CT for monitoring chemotherapy 
response are described in chapter 12. Concluding remarks and future prospects are 
presented in chapter 13. A summary of the thesis is given in English and Dutch in 
chapter 14.
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Abstract
 
Introduction: We examined trends in the incidence and mortality, and described the 
survival of patients with penile squamous cell carcinoma in the Netherlands between 
1989 and 2006. 

Methods: On the basis of nation-wide population-based data, three-year moving average 
European age-standardised incidence and ten-year relative survival estimates were 
calculated. Penile squamous cell carcinomas were categorized according to stage grouping 
based upon the TNM classification. 

Results: In the 17-year study period, 2000 primary penile cancers were diagnosed in 
the Netherlands of which 1883 (94%) were squamous cell carcinomas. Median age at 
diagnosis was 68 years. The majority of patients (57%) were diagnosed with localized 
tumours (stage 0 or stage I). The percentage of missing disease characteristics increased 
with increasing age. The three-year moving average incidence rate of patients with penile 
squamous cell carcinoma increased significantly from 1.4 per 100,000 person-years in 
1989 to 1.5 in 2006 with an estimated annual percentage of change of 1.3%. Ten-year 
relative survival of patients according to the different stage groups was 93% for stage 0, 
89% for stage I, 81% for stage II, the nine-year survival was 50% for patients with stage 
III disease and a two-year survival of 21% for patients was found for stage IV disease. 

Conclusions: The present study shows that the incidence rate of penile squamous cell 
carcinoma in the Netherlands has increased slightly, especially the incidence of carcinomas 
in situ. Patients with stage III and IV tumours have poor survival. 
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Introduction

Primary penile cancer is a relatively rare neoplasm in the Western world with an age-
adjusted incidence rate of around one per 100.000 men.1 More than 95% of these tumours 
are squamous cell carcinomas.2 Causative risk factors for penile cancer include phimosis,3 
tobacco use,4 and infection with human papillomavirus (HPV),5-7 while neonatal 
circumcision is suggested to have a protective effect.8 There is a worldwide geographic 
variation in incidence that could be caused by differences in socio-economic status, 
hygiene, religious and cultural conditions.1,9 For example, the incidence of penile cancers 
ranges from 0.04 per 100,000 men in Jewish populations in Israel (high incidence of 
circumcision) to 3–4 per 100,000 men in non-Western countries, such as Brazil, India, 
and Southern Africa.1 Although the exact pathogenesis is largely unknown,7 inflammation may 
represent a critical component in tumour development or progression as many penile 
cancers arise at sites of infection, chronic irritation or injury.3 Prognosis is affected by 
tumour stage, grade and especially presence of lymph node involvement at diagnosis.10,11 

In recent years, the overall incidence of penile cancer has decreased in the United 
States.12,13 However, reported incidence rates varied by race/ethnicity being higher in 
Hispanic and Afro-American men.1,12-14 Trends of incidence of penile carcinoma in the 
Netherlands (with a large majority of Caucasian inhabitants) could therefore differ from 
those reported in the United States. We conducted a study of the trends in incidence 
and survival in the Netherlands in the period 1989–2006. Although a short overview 
is given of all penile malignancies, the main focus of the present study is on penile 
squamous cell carcinomas.

Material and methods

Data on primary malignant penile cancers diagnosed in the Netherlands from 1989 to 
2006 were obtained from the nation-wide population-based Netherlands Cancer Registry 
(NCR) covering 14.8 million inhabitants in 1989 to 16.3 million inhabitants in 2006. 
The NCR combines the data of the eight Dutch regional cancer registries since 1989. 
These eight regional cancer registries receive lists of newly diagnosed cancer patients 
on a regular basis from the pathology departments of the hospitals, all participating in a 
nation-wide network (PALGA). In addition, the medical records departments of hospitals 
provide lists of diagnoses of outpatients and hospitalized cancer patients. Following these 
notifications, trained registrars extract patient and tumour characteristics (topography, 
histology, stage, date of diagnosis) data from the medical records. 

All penile malignancies were classified according to the International Classification 
of Diseases for Oncology.15 If patients had two or more invasive penile squamous cell 
carcinomas, only the first tumour was included in the survival analyses. A new primary 
tumour was defined as an invasive tumour more than three months after an in-situ tumour 
diagnosis (n = 10), or a difference in subtype compared with the former penile tumour (n = 1). 
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For patients with two invasive tumours (n = 3) the second tumour was excluded for all 
analyses of this study due the high chance that the second tumour was a recurrence. For 
patients with a non-invasive tumour following a previous invasive tumour diagnosis, 
only the invasive tumour was included in the survival analyses. To characterize the stage 
of the disease all the available pathological data of the first three months of diagnosis 
were used. If (parts of ) the pathological stage was unknown or missing, (parts of ) the 
clinical stage was used to determine the stage of the penile neoplasm. To analyse changes 
in stage distribution the chi-square test was used. Penile squamous cell carcinomas were 
categorized according to stage grouping based upon the 6th TNM classification, that is 
stage 0 (Tis/Ta N0/Nx M0/Mx or Tx Nx Mx and registered as tumour in-situ), stage I 
(T1 N0/Nx M0/Mx), stage II (T1 N1 M0/Mx, T2 N0-1 M0/Mx), stage III (T1-2 N2 
M0/Mx, T3 N0-2 M0/Mx) and stage IV (T4, any N, any M, or any T, N3, any M, or 
any T, any N, M1), respectively.16 Stage was categorized as missing if the T-stage was 
categorized as 0 or X and the tumour was registered as invasive. Tumours were graded as 
well differentiated (G1), intermediately differentiated (G2), poorly differentiated (G3), 
undifferentiated (G4) or unknown (Gx).

Mortality data were retrieved from the website of the NCR.17 Three-year moving 
average age-standardized incidence and mortality rates were calculated per 100,000 
person-years. Standardization was performed according to the European standard 
population. Evaluation of the trend in incidence and mortality rates were performed by 
calculating the estimated annual percentage changes (EAPC) with the joinpoint program.18

Data on vital status (available until 1st January 2008) were obtained from the 
hospital records and the mortality register of the Central Office for Genealogy (an 
institution that registers all deaths in the Netherlands via the municipal population 
registries). Because the cause of death is not supplied by the Central Office for Genealogy, 
it is unknown in the NCR database. Hence, we calculated relative survival estimates 
for patients with penile squamous cell carcinomas. Relative survival is an estimation 
of the disease-specific survival. It is calculated as the absolute survival amongst cancer 
patients divided by the expected survival for the general population with the same sex 
and age structure.19 For patients with an in-situ tumour before occurrence of an invasive 
tumour follow up was calculated from the incidence date of the invasive tumour. Follow 
up on vital status was available for patients diagnosed since 1995 only. Hence, patients 
diagnosed with penile carcinoma before 1995 were excluded from the survival analyses 
(n = 502). Vital status is missing for 7% (n = 96) of the 1368 patients with squamous 
cell carcinomas diagnosed since 1995. Patient older than 95 years (n = 10) were 
excluded from the survival analyses resulting in the inclusion of 1262 patients with 
squamous cell carcinoma of the penis for the relative survival estimates, that is 67% 
of the total number of patients diagnoses with squamous cell carcinoma of the penis 
between 1989 and 2006. For evaluation of possible independent prognostic factors, a 
multivariate survival analysis was performed according to the Cox proportional hazards 
model. Because the cause of death was unknown in the NCR database, we used overall 
survival for this analysis. 
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Results

Between 1989 and 2006, 2000 primary penile cancers were diagnosed in the Netherlands 
in 1986 men. Squamous cell carcinoma was the most common histological subtype 
comprising of 94% of the reported malignancies. Other penile tumours were melanoma 
(2%), Pagets disease (<1%), basal cell carcinoma (<1%), adenocarcinoma (<1%) and a 
group of other histologies (3%). There was little variation in the histological distribution 
over time.

Focusing on the squamous cell carcinomas, the median age at diagnosis was 68 
years. The incidence of these penile tumours however increased with age. The highest 
age-specific incidence rates of non-invasive en invasive penile carcinoma were found in 
men between 80 to 84 years old (1.7 per 100,000) and men of 85 years and older 
(17 per 100,000), respectively.

An overview of the tumour characteristics at diagnosis according to age is shown 
in table 1. Nineteen percent of the squamous cell carcinomas were carcinoma-in-situ 
(n = 353) and 81% (n = 1530) were invasive. The majority of tumours were staged T1 
(42%), well differentiated (29%) and diagnosed at a localized stage (58%, stage 0 and 
I). The percentage of invasive tumours was lower in the age-category 20-39 years (49%). 
The percentage of patients with missing primary tumour stage, regional lymph node 
involvement and disease stage tend to increase with higher age of the patients. Twenty-
one percent of the patients aged 80 years had a missing primary tumour stage en 31% 
of these patients had missing regional nodal involvement status, while these percentages 
were only 6% and 11%, respectively, in patients aged 20 to 39 years. Of the patients 
with primary invasive penile tumours and known regional involvement (n = 1162), 
staging of the lymph nodes was clinically in 63% (n = 728) and surgically in 37% 
(n = 434), respectively.

The three-year moving average overall European age-standardized incidence rate 
of penile squamous cell carcinoma increased from 1.4 per 100,000 person-years in 1989 
to 1.5 in 2006 (figure 1), with EAPC of 1.3% (95% confidence interval (95% CI): 
0.1%–2.6%) over the whole study period. The three-year moving average 
European age-standardized incidence rate of non-invasive carcinomas increased significantly 
from 0.1 in 1989 to 0.3 per 100,000 person-years, with an EAPC of 4.5%, (95% CI: 
2.0%–6.9%). The incidence rate of the invasive tumours was relatively stable and varied 
between 0.9 and 1.3 per 100,000 person-years (EAPC = 0.9% 95% CI: -0.6%–2.4%). 
The three-year moving average of the mortality rate of all penile cancers is also shown 
in figure 1 and varied between 0.2 and 0.4 per 100,000 person-years in the Netherlands. 
The decreasing trend of the mortality was near significant (EAPC = -2.4%, 95% CI: 
-4.8%–0.1%). 
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Table 1 – Overview of  penile squamous cell carcinoma characteristics at diagnosis in 
the Netherlands between 1989-2006

Age at diagnosis
20-39 yrs

n (%) 
40-59 yrs

n (%)
60-79 yrs

n (%)
≥80 yrs
n (%)

Total
(n = 1883) (%)

Penile tumour
Non-invasive
Invasive

46 (51%)
44 (49%)

133 (25%)
390 (75%)

135 (15%)
781 (85%)

39 (11%)
315 (89%)

353 (19%)
1530 (81%)

T-stage (2002 TNM)
T0
Tis
Ta
T1
T2
T3
T4
Tx

0
43 (48%)
1 (1%)

24 (27%)
14 (16%)
3 (3%)

0
5 (6%)

0
128 (25%)
3 (<1%)

200 (38%)
98 (19%)
20 (4%)
4 (<1%)
70 (14%)

2 (<1%)
129 (14%)
5 (<1%)

416 (45%)
183 (20%)
39 (4%)
11 (1%)

131 (14%)

0
35 (10%)
4 (1%)

156 (44%)
67 (19%)
18 (5%)
3 (1%)

71 (21%)

2 (<1%)
335 (18%)
13 (<1%)
796 (42%)
362 (19%)
80 (4%)
18 (1%)

277 (15%)
Histological grade

Well
Intermediate
Poor
Undifferentiated
Missing

15 (34%)
16 (36%)
4 (9%)

0
9 (20%)

125 (32%)
146 (37%)
41 (11%)

0
78 (20%)

214 (27%)
265 (34%)
101 (13%)
1 (<1%)

200 (26%)

91 (29%)
103 (33%)
49 (16%)
1 (<1%)
71 (23%)

445 (29%)
530 (35%)
195 (13%) 
2 (<1%)

358 (23%)
N-stage (2002 TNM)

N0
N+
N1
N2
N3
Nx

29 (66%)
10 (23%)
7 (16%)
3 (7%)

0
5 (11%)

247 (63%)
77 (20%)
25 (6%)
43 (11%)
9 (2%)

66 (17%)

468 (60%)
124 (16%)
45 (6%)
58 (7%)
21 (3%)

189 (24%)

171 (54%)
36 (11%)
16 (5%)
13 (4%)
7 (2%)

108 (34%)

915 (60%)
247 (16%)
93 (6%)
117 (8%)
37 (2%)

368 (24%)
M-stage (2002 TNM)

M0
M1
Mx

30 (68%)
0

14 (32%)

286 (73%)
2 (<1%)

102 (26%)

558 (71%)
11 (1%)

212 (27%) 

215 (68%)
3 (1%)

97 (31%)

1089 (71%)
16 (1%)

425 (28%)
Disease stage

Stage 0
Stage I
Stage II
Stage III
Stage IV
Missing stage

46 (51%)
21 (23%)
15 (17%)
6 (7%)

0
2 (2%)

133 (25%)
184 (35%)
76 (15%)
56 (11%)
15 (3%)
59 (11%)

135 (15%)
374 (41%)
173 (19%)
76 (8%)
36 (4%)

122 (13%)

39 (11%)
146 (41%)
65 (18%)
28 (8%)
11 (3%)
65 (18%)

353 (19%) 
725 (39%)
329 (17%) 
166 (9%)
62 (3%)

248 (13%)
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Figure 1 – Three-year moving average European age-standardized penile squamous cell 
carcinoma incidence rates and three-year moving average European age-standardized 
of  all penile cancer mortality rate per 100,000 person-years in the Netherlands.

Focusing on disease stage at diagnosis, the percentage of men with stage 0 tumours 
increased from 16% in the period 1989–1994 to 20% in the period 2000–2006 (p = 
0.13, figure 2). There was little variation over time in the percentage of stage I, II and III 
tumours. Stage IV tumours decreased from 5% in the first period to 2% in the second 
period and increased again to 3% in the last period (p = 0.07). The percentage of missing 
stage decreased significantly from 15% in 1989-1994 to 9% in 2001-2006 (p < 0.001). 

Figure 2 – Disease stage trends by year of  diagnosis of  patients diagnosed with penile 
squamous cell carcinoma from 1989 to 2006. 
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Although evaluation of the different treatment modalities was not the primary focus of 
this article, 91% of the patients (n = 1708) were treated with surgical resection including 
7% (n = 124) with adjuvant treatment (i.e. chemotherapy, or radiotherapy, or a combination). 
Relatively more patients were treated with adjuvant treatment with increase of stage 
(data not shown) 

Patients with poorly differentiated tumours (G3) had worse 10-year survival 
compared with those with better differentiated tumours (66% (95% CI: 49%–82%) 
for G3 vs. 73% (95% CI: 63%–83%) for G2 and 77% (95% CI: 65%–88%) for G1-
tumours, respectively). As expected, patients with regional lymph node involvement 
(N+) had considerable worse survival compared with those without nodal involvement 
(N0) (figure 3, 38% (95% CI: 26%–51%) vs. 90% (95% CI: 82%–97%). 
Ten-year relative survival of patients with stage 0 (non-invasive) tumours at diagnosis 
was 93% (95% CI: 81%–103%), this was 89% for patients with stage I tumours (95% 
CI: 79%–98%) and 81% for patients with stage II tumours (95% CI: 65%–96%, figure 4). 
A nine-year relative survival of 50% (95% CI: 35%–64%) was found for patients with 
stage III tumours and the two-year relative survival of patients with stage IV tumours 
was 21% (95% CI: 10%–36%). No survival estimates were possible after 9 and 2 years 
for patients with stage III and IV tumours, respectively, because less than 10 patients 
were alive at that follow up time. 

The multivariate analysis showed that age, primary tumour stage, presence of 
regional lymph node involvement, and presence of distant metastases were all prognostic 
factors for overall mortality (table 2).

Figure 3 – Ten-year annual relative survival of  patients with penile squamous cell 
carcinoma according to regional lymph node involvement (no survival estimate was 
possible after 9 years for patients with N+ tumours, because less than 10 patients 
were alive at that follow up time).
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Table 2 – Cox multivariate regression analysis of  variables associated with survival for 
patients diagnosed with invasive penile squamous cell carcinoma.

Variables Hazard ratio 
(95% CI)

p-value

Age, one year increment 1.06 (1.05–1.07) <0.001
T-stage (compared with T1)

T2
T3
T4
Missing (Tx)

1.3 (1.0–1.6)
2.4 (1.7–3.5)
5.5 (2.7–11.3)
1.3 (1.0–1.7) 

0.07
<0.001
<0.001

0.04
Lymph node status (compared with N0)

Node-positive
Missing (Nx)

3.0 (2.3–3.8)
1.2 (1.0–1.6)

<0.001
0.11

Presence of  distant metastases (compared with M0)
Distant metastases (M1)
Missing (Mx)

2.6 (1.3–5.4)
1.2 (1.0–1.5) 

0.01
0.09

Grade of  differentiation (compared with well)
Intermediate
Poor
Missing (Gx)

1.0 (0.8–1.3)
1.1 (0.8–1.5)
0.9 (0.7–1.2)   

1
0.5
0.4

Figure 4 – Ten-year annual relative survival of  patients with penile squamous cell 
carcinoma according to disease stage at diagnosis (no survival estimates were possible 
after 9 and 2 years for patients with stage III and IV tumours, respectively, because 
less than 10 patients were alive at that follow up time).
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Discussion

This study shows that the overall European age-standardized incidence rate of penile 
squamous cell carcinoma in the Netherlands has increased slightly from 1.4 to 1.5 per 
100,000 person-years between 1989 and 2006 (with an EAPC of 1.3%). This finding 
is in contrast to recent studies from Finland and the United States, where the incidence 
rates decreased over time.9,12,13 For example, Goodman et al. reported an EAPC of -1.2% 
between 1973 and 2003 in the United states, and showed that the incidence declined 
more markedly in Afro-American men compared with Whites.13 However, they only 
investigated invasive penile cancers possibly explaining parts of the differences in results. 
Our figures indicate that the significant increase in incidence of carcinoma in-situ 
contributes to the overall increasing incidence rates of penile squamous cell carcinomas. 
Rippentrop et al. reported an increasing incidence trend of carcinomas in-situ in the 
United Stated between 1973 and 1998.14 A possible explanation for the higher rate of 
carcinomas in-situ could be better awareness and less hesitation to seek treatment leading 
to earlier diagnosis and treatment. 

In Denmark, a statistically significant decline in the overall rate of penile cancer 
was found between 1943 and 1990 despite a low and stable national circumcision rate 
of approximately 1.6%.20 In that 50-year period the proportion of Danish dwellings 
having a bath and routine access to clean water gradually increased over the study 
period.20 It is likely that such improvements in sanitary conditions have found place in 
the Netherlands far before the current study period (1989–2006) explaining why no 
decreased incidence was found in the current series. The incidence of penile carcinoma 
was already very low in 1989, the first year of the NCR. In an extra analysis using only 
the incidence data between 1970 and 1989 of the Comprehensive Cancer Centre South, 
located in the Southern region of the Netherlands and covering 1.0 million inhabitants 
in those years, the incidence rates did not change over time.

A likely explanation for the contrary results in invasive penile cancer incidence 
rates is not easily made. The incidence rates in the United States were evaluated using 
the Surveillance Epidemiology and End Results (SEER) data covering approximately 
26% of the U.S. population. The incidence of penile carcinoma has shown disparities 
in the United States being higher in Hispanic and Afro-American men.12-14 Although 
these data are considered representative of the greater U.S. populations, they might 
not be representative for certain cancer sites.21 In the current study we used data of the 
NCR fully covering the Netherlands. Demographic differences between the populations 
might explain the different outcomes. 

This study was consistent with previous studies that showed that approximately 
95% of primary penile malignancies were squamous cell carcinomas, the majority of the 
tumours were well and intermediate graded (29% and 35%, respectively),1,12,13 and 
survival is dependent on the stage at diagnosis with more deaths in higher staged tu-
mours.10,11 Our multivariate analysis indicates that more advanced primary tumours (T3 
and T4), presence of regional lymph node involvement and presence of distant metas-
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tases are in particularly poor prognosticators for worse survival. Although the median 
age of patients was 68 years and the age-adjusted incidence of penile carcinoma peaks 
after 80 years, 1% of men with penile carcinoma were younger than 30 years at diagnosis 
and 5% younger than 40 years. While the exact pathogenesis of penile squamous 
cell carcinoma is largely unknown, the HPV virus is an established etiologic factor in at 
least 40% of penile tumours.6 Unfortunately, HPV status was not known in the patients 
in the present study. Previous studies have shown that some subtypes are typically 
HPV related.22 However, subgroup analysis of histologic subtypes was also not possible 
because the histological subtype was often not classified by the pathology laboratories.

Most of the penile tumours (58%) were diagnosed at a localized stage, that is 
stage 0 (19%) and I (39%). Primary non-invasive carcinomas (stage 0) do not 
metastasize. Hence, invasive nodal staging is not needed in this subgroup. On the other 
hand, patients with clinical stage I tumours (cT1N0M0) could have occult metastases. 
These patients have potentially curable disease when treated adequately after diagnosis, 
emphasizing the need for optimal staging and treatment. The single most important 
prognostic factor for cancer-specific survival is presence of inguinal nodal involvement.10,11 
Surgical removal of occult nodal metastases offers a survival benefit compared with 
lymphadenectomy when occult disease becomes clinically apparent during close 
surveillance.23,24 Unfortunately, elective lymphadenectomy is associated with significant 
morbidity,25 and is unnecessary in approximately 80% of clinically node-negative 
patients,26 precluding its prophylactic use. Dynamic sentinel node biopsy is considered a 
more suitable staging method that only removes the lymph nodes on a direct lymphatic 
drainage pathway of the tumour.27 Only groins with tumour-positive sentinel nodes 
undergo a completion ipsilateral inguinal lymphadenectomy avoiding unnecessary 
morbidity in tumour-negative groins.

During the years, fewer patients were registered with a missing stage, indicating 
that staging by the clinician in the medical reports and/or the quality of registration by 
our trained registrars has improved. The percentage of missing disease characteristics 
seems to increase with increasing age. This suggests that older patients are staged less 
accurately and are potentially undertreated. An explanation could be that this subgroup 
of patients has more co-morbidity interfering with (invasive) staging. 

Our data show that relative survival rates in patients with stage 0–II tumours is 
fairly good (81–93%) suggesting contemporary treatment is effective in the majority of 
these men. Patients with stage III and IV tumours have poor survival (figure 4). Relative 
survival rates of these patients appear to be at least similar as survival of patients in the 
United States as reported by SEER.28 Several previous studies have shown that survival 
in node-positive patients is negatively influenced by the extent of nodal disease,10,11 
especially pelvic metastases (stage IV) being a particularly poor prognosticator.29,30 
Patients in previous series were treated by surgery with or without radiotherapy 
suggesting this management is suboptimal in those with prognostic unfavourable 
features. Recently, TPF chemotherapy treatment (Taxanes (T), cisplatin (P) and 
Fluorouracil (F)) has shown potential in downstaging malignant disease in patients with 
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unresectable or recurrent nodal penile carcinoma.31 Induction treatment followed by 
surgical resection in responding patients may lead to improved outcome in those with 
prognostic unfavourable stage groups.32

Using data from population-based data registries is not without limitations. The 
primary focus of the NCR is collecting data on all incident cancer cases, including 
stage at diagnosis and patient survival data. Although the scope and magnitude of these 
data make it excellent for studying rare malignancies, several variables that could be of 
interest were missing, for example HPV status, tobacco use, circumcision status and 
socio-economic factors. Furthermore, race was not included in the present study, which 
has recently shown to be of importance in the incidence rates in the United States.1,12,13 
Finally, although the NCR also collects some information about treatment, full details 
were unavailable. Hence, we were not able to analyze the survival of patients with 
advanced penile tumours (stage III or IV) stratified by treatment modality. 

In conclusion, our data indicate that the incidence of penile squamous cell carcinoma 
has increased slightly between 1989 and 2006 in the Netherlands caused largely by the 
increased incidence of carcinomas in-situ. Survival is dependent on disease-stage at 
diagnosis. Especially, patients with stage III and IV tumours have poor survival. 

Reference List

1.  Hernandez BY, Barnholtz-Sloan J, German RR, Giuliano A, Goodman MT, King JB, 
Negoita S, Villalon-Gomez JM. Burden of invasive squamous cell carcinoma of the penis 
in the United States, 1998-2003. Cancer 2008;113:2883-91.

2.  Maiche AG. Epidemiological aspects of cancer of the penis in Finland. Eur J Cancer Prev 
1992;1:153-8.

3.  Dillner J, von Krogh G, Horenblas S, Meijer CJ. Etiology of squamous cell carcinoma of 
the penis. Scand J Urol Nephrol Suppl 2000;189-93.

4.  Maden C, Sherman KJ, Beckmann AM, Hislop TG, Teh CZ, Ashley RL, Daling JR. History 
of circumcision, medical conditions, and sexual activity and risk of penile cancer. J Natl 
Cancer Inst 1993;85:19-24.

5.  Rubin MA, Kleter B, Zhou M, Ayala G, Cubilla AL, Quint WG, Pirog EC. Detection 
and typing of human papillomavirus DNA in penile carcinoma: evidence for multiple 
independent pathways of penile carcinogenesis. Am J Pathol 2001;159:1211-8.

6.  Heideman DA, Waterboer T, Pawlita M, Delis-van Diemen P, Nindl I, Leijte JA, Bonfrer 
JM, Horenblas S, Meijer CJ, Snijders PJ. Human papillomavirus-16 is the predominant type 
etiologically involved in penile squamous cell carcinoma. J Clin Oncol 2007;25:4550-6.

7.  Bleeker MC, Heideman DA, Snijders PJ, Horenblas S, Dillner J, Meijer CJ. Penile cancer: 
epidemiology, pathogenesis and prevention. World J Urol 2009;27:141-50.

8.  Schoen EJ, Oehrli M, Colby C, Machin G. The highly protective effect of newborn 
circumcision against invasive penile cancer. Pediatrics 2000; 105:E36.

9.  Pukkala E, Weiderpass E. Socio-economic differences in incidence rates of cancers of the 



29

Incidence and survival 

2

male genital organs in Finland, 1971-95. Int J Cancer 2002;102:643-8.
10.  Horenblas S, van Tinteren H. Squamous cell carcinoma of the penis. IV. Prognostic factors of survival: 

analysis of tumor, nodes and metastases classification system. J Urol 1994;151:1239-43.
11.  Ornellas AA, Kinchin EW, Nobrega BL, Wisnescky A, Koifman N, Quirino R. Surgical 

treatment of invasive squamous cell carcinoma of the penis: Brazilian National Cancer 
Institute long-term experience. J Surg Oncol 2008;97:487-95.

12.  Barnholtz-Sloan JS, Maldonado JL, Pow-sang J, Giuliano AR. Incidence trends in primary 
malignant penile cancer. Urol Oncol 2007;25:361-7.

13.  Goodman MT, Hernandez BY, Shvetsov YB. Demographic and pathologic differences in 
the incidence of invasive penile cancer in the United States, 1995-2003. Cancer Epidemiol 
Biomarkers Prev 2007;16:1833-9.

14.  Rippentrop JM, Joslyn SA, Konety BR. Squamous cell carcinoma of the penis: evalua-
tion of data from the surveillance, epidemiology, and end results program. Cancer 
2004;101:1357-63.

15.  World Health Organization. International Classification of Disease for Oncology. 3rd ed. 
Geneva, Switzerland, World Health Organization, 2003.

16.  Sobin L, Wittekind Ch. TNM classification of malignant tumours. 6th ed. New York, 
Wiley-Liss, 2002.

17.  Website Netherlands Cancer Registration. 2009. www.ikcnet.nl
18.  Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint regression 

with applications to cancer rates. Stat Med 2000;19:335-51.
19.  Hakulinen T, Abeywickrama KH. A computer program package for relative survival analysis. 

Comput Programs Biomed 1985;19:197-207.
20.  Frisch M, Friis S, Kjaer SK, Melbye M. Falling incidence of penis cancer in an uncircumcised 

population (Denmark 1943-90). BMJ 1995;311:1471.
21.  Merrill RM, Dearden KA. How representative are the surveillance, epidemiology, and 

end results (SEER) program cancer data of the United States? Cancer Causes Control 
2004;15:1027-34.

22.  Guimaraes GC, Cunha IW, Soares FA, Lopes A, Torres J, Chaux A, Velazquez EF, Ayala 
G, Cubilla AL. Penile squamous cell carcinoma clinicopathological features, nodal 
metastases and outcome in 333 cases. J Urol 2009;182:528-34.

23.  Kroon BK, Horenblas S, Lont AP, Tanis PJ, Gallee MP, Nieweg OE. Patients with penile 
carcinoma benefit from immediate resection of clinically occult lymph node metastases. J 
Urol 2005;173:816-9.

24.  McDougal WS. Carcinoma of the penis: improved survival by early regional lymph-
adenectomy based on the histological grade and depth of invasion of the primary 
lesion. J Urol 1995;154:1364-6.

25.  Bevan-Thomas R, Slaton JW, Pettaway CA. Contemporary morbidity from lymph-
adenectomy for penile squamous cell carcinoma: the M.D. Anderson Cancer Center 
Experience. J Urol 2002;167:1638-42.

26.  Hegarty PK, Kayes O, Freeman A, Christopher N, Ralph DJ, Minhas S. A prospective 
study of 100 cases of penile cancer managed according to European Association of Urology 



30

In
ci

de
nc

e 
an

d 
su

rv
iv

al
 

2

guidelines. BJU Int 2006;98:526-31.
27.  Leijte JA, Hughes B, Graafland NM, Kroon BK, Olmos RA, Nieweg OE, Corbishley C, 

Heenan S, Watkin N, Horenblas S. Two-center evaluation of dynamic sentinel node biopsy 
for squamous cell carcinoma of the penis. J Clin Oncol 2009;27:3325-29.

28.  Young JL, Ward KC, Gloeckler Reis LA. Cancers of rare sites. In Ries LAG, Young JL, 
Keel GE, Eisner MP, Lin YD, Horner M-J, editors. SEER Survival Monograph: Cancer 
Survival Among Adults: U.S. SEER Program, 1988-2001, Patient and Tumor Characteristics. 
Bethesda, National Cancer Institute, SEER Program, NIH Pub. No. 07-6215, 2007, pp. 
251-62.

29.  Ravi R. Correlation between the extent of nodal involvement and survival following 
groin dissection for carcinoma of the penis. Br J Urol 1993;72:817-9.

30.  Lont AP, Kroon BK, Gallee MP, van Tinteren H, Moonen LM, Horenblas S. Pelvic lymph 
node dissection for penile carcinoma: extent of inguinal lymph node involvement as an 
indicator for pelvic lymph node involvement and survival. J Urol 2007;177:947-52.

31.  Pizzocaro G, Nicolai N, Milani A. Taxanes in combination with cisplatin and fluorouracil 
for advanced penile cancer: preliminary results. Eur Urol 2009;55:546-51.

32.  Leijte JA, Kerst JM, Bais E, Antonini N, Horenblas S. Neoadjuvant chemotherapy in 
advanced penile carcinoma. Eur Urol 2007;52:488-94.



Chapter 3

Niels M. Graafland
Wayne Lam

Joost A.P. Leijte
Tet Yap

Maarten P.W. Gallee
Cathy Corbishley

Erik van Werkhoven
Nick Watkin

Simon Horenblas

Prognostic factors for occult 
inguinal lymph node involvement 
in penile carcinoma and 
assessment of  the high-risk 
EAU subgroup: a two-institution 
analysis of  342 clinically node-
negative patients

Eur Urol 2010;58(5):742-7



Abstract
 
Introduction: The European Association of Urology (EAU) guidelines advise an elective 
bilateral lymphadenectomy in clinically node-negative (cN0) patients with high-risk 
penile carcinoma (≥pT2, or G3 or lymphovascular invasion [LVI]). Our aim was to 
assess prognostic factors for occult metastases and to determine whether current EAU 
guidelines accurately stratify patients at high-risk.

Methods: Data of 342 cN0 patients with histologically proven invasive penile squamous 
cell carcinoma who had undergone the current dynamic sentinel node biopsy (DSNB) 
protocol were analysed. A completion ipsilateral inguinal lymphadenectomy was only 
done if the sentinel node was tumour-positive. The presence of occult metastases was 
established by preoperative ultrasound and tumour-positive fine-needle aspiration 
cytology, tumour-positive sentinel nodes and groin metastases during follow up after a 
negative DSNB procedure. Median follow up was 31 months.

Results: Sixty-eight of 342 patients (20%) and 87 of 684 groins (13%) had occult nodal 
involvement including six patients (2%) with a groin metastases after negative DSNB. 
Corpus spongiosum invasion, corpus cavernosum invasion, histologic grade and LVI 
were each significant prognosticators for occult metastases on univariable analysis. On 
multivariate analysis, grade (OR 3.3 for intermediate and 4.9 for poor, respectively) and 
LVI (OR 2.2) remained predictive factors. In total, 245 patients (72%) were classified 
high-risk according to EAU guidelines. Among them, the incidence of occult metastases 
was 23% (57/245).

Conclusions: Histologic grade and LVI are independent prognostic factors for occult 
metastases in penile carcinoma. Although both predictors are incorporated into the 
current EAU guidelines, the stratification of patients needing a lymph node dissection is 
inaccurate. Approximately 77% of high-risk patients (188/245) would have undergone 
a negative bilateral inguinal lymphadenectomy. For the time being, DSNB is considered 
a more suitable staging method than EAU risk stratification to accurately determine 
patients who require lymph node dissection.
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Introduction

The most important prognostic factor in penile carcinoma is the presence 
of inguinal lymph node involvement.1 The optimal management of patients with 
nonpalpable nodes (cN0) has been the subject of debate for many years.2,3 Several 
approaches have been advocated in the past including close surveillance, dynamic 
sentinel node biopsy (DSNB),4 modified lymphadenectomy, risk-adapted lymphadenectomy 
or elective lymphadenectomy. Every approach has its advantages and disadvantages. 
Early resection of occult metastases leads to a survival benefit compared with inguinal 
dissection when nodes become clinically evident.5-7 Unfortunately, inguinal lymph-
adenectomy is prone to short and long-term morbidity.8 Although the therapeutic 
benefits outweigh these complication in patients with pathological nodal involvement, 
only 20–25% of cN0-patients harbour occult metastases.9 Prophylactic inguinal 
lymphadenectomy in all cN0-patients would expose many to the associated morbidity 
with modest benefit, and could only be applied selectively according to patients’ age 
and co-morbidities. 

Previously published studies have shown that the risk of developing lymph node 
metastases depends on several penile tumour factors, including the primary tumour 
(pT) stage, histological grade and lymphovascular invasion (LVI) status.10-14 The 
European Association of Urology (EAU) guidelines have included these features into a 
risk-adapted approach.1 Inguinal lymphadenectomy is strongly advised in cN0-patients 
considered at high-risk for occult metastases (i.e. those with ≥T2 tumours, G3, or evidence 
of LVI) as the reported incidences range between 68% and 73%.9 However, prior studies 
have several methodological limitations. The most important are inclusion of patients 
with palpable lymph nodes, small case series, and lack of uniform nodal staging. Some 
patients have been treated by elective lymphadenectomy; others have been managed 
with close surveillance or a combination of these two. Our aim was to analyze prognostic 
factors for occult nodal involvement in a large series of 342 cN0-patients with penile 
carcinoma uniformly staged according to the current DSNB protocol4 and to determine 
whether EAU guidelines accurately stratify patients at high-risk.

Patients and methods

Patient selection
In both centres, DSNB was performed in patients with penile squamous cell carcinomas 

staged ≥cT1G2 or greater and at least one cN0-groin.4 Patients with Tis, Ta and cT1G1 
tumours were managed with close surveillance. The databases of 439 patients undergoing the 
current DSNB protocol4,15 for nodal staging between September 2001 and December 2008 
at the Netherlands Cancer Institute / Antoni van Leeuwenhoek Hospital (NKI/AVL) and 
between October 2004 and December 2008 at St. George’s Hospital (SGH) were combined. 
Both databases are prospectively kept and include detailed information on preoperative 
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examinations, surgical procedures, histopathological findings and follow up. Our current DSNB 
protocol was published in detail previously,4,15 and comprises preoperative ultrasound-guided fine-
needle aspiration cytology (FNAC) of suspicious nodes prior to DSNB, preoperative lympho-
scintigraphy, and intraoperative detection with the aid of a gamma-probe and vital blue dye. 
Removed sentinel nodes are meticulously analysed for metastases including serial sectioning 
and immunohistochemical staining as described previously.4,15 At SGH, sentinel node biopsy 
was introduced in 2004 based upon the current DSNB protocol developed at NKI/AVL.16 If 
a sentinel node was tumour-positive, an ipsilateral completion inguinal node dissection was 
done. Groins with tumour-negative sentinel nodes were observed without lymphadenectomy. 

For the purpose of this study, only bilateral cN0-patients were included leaving 372 
consecutive patients eligible for analysis (figure 1). Nodal staging was accomplished by 
physical examination. Node-negative patients are defined as those who have clinically 
impalpable nodes at presentation. 

Figure 1 – Flow diagram of  patient inclusion. DSNB = dynamic sentinel node biopsy; 
cN+ = clinically node-positive; cN0 = clinically node-negative; NKI/AVL = Netherlands 
Cancer Institute / Antoni van Leeuwenhoek Hospital; SGH = St. Georges Hospital. 
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It is not our practice to give an antibiotic trial with reassessment of nodes. No other 
imaging, except for bilateral ultrasound +/- FNAC prior to DSNB, is used at any time 
in the work up.4 Some of the predictors routinely assessed at SGH by a dedicated 
pathologist (CC), such as LVI status had several missing values at NKI/AVL. This was 
reviewed by a dedicated pathologist (MPWG) (n = 96, 46% of the included patients at 
NKI/AVL) blinded for other patient data. Thirty patients were excluded because they 
had non-invasive penile tumours (pT0, n = 8), had a previous lymphadenectomy (n = 1) 
or had missing tumour data and no revision was possible because the penile tumour was 
removed elsewhere (n = 21). Thus, retrospective analysis was based on 342 cN0 patients 
with invasive penile tumours (≥pT1) without previous nodal treatment (table 1). 

Table 1 – Patient and tumour characteristics of  342 clinically node-negative patients 
staged with dynamic sentinel node biopsy for stage pT1 or greater penile squamous 
cell carcinoma.
Variable Total NKI/AVL SGH
Patients, n 342 196 146
Median age (range) at staging in years 65 (26–96) 66 (28–96) 64 (26–90)
Median follow up time (range) in months 32 (3–91) 32 (3–91) 32 (7–60)
pT category (2002 TNM)

pT1
pT2
pT3

125 (37%)
186 (54%)
31 (9%)

61 (31%)
119 (61%)
16 (8%)

64 (44%)
67 (46%)
15 (10%)

Grade of  differentiation
Well
Intermediate
Poor

82 (24%)
161 (47%)
99 (29%)

67 (34%)
88 (45%)
41 (21%)

15 (10%)
73 (50%)
58 (40%)

Corpus spongiosum invasion
Absent
Present

125 (37%)
217 (64%)

61 (31%)
135 (69%)

64 (44%)
82 (56%)

Corpus cavernosum invasion
Absent
Present

279 (82%)
63 (18%)

152 (78%)
44 (22%)

127 (87%)
19 (13%)

Urethral invasion
Absent
Present

311 (91%)
31 (9%)

180 (92%)
16 (8%)

131 (90%)
15 (10%)

Lymphovascular invasion
Absent
Present

288 (84%)
54 (16%)

173 (88%)
23 (12%)

115 (79%)
31 (21%)

EAU risk group
Low risk (pT1G1)
Intermediate risk (pT1G2, no LVI)
High risk (≥pT2, or G3, or LVI)

35 (10%)
62 (18%)
245 (72%)

28 (14%)
21 (11%)
147 (75%)

7 (5%)
41 (28%)
98 (67%)
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All patients were routinely followed at the outpatient clinic according to a standard 
protocol,4 with particular attention to the groins, using ultrasound or CT if necessary. 
The median follow up duration was 31 months.

Pathological evaluation of the penile tumour 
In all patients the penile tumour was surgically removed, usually together with 

the DSNB procedure.4 In general, T1 and T2 tumours <2 cm were treated with penile-
preserving methods such as circumcision and/or local excision. T2 tumours greater than 
2 cm, T3 and T4 tumours were treated with glans amputation and/or partial or total 
amputation. In margin positive disease a re-excision was done. Histological features of 
the penile tumour were assessed in a standard fashion using haematoxylin-eosin (H&E) 
staining. All penile tumours were prospectively staged according to the 2002 TNM 
classification.17 Histopathological tumour grade was assigned as well, moderate or 
poorly differentiated on the basis of the less-differentiated area seen within the penile 
tumour on histopathological examination. LVI was defined as the presence of embolic 
tumour cells in thin-walled vessel like structures using routinely stained sections 
according to current practice in pathology laboratories. Immunohistochemistry was 
not performed and no attempts were made to distinguish between lymph vessel invasion 
and  vascular/capillary tumour involvement. Judgment of the aforementioned 
pathological features was performed by pathologists with considerable experience in the 
field of uropathology. 

Statistical analysis
The primary endpoint of this study was presence of occult nodal involvement. 

Occult nodal involvement was established by ultrasound and tumour-positive FNAC, 
tumour-positive sentinel nodes and groin metastases during follow up after negative 
DSNB. Incidences are reported with 95% confidence intervals (CI). Univariable analysis 
was done using the Fisher exact test or chi square test as appropriate. Multivariate analysis 
was done using logistic regression analysis. We evaluated the following pathological variables: 
corpus spongiosum invasion, corpus cavernosum invasion, urethral invasion, histological 
grade, and presence of LVI. All reported p-values are two-sided, and statistical significance 
was set at p-value <0.05. Patients with ≥pT2 tumours, or G3, or with LVI were classified 
high-risk according to the EAU guidelines.9 We assessed the accuracy of this subgroup 
only in the present study. Most low-risk patients (Tis, Ta, T1G1) do not undergo DSNB 
and are managed with close surveillance according to our institutional guidelines. The risk 
of lymph node metastases in 117 intermediate-risk patients (pT1G2) of our centres had 
been established recently including also those managed with close surveillance.18 
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Table 2 – Association of  lymphovascular invasion with pathological characteristics of  
342 clinically node-negative patients for stage pT1 or greater penile squamous cell 
carcinoma.

Variable Patients, n Presence of  
lymphovascular 

invasion, n

P-value

Corpus spongiosum invasion
No
Yes

125
217

7 (6%)
47 (22%)

<0.001

Corpus cavernosum invasion
No
Yes

279
63

33 (12%)
21 (33%)

<0.001

Urethral invasion
No
Yes

311
31

43 (14%)
11 (36%)

0.004

Histologic grade
Well 
Intermediate
Poor

82
161
99

2 (2%)
20 (12%)
32 (32%)

<0.001

pT category
pT1
pT2
pT3

125
186
31

7 (6%)
36 (19%)
11 (36%)

<0.001

Results

LVI was present in 54 patients (16%; table 1) and was associated with deeper invasion 
of the penile tumour and higher histologic grade (table 2). 

Sixty-eight of the 342 cN0-patients (20%, 95% CI: 16%–25%) had occult nodal 
involvement including six patients (2%, 95% CI: 0.6%–3.7%) with a groin metastases 
after a negative DSNB procedure. In all, 232 patients (68%) had at least two years fol-
low up. Forty-nine patients had unilateral metastases and 19 patients bilateral metastases 
resulting in 87 tumour-positive inguinal basins (13% of 684 groins). The six patients 
who were subsequently found to have nodal disease on surveillance experienced a unilat-
eral groin recurrence; all within 15 months of surgery. Four of these patients ultimately 
died of disease and two are alive without evidence of disease. Although the numbers 
are very small this is broadly what one expects in patients who historically were offered 
surveillance rather than prophylactic node dissection.

On univariable analysis, corpus spongiosum invasion, corpus cavernosum invasion, 
histological grade of the penile tumour and LVI had significant association with occult 
inguinal nodal involvement (table 3). 



38

P
ro

gn
os

tic
 fa

ct
or

s 
oc

cu
lt 

m
et

as
ta

se
s 

an
d 

as
se

ss
m

en
t E

A
U

 h
ig

h-
ris

k 
su

bg
ro

up

3

Table 3 – Univariable analysis predicting pathological lymph node involvement in 342 
clinically node-negative patients for stage pT1 or greater penile carcinoma. 
Variable Patients, n Patients with 

metastases, n
Percentage with 

metastases 
(95% CI)

P-value

Corpus spongiosum invasion
No
Yes

125
217

16 
52 

13 (7–20) 
24 (18–30)

0.013

Corpus cavernosum invasion
No
Yes

279
63

47 
21

17 (13–22)
33 (22–46)

0.003

Urethral invasion
No
Yes

311
31

59
9

19 (15–24)
29 (14–48)

0.18

Histologic grade
Well 
Intermediate
Poor

82
161
99

5 
32
31

6 (2–14)
20 (14–27)
31 (22–41)

<0.001

Lymphovascular invasion
Absence
Presence

288
54

46
22 

16 (12–21)
41 (28–55)

<0.001

Table 4 – Multivariate logistic regression analysis predicting pathological lymph node 
involvement in 342 clinically node-negative patients for stage pT1 or greater penile 
carcinoma.

Variable Odds ratio 95% CI P-value
Corpus spongiosum invasion

Absence
Presence

reference
1.465 

–
0.738–2.909

0.28

Corpus cavernosum invasion
Absence
Presence

reference
1.591

–
0.782–3.234

0.20

Urethral invasion
Absence
Presence

reference
0.906

–
0.360–2.279

0.83 

Histologic grade
Well 
Intermediate
Poor

reference
3.309
4.874

–
1.223–8.949
1.730–13.730

0.011

Lymphovascular invasion
Absence
Presence

reference
2.173

–
1.094–4.320

0.027
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On multivariate analysis, histological grade (OR 3.3 for G2 and OR 4.9 for G3) 
and LVI (OR 2.2) remained independent predictors for occult metastases (table 4).   

In total, 245 of 342 patients (72%) were classified EAU high-risk (table 1). 
The incidence of occult metastases in this high-risk subgroup was 23% (57/245, 
95% CI: 18–29). Thus, according to the current EAU guidelines, 77% (n = 188) 
of this high-risk patient population would have undergone a negative lymphadenectomy. 
DSNB missed six patients (2%) with occult metastases. Two of these patients had 
intermediate-risk tumours according to EAU guidelines and four patients had 
high-risk tumours, respectively. 

The different risk estimates of nodal involvement according to three different 
TNM-categories (i.e. 2002 pT, 2009 pT, and proposed pT-staging by Leijte et 
al.19) is depicted in table 5.

Table 5 – Risk estimates of pathological nodal involvement in 342 clinically node-negative 
patients for stage pT1 or greater penile squamous cell carcinoma according to three 
different TNM–classifications.

TNM category Patients, 
n

Patients with 
metastases, 

n

Percentage with 
metastases 
(95% CI)

P-value

2002 TNM17

pT1 – invasion subepithelial connective tissue 

pT2 – invasion of  corpora spongiosum or 
cavernosum
pT3 – invasion of  urethra or prostate

125

186

31

16 

43 

9

13 (7–20)

23 (17–30)

29 (14–48)

0.03

2009 TNM31

pT1a – invasion subepithelial connective 
tissue, no G3 or LVI
pT1b – invasion subepithelial connective 
tissue, with G3 or LVI
pT2 – invasion of  corpora spongiosum or 
cavernosum
pT3 – invasion of  urethra

97

28

186

31

11

5

43

9

11 (6–19)

18 (6–37)

23 (17–30)

29 (14–48)

0.06

Proposed TNM by Leijte et al.19

pT1 – invasion subepithelial connective tissue

pT2 – invasion of  corpora spongiosum 

pT3 – invasion of  corpora cavernosum

125

154

63

16

31

21

13 (7–20)

20 (14–27)

33 (22–46) 

0.004
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 Discussion

This study shows that tumour grade and presence of LVI are independent prognostic 
factors for occult nodal involvement. This is in agreement with previously published 
studies.10-13 LVI, tumour stage and tumour grade are the basis of current EAU risk-
adapted guidelines.1 The incidence of occult nodal involvement in high-risk patients 
is suggested to range between 68% and 73%.9 Hence, elective lymphadenectomy is 
strongly advised.1 A recent study by Hegarty et al. have demonstrated that only 18% 
(n = 6 of 33) of high-risk patients with nonpalpable nodes who had undergone 
prophylactic lymphadenectomy harboured metastases.20 Thus, 82% of the 33 high-risk 
patients had undergone unnecessary lymphadenectomy. Our results confirm that EAU 
high-risk stratification is relatively inaccurate. Strict adherence to the EAU guidelines 
would have led to negative bilateral inguinal lymphadenectomy in 77% (n = 188 of 
245) of high-risk cN0-patients. 

What could be reasons that the risk of occult nodal involvement is overestimated? 
Previous studies are based on small series,12,21 which may result in an overestimation. 
Especially, when no 95% CI are reported. Furthermore, tumour differentiation and LVI 
status are associated with substantial interobserver variability,22,23 being caused by 
significant inconsistency in recognition, diagnosis, reporting and processing of specimens 
among different centres and pathologists. More accurate markers are needed. For example, 
the addition of lymph endothelial specific immunohistochemical markers (D2-40) is 
suggested to improve LVI detection.24 In this study, penile tumour was assessed with 
H&E only reflecting a real-world practice. The additional value of immunohistochemical 
staining on penile tumour specimens could be focus of future studies. 

Another problem in histopathological risk assessment in penile carcinoma is the 
increasing use of contemporary penile preserving strategies to retain as much penile tissue 
and functional integrity as possible, without jeopardizing oncological control.25 This 
results in limited tissue eligible for histopathological analysis. Although a previous study 
has shown that assessment of malignancy is not hampered in penile biopsies (correct 
in 96% of cases), an accurate classification of the histological subtype, tumour depth 
and vascular invasion was only possible in 70%, 9% and 11% of the penile biopsies, 
respectively.26 These low accuracies may probably also hold true for locally excised penile 
tumours. 

We staged all cN0-patients using the current DSNB protocol.4,15,16 This minimally-
invasive staging procedure avoids interobserver variability of penile tumour pathological factors. 
Furthermore, by limiting the number of nodes removed, the associated morbidity of 5–7%4,27 
is lower compared with inguinal lymphadenectomy of 35–68%.8,27 No non-invasive 
staging methods is currently accurate enough in predicting occult nodal involvement.28 
DSNB after previous penile tumour resection (so-called “postresection DSNB”) is also 
feasible and seems to have similar accuracy with penile surgery and DSNB at the same 
time.29

There are several limitations to our study. Missing LVI status in several patients 
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treated at NKI/AVL was analyzed retrospectively to assess the high-risk EAU subgroup. 
Although the pathologist who revised these slides was blinded for patient data, the 
pathological revision could have been biased by the focus on LVI. Other primary 
tumour factors that have shown predictive value in previous studies, e.g. growth pattern 
(exophytic vs. endophytic) and perineural growth,13,14 were not uniformly available and 
therefore not included. Another limitation is the lack of external review of our pathology. 
However, both institutions have been referral centres for penile cancer pathology for 
many years and each centre has had external audit of its pathology previously. The two 
main concerns about histology, tumour heterogeneity and sampling error, are unlikely 
to be resolved. In the present study, several differences in tumour characteristics appear 
to exist between each institute which may be explained by interobserver variability and/
or referral behaviour. In everyday clinical practice, slide review of each penile cancer 
patient is unusual and therefore we believe our data reflect the real world. Finally, we 
realize that a potential false-negative DSNB could not have become clinically apparent 
because of the limited follow up. On the other hand, in a previous analysis of DSNB 
for penile carcinoma in patients with a follow up of at least two years, a sensitivity of 
95% was found.15 Therefore, we believe that our results form a solid basis for an accurate 
assessment of occult nodal involvement in penile carcinoma, especially since this study 
relies on a large cohort number. 

In conclusion, this study shows that histological grade and LVI are independent 
predictors for occult metastases. Despite both predictors are incorporated into the current 
high-risk EAU guidelines, stratification of patients in need for a lymph node dissection 
is inaccurate. The majority of penile cancers in this study (n = 245, 72%) are classified 
high-risk according to current EAU guidelines. The incidence of micrometastatic disease 
of 23% in these high-risk patients is relatively low. Strict adherence to EAU guidelines 
would have led to negative bilateral inguinal lymphadenectomy in 77% (n = 188 of 
245) of high-risk patients. There is a need for more accurate tumour markers and/or 
improved imaging procedures. For the time being, we consider DSNB a more suitable 
staging method than risk stratification to accurately determine patients who require 
lymph node dissection.
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Abstract
 
Introduction: Hybrid 18F-FDG-PET/CT (PET/CT) is used in the staging of a variety of 
malignancies. There is little information regarding its role in penile carcinoma. PET/CT 
could be of specific value to evaluate the nodal status of clinically node-negative (cN0) 
patients. Ideally, this could prevent unnecessary surgical staging procedures. The aim of 
this study was to prospectively evaluate the performance of PET/CT to detect occult 
metastases in cN0-patients.

Methods: In 24 patients, scheduled to undergo dynamic sentinel node biopsy (DSNB), 
a preoperative hybrid PET/CT-scan was performed to assess the nodal status of the cN0 
groins. Six of the 24 patients were unilaterally cN0. Thus, 42 cN0-groins were evaluated 
for occult metastases using PET/CT. All scans were assessed by two experienced nuclear 
physicians. The histopathological tumour-status of the removed sentinel node was used 
as the standard of care to evaluate the PET/CT-results.

Results: Histopathology was tumour-positive in five of the 42 (12%) evaluated cN0-
groins, two of which contained only micrometastases (<2mm). One of the five tumour-
positive cN0-groins was correctly predicted on the PET/CT-images (sensitivity 20%). 
All false-negative PET/CT scans contained metastases ≤10mm. Of the remaining 37 
tumour-negative groins, 34 were correctly predicted with PET/CT (specificity 92%).

Conclusion: The role of PET/CT in the evaluation of the groins in cN0 penile cancer 
patients appears to be limited due to its low sensitivity. Surgical staging methods remain 
necessary at current.
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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 metastases 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 metastases and it has been shown 
that early removal of these metastatic nodes provides a survival benefit compared 
to removal at the time the occult metastases 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 (DNSB) 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

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 men gave their informed consent before entering the study and had a 
histopathologically confirmed squamous cell carcinoma of the penis. 

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 
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proven inguinal metastases in the contralateral groin. This patient was scheduled for 
unilateral DSNB (and enrolled into this study) after a recurrence of the penile tumour. 
Table 1 shows a detailed overview of patient characteristics.

PET/CT scanning and image evaluation
18F-FDG-PET/CT scanning 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 180–240 MBq (GeminiTF) 18F-FDG. Approximately 60 min 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 40 mAs, 140 kV, 5 mm 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 2 to 3 
min per bed position was acquired. PET data were corrected for attenuation using CT.

All PET/CT data were qualitatively interpreted by 2 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 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 Technetium-99m nanocolloid (Nanocoll®, 
Amersham Cygne, 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 Co-57 flood source to outline the body contour for orientation. 
The location of sentinel nodes was marked on the skin.
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Table 1 – The characteristics of  the 24 patients.

Characteristic Value
cN0-groins*, n
cN-positive groins, n 

42
5

Median age (range) in years 61 (46–82)
T-category at presentation, n

T1
T2

8
16

Tumour differentiation, n
Well
Intermediate
Poor

10
8
6

* one patient had a unilateral inguinal lymph node dissection before enrollment into the study; this groin 
was not evaluated. 

Shortly before DSNB, 1 ml 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 analyzed. In case of 
one or more tumour-positive sentinel nodes, completion ILND was performed on the 
affected side.

Standard of care and statistical analysis
The histopathological tumour status of the harvested sentinel node(s) was used as 

the standard of care to compare the PET/CT results. All sentinel nodes are meticulously 
analyzed, using step-sectioning and immunohistochemical staining. In case of a sentinel 
node metastases, 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 months 
(range 11–28 months), no false-negative sentinel node procedures came to light.

The sensitivity, specificity, positive-predictive value (PPV) and negative-predictive 
value (PPV) were calculated using the standard statistical methods.

Results

A total of 24 patients and 42 cN0-groins were enrolled in this study. FNAC was tumour-
positive in two of the 42 evaluated 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%) of these groins contained 
metastases. Thus in total, five of 42 cN0-groins (12%) were tumour-positive.
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All patients with a tumour-positive sentinel node underwent completion ILND. None 
of the patients had additional metastases in the ILND specimen. The size of the 
metastases in the five tumour-positive cN0-groins was 1, 1, 10, 10 and 30mm, respectively. 
The 30mm metastases was not found during physical examination because of extreme 
obesitas of the patient, hence the cN0-classification. This node was suspicious on the pre-
operative ultrasound and FNAC of the node turned out to be tumour-positive.

An overview of the results is shown in table 2. Of the five cN0-groins with 
histopathologically proven metastases, abnormal 18F-FDG uptake, thought to characterize 
metastases, was observed in only one, leading to a sensitivity of 20% (see figure 1 for an 
example of the true-positive case and figure 2 for an example of a false-positive result). 
The correctly identified tumour-positive groin contained a metastases of 30mm. Thus, 
all metastases ≤10mm were not identified. PET/CT correctly identified 34 of the total 37 
tumour-negative groins, giving a specificity of 92%. The PPV was 25% and the NPV 89%.

All five clinically node-positive groins were correctly identified on the PET/CT 
images. They contained metastases of 20, 20, 30, 40 and 60mm, respectively.

Figure 1 - Overview of  a 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  a CT image (A), PET image (B) and fused image (C) of  cN0-
groin, showing a false-positive lesion in the right groin (arrow).
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Table 2 – An overview of  the results.

PET/CT result, appearance and score
Benign Malignant

Standard of  care 0 +1 +2 +3
Tumour-positive 2* 2* 1 0
Tumour-negative 32 2 3† 0

* false-negative result, † false-positive result.

Discussion

This study shows that the role of hybrid PET/CT to detect occult inguinal metastases 
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 metastases, 
which is below the detection threshold of PET/CT. Kitajima et al. showed that the 
sensitivity of PET/CT to detect nodal metastases in endometrial cancer increased with 
larger size of metastases.13 They found a sensitivity of 16.7% for detection of smaller 
metastases (<4mm), which is substantially lower than for metastases between 5 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 metastases, 
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 0–100%, 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 >95%.16,17 Both studies conclude that the role of 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
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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 metastases, 
even less patients are available for the calculation of the sensitivity of PET/CT. 
However, because four out of five occult metastases 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 standard of care. 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. 

The management of clinically node-negative penile carcinoma patients remains 
controversial. Several efforts have been made to identify patients with occult metastases 
based on primary tumour characteristics.21-24 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’ to assess lymph node status in penile carcinoma.25 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 analyzed 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 cN0-groins. 
In a series of 43 patients, sensitivity was 39% and specificity 100%.26 

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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Abstract
 
Introduction: Dynamic sentinel node biopsy (DSNB) is used to evaluate the nodal status 
of patients with penile carcinoma and clinically node-negative (cN0) groins. This 
minimally-invasive procedure is usually done simultaneously with primary tumour 
treatment. The objective of this study was to evaluate our results of so-called “postresection” 
DSNB, that is DSNB after previous resection of the penile tumour. 

Methods: All 40 patients who had undergone DSNB after previous penile carcinoma 
resection with histopathologically tumour-negative margins between February 2003 
and July 2009 were analyzed. Twenty patients (50%) had known unilateral nodal 
involvement and DSNB was used to stage the clinically normal contralateral groin. 
Hence, the study concerned 60 cN0 groins. The median time between primary tumour 
resection and DSNB was 2.8 months. The technique of postresection DSNB was similar 
to the standard procedure. The sentinel node visualization rate, identification rate, histo-
pathological results and outcome during follow up were investigated.

Results: A sentinel node was visualized on the lymphoscintigrams of 56 of the 60 eligible 
cN0 groins (93%). A sentinel node was identified intraoperatively in all these 56 groins. 
A median of two sentinel nodes were removed. Histopathological analysis revealed 
involvement of seven groins (12%) in seven patients (18%). The median size of these 
metastases was 6 mm. Additional dissemination was found in one completion ipsilateral 
inguinal node dissection specimen. No recurrences developed in the groins from which 
one or more tumour-free sentinel nodes had been taken during a median follow up of 
28 months after the primary tumour resection. 

Conclusions: Postresection DSNB is a suitable procedure to stage cN0 penile carcinoma 
after previous therapeutic primary tumour resection. The results seem similar to the 
favourable experience with DSNB in patients with their tumour still present. 

56
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Introduction

There is controversy about the optimal management of penile carcinoma patients with 
clinically node-negative (cN0) groins.1 Since 1994, we use dynamic sentinel node 
biopsy (DSNB) to evaluate the nodal status of such patients.2 This minimally-invasive 
procedure entails the removal of only the lymph node(s) on a direct lymphatic drainage 
pathway from the tumour.2-4 Completion inguinal lymphadenectomy is done if the 
sentinel node is involved. In 2001, the DSNB procedure was modified to increase its 
sensitivity.4 This procedure has not changed since then and is usually carried out 
together with treatment of the primary tumour. However, sometimes the penile tumour 
has been removed previously at the referring hospital for logistic or other reasons. In 
analogy to the situation in other tumours (for instance melanoma),5-7 we perform a 
so-called “postresection DSNB” in such cases, that is DSNB after previous therapeutic 
penile tumour resection. The objective of the current study was to evaluate our experience 
with this approach in terms of sentinel node visualization rate, identification rate, histo-
pathological results and outcome during follow up. 

Patients and methods

The study population consisted of all 40 patients who underwent DSNB at our tertiary 
referral hospital following therapeutic penile squamous cell carcinoma resection with 
histopathologically tumour-negative margins. This group constitutes 15% of the 259 
penile cancer patients staged with DSNB between February 2003 and July 2009. The 
first 22 patients had also been included in a previously published study reporting on the 
results of the complete series between 2001 and November 2007.8 

Until 2004, DSNB was used to stage patients with penile tumours ≥T2 with 
at least one cN0-groin. Patients with Tcis and T1 tumours were managed with close 
surveillance and subsequent lymphadenectomy when metastases became clinically 
apparent. Since 2004, DSNB is also done in patients with T1G2–G3 tumours, because 
an interim analysis showed a substantial risk of occult metastases in these subgroups.9 
Preoperative ultrasound of the inguinal lymphatic region with fine-needle aspiration 
cytology (FNAC) of suspicious lymph nodes is routinely performed. Ipsilateral inguinal 
lymphadenectomy is done if FNAC reveals dissemination. 

Seventeen of the 40 patients developed unilateral inguinal metastases during 
surveillance after previous primary tumour resection and DSNB was used to stage the 
contralateral cN0-groin. Preoperative ultrasound-guided FNAC showed unilateral 
inguinal nodal involvement in three of remaining 23 patients with bilateral nonpalpable 
lymph nodes. Hence, 40 patients and 60 cN0-groins proceeded to postresection DSNB, 
including 20 patients who underwent bilateral DSNB. None of the patients had a local 
tumour recurrence at the time. The median time between penile tumour removal and 
postresection DSNB was 2.8 months. Table 1 shows patient and tumour characteristics. 
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Table 1 – Patient and tumour characteristics.

*In two patients the tumour grade was not mentioned by the referring hospital. The pathology slides 
were not reviewed in these cases. †Two patients with EAU low-risk tumours developed a unilateral 
inguinal metastases during follow up.

The technique of postresection DSNB was essentially similar to sentinel node biopsy 
with a penile tumour still present and has been published in detail previously.4,8 The only 
difference was that the technetium-99m nanocolloid was injected around the resection 
wound or scar instead of around the tumour. The sentinel node was defined as a lymph 
node/s on a direct lymphatic drainage pathway from the area of the primarily resected 
tumour.10 Completion ipsilateral inguinal node dissection was carried out in case of a 
tumour-positive sentinel node. Groins with tumour-negative sentinel nodes were 
subsequently observed. All patients were routinely followed according to a standard 
protocol published before, with particular attention to the groins and using ultrasound or 

Patients, n 40
Median age in years (range) 66 (33–90)
Median interval between penile operation and DSNB in months (range) 2.8 (0.5–31)
Previous therapeutic penile operation

Local excision
Glansectomy 
Partial amputation

15 (38%)
1 (3%)

24 (60%)
pT-stage (2002 TNM) 

pTis
pT1
pT2
pT3

1 (3%)
13 (33%)
25 (63%)
1 (3%)

Histological grade penile tumour
pTis 
Well differentiated
Intermediately differentiated 
Poorly differentiated 
Unknown*

1 (3%)
5 (13%)
25 (63%)
7 (18%)
2 (5%)

European Association of  Urology risk group stratification per patient
Low risk (pTis, pT1G1)† 
Intermediate risk (pT1G2)
High risk (≥pT2 or G3)

2 (5%)
10 (25%)
28 (70%)

Clinical nodal status per patient
Bilateral node-negative 
Unilateral node-positive 

23 (58%)
17 (43%)

Preoperative ultrasound guided FNAC result per patient
Bilateral tumour-negative 
Unilateral tumour-positive 
Tumour-positive in clinical unilateral node positive groin 

20 (50%)
3 (8%)

17 (43%)



59

P
ostresection D

S
N

B

5

CT if necessary.8 Detailed information on patient characteristics, preoperative examinations, 
surgical procedures, histopathologic findings and follow up was recorded prospectively. 

Results

Preoperative lymphoscintigraphy depicted sentinel nodes in 56 of the 60 eligible cN0-
groins (93%). A sentinel node was harvested in all these 56 groins. A median of two 
(mean, 2.1; range, 1–5) sentinel nodes were removed per groin. One of the four groins 
without visualization was not surgically explored because the risk of occult metastases 
was considered low. This concerned a patient with a pTis tumour removed 27 months 
earlier and unilateral node-positive groin. The remaining three groins without preoperative 
visualization of a hot spot were explored in search of nodes that were either blue or 
radioactive, or suspicious on palpation. In two of these groins some palpably enlarged 
lymph nodes (n = 2 and 3) were removed but these were free of disease. Elective 
lymphadenectomy was not performed.

Histopathological analysis revealed involved sentinel nodes in seven groins (12%) 
of seven patients (18%). A detailed overview is provided in table 2. The median 
diameter of the metastases in these nodes was 6mm (mean, 5.8mm; range, 2–10mm). 
Completion ipsilateral inguinal lymphadenectomy was performed in these seven cases. 
Additional dissemination was found in one dissection specimen. 

The median hospital stay in the 20 patients who had undergone bilateral DSNB 
was one day (range, 0–7 days). The hospital stay in the other 20 patients was guided by 
the contralateral inguinal node dissection.

No recurrences developed in the groins from which one or more tumour-free 
sentinel nodes had been taken during a median follow up of 28 months (range, 6 – 75 
months) after the primary tumour resection. All 20 patients who had undergone bilateral 
DSNB were alive without evidence of disease at their last follow up visit.

Table 2 – Histopathological results of  the seven groins with involved sentinel nodes.

*Metastatic lymph node with extranodal extension. †Groin with one additional lymph node metastases in 
completion inguinal dissected specimen.

Number of  groins with
One ipsilateral involved sentinel node
Two ipsilateral involved sentinel nodes

4
3

Maximal diameter of  metastases in involved sentinel nodes (in mm)
One ipsilateral involved sentinel node
Two ipsilateral involved sentinel nodes

3 / 5 / 7 / 7 
2, 6* / 3, 8† / 6, 10

Number of  groins with additional metastases 1
Maximal diameter of  additional metastases (in mm.) 10
Number of  groins with extranodal extension 1
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Discussion

This study demonstrates that postresection DNSB is feasible as staging method in 
detecting occult lymph node involvement. Postresection DSNB revealed occult metastases 
in 12% of cN0-groins (seven of 60 eligible groins) of seven patients (18%) leading to 
early therapeutic lymphadenectomy. This is in agreement with the favourable experience 
with DSNB in patients with their tumour still present.8 The visualization rate of 93% 
in this study also concurs with previously published series (90-97%).3,11,12 These two 
findings suggest unimpaired lymphatic flow.  

Recently, Ornellas et al. have recommended elective lymphadenectomy in all 
cN0 patients, as opposed to close surveillance.13 The rationale is a suggested survival 
advantage as result of early removal of lymph node metastases.14,15 Approximately 20% 
of cN0 patients have occult metastases. We feel that now these patients can be identified 
and unnecessary lymphadenectomy can be avoided in the majority of patients. This is 
particularly advantageous because at least 35% of the groin dissections are associated 
with postoperative or long-term morbidity.16 DSNB has evolved into a minimally-
invasive procedure with a sensitivity of 93-95% and with an associated morbidity of 
5-7% per groin.4,8,17 

This is the first study specifically describing nodal staging with DSNB in penile 
cancer after previous penile tumour resection. Good results have been obtained in 
melanoma patients who had undergone a prior wide local excision of their lesion.5-7 
One may speculate that postponed sentinel node biopsy may provide tumour cells in 
the lymphatics with extra time to reach the node. Another advantage may be removal 
of the - often infected - primary tumour before embarking on the lymph node biopsy, 
possibly reducing the risk of postoperative infection.  

The limited duration of follow up and relatively small number of patients prevent 
firm conclusions about the safety and sensitivity of postresection DSNB. Definitive 
conclusions on the sensitivity of this approach require longer follow up and a larger 
cohort number. 

In conclusion, postresection DSNB is a suitable procedure to stage cN0 penile 
carcinoma after previous therapeutic primary tumour resection. The sentinel node 
visualization rate of 93%, identification rate of 100% and detection of occult metastases 
in 12% of cN0-groins indicate this minimally-invasive procedure is feasible and seems 
reliable. The results are so far similar to the favourable experience with DSNB in 
patients with their tumour still present. 
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Editorial comment
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171 76 Stockholm, Sweden

New advances of sentinel node detection in penile carcinoma 

with clinical implications and a perspective on possible further 

research

Eur Urol. 2010;58:752

Introduction
Around 20% of cN0 patients with penile carcinoma ≥T1G2, 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. Therefore, the current 
management of cN0 patients consists of an elective bilateral inguinal lymph node 
dissection in most centres. In some few centres which are leading in the research of sentinel 
node detection, dynamic sentinel node biopsy (DSNB) in cN0 ≥T1G2-tumours, is the 
option of preference. The outcome of the procedure would either lead to a policy of 
surveillance if pN0, or inguinal lymphadenectomy (LAD) in case of pN+.

Responders, true non-responders and overtreated non-responders
All modern treatments of malignant disease, regardless if surgical, medical, and 

oncological or combinations thereof have as one of the major primary goals to include 
responders at a highest possible rate and exclude non-responders at a corresponding highest 
possible rate. True non-responders are the patients that progress albeit adequate treatment. 
Still, overtreated patients can also be considered being a separate group of non-responders, 
but from another perspective. That is to say, non-responding to treatment, which in 
retrospect displays the lack of necessity in performing a certain treatment. The Amsterdam 
group has successfully worked with the background of that principle for a number of 
years in attempting to improve both staging and treatment of penile carcinoma.

The development from the original simple sentinel node detection in penile 
carcinoma1 to the modified Dynamic Sentinel Node Biopsy (DSNB) with further 
additional options, are examples of that groups dedicated ambitions. Modified DSNB 
serves both of the requests mentioned, that is to include responders with a high accuracy 
and to minimize overtreatment by patient tailored staging. The consequence thereof is 
exclusion of non-responding “true” cN0-patients in having to undergo extensive surgical 
treatment.
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The starting point for all kinds of additional surgical performances, apart from 
sole resection of the primary tumour, relates to the character of the cancer itself. If we are 
dealing with a cancer that has a high tendency of dissemination in a number of simultaneous 
localities, extensive nodal dissection will fail in terms of improving survival. With the 
exception of anecdotal cases mirrored in large retrospective investigations of uncontrolled 
and unrandomized heterogeneous cohorts from single centres, meticulous nodal dissection 
will have a very low impact on improved long term survival. The patient population 
will mainly be non-responders to that additional treatment, both by being either true 
non-responders or by being overtreated non-responders. The numbers of patients needed 
to treat will be higher than usually acceptable to the medical community. The concepts of 
stage migration and the Will Rogers phenomena brings further clarity in some of the 
misconceptions entailed in extensive nodal dissection of quickly and widely disseminating 
cancer tumours.2 The matter is still debated and unsolved in the case of urinary bladder 
carcinoma and awaits future randomized trials. In the only randomized trial on renal 
cell carcinoma addressing the question of nodal dissection, the results attest to the low 
efficacy of extended nodal dissection in that particular cancer.3

Penile cancer, nodal dissection and modified DSNB
In penile cancer the tendency for dissemination is quite different. The tumour 

tends to spread in a slower fashion and also in a more restricted anatomical pattern. 
The present research displays that early regional lymphadenectomy leads to improved 
survival rates under the precondition that the clinician is dealing with possible 
microscopic and preoperatively undetected dissemination.4,5 Approximately 20% of the 
cN0-patients have microscopic dissemination, and the aptitude of this cancer to spread 
is characterized of its slow character and of the anatomically restricted nodal drainage 
area. The general consensus is therefore that surgical removal of nodes harbouring a high 
possibility of micrometastic dissemination, is of value in terms of long term survival. 
This approach satisfies the request to reach the responders of surgical treatment. In order 
to satisfy the next request, the need of keeping overtreatment at low, i.e. to exclude 
node-negative possibly to-be overtreated non-responders from further surgical node dissection, 
the Amsterdam group developed the principles of the modified DSNB-procedure. This 
entailing preoperative ultrasonography of cN0 groins with fine needle aspiration cytology 
(FNAC) of suspicious nodes, exploration of groins in case of nonvisualisation during 
scintigraphy and intraoperative palpation of the wound to identify suspicious nodes that 
failed to pick up any tracer and furthermore extended serial histopathological sections of 
harvested sentinel nodes. Furthermore, this strategy also produced a reduction of false-
negative cases from 19% to 4.8%, comparing standard DSNB to modified DSNB.6

Patient tailored treatment
The end-result is that an overwhelming majority of cN0-patients (approximately 

80%) do not need to proceed to standard elective LAD, which is the subsequent reduction 
of overtreatment relating directly to the modified procedure.
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Thus, in the case of penile carcinoma there is a large potential of tailoring the 
treatment, with both improved detection of patients with undetected occult metastases 
and patients which are truly node-negative. The Amsterdam group has also refined the 
principles of node dissection in penile cancer by adding new preoperative investigations 
of enhanced preoperative mapping relating to the lymphatic drainage in penile cancer. 
In a prospective trial utilizing SPECT-CT it was shown that all sentinel nodes were 
located in the two superior and central inguinal zones according to zonal distribution 
of Daseler and in the pelvic region for the higher-tier nodes.7 This use of the combined 
techniques of DSNB and SPECT-CT is innovative and brings us new tools for further 
refinement of staging and subsequent patient tailored treatment.

Postresectional modified DSNB
Now an even newer development of the mentioned techniques has hereby been 

described, entailing postresectional DSNB in the latest contribution.8 The detection 
was performed in totally 40 patients, including a total of 60 groins. These patients had 
previously undergone primary surgery at other primary or secondary centres. In 56/60 
groins the sentinel node/s were preoperatively detected, which was confirmed in 56/56 
groins by intraoperative sentinel node detection. Histopathologic analysis revealed 
nodal dissemination in seven groins of seven patients and in one additionally completed 
ipsilateral inguinal node dissection specimen. The median follow up time could be 
considered being too short, 28 months (range 6–75) to reach firm conclusions on 
recurrences and survival, but it is anticipated that future reports will follow on those 
specific endpoints. The results of this trial opens up for retaining the surgical skills of 
primary tumour resection in centres not utilizing the modified DSNB and still offering 
the patients the possibilities of advanced and specific nodal assessment. From this clinical 
trial we can furthermore draw the conclusions that the tumour-induced lymphatic 
vessels, leading from the invasive front of the previously resected primary tumour, 
remain intact for a rather long time. Furthermore, the group introduces the hypothetical 
possibility of actually harvesting tumour cells previously en route, by delaying the 
modified DSNB. If that positive aspect of delayed DSNB has any impact on recurrence 
and long time survival, could only be answered by a randomized trial comparing patients 
with delayed DSNB and patients with postresectional DSNB. Such a trial would be of 
specific value in penile cancer in which firstly a partially intact primary organ is present 
after primary surgery and secondly in which we are confronted with a cancer that has an 
obvious tendency in possessing a relatively slow pattern of dissemination anatomically 
restricted to a well defined area of drainage.
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Abstract
 
Introduction: We explored the role of repeat dynamic sentinel node biopsy (DSNB) in 
clinically node-negative (cN0) patients with locally recurrent penile carcinoma after 
previous penile surgery and sentinel node biopsy. 

Methods: Between 1994 and 2008, 12 patients (4% of the 304 patients in our prospectively 
kept DSNB) with cN0-groins underwent repeat DSNB for locally recurrent penile 
carcinoma after previous penile surgery and sentinel node biopsy. Five of these patients 
had previously undergone a unilateral inguinal node dissection for groin metastases. The 
median disease-free interval was 18 months. The protocol and technique of primary 
DSNB and the repeat procedure were similar, including preoperative lymphoscintigraphy 
and blue dye injection. Completion inguinal node dissection was only performed in case 
of an involved sentinel node. 

Results: No sentinel nodes were seen on conventional lymphoscintigraphy in the five 
groins that had previously been dissected. A sentinel node was visualized on conventional 
lymphoscintigraphy in the remaining 19 non-dissected groins. In 15 of these groins 
(79%) the sentinel node was identified intraoperatively. Histopathological analysis 
showed involved sentinel nodes in four groins of three patients. Additional metastatic 
nodes were found in one completion inguinal lymph node dissection specimen. During 
a median observed follow up of 32 months after the repeat DSNB, one patient developed 
a groin recurrence 14 months after a tumour-negative sentinel node procedure.
 
Conclusions: Repeat DSNB is feasible in cN0 patients with locally recurrent penile 
carcinoma despite previous sentinel node biopsy. 
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Introduction

The presence and extent of inguinal lymph node metastases are important determinants 
in the staging and prognosis of patients with penile squamous cell carcinoma.1,2 Since 
1994, dynamic sentinel node biopsy (DSNB) is used at our institute to assess clinically 
node-negative (cN0) patients. Other strategies include watchful waiting or elective 
inguinal lymph node dissection. The latter causes substantial short- and long-term 
complications.3 This is avoided with DSNB,4 a minimally-invasive staging technique for 
patients with clinically normal lymph nodes.5-7 Inguinal node dissection is performed 
only if the sentinel node is tumour-positive. 

In a patient with a local relapse of penile carcinoma after earlier tumour-negative 
sentinel node biopsy, the clinician faces the need for re-staging the inguinal nodes. The 
purpose of the current study was to explore the role of repeat DSNB in patients with 
recurrent penile carcinoma after previous penile surgery and sentinel node biopsy. The 
pathological findings and groin recurrences associated with this approach were evaluated.      

Material and methods

Between January 1994 and January 2008, 12 patients (4% of the 304 patients in our 
prospectively kept DSNB database) underwent a repeat DSNB for recurrent invasive 
penile squamous cell carcinoma after previous penile surgery and sentinel node biopsy. 
All were diagnosed with a local relapse and nonpalpable inguinal lymph nodes during 
regular follow up. Five of these patients had previously undergone a unilateral inguinal 
node dissection for groin metastasis. The median disease-free interval was 18 months. 
The tumours were staged according to the current TNM classification.8 Patient and 
recurrent tumour characteristics are presented in table 1. The results of the primary 
DSNB of these patients have been included in the series of a previously published study.7

Clinical staging of the groins was done by physical examination alone until 2001. 
Thereafter, ultrasound of the groins with fine-needle aspiration cytology of ultra-
sonographically suspicious nodes was included in the preoperative work-up. DSNB was 
done in cN0 patients and patients with tumour-negative aspiration cytology only 
(bilaterally in cN0 patients and in one groin in unilateral clinically node-positive pa-
tients). Completion inguinal node dissection was performed in case of one or more 
involved sentinel nodes, as described earlier.9 The penile tumour was treated surgically.10 
No patient was lost to follow up. 

The protocol and technique of primary DSNB and the repeat procedure were 
similar.5 The day before surgery, lymphoscintigraphy was done for lymphatic mapping. 
After local anaesthesia (lidocaine 10% spray), three or four intradermal injections of 
70 MBq technetium-99m-labelled nanocolloid (Nanocoll®, GE Healthcare, Eindhoven, 
the Netherlands) were administered proximally from the local recurrence. 
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Table 1 – Patient and recurrent tumour characteristics.

Dynamic imaging was performed immediately after the injection, followed by 
static imaging at 30min and 2h post injection, using a dual-head gamma camera (ADAC 
Vertex®; Milpitas, CA, USA). Anterior and lateral images were routinely obtained with 
simultaneous transmission scanning with a Co-57 flood source to outline the body con-
tour for orientation. Other views were made if indicated. The location of sentinel nodes 
was marked on the skin. 

The operation was done within 24 h after lymphoscintigraphy. Shortly before the 
procedure, 1.0 ml patent blue dye (Blue Patenté V, Laboratoire Guerbet, Aulnay-Sous-
Bois, France) was injected intradermally around the local recurrence. The old scar was 
used for sentinel node biopsy. A sentinel node was defined as a lymph node on a direct 
drainage pathway from the tumour.11 Sentinel nodes were identified intraoperatively with 
the aid of the lymphoscintigraphic images, a gamma ray detection probe (Neoprobe®, 
Johnson & Johnson Medical, Hamburg, Germany) and the patent blue dye. After 
removal of the sentinel node(s), the groin and the wound were scanned for residual 
radioactivity and palpated for suspicious nodes that had failed to pick up any tracer. 
DSNB was followed by treatment of the recurrent penile tumour during the same session. 

All sentinel nodes were histopathologically analyzed with serial sectioning at 
three levels (150 μm slides) and immunohistochemical staining using pankeratin. 
The maximum diameter of the largest metastasis of each involved sentinel node was 
measured by the pathologist. 

Patients, n 12
Median age in years (range) at repeat DSNB 66 (50–82)
Median disease-free interval in months (range) 18 (4–139)
Previous penile operation, n

Local excision
Partial amputation
Subtotal amputation

8
3
1

Previous unilateral inguinal dissection, n 5
rT-stage of  local recurrence (2002 TNM)

T2
T3

10
3

Histological grade of  local recurrence
Well differentiated
Intermediately differentiated 
Poorly differentiated 

3
4
5

Treatment of  local recurrence
Glans resection
Partial amputation
Total amputation

3
4
5

Median follow up in months (range) 32 (1.5–119)
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Results

Five of the 12 patients had previously undergone a unilateral inguinal node dissection 
because of a palpable metastasis with tumour-positive cytology (n = 1) or because of a 
tumour-positive sentinel node (n = 4). Patient and recurrent tumour characteristics are 
listed in table 1. Lymphoscintigraphy of the repeat DSNB did not depict a sentinel 
node in any of the previously dissected groins (figure 1). A hot spot was visualised in 
the remaining 19 groins despite earlier removal of at least one sentinel node (figure 2). 

Figure 1 – The lymphoscintigrams that were made at the time of the primary penile tumour 
(a) show a sentinel node in each groin that was surgically retrieved. The sentinel node 
in the left groin was involved and subsequent completion inguinal node dissection was 
performed. Lymphoscintigraphic images at the time of the local recurrence (b) depict two 
sentinel nodes in the non-dissected groin (big arrows). The arrow head points out  tracer 
remaining at the injection site and the small arrow indicates a second-echelon node.

Figure 2 – The lymphoscintigrams that were made at the time of the primary penile tumour 
(a) show a sentinel node in each groin (big arrows) that was subsequently removed. The 
sentinel nodes were tumour-negative and no inguinal node dissection was carried out. 
Although a sentinel node had been removed earlier, lymphoscintigraphic images of the 
local recurrence (b) depict a sentinel node in each groin (big arrows). The arrow head 
points out tracer remaining at the injection side and the small arrows indicate second-
echelon nodes.
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Table 2 – Results of  DSNB of the primary tumour and for local recurrence in 12 patients.

Variable First DSNB Second DSNB
Clinically node-positive groins, n 1 0
Previously dissected groins 0 5
Eligible cN0-groins for DSNB 23 19
Intraoperative SN identification / total cN0 groins eligible 20 / 23 15 / 19
Mean SNs removed (range) / groin 1.6 (0–3) 1.2 (0–2)
cN0-groins with involved SNs, n 4 4
Max diameter of  metastasis in involved SNs, mm 0.6, 1, 2, 25 1, 1, 7, 10
cN0-groins with additional metastasis, n 1* 1†
Additional unilateral metastatic inguinal nodes 3 3

 

*This patient had one involved sentinel node with a maximum diameter of the metastasis of 25 mm. †This 
patient had two involved sentinel nodes in one groin with each a maximum diameter of the metastasis of 7 mm. 

The results of the previous and the repeat sentinel node biopsies in these patients are 
shown in table 2. Repeat DSNB revealed metastasis in four groins of three patients. 
Additional metastatic nodes were found in one completion inguinal lymph node dissection 
specimen.

The median follow up duration was 32 months after the repeat DSNB. One 
patient developed a groin recurrence 14 months after a tumour-negative sentinel node 
procedure. He underwent regional node dissection and adjuvant radiotherapy and died 
seven months later of an unrelated cause. All three patients who had had tumour-
positive sentinel nodes during the repeat DSNB and six without sentinel node involvement 
were alive without evidence of disease at last follow up. The two remaining patients died 
of disease without evidence of a groin recurrence, one from lung metastases and the 
other because of another local relapse. 

Discussion 

Repeat sentinel node biopsy has been used successfully in patients with a local relapse of 
melanoma and breast cancer.12-14 This study shows that repeat DSNB is feasible in 
locally recurrent penile carcinoma. The visualization and identification rates appear to 
be similar to DSNB for primary penile carcinoma. Histopathological analysis after the 
repeat procedure showed involved sentinel nodes in four groins. In three of these groins 
no additional inguinal metastases were found after completion lymph node dissection, 
which suggests the removed lymph nodes were the true sentinel nodes. Thus, a local 
recurrence will drain again upon “new” first-echelon nodes despite earlier DSNB. 

Repeat lymphoscintigraphy showed drainage to all non-dissected groins. These 
findings illustrate the dynamics of lymphatic dissemination and underscore the importance 
of accurate staging of the regional lymph nodes. Only preoperative lymphoscintigraphy 



73

R
epeat D

S
N

B

6

is able to visualize the actual drainage pattern. No sentinel nodes were seen in the five 
groins previously treated with an inguinal node dissection in this series suggesting that 
all inguinal lymphatic tissue had been removed. In contrast to these encouraging results, 
one groin recurrence developed during follow up after repeat DSNB. This patient had 
not had standard preoperative ultrasound with fine-needle aspiration cytology, the only 
current available imaging modality able to detect small lymph node metastases that 
escape physical examination.15 

This study has the following limitations. The relatively low incidence of local 
recurrence only has restricted the number of cases for a repeat DSNB. Furthermore, 
several modifications were made to the initial method during the study period.5 Thus, 
patients have been treated according to two protocols. Another possible limitation is the 
limited follow up duration. 

In conclusion, lymphatic flow is a dynamic process and every local recurrence 
of penile carcinoma can be a new source of lymphatic regional spread, yielding a new 
sentinel node. This study shows that repeat DSNB is technically feasible in such patients 
and discovers metastatic inguinal nodes. Experience so far is similar to what is known 
from DSNB for primary penile cancer. 
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Letter to the editor - BJU Int 2010;105:1732

Dear sir,
We were interested to read the report on repeat sentinel lymph node biopsy (SLNB) 
by Graafland et al.1 Their study showed lymphatic dissemination was reestablished in 
the groins after previous SLNB. However, lymphatic drainage was absent in any of the 
previous dissected groins.

Here, we present a case who had lymphatic dissemination in the groin treated 
with inguinal lymph node dissection. The drainage pattern was visualized by single 
photon emission computed tomography (SPECT).

A 49-year-old man was admitted to our institution because of enlarged pelvic 
lymph nodes (LNs) in the follow up of penile cancer. Twenty months ago, the patient 
referred to another hospital with a 2cm mass in the foreskin. The primary disease was 
treated with circumcision and pathological examination revealed a pT1G2 squamous 
cell carcinoma. Then, the patient underwent a bilateral radical inguinal LN dissection. 
All inguinal LNs (n = 9 LNs in the left side, n = 11 LNs in the right side) were negative. 

Fourteen months before admission, the patient found a solid mass with a diameter 
of 1.5cm in the foreskin. The recurrent disease was resected with negative margins. 
Pathological results showed pT1G2 squamous cell carcinoma. The patient was followed 
every 3 months postoperative. 

One week before admission, the follow up CT scan showed enlarged pelvic lymph 
nodes and the serum level of squamous cell carcinoma antigen was increased to 6.1 μg/L. 
Physical examination didn’t find recurrent lesions in the penis and inguinal region. 

To evaluate whether the pelvic LNs were “skip” metastases or direct drainage LNs 
of the penis, we performed lymphoscintigraphy and SPECT to evaluate the drainage 
pattern of the penis. After injection of radioactive tracer around the previous tumour 
site, SPECT showed the lymphatic drainage of the penis direct into the external iliac 
lymph nodes (figure 1). 

Figure 1. Lymphoscintigraphic image and SPECT fusion images show lymphatic 
drainage of  the penis into the external iliac lymph nodes.
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The patient was treated with neoadjuvant chemotherapy and subsequently consolidation 
surgery. Unfortunately, the patient developed distant metastases and died 11 months 
after the occurrence of pelvic lymph node metastases.

We present the case to raise concerns about the lymphatic drainage pattern in 
penile cancer patients with recurrent primary disease. Although rare, reestablishment of 
lymphatic drainage is evidenced in our case who previously underwent inguinal lymph 
nodes dissection.

Yao Zhu and Ding-Wei Ye, department of Urology, Fudan University Shanghai Cancer 
Center, Shanghai, Republic of China.

Author Reply - BJU Int 2010;105:1733

Dear Editor,
We thank doctors Zhu and Ye for their interest on our article. They present a recurrent 

penile cancer case who appeared to have direct lymphatic drainage to the pelvic lymph 
nodes after previous bilateral inguinal lymph node dissection 

This case and our publication highlight several aspects in the management of 
recurrent penile cancer, that we would like to bring under the attention. First, every 
local penile tumour can be a new source of lymphatic regional spread.1,2 Renewed nodal 
staging is therefore of importance. Repeat dynamic sentinel node biopsy (DSNB) is a 
suitable staging procedure.1 Second, local recurrences will drain again upon new sentinel 
nodes as illustrated by the case of Zhu and Ye and our study. The identification of these 
first-echelon nodes is essential for early treatment. Their anatomic location is dependent 
on previous nodal treatment. As illustrated by the case report, lymphoscintigraphy and 
SPECT/CT-scan are excellent tools to find the anatomic location of the new sentinel 
node. In Zhu and Ye’s case direct lymphatic spread to the pelvic nodes was seen, an 
observation usually not found in untreated patients. This case illustrates the unique 
properties of sentinel node strategy to find first-echelon nodes in unexpected anatomic 
regions. Third, this case also shows the “plasticity” of the lymphatic system, leading to 
new lymphatic channels after surgical removal. 

Niels M. Graafland and Simon Horenblas, department of Urology, the Netherlands 
Cancer Institute / Antoni van Leeuwenhoek Hospital, Amsterdam, The Netherlands.
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Abstract
 
Introduction: We assessed the prognostic significance of extranodal extension (extension 
of tumour through the lymph node capsule into the perinodal fibrous-adipose tissue) 
amongst several other risk factors in node-positive penile cancer.
 
Methods: Prospectively collected data in a consecutive series of 156 chemotherapy-
naïve patients with proven nodal involvement who underwent therapeutic regional 
lymphadenectomy were analyzed. Postoperative external radiotherapy was indicated 
if histopathological analysis revealed more tumour than one intranodal metastasis. 
Cancer-specific survival was estimated using the Kaplan-Meier method. Multivariate 
analysis was performed according to the Cox proportional hazards model of factors 
found to be statistically significant on univariate analysis.

Results: Seventy patients (45%) received adjuvant radiotherapy. Median observed 
follow up duration was 57.8 months. Overall five-year cancer-specific survival was 61%. 
Patients with extranodal extension had significant decreased five-year cancer-specific 
survival compared with patients without this feature (42% vs. 80%). Other prognostic 
variables on univariate analysis were bilateral metastatic involvement (vs. unilateral), 
≥3 unilateral metastatic inguinal nodes (vs. ≤2), tumour positive margin status of the 
inguinal lymphadenectomy (vs. tumour negative), and presence of pelvic nodal 
involvement. Pathological T-stage or grade of differentiation were not significant predictors 
for outcome. In the multivariate analysis extranodal extension (HR 2.37) and pelvic 
nodal involvement (HR 2.20) remained associated with a decreased cancer-specific 
survival. 

Conclusions: Extranodal extension of metastatic inguinal nodes and pelvic nodal 
involvement are independent predictive parameters for cancer-specific survival in 
patients with pathologically node positive penile carcinoma despite surgery with 
postoperative radiotherapy. 
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Introduction

The most important prognostic factor in men with invasive penile squamous cell 
carcinoma is the presence and extent of nodal involvement.1-7 Previous studies show that 
patients with pelvic lymph node metastases have poor survival.1-3,6 Other histopathological 
factors like extranodal extension (ENE, extension of tumour through the lymph node 
capsule into the perinodal fibrous-adipose tissue) and the number of involved lymph 
nodes were also reported as risk facors.1,2,5,6 However, previous studies on prognostic factors 
in pathological node positive (pN+) penile cancer have several drawbacks. The number 
of patients were relatively small (range 78-102 men with pN+),1,2,5,6 the ENE definition 
is not always reported,1,2,5 and followup details are unknown.1,2,5 Results reflect older 
series with patients treated between 1950–1980,1 1962–1986,2 1987–1998,5 and 1956–
2001,6 respectively. Finally, data were collected retrospectively.1,2,5,6  

We analyzed the prognostic significance of ENE and several other risk factors in 
a large, more contemporary series of 156 pN+ patients with penile carcinoma who 
underwent standard locoregional treatment. Data were collected prospectively.  

Patients and methods

Data on 176 consecutive patients with penile squamous cell carcinoma who 
underwent therapeutic lymphadenectomy between January 1988 and December 2007 
at the Netherlands Cancer Institute were retrieved from a prospectively kept penile 
cancer database. Twenty patients were excluded from this study: six who were treated 
with palliation only, six who received neoadjuvant chemotherapy, three with 
preoperative external radiotherapy to the groins and six without nodal metastases 
after lymphadenectomy. Thus, 156 patients were included. All were treated with 
standard inguinal lymphadenectomy for histopathologically proven lymph node 
metastases. Pelvic lymphadenectomy was done on indication (see below). Surgery was 
done by one of four experienced staff urologists. 

Patients were followed according to a standard protocol. They were seen postoperatively 
at 2-months interval during the first two years, with 3-months intervals in the third year, 
and 6-months intervals thereafter. The control visit consisted of physical examination 
and imaging with ultrasound and CT on indication. 

Indications for surgery and adjuvant radiotherapy
The penile tumour was treated surgically. In general, T1 and T2-tumours smaller 

than 2 cm. were treated with penis-preserving methods, while (partial) amputation was 
carried out in larger T2-tumours, T3- and T4-tumours. In a minority of patients 
the primary tumour was surgically removed at the referring hospital and patients were 
referred for nodal treatment. 
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Patients presenting or being referred with cN+ groins underwent an inguinal 
lymphadenectomy on the node-positive side usually only if presence of tumour was 
confirmed by FNAC. Preoperative staging in these patients included chest X-ray and 
CT imaging of the abdomen.

From 1988–1994, a prophylactic inguinal lymphadenectomy was only done in 
clinically node-negative (cN0) patients considered to be at high risk for occult metastases 
(i.e. poorly differentiated T2- tumours, T3 and T4-tumours). In 1994, this practice was 
replaced by preoperative ultrasound investigation with fine-needle aspiration cytology 
(FNAC) and dynamic sentinel node biopsy (DSNB). No other preoperative diagnostic 
staging procedures were done. Initially, DSNB was used to stage cN0-patients with T2 
and T3-tumours. Since 2004 all cN0-patients with tumours ≥T1G2 are staged with 
DSNB. The current protocol and technique of DSNB has been described in detail 
previously.8 An ipsilateral completion inguinal lymphadenectomy was done if the sentinel 
node is tumour-positive. Patients with tumours ≤T1G1 were managed with surveillance. 
Inguinal lymphadenectomy was carried out if metastatic nodes became clinically evident. 

If histopathological examination of the inguinal dissected specimen showed ENE 
or when ≥2 inguinal lymph nodes were involved a subsequent ipsilateral pelvic 
lymphadenectomy was done and adjuvant external radiotherapy on the involved 
inguinal lymphatic region was given during the whole study period. Initially, an 
elective contralateral inguinal lymphadenectomy was also done if histopathological 
analysis showed one or both features. Since more experience was gained with DSNB, 
this practice has been replaced by DSNB. If pelvic lymphadenectomy revealed pelvic 
nodal involvement, patients were also irradiated on the ipsilateral pelvic lymphatic 
region. The dose of radiotherapy was usually 50 Gray (25 fractions of 2 Gy / 5 fractions 
a week). Boundaries of radiation therapy and our surgical approach to inguinal and 
pelvic lymphadenectomy have been published previously, and did not change during 
the study period.6,9 

Histopathological analysis
The penile tumours were staged according to the 2002 TNM classification, 

which is essentially unchanged since 1987.10 Histopathological grade was assigned as 
well, moderate or poorly differentiated on the basis of the less-differentiated area seen 
within the penile tumour on histopathological examination. The nodal tissue was 
examined by palpation, inspection, and sectioning. Lymph nodes were dissected manually 
and completely embedded in paraffin. Histopathologic findings were described in a 
standardized format. The total number of histopathologically confirmed lymph nodes 
and metastatic nodes was recorded for each lymphadenectomy specimen. Some inguinal 
specimens contained a mass of metastatic nodes. The number of nodes involved in such 
cases was impossible to be determined. ENE was defined as the extension of tumour 
through the lymph node capsule into the perinodal fibrous-adipose tissue or presence of 
squamous cell carcinoma in soft tissue with no evidence of a lymph node architecture. 
The size of ENE into the perinodal fatty tissue was not determined. Tumour deposits in 
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the pericapsular lymphatics were not considered to represent ENE. Surgical margins of 
the dissected lymphadenectomy specimen were examined.

Statistical analysis
Associations between clinical nodal status and histopathological features were 

assessed with the Fisher exact test. Median follow up was estimated using the reverse 
Kaplan-Meier method. The primary endpoint of this study was cancer-specific survival. 
This was defined as death due to penile carcinoma and from unknown causes in patients 
who had proven to suffer from progressive penile carcinoma. The Kaplan-Meier method 
was used to estimate cancer-specific survival from inguinal lymphadenectomy to the 
date of death or last examined. Patients dead at intercurrent disease or alive at the last 
date were censored. Differences among the subgroups were assessed using the log-rank 
test. Presence of two or less (≤2) and three or more unilateral metastatic inguinal nodes 
(≥3) was found the value that best dichotomized groins into a good and poor prognosis 
group, respectively. The multivariable survival analysis was performed according to the 
Cox proportional hazards model of factors found to be statistically significant on univariable 
analysis. P-values <0.05 (two-sided) were considered statistically significant. Statistical 
analyses were performed using SPSS® 15.0 and R® 2.9 statistical software packages.  

Results

Table 1 lists clinicopathological characteristics in the 156 men with a median age of 64 
years (range, 33–31), of whom 92% were treated since the introduction of DSNB,  that 
is since 1994. A total of 88 patients (56%) underwent pelvic node dissection, which 
revealed pelvic nodal involvement in 34. Seventy patients (45%) received adjuvant 
external radiotherapy. A few patients were not irradiated postoperatively since they 
experienced postoperative complications such as wound healing problems or died early 
during follow up. Median time from penile surgery to inguinal lymphadenectomy was 
1.1 months (range, 0–33).

A median of eight lymph nodes (range, 2–25) were found and examined in each 
unilateral inguinal specimen. ENE of the metastatic inguinal nodes was observed in 79 
patients (51%). An important clinical issue is that cN0 patients had significant lower 
probability to harbour ENE, ≥3 metastatic inguinal nodes, and pelvic nodal involvement, 
respectively (table 2). 

A total of 56 patients (36%) died of disease with a median time to death of nine 
months (range, 0.8–37 months). Twenty-two patients (14%) died of intercurrent disease 
and 78 patients (50%) were alive at last follow up. The median follow up duration was 
57.8 months (range, 11–165 months). Two patients were lost to follow up because of 
emigration after 17 and 22 months, respectively, and each had no evidence of disease 
at last follow up. Five-year cancer-specific and overall survival for the entire cohort was 
61% (95% CI: 54–70) and 50% (95% CI: 42–59), respectively. 
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Table 1 – Patient and tumour characteristics at lymphadenectomy.

Characteristic Patients, n (%)
Treatment period

1988–1993 
1994–1999
2000–2003 
2004–2007 

12 (8%)
36 (23%)
34 (22%)
74 (47%)

Penile tumour status 
Primary tumour
Recurrent tumour

128 (82%)
28 (18%)

pT-category (TNM 2002)
pT1
pT2
pT3
pT4
Not assessable*

32 (21%)
106 (68%)
13 (8%)
2 (1%)
3 (2%)

Differentiation grade penile tumour
Well (G1)
Intermediate (G2)
Poor (G3)
Not assessable*

31 (20%)
78 (50%)
44 (28%)
3 (2%)

Groin status 
clinically node-negative
clinically node-positive with fine-needle aspiration cytology 
proven metastasis 

45 (29%)

111 (71%)
pN-category (TNM 2002)

pN1
pN2
pN3

58 (37%)
64 (41%)
34 (22%)

Unilateral or bilateral inguinal nodal involvement
Unilateral
Bilateral

91 (58%)
65 (42%)

No of  unilateral metastatic inguinal nodes 
1
2
3
≥4
Unknown, mass of  metastases†

84 (54%)
27 (17%)
19 (12%)
22 (14%)
4 (3%)

Extranodal extension of  the metastatic inguinal nodes
No
Yes 

77 (49%)
79 (51%)

Surgical margin of  dissected inguinal specimen 
Tumour negative
Tumour positive

149 (96%)
7 (5%)
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Table 1 – Patient and tumour characteristics at lymphadenectomy (continued).

Pelvic lymphadenectomy done
No
Yes
Yes, ipsilateral
Yes, bilateral

68 (44%)
88 (56%)

59
29

Adjuvant radiotherapy given
No
Yes

86 (55%)
70 (45%)

Abbreviation: FNAC = fine-needle aspiration cytology. *In three patients no histopathological data was 
available of the primary tumour. They underwent an inguinal lymphadenectomy at our institute for groin 
metastases, while the penile tumour was treated previously elsewhere. No histopathological review 
of the primary tumour was done. †In four patients the number of nodes involved was impossible to be 
determined because the inguinal dissected specimen contained a mass of metastatic lymph nodes.

Table 2 – Correlation between clinical nodal status and histopathological parameters 
of  the inguinal dissected specimen.

Variable cN0 patients,
n

cN+ patients,
n 

P-value

Overall 45 111
No of  unilateral metastatic inguinal nodes

≤2 
≥3 
Mass of  metastases*

40 (89%)
5 (11%)

-

71 (64%)
36 (32%)
4 (4%)

0.005

Extranodal extension of  the metastatic inguinal nodes
No
Yes

39 (87%)
6 (13%)

38 (34%)
73 (66%)

<0.001

Surgical margin of  dissected inguinal specimen
Tumour negative
Tumour positive 

45 (100%)
0

104 (94%)
7 (6%)

0.2

Pelvic nodal involvement
No 
Yes

44 (98%)
1 (2%)

78 (70%)
33 (30%)

<0.001

Postoperative radiotherapy 
No 
Yes

37 (82%)
8 (18%)

49 (44%)
62 (56%)

<0.001

Abbreviations: cN0 = clinically node-negative, cN+ = clinically node-positive. *In four patients the 
number of nodes involved was impossible to be determined because the inguinal dissected specimen 
contained a mass of metastatic lymph nodes.
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Analysis of cancer-specific survival
We noted no survival differences among patients treated at the different times 

(p = 0.79, table 3), or between those who presented with lymph node metastases (synchronous 
metastases) and those in whom metastases developed during surveillance and underwent 
delayed lymphadenectomy (metachronous metastases) (p = 0.90). Since there was no 
significant differences except treatment period and time to clinically evident metastases 
(lead time), cases were further analyzed as one group. 

Table 3 – Estimated five-year cancer-specific survival for pathological node-positive 
penile carcinoma.

Variable Patients 
n (%)

5-yr cancer-specific 
survival 

(95% CI)

P-value

Age*
≤64 years
≥65 years

79 (51)
77 (49)

62 (52–74)
60 (48–74)

0.88

Time period
1988 – 1993 
1994 – 1999
2000 – 2003 
2004 – 2007

12 (8%)
36 (23%)
34 (22%)
74 (47%)

75 (50–100) 
61 (44–77)
54 (36–73)
64 (52–76)

0.79

Interval between penile operation and inguinal 
lymphadenectomy*

<3 months 
≥3 months 

103 (66)
53 (34)

61 (51–72)
63 (50–78)

0.90

Penile tumour status
Primary tumour 
Recurrent tumour

128 (82)
28 (18)

59 (51–69)
71 (56–91)

0.49

Penile tumour stage
pT1 
pT2 
pT3-4

32 (21)
106 (69)
15 (10)

65 (49–86)
60 (50–70)
59 (38–91)

0.67

Tumor differentiation
Well 
Intermediate 
Poor

31 (20)
78 (51)
44 (29)

56 (39–79)
62 (51–74)
62 (49–79)

0.94

Unilateral vs. bilateral inguinal nodal involvement
Unilateral
Bilateral 

91 (58)
65 (42)

68 (58–79)
51 (38–65)

0.039

Number of  unilateral metastatic inguinal nodes†
≤2 
≥3 

111 (73)
41 (27)

74 (65–83)
33 (20–53)

<0.001
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Table 3 – Estimated five-year cancer-specific survival for pathological node-positive 
penile carcinoma (continued).

Extranodal extension of  the metastatic inguinal nodes
No
Yes

77 (49)
79 (51)

80 (71–90)
42 (32–56)

<0.001

Surgical margin of  dissected inguinal specimen
Tumour negative
Tumour positive 

149 (96)
7 (5)

63 (55–72)
not assessable+

0.004

Pelvic nodal involvement
No
Yes

122 (78)
34 (22)

72 (63–81)
21 (10–46)

<0.001

*We also used a Cox proportional hazards model to assess the association between these continu-
ous variables and cancer-specific survival. No significant association were found for these variables. 
†This variable showed a significant association with cancer-specific survival modeled as a continuous 
variable. The cut-off level ≤2 vs. ≥3 was found the value that best dichotomized groins into a good and 
poor prognosis group, respectively. +All seven patients with a tumour positive dissection margin died 
within five years. Five of these patients died of disease within one year, while two other patients died of 
intercurrent disease after 21 and 32 months.

Patients with ENE had significantly decreased five-year cancer-specific survival (p < 0.001, 
42% vs. 80%, figure 1). Other variables such as bilateral vs. unilateral involvement 
of the inguinal nodes, the number of unilateral metastatic nodes (≥3 vs. ≤2), margin 
status of the inguinal lymphadenectomy specimen (tumour positive vs. negative), 
and presence of pelvic nodal involvement were also prognostic factors with univariable 
analysis (table 3 and figures 2 and 3). 

Figure 1 – Cancer-specific survival 
stratified according to the absence 
or presence of  extranodal extension
of  lymph node metastases (p < 0.001). 
Values indicate number of  patients 
at risk . LND = lymph node dissection.
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Figure 2 – Cancer-specific survival 
stratified according to the number 
of  unilateral metastatic inguinal 
nodes (≤2 vs. ≥3, p < 0.001). 
Values indicate number of  patients 
at risk . LND = lymph node dissection.

Figure 3 – Cancer-specific survival
 stratified according to the absence 
or presence of  pelvic nodal 
involvement (p < 0.001). 
Values indicate number of  patients 
at risk . LND = lymph node dissection.

In the multivariable analysis, ENE and presence of pelvic nodal involvement remained 
significantly associated with cancer-specific survival (HR of 2.37 and 2.20, respectively, 
table 4). The HR of 2.37 indicated a more than doubled relative risk of death due to 
penile carcinoma for pN+ patients with ENE compared with pN+ patients without such 
a feature.
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Table 4 – Results of  multivariable analysis for cancer-specific survival.

Cancer-specific survival
P-value Hazard ratio 95% CI

Bilateral metastatic inguinal nodes vs. unilateral 0.25 1.38 0.79–2.44
≥ 3 vs. ≤2 unilateral metastatic inguinal nodes 0.17 1.60 0.82–3.14
Extranodal extension or not 0.012 2.37 1.21–4.64
Tumour positive inguinal dissection margin or not 0.31 1.73 0.60–5.00
Pelvic nodal involvement or not 0.022 2.20 1.12–4.33

Discussion

This study reporting on prognostic factors in pN+ penile carcinoma shows that cancer-
specific survival is influenced by the extent of nodal involvement. ENE of the metastatic 
inguinal nodes and pelvic nodal involvement were independent predictive parameters. 

Patients with pelvic nodal involvement are uniformly considered to have a poor 
prognosis with five-year survival ranging from 0 to 20%.1-3 This is underscored by the 
present series. At our institution, patients have been treated with adjuvant radiotherapy 
to the involved pelvic lymphatic region after lymphadenectomy. Considering the poor 
survival in patients with pelvic nodal involvement despite the combination of surgery 
and postoperative radiation, neoadjuvant or adjuvant systemic therapy is probably required. 
In small series, neoadjuvant chemotherapy has successfully been used to downstage disease 
and thereby improving survival.11,12 A small nonrandomized series has suggested that 
adjuvant chemotherapy results in better survival.13 

ENE of the metastatic inguinal nodes was another independent predictive 
parameter in the present study. Srinivas et al. and Ravi were the first to document the 
prognostic importance of this specific histopathological finding in penile carcinoma.1,2 
However, both studies did not adjust for other prognostic factors and did not give a 
definition of ENE. Moreover, in the study by Ravi,2 several groins had received preoperative 
radiotherapy questioning the reliability of assessment of pathological factors. More 
recent studies by Pandey et al. and Lont et al. have attested to the significance of ENE.5,6 
The series of Pandey et al. also suffers from preoperative radiotherapy in 12% of patients 
(12/102) and missing definition of ENE. An important drawback of the study by Lont 
et al. is the study period, covering 45-year. Hence, the present study is both confirmative 
and unique regarding its size and more uniform treatment, with 65% of the patients being 
treated since 2000. In squamous cell carcinomas of the head and neck region ENE is a 
well known prognostic factor for survival.14,15 In vulvar carcinoma and bladder 
cancer, presence of ENE has also been associated with decreased survival.16,17 This feature 
should be reported in the histopathology report. The prognostic significance has been 
acknowledged in the recent TNM classification for penile cancer.18  
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Several previous studies have shown that the number of invaded inguinal nodes affects 
survival. The cut off levels were set at two, three and four, respectively. All studies 
showed a significantly better outcome for patients in the subgroups with fewer involved 
nodes.2,3,5,6 In the present series, the best cut-off point that determined the poor prognosis 
group for cancer-specific survival on univariable analysis was ≥3 unilateral metastatic 
inguinal nodes. However, this feature failed to be an independent factor in the 
multivariable analysis (p = 0.17). One explanation is that most patients with ≥3 metastatic 
inguinal nodes also suffer from ENE and/or pelvic nodal involvement which are 
stronger prognosticators. Another reason could be that most groins with ≥2 nodes 
involved were irradiated postoperatively during the whole study period according to our 
institutional guidelines. Rationale to give adjuvant radiotherapy were series in head and 
neck carcinoma showing improved survival.19 The value of adjuvant radiotherapy 
in penile carcinoma is unknown, because of lack of randomized trials. However, 
adjuvant radiotherapy in vulvar carcinoma has shown to decrease the number of 
regional recurrences in patients with ≥2 metastatic inguinal nodes.20 The reader is 
cautioned that application of adjuvant radiotherapy after therapeutic lymphadenectomy 
may results in additional side effects (e.g. more pronounced lymph oedema),21 
which are beyond the scope of this article. 

The present study has several limitations. Patients enrolled in the study were treated 
over a 20-year period, during which changes in treatment were made. For example, the 
introduction of DSNB has given the opportunity to detect lymph node metastases at an 
early stage impacting on survival.22,23 Furthermore, some patients considered low-risk 
for nodal involvement have been treated initially with close surveillance followed by 
inguinal lymphadenectomy after metastases became clinically apparent. Despite treatment 
delay in some patients, we believe that these changes in treatment did not significantly 
influence our findings. Reasons are that 92% of patients in the present study were treated 
since the introduction of DSNB, no survival differences were observed between the 
patients who presented with synchronous or those who developed metachronous metastases, 
and between the different time periods, respectively. The reader is cautioned that this 
is no justification for a delayed lymphadenectomy, considering the well established 
survival advantage of resection of occult metastases.4,22,23 Another limitation may be that 
histopathological slides were not reviewed by one pathologist. It is unclear if, and to 
which extent, there is an intra- and interobserver variability of the assessment of ENE. 

How can we improve the outcome of penile carcinoma patients with unfavourable 
prognostic features? As mentioned earlier, neoadjuvant or adjuvant systemic treatment 
is probably needed in patients with pelvic nodal involvement. Despite postoperative 
inguinal radiotherapy for any degree of ENE, the predictive significance of this feature 
remained strong in this series. In head and neck carcinoma, adjuvant treatment has 
evolved from radiotherapy to chemoradiation in patients with ENE.24,25 This has resulted 
in improved locoregional control and consequently improved survival albeit at the costs 
of a substantial increase in adverse effects.24,25 Considering the elder age of many penile 
carcinoma patients, this could pose a problem. 
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In conclusion, the extent of nodal involvement negatively influences outcome in pN+ 
penile carcinoma. Multivariable analysis for cancer-specific survival of several histopathological 
factors revealed ENE and pelvic nodal involvement to be independent prognostic
parameters, despite surgery with postoperative radiotherapy. Systemic treatment is 
probably needed to improve the outcome. 
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Abstract
 
Introduction: The TNM classification of penile squamous cell carcinoma was recently 
revised in 2009. The most important change is inclusion of extranodal extension in 
pathologic nodal (pN) staging. Our aim was to evaluate the 2009 pN classification and 
compare its predictive ability with that of the previous 1987 pN staging system. 
 
Methods: We studied 334 M0 patients with penile carcinoma staged pathologically by 
dynamic sentinel node biopsy and/or lymphadenectomy between 1994 and 2008. Five-
year cancer specific survival (CSS) was estimated using the Kaplan-Meier method. The 
predictive abilities of the 1987 and 2009 pN classifications were compared using the 
concordance probability estimate.

Results: At a median follow up duration of 55 months, 55 patients (16%) had died from 
penile cancer. The main impact of the 2009 pN revision was a shift of 41 patients (31% 
of 133 pN+ patients) from 1987 pN1-2 categories to 2009 pN3 because of extranodal 
extension. This was a poor prognostic factor in the subgroup of patients with inguinal 
metastases only. Estimated 5-yr CSS rates by the 2009 pN category were 97.9%, 76.8%, 
83.9% and 38.4% in patients with pN0, pN1, pN2 and pN3 cancers, respectively. The 
concordance probability estimate of both staging systems was essentially similar: 0.735 
for 2002 pN and 0.741 for 2009 pN. 

Conclusions: Extranodal extension has a prognostic role in the patients with inguinal 
metastases. Inclusion of this factor in pN-staging seems rational. Nevertheless, predictive 
capability of the pN-classification of 2009 and 1987 is similar.  
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Introduction

Penile squamous cell carcinoma is a relatively uncommon disease in the Western world 
with an incidence around one per 100.000.1 This disease has a typical lymphogenic 
dissemination pattern. Even in advanced cases, haematogenic spread is rare. Distant 
metastases are present in 1–2% of patients at initial presentation.2 The presence of 
nodal metastases is an important prognostic factor for cancer-specific survival (CSS).3-8 

Pathologic nodal (pN) staging is the gold standard for determining both the presence 
and extent of nodal involvement.

The main purpose of the AJCC/UICC TNM staging system is to provide a 
biologically relevant system for classification and outcome prediction of patients with 
cancer. Treatment decisions are often based on stage. The TNM classification for penile 
cancer, unchanged since 1987,9 was revised in 2009 (table 1).10 The pathologic nodal 
(pN) classification is now different from the clinical staging system. The most important 
change is the inclusion of extranodal extension (ENE). The aim of this study was to 
evaluate the 2009 pN staging system in penile carcinoma in a large single institutional 
series of patients with penile carcinoma staged pathologically. We compared the new 
classification with the previous 1987 pN-classification in predicting patient outcome. 

Table 1 – 1987 and 2009 pN classification of  penile carcinoma. 

1987 pN-classification 2009 pathological N-classification
pN0 No regional lymph node metastases No regional lymph node metastases
pN1 Metastases in a single superficial inguinal 

lymph node
Metastases in a single inguinal lymph node

pN2 Metastases in multiple or bilateral superficial 
inguinal lymph nodes

Metastases in multiple or bilateral inguinal 
lymph nodes

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

Metastases in pelvic lymph node(s), unilateral 
or bilateral or extranodal extension of  

regional lymph node metastases

Patients and methods

All 341 chemotherapy-naïve patients with penile squamous cell carcinoma staged 
pathologically with regards to the lymph nodes at the Netherlands Cancer Institute - a 
tertiary European referral hospital - between January 1994 and December 2007 were 
analysed. Elective lymphadenectomy is not part of our treatment protocol. Instead, 
clinically node-negative patients at risk for occult metastases (that is, until 2004 those 
with ≥T2-tumours; thereafter all patients with ≥T1G2-tumours) are staged with 
dynamic sentinel node biopsy which was introduced in 1994 (see below). 
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All patients were selected from a prospectively kept database, which contains detailed 
information on patient characteristics, preoperative examinations, surgical procedures, 
histopathological findings and follow up. Seven patients (2%) with distant metastases 
at time of nodal treatment were excluded, resulting in evaluation of 334 patients. 
All tumours were prospectively staged according to the 1987 TNM classification,9 and re-
assigned according to the 2009 pN-category.10 

Treatment protocol and histopathological analysis
The primary tumour was treated surgically. In general, T1 and T2 tumours < 2cm 

were treated with penile-preserving methods such as circumcision and/or local excision. 
T2 tumours greater than 2cm, as well as T3 and T4 tumours, were treated with glansectomy 
and/or partial or total amputation. 

Indications for regional lymphadenectomy and surgical approach to inguinal and 
pelvic nodal dissection have been published previously.8 Briefly, preoperative ultrasound 
of the inguinal region with fine-needle aspiration cytology of suspicious lymph nodes 
was routinely performed in all patients with palpable nodes and clinically node-negative 
patients with ≥T1G2 tumours. If cytology showed nodal metastases a direct ipsilateral 
inguinal lymphadenectomy was done. Otherwise, clinically-node negative groins were 
staged with dynamic sentinel node biopsy. This procedure has been published in detail 
previously.11 Completion ipsilateral inguinal lymphadenectomy was only done if the 
sentinel node was tumour-positive. Groins with tumour-negative sentinel nodes were 
observed as were patients with assumed low-risk for occult nodal involvement. Ipsilateral 
inguinal lymphadenectomy was carried out if lymph node metastases became clinically 
evident. If histopathological examination of the inguinal dissected specimen showed 
ENE or when ≥2 inguinal lymph nodes were involved an ipsilateral pelvic lymphadenectomy 
was done and adjuvant external radiotherapy on the involved inguinal lymphatic region 
was given. Patients were also irradiated on the ipsilateral pelvic lymphatic region if 
histopathological examination revealed pelvic nodal involvement. The dose of 
radiotherapy was usually 50 Gray (25 fractions of 2 Gy / 5 fractions a week).8 

Histopathological findings were described in a standardized format. All inguinal 
and pelvic dissected specimens were analyzed using haematoxylin-eosin staining. The 
pathologist recorded the total number of involved nodes (each groin and pelvic region 
separately), total number of nodes removed and whether there was presence of ENE or 
not. ENE was defined as extension of tumour through the lymph node capsule into the 
perinodal fibrous-adipose tissue or presence of squamous cell carcinoma in soft tissue 
with no evidence of a lymph node architecture. The size of tumour extension into the 
perinodal fatty tissue was not determined. Tumour deposits in the pericapsular lymphatics 
were not considered to represent ENE.

Follow up
Patients were followed according to a standard protocol. They were seen 

postoperatively at 2-months interval during the first two years, with 3-months intervals 
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in the third year, and 6-months intervals thereafter. Since 2008, time interval was 
prolonged to three months during the first two years after analysis of recurrence pat-
tern.11 Control visits consisted of physical examination and imaging with ultrasound 
with CT on indication only. 

Statistical analysis
Cancer-specific survival (CSS) was used as an end point to compare both pN-

staging systems. Time to death or last follow up was calculated as the time from pN-
staging (that is the date of dynamic sentinel node biopsy or regional lymphadenectomy) 
to the date of death or last follow up. Patients dead of intercurrent disease or alive at the 
last date were censored. Calibration of both models were assessed by comparing 
predicted survival estimates with actual survival at different time points during follow 
up. Discrimination of the different models was compared by means of Concordance
Probability Estimate (CPE). CPE is the probability that in a randomly selected pair the 
patient with the worst expected survival  based on the model will die before the other 
patient (prediction and actual survival are in concordance). Values can range from 0.5 
(chance; no discrimination) to 1.0 (perfect discrimination). Statistical significance was 
set at p < 0.05. No adjustments were made for the number of p-values calculated. Data 
were analyzed using the Statistical Package for Social Sciences version 17.0 (SPSS Inc., 
Chicago, Ill) and R version 2.11.1.  

Results

Of the 334 analyzed patients, 201 patients were staged pN0 and 133 staged pN+, 
respectively. Median age at pN-staging was 66 years (range, 28–96 years). At a median 
follow up duration of 55 months (range, 5–151 months), 55 patients (16%) had died 
from penile cancer. 

Table 2 shows the pN-stage distribution based on the 1987 and 2009 pN staging 
systems of the 334 patients. The main impact of the 2009 pN revision was a shift of 41 
patients (31% of pN+ patients; 13 pN1 and 28 pN2) from 1987 pN1-2 categories to 
2009 pN3 since these patients had ENE. Because the criteria for pN0 did not change, 
there was no shift of these cases. 

Table 2 – Stage distribution results

pN-classification 1987 pN-classification 2009 pN-classification
pN0 201 201
pN1 53 40
pN2 55 27
pN3 25 66
Total 334 334
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The prognostic role of ENE was evaluated in the subgroup of 108 pN+ patients with 
inguinal metastases only (i.e. those without pelvic nodal involvement). Men with uni-
lateral or bilateral ENE had a significantly decreased CSS compared with those with 
intranodal inguinal metastases (pooled over strata p = 0.010) (figure 1). According to 
the 2009 pN-staging, 5-yr CSS was 97.9% (standard error [SE]: 1.0%) in pN0, 76.8% 
(SE: 6.8%) in pN1, 83.9% (7.4%) in pN2 and 38.4% (6.4%) in pN3 (pooled over 
strata p < 0.001) (figure 2).  

Although ENE had prognostic value, the CPE of both staging systems was 
essentially similar: 0.735 (SE: 0.015) for 2002 pN and 0.741 for 2009 pN (SE: 0.016). 
This means that the discriminatory capability of both staging systems was 74%. 

The 2009 pN3 category included now 41 patients (62%) with ENE only, 20 
cases (30%) with concomitant ENE and pelvic nodal involvement, and 5 men (8%) 
with pelvic nodal involvement without ENE. Those patients with the two concomitant 
features had significant lower CSS compared with those with ENE only (p = 0.007) 
(figure 3). An accurate survival estimate of the 5 men with inguinal metastases and only 
pelvic nodal involvement was not possible.

Figure 1 – Estimated 5-yr cancer specific survival of  108 pN+ patients with inguinal 
metastases only stratified by presence of  extranodal extension (ENE). 
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Figure 2 – Estimated 5-yr cancer-specific durvival based on 2009 pN-classification. 

Figure 3 – Estimated 5-yr cancer-specific survival within the 2009 pN3-category. 
ENE = extranodal extension, pelvic mets = pelvic metastases.
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Discussion
This study externally validates the new 2009 pN-classification. The incorporation 

of ENE as a criterion resulted in upstaging of 41 pN+ (31% of the pN+ patients) 
from pN1 or pN2 to pN3. ENE was an important prognostic factor of survival in the 
subgroup of patients with inguinal metastases only. Adding this feature to the classification 
system seems rational. Nevertheless, the new and previous 1987 pN version have 
essentially similar discrimination capabilities of 0.74; most likely because [1] the 
predictive discrimination of pN1 and pN2 patients remained suboptimal with overlapping 
survival estimates and [2] there is heterogeneity in outcome of pN3 tumours. By extending 
the pN3 category, numbers became too low for pN1 and pN2 tumours for further sub-
analysis in our series.

The best staging system for any malignancy should reflect biological behaviour, 
offer insight in prognosis and guidance for therapy. Since 1987 the pN-classification for 
penile carcinoma was not changed. Changes in the new classification have focussed on 
pelvic metastases and in particularly ENE.10 The poor prognostic importance of both 
these features is undeniable. We confirmed the prognostic role of ENE in the patients 
with inguinal metastases only (figure 1). While the exact mechanism of growth of 
tumour through the lymph node capsular is largely unknown, it seems indicative of 
high tumour burden and/or aggressive behaviour. Series in head and neck squamous 
cell carcinoma have shown that the incidence of this feature is especially present in 
larger metastases: 22% in nodes smaller than 1 cm, 52% in nodes between 1 and 3 cm, 
and 74% in lymph node metastases over 3 cm.12 In clinically node-negative patients in 
whom nodal metastases were found, the incidence of ENE is around 13%.13

Although ENE is now included - being pN3 category - the CPE of the 2009 pN 
staging system remained essentially identical to the 1987 pN category. Stage migration 
is inevitable with a new staging classification. This is illustrated by the 41 patients with 
ENE without pelvic nodal involvement, initially classified as pN1 and pN2 (table 2). 
Approximately 50% of the patients with ENE survive 5-years after combination therapy 
consisting of surgery and adjuvant radiotherapy (conforming institutional guidelines).
It is important to emphasize that those previous studies on which the 2009 pN staging 
classification is based (i.e. (e.g. reference [3] and [4]) do not mention the used definition 
of ENE. Moreover these studies described series based on patients treated before 1986. 

Correct staging is critical as treatment is directly related to disease stage. Since the 
modifications of the 2009 pN-staging system has not resulted in improved discriminatory 
capability - which is most likely being caused by extending the pN3 category - more 
extensive treatment in all patients with pN3 cancers may result in overtreatment. Some 
patients with 2009 pN3 tumours survive already with contemporary treatment in our 
series. In addition, patients with pN2 tumours now have essentially identical survival 
compared with men with pN1 tumours.

Of interest, all 201 pN0-patients in this series were staged with dynamic sentinel 
node biopsy only; thus without lymphadenectomy. The current procedure has matured 
into a reliable minimally-invasive staging method with a sensitivity of 93–95%. The 
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5-yr estimated CSS of pN0-patients in the present study is 98%, which concurs with previ-
ously published series of Ravi and Ornellas et al. who used elective lymphadenectomy (with 
5-yr CSS of 95% and 96%, respectively).4,16 

The present study is not devoid of limitations. Most of these are inherent 
to retrospective analysis. Groins with two or more inguinal metastatic nodes and/
or ENE have been irradiated postoperatively as well as pelvic lymphatic regions 
with tumour-positive pelvic nodes according to our institutional guidelines. Adjuvant 
radiotherapy is probably not given in all hospitals. The exact effect of postoperative 
radiotherapy on survival is unknown. One other interesting aspect of ENE may also 
be the size of tumour extension into the perinodal fatty tissue. Our data lacks such 
measurements. Data from head and neck carcinoma show conflicting evidence whether 
patients with “microscopic” ENE (only evident on histologic assessment) do better 
than those with “macroscopic” ENE (evident to the naked eye and confirmed by 
histological assessment). 14,15 Finally, the reader is cautioned that we have included 
penile carcinoma patients with primary resectable disease. At our institution, patients 
with fixed inguinal metastases or evidence of clinically pelvic metastases (each a 2009 
cN3-category) are candidates for induction chemotherapy within the setting of a clinical 
trial.

In conclusion, our study demonstrates the prognostic role of ENE and confirms 
that the inclusion of ENE into the 2009 pN staging system seems rational. Nevertheless, 
the discrimination capability of the 2009 pN classification remained essentially similar 
compared with the previous 1987 pN version. Stage migration has occurred in 41 pN+ 
patients (31% of pN+ patients) who are upstaged to pN3 category. This may lead to 
overtreatment in some of the patients as men with pN3 tumours have heterogeneous 
outcome. In addition, now the pN1 and pN2 categories had overlapping prognoses. 
Future studies are needed to evaluate new prognostic factors to further improve 
discrimination capability. 
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Abstract
 
Introduction: We investigated treatment results and outcome of patients with pathological 
node-positive (pN+) penile carcinoma who experienced an inguinal recurrence after 
therapeutic lymphadenectomy and determined clinicopathological features predictive 
of such recurrences. 
 
Methods: Data of 161 pN+ penile carcinoma patients were analysed. Ipsilateral 
postoperative radiotherapy was given if histopathology revealed ≥2 metastasis and/or 
extranodal extension (ENE). Medium observed follow up was 60 months. The five-yr 
incidence of inguinal recurrences was estimated using a competing risk analysis 
considering death a competing risk.

Results: Twenty-six patients developed an inguinal recurrence following lymphadenectomy 
after a median of 5.3 months. The overall estimated five-yr inguinal recurrence rate was 
16%. Among the 26 patients with inguinal recurrence, ipsilateral adjuvant radiotherapy 
was indicated in 22, but given in 11 patients. The other 11 patients recurred in the groin 
before start of adjuvant radiotherapy. Median survival after inguinal recurrence was 4.5 
months. Only two out of 26 patients (8%) were successfully salvaged after inguinal 
recurrence. Pronounced differences in estimated recurrence rates were found among 
several clinicopathological variables indicating extensive penile cancer. Patients with ≥3 
unilateral metastatic inguinal nodes and/or ENE and/or pelvic nodal involvement 
define a subgroup with high-risk pN+ penile cancer. 

Conclusions: Most inguinal recurrences following therapeutic lymphadenectomy in pN+ 
penile carcinoma occur within short time. Patients experiencing such a recurrence have 
poor outcome with limited salvage options. Patients with ≥3 unilateral metastatic inguinal 
nodes and/or ENE and/or pelvic nodal involvement represent a high-risk group that 
may benefit from multimodality treatment. 
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Introduction

Penile squamous cell carcinoma is a relatively rare disease in the Western world. Surgery 
is considered the cornerstone of locoregional treatment, with ± 80% cure in patients 
with one or two involved inguinal nodes without extranodal extension (ENE).1-6 At 
our institution, postoperative radiotherapy is given to the inguinal lymphatic region 
if histopathology reveals more tumour than one intranodal metastases to improve local 
control. 

Several studies have shown that local recurrence only has little impact on survival 
in patients with penile carcinoma.7,8 There are few data on inguinal recurrence following 
therapeutic lymphadenectomy.1,2,6,8 Previous studies on this topic are often biased by 
various patient populations of men treated with and without therapeutic lymphadenectomy. 
Moreover, the incidence is probably underreported. If distant recurrence is found as 
well, focus is usually on distant recurrence that is regarded decisive for survival. Finally, 
data on identification of clinicopathological features predictive of inguinal recurrences 
following lymphadenectomy in penile cancer is lacking. In our experience, inguinal 
relapses are difficult to manage and cause a lot of suffering because of pain, foetor and 
lymph oedema, leaving the patient often bedridden and debilitated.

The purpose of this study was to investigate the treatment results and outcome 
of patients with pathological node-positive (pN+) penile carcinoma who developed an 
inguinal recurrence following lymphadenectomy. In addition, we determined clinico-
pathological features predictive of inguinal recurrences. 

Patients and methods

At our tertiary referral institution, inguinal lymphadenectomy in patients with penile 
squamous cell carcinoma is generally performed for therapeutic reasons only: tumour-
positive sentinel node biopsy / excision biopsy / cytology. Elective lymphadenectomy is 
not part of our standard management since 1994, when dynamic sentinel node biopsy 
was introduced for clinically node-negative patients. The technique and results of 
dynamic sentinel node biopsy have been described in detail previously.9 

Between 1956 and December 2007, 208 patients underwent inguinal 
lymphadenectomy. We analyzed 169 consecutive patients who had undergone therapeutic 
inguinal lymphadenectomy since January 1988 only. Reasons being: more consistent, 
standardized treatment and follow up, together with prospective data collection. Our 
indications for regional lymphadenectomy, surgical approach and boundaries of 
inguinal and pelvic node dissection have been published before,4,10 and they have not 
been changed during the study period. Eight patients were excluded from this study: six 
because of palliative treatment only and two patients who experienced a simultaneous 
penile and inguinal recurrence in the contralateral non-dissected groin. The remaining 
161 patients with pN+ penile carcinoma are the focus of this report (table 1). 
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Table 1 – Charateristics of  the 161 patients and their tumours.

Characteristic Patients, n (%)
Treatment period

1988–1993 
1994–1999
2000–2007  

15 (9%)
36 (22%)
110 (68%)

pT-category (TNM 2002)
pT1
pT2
pT3
pT4
Not assessable*

33 (20%)
107 (66%)
14 (9%)
3 (2%)
4 (2%)

Differentiation grade penile tumour
Well (G1)
Intermediate (G2)
Poor (G3)
Not assessable*

32 (20%)
78 (48%)
47 (29%)
4 (2%)

pN-category (TNM 2002)
pN1
pN2
pN3

58 (36%)
66 (41%)
37 (23%)

No of  patients with 
non-palpable nodes (cN0)
palpable nodes and FNAC proven metastasis (cN+)

51 (32%)
110 (68%)

Unilateral or bilateral inguinal nodal involvement
Unilateral
Bilateral

89 (55%)
72 (45%)

No of  unilateral metastatic inguinal nodes 
≤2
≥3
Unknown, mass of  metastases

117 (73%)
40 (25%)
4 (2%)

Extranodal extension of  the metastatic inguinal nodes
No
Yes 

80 (50%)
81 (50%)

Surgical margin of  dissected inguinal specimen 
Tumour negative
Tumour positive

154 (96%)
7 (4%)

Pathological metastatic pelvic nodes 
No
Yes

124 (77%)
37 (23%)

Adjuvant radiotherapy given
No
Yes

93 (58%)
67 (42%)
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*In four patients no histopathological data was available of the primary tumour. They underwent an 
inguinal lymphadenectomy at our institute for groin metastases, while the penile tumor was treated 
previously elsewhere. No histopathological review of the primary tumor was done. FNAC = fine-needle 
aspiration cytology. 

Median age was 64 years (range, 33–91 years). Most patients (n = 110, 68%) were treated 
since 2000. Seven men with advanced penile carcinoma had induction treatment before 
lymphadenectomy consisting of preoperative radiotherapy in three patients (2%; in the 
early years of this study) and neoadjuvant chemotherapy in four other patients (2%). 

The primary tumour was treated surgically. In general, local excision was carried 
out in distal T1 and T2 tumours smaller than 2 cm whenever oncologically feasible. 
More proximal and larger tumours were treated with partial or total amputation. The 
tumours were staged according to the 2002 TNM classification.11 Patients were followed 
according to a standard protocol consisting of out-patient visits every two months during 
the first two years, with three-months intervals in the third year, and six-months intervals 
thereafter. This included physical examination and imaging (with ultrasound or CT) on 
indication. A total of 60 patients (37%) died of disease during follow up with a median 
time to death of nine months (range, 0.8–37 months) since lymphadenectomy. Median 
follow up duration was 60 months (range, 16–165 months). 

Histopathological analysis
Nodal tissue was examined by palpation, inspection, and sectioning. All 

macroscopically detected nodes were completely embedded in paraffin. The total number 
of histopathologically confirmed lymph node metastases was recorded for each 
unilateral lymphadenectomy specimen (i.e. per groin and per pelvic region). Some 
inguinal specimens contained a mass of metastatic nodes and the number of nodes 
involved or removed was impossible to be determined. ENE was defined as the extension 
of tumour through the lymph node capsule into the perinodal fibrous-adipose tissue or 
presence of squamous cell carcinoma in soft tissue with no evidence of a lymph node 
architecture. Tumour deposits in the pericapsular lymphatics were not considered to 
represent ENE. The lymphadenectomy was considered radical if the resection margins 
were tumour-free. 

Indications for adjuvant radiotherapy
During the whole study period, adjuvant ipsilateral radiotherapy to the inguinal 

lymphatic region was given if histopathological examination revealed more than one 
intranodal inguinal metastases (i.e. ≥2 metastatic inguinal nodes and/or ENE).4 Adjuvant 
ipsilateral radiotherapy on the pelvic lymphatic region was administrated if histopathology 
revealed pelvic lymph node metastases. The dose of radiotherapy was usually 50 Gray 
(25 fractions of 2 Gy / 5 fractions a week) using a conventional regimen. Boundaries 
of radiation of the inguinal region were as following: inguinal ligament cranial, 10 cm 
beneath the inguinal ligament caudal, anterior superior iliac spine lateral and the scrotum 
medial. Boundaries of the pelvic region were cranial the anterior superior iliac spine  
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caudal the inguinal ligament, lateral and medial an 8 cm wide area parallel to the medial 
and lateral tract of the external iliac vessels. Postoperative radiotherapy was given as soon 
as the surgical wounds had healed sufficiently. Eighty-seven groins of 67 patients (42%) 
were irradiated in the adjuvant setting.

Statistical analysis
Inguinal recurrence was defined as any histological or cytological evidence of 

tumour within the groin in or near the scar or within the field of irradiation. Time was 
calculated from the date of inguinal lymphadenectomy. The estimates of the incidence 
of recurrence was calculated using a competing risk analysis accounting death as a 
competing risk. The various clinicopathological features were compared using the Gray’s 
test.12 The recurrence incidences are reported with 95% confidence intervals (CI).13 

Multivariate analysis was not done because of an inadequate sample size (i.e. number 
of inguinal recurrences) to identify a significant effect estimate. The selected cut point 
for dichotomization of number of unilateral metastatic inguinal nodes (≤2 vs. ≥3) have 
been used in a previous study.5 Statistical significance was defined as p-value ≤0,05. We 
used SAS 9.2 (SAS Institute Inc., Cary, NC, USA.) and R 2.10.1 (R Foundation for 
Statistical Computing, Vienna, Austria) for analysis.

Results

Twenty-six patients developed an inguinal recurrence during follow up. Among these 
patients, four men had simultaneous distant recurrences. Relapse in the inguinal 
lymphatic region was unilateral in 22 patients and bilateral in four patients. The 
median time to inguinal recurrence in these 26 patients was 5.7 months (range, 1.1–66 
months); 96% (25/26) of relapses occurred within 17 months. The estimated overall 
five-year cumulative incidence of inguinal recurrence was 16% (95% CI: 10%–22%, 
figure 1). Reasons for initial therapeutic lymphadenectomy in the 26 patients with 
recurrence were tumour-positive FNAC (n = 23), excision biopsy (n = 2) and tumour 
positive sentinel node biopsy (n = 1). Thus, nodal metastases was known preoperatively 
in 25 of the 26 patients (96%).

Among the 26 patients with inguinal recurrence, 11 patients had had postoperative 
radiotherapy including three in whom relapse became manifest during irradiation. Eleven 
other patients suffered inguinal recurrences before adjuvant radiotherapy was started. 
Reasons being: rapid recurrence during recovery time from surgery with or without 
postoperative delay because of complications (e.g. wound healing problems). In the 
remaining four patients histopathological analysis revealed one intranodal inguinal 
metastases and adjuvant radiotherapy was not indicated. The estimated five-year cumulative 
incidence of inguinal recurrence in those with one intranodal metastases treated with 
inguinal lymphadenectomy only was 5% (95% CI: 1%–13%). 
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Figure 1 – Estimated inguinal recurrence rate (with 95% CI) following inguinal 
lymphadenectomy of  161 patients with penile carcinoma and pathological node-
positive disease. 

Salvage treatment after inguinal recurrence was diverse and depending on the extent 
of relapse and previous therapy. Salvage treatment comprised surgery (n = 1), external 
radiotherapy (n = 5), chemotherapy (n = 13), chemoradiation (n = 2) and no treatment 
(n = 5), respectively. Median survival after development of inguinal recurrence was 4.5 
months (95% CI: 2.7–7.7 months). Two patients (8%) with a solitary inguinal recurrence 
were re-operated with curative intent including one after induction chemotherapy. One 
of these two patients died of unrelated cause 10 years hereafter, while the other was alive 
without evidence of disease 16 months after surgery and adjuvant radiotherapy. The 
remaining 24 patients (92%) died of disease within 14 months after recurrence. 

 
To identify clinically relevant subgroups of penile cancer patients with high-risk pN+ 
disease, further analysis was done of clinicopathological features predictive of recurrence. 
Patients were classified as having either inguinal only (n = 22) or distant only (n = 25), or 
both recurrences (overall recurrence, n = 51, including four patients with simultaneous 
inguinal and distant relapse). 

Pronounced differences in estimated five-year cumulative incidences of recurrence 
were found among several clinicopathological parameters indicating extensive penile 
cancer (table 2). The histopathological features ≥3 unilateral metastatic inguinal nodes 
and/or ENE and/or pelvic nodal involvement define a high-risk pN+ subgroup of recurrence.
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* patients who experienced local recurrence only were not taken into account. ┼ Low-risk = ≤2 unilateral 
inguinal metastatic nodes, no extranodal extension, no pelvic nodal involvement; high-risk = ≥3 unilateral 
inguinal metastatic nodes and/or extranodal extension and/or pelvic nodal involvement.

Discussion

This study shows that most inguinal recurrences following therapeutic lymphadenectomy 
in pN+ penile carcinoma show up within short time. Such event is an ominous sign 
with poor survival. In some, an inguinal recurrence was the tip of the iceberg and further 
disseminated disease was already present. Only two of 26 patients (8%) with inguinal 
recurrence were successfully salvaged, despite chemotherapy in 50% (13/26) of the 
patients. Curative treatment options are limited, because of past extensive treatment, 
invasion into neighbouring structures and more than locoregional extension. Our 
results are in agreement with the little experience previously reported by our institution 
of patients treated between 1956-1989,1 by Ravi,2 and recently by Marconnet et al.6 

Until recently it had been our policy to add postoperative radiotherapy to groins 
considered to be at high risk for recurrence. Rationale for this were series in head and 
neck squamous cell carcinomas showing improvement of regional control.14 In vulvar 
carcinoma adjuvant external radiotherapy has also demonstrated to decrease the number 
of inguinal recurrences after lymphadenectomy.15 While in this retrospective, nonrandomized 
study no evidence can be provided for the efficacy of adjuvant postoperative radiotherapy, 
it is clear that a high-risk group can be defined for which our contemporary treatment 
is not effective enough. Our figures show that patients who developed a recurrence had, 
understandably, more extensive tumour at start (table 2). 

There is no literature on identification of clinicopathological features predictive 
of recurrence following lymphadenectomy in penile carcinoma. In tumours with similar 
histopathology and clinical behaviour such as squamous cell carcinoma of the head and 
neck region, two or more regional lymph nodes metastases, ENE and tumour-positive 
margins have shown to increase the risk of locoregional recurrence following surgery and 
adjuvant radiotherapy.16 

How should patients with high-risk pN+ penile cancer be treated? As identification 
of this risk group is based on histopathologic findings, postoperative treatment seems 
logical. In head and neck cancer patients with prognostic unfavourable factors, concurrent 
postoperative chemoradiation improved regional control and survival compared with 
radiotherapy alone.17,18 In analogy it is reasonable to assume that patients with high-
risk pN+ penile carcinoma are better off with more extensive combined treatment. The 
reader is cautioned that the number of adverse effects is also increased compared with 
radiotherapy alone.17,18 As penile carcinoma patients are often elderly, this could pose a 
problem. 

Notwithstanding the positive effect on locoregional control in head and neck 
cancer with abovementioned treatment modalities, our data indicate that a number of 
inguinal recurrences became manifest before adjuvant radiotherapy could have been 
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administrated. It is common clinical practice to await wound healing before postoperative 
radiotherapy is given. However, complications after therapeutic lymphadenectomy are 
frequent occurring in 35%-70% of the dissections,19,20 and are far more prevalent compared 
with dissections of other anatomic lymph nodes basins.21 The surgical trauma with 
associated wound healing is also suggested to stimulate tumours, angiogenesis and the 
progression of micrometastases.22 Hence, systemic treatment before surgery in patients 
with high-risk pN+ penile cancer seems a more attractive treatment strategy compared 
with postoperative treatment. Moreover, since our figures indicate that these high-risk 
patients are also at risk for distant recurrence. Patients are generally more fit to undergo 
preoperative multimodality treatment, they can be monitored for response during 
treatment, and chemotherapy has shown to reduce the risk of developing distant metastases 
by eliminating micrometastatic cells at distant sides.23 

The induction setting may also be more compatible with better drug delivery 
to the regional lymph node metastases as blood vessels are still intact. Induction treatment 
should ideally obtain high response rates in the shortest possible time, without 
compromising subsequent treatment due to prolonged or delayed toxicities. Docetaxel 
plus cisplatin and fluorouracil (TPF regimen) induction chemotherapy has shown to 
increase overall survival in patients with advanced unresectable head and neck carcinoma 
compared with cisplatin and fluorouracil.24,25 The better outcome of the patients in the 
TPF group was probably due to the significant reduction of locoregional failure, because 
the effect of TPF on distant metastases did not differ significantly compared with the 
cisplatin and fluorouracil regimen.24,25 In penile cancer, TPF chemotherapy have shown 
promising results in downstaging unresectable or recurrent nodal metastases.26 Recently, 
results of a phase II study became available that investigated neoadjuvant paclitaxel, 
ifosfamide and cisplatin chemotherapy in 30 patients with bulky regional lymph node 
metastases from penile cancer.27 An objective response as assessed by RECIST criteria 
was observed in 50% of patients.27 The exact value of induction regimen remains to be 
defined in clinical trials. Close monitoring is essential to identify non-responders at the 
earliest moment.

In patients with vulvar carcinoma and advanced nodal disease, preoperative 
chemoradiation before lymphadenectomy has demonstrated to achieve high regional 
control rates.28 A potential advantage of induction chemoradiation is that lower doses 
of chemotherapy can be administrated with concurrent use of radiotherapy. Potential 
downsides are treatment-related death and impaired wound healing after surgery.29 
Induction chemoradiation is not advised in vulvar tumours that can be adequately treated 
with surgery.29  

Main problem so far is how to identify this high-risk group before surgery as most 
of the risk factors are histopathological parameters. We are currently investigating imaging 
criteria that can predict these high-risk features before surgery.

There are several limitations to our study. As the study period spans 20-years, the 
data may not represent current practice patterns. For example, assessment of the groins, 
technique of radiation and other temporal related changes which are difficult to quantify 
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have changed over time. These limitations and the retrospective, nonrandomized nature 
of this analysis allow us only to generate the hypothesis that addition of systemic treatment 
to current management may improve local control after inguinal lymphadenectomy. In the 
absence of effective curative salvage treatment after inguinal recurrence, addition of systemic 
treatment to current management should be part of clinical trials in the future years in 
the subgroup of patients with high-risk pN+ penile cancer. 

In conclusion, the results of this study indicate that most inguinal recurrences 
following therapeutic lymphadenectomy in pN+ penile carcinoma patients show up 
within short time. Patients who develop such relapses have a poor outcome with limited 
salvage options. Prevention of inguinal recurrence is of utmost importance. Pronounced 
differences in recurrence rates were found among a subgroup of patients with ≥3 unilateral 
metastatic inguinal nodes, and/or ENE, and/or pelvic nodal involvement. These 
patients represent a high-risk group that may benefit from multimodality treatment. 
This needs to be evaluated in clinical trials.
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Abstract
 
Introduction: Patients with penile carcinoma and three or more histopathologically 
proven unilateral metastatic inguinal nodes, and/or extranodal extension, and/or pelvic 
metastases are considered a subgroup with prognostic unfavourable parameters for both 
disease specific-death and local recurrence after inguinal lymphadenectomy. We established 
radiographic criteria for the preoperative identification of such patients. 
 
Methods: Preoperative diagnostic CT studies of 30 penile carcinoma patients with proven 
unilateral or bilateral lymph node metastases were reviewed independently by two 
radiologist blinded for patient data. All CT images were analyzed per side (n = 60). 
Several radiographic criteria were assessed for the regional lymph nodes with short-axis 
diameter ≥8 mm and/or central nodal necrosis. Sides were characterized as high-risk 
if histopathology revealed three or more metastatic inguinal nodes and/or extranodal 
extension and/or pelvic nodal involvement.

Results: Thirty-eight sides (63%) had histopathological nodal involvement, including 
22 sides (37%) defined as high-risk. Presence of central nodal necrosis and/or irregular 
nodal border of the regional lymph nodes on the preoperative CT-scan identified the 
high-risk subgroup with a sensitivity of 95% (21/22) and a specificity of 82% (31/38). 
All seven sides falsely designated as high-risk harboured inguinal metastases, but they 
were classified “low-risk”. The interobserver agreement of each radiographic parameter 
was almost perfect. 

Conclusions: Presence of central nodal necrosis and/or irregular nodal border of the 
regional lymph nodes on preoperative CT-images are accurate and reproducible criteria 
to identify high-risk pathological node-positive penile cancer. These criteria can be used 
for risk stratification and patient counselling. 

116
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Introduction

Surgical resection is the cornerstone of curative treatment in men with penile cancer 
and minimal metastatic disease.1-5 Three or more histopathologically proven unilateral 
metastatic inguinal nodes, and/or extranodal extension (ENE), and/or pelvic nodal 
involvement have shown to decrease survival significantly,1-6 and are considered unfavourable, 
“high-risk” pathological node-positive (pN+) parameters. Although the exact role of 
adjuvant radiotherapy is unclear in penile cancer,7 postoperative radiotherapy is given at 
our institution when histopathological analysis reveals presence of more tumour than 
one intranodal inguinal metastases. While some patients may benefit from adjuvant 
radiotherapy, survival remains poor in patients with abovementioned high-risk histo-
pathological parameters.6 Such patients may be candidates for systemic therapy before 
definitive treatment (i.e. induction or neoadjuvant treatment). A problem is to accurately 
identify this high-risk subgroup before surgery, as the designated unfavourable 
parameters are usually found after histopathological examination.

Computerized tomography (CT) imaging is unable to identify small metastatic 
deposits within normal-sized nodes. Therefore, its role in staging clinically node-
negative patients is limited. However, CT may be useful in selecting lymph node positive 
patients with prognostic unfavourable histopathological parameters. The objective of 
this study was to establish radiographic criteria for the preoperative identification of 
high-risk pN+ penile carcinoma. 

Materials and methods

From a prospectively kept database containing detailed information on patient 
characteristics, preoperative examinations, surgical procedures, histopathological 
findings and follow up, all 76 consecutive chemotherapy-naïve patients with penile 
cancer and lymph node involvement who had undergone therapeutic regional 
lymphadenectomy between January 2005 and December 2008 were identified.

At our institution, preoperative diagnostic CT imaging is done only in patients 
presenting with palpable lymph nodes with tumour-positive fine-needle aspiration 
cytology (FNAC). Forty-six patients (61%) were excluded from this retrospective analysis 
because: no preoperative diagnostic CT imaging was indicated and therefore not available 
(n = 25), CT imaging was done after sentinel node biopsy (n = 11) or positron emission 
tomography (PET) combined with low-dose CT was performed instead of diagnostic 
CT imaging (n = 10). Hence, we included 30 patients (39%) with diagnostic CT 
images before groin-related surgery with a median age of 65 years (range, 44–90 years). 
Patients’ and tumour characteristics are listed in table 1. The median interval between 
CT imaging and inguinal surgery was 17 days. No antibiotics were given prior to 
imaging. 
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Table 1 – Tumour characteristics of  30 patients and 60 sides evaluated.

Characteristic Patients / side, n (%)
Clinical nodal status per-patient

Bilateral cN0
Unilateral cN+
Bilateral cN+

5 (17%)
19 (63%)
6 (20%)

Clinical nodal status per-side
cN0
cN+

29 (48%)
31 (52%)

Pathological nodal status per-side
pN0
pN+

22 (37%)
38 (63%)

No. of  inguinal nodes involved per-side
2 or less
3 or more
Uncountable lymph nodes ψ

53 (88%)
6 (10%)
1 (2%)

Presence of  extranodal extension per-side
No
Yes

41 (68%)
19 (32%)

Pelvic nodal involvement per-side 
No
Yes

50 (83%)
10 (17%)

Histopathological risk stratification per-side 
(subdivided by clinical nodal status) 

Low-risk parameters *
pN0

cN0  
cN+ 

pN+
cN0 
cN+ 

High-risk parameters *
cN0 
cN+ 

38 (63%)
22
21
1
16
6
10

22 (37%)
2
20

Abbreviations: c/pN0 = clinically / pathologically node-negative, c/pN+ = clinically / pathologically node-
positive. Ψ histopathological analysis showed a conglomerate of lymph node metastases with ENE. 
* histopathologically node-negative sides and the pathologically tumour-positive sides with one or two 
intranodal metastases without pelvic nodal involvement were considered low-risk. Histopathologically 
proven 3 or more metastatic inguinal nodes, and/or ENE, and/or pelvic nodal involvement were considered 
high-risk.

CT imaging and image evaluation
Thirteen of the 30 patients (43%) were referred for regional nodal treatment 

and in these patients diagnostic CT imaging had already been performed at the 
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referring hospital. CT imaging was not repeated as they were considered to be of sufficient 
quality. All images were reviewed at our institution. The remaining 17 patients (57%) 
underwent diagnostic CT imaging at our hospital. 

CT images were assessed independently by two experienced board-certified 
radiologists (HT and AB) blinded for patient data (except for the penile cancer diagnosis) 
using radiographic criteria for lymphatic invasion. Several radiographic criteria were 
assessed for lymph nodes with short-axis diameter of ≥8 mm and/or central nodal necrosis 
in the inguinal and pelvic lymphatic region. A lower cut-off value was considered 
futile.8 The following parameters were analyzed: maximum short-axis diameter in mm 
of all lymph nodes; largest diameter in mm of corresponding nodes on transaxial slides; 
height of all corresponding nodes in mm; presence of nodal necrosis; defined as the 
presence of focal area of low attenuation with or without a surrounding rim of enhancement;9 
presence of indistinct nodal margins;8 presence of irregular nodal border;8 and infiltration 
into the adjacent fat or muscle. The inguinal ligament was considered to divide the 
inguinal from the pelvic lymphatic region.10 After image evaluation, it appeared that 
presence of indistinct nodal margins and irregular nodal border showed an overlap in 
98% of sides (59 of 60 sides). The latter criterion was favoured and presence of indistinct 
nodal margin was excluded as a criterion for this study.  

Surgical procedures, histopathology and follow up
The techniques and procedures used for nodal staging and treatment at our 

institution have been published in detail previously.4,11 Briefly, preoperative ultrasound 
of the inguinal region with FNAC of suspicious lymph nodes is routinely performed 
in all patients. If cytology shows nodal involvement direct ipsilateral inguinal 
lymphadenectomy is done. As mentioned above, only in patients with clinically 
palpable groins with tumour-positive FNAC, preoperative CT imaging of the abdomen is 
done. Clinically node-negative groins with tumour-negative FNAC proceed to dynamic 
sentinel node biopsy.11 Completion ipsilateral inguinal lymphadenectomy is done if the 
sentinel node is tumour-positive. Groins with tumour-free sentinel nodes are observed 
without lymphadenectomy. Ipsilateral pelvic lymphadenectomy is carried out if histo-
pathology reveals two or more inguinal nodes involved or presence of ENE. All 
inguinal and pelvic dissected specimens are analyzed using haematoxylin-eosin staining. 
The pathologist records the total number of involved nodes (each groin and pelvic 
region separately) and the total number of nodes with ENE, which is defined as the 
extension of tumour through the lymph node capsule into the perinodal fibrous-adipose 
tissue or presence of squamous cell carcinoma in soft tissue with no evidence of a lymph 
node architecture. Patients are followed according to a standard protocol consisting of  
2-months interval postoperatively during the first two years, 3-months intervals in the 
third year, and 6-months intervals thereafter.12 The control visit consists of physical 
examination and imaging with ultrasound and CT on indication.
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Reference standard and definitions 
Histopathological analysis of regional lymphadenectomy or sentinel node biopsy 

served as standard of reference. CT images and histopathology were correlated per side 
(i.e. the ipsilateral inguinal and pelvic basin). High-risk pN+ penile cancer was 
defined as having three or more metastatic inguinal nodes and/or ENE and/or pelvic 
nodal involvement on histopathological analysis. Sides with tumour-negative sentinel 
nodes and those with two or less inguinal metastases without ENE and without pelvic 
nodal involvement were classified as low-risk. No new pelvic metastases were detected at 
the sides where pelvic lymphadenectomy was not done during a median follow up time 
of 16 months (range, 3–55 months).

Statistical analysis 
Sensitivities, specificities, diagnostic accuracies, positive predictive values (PPVs) 

and negative predictive values (NPVs) of the different radiographic criteria were calculated 
per side with regard to the ability to detect pathological nodal involvement and to 
identify high-risk features, respectively. The interobserver agreement between the two 
radiologists was analyzed by percentage agreement, and by Kappa statistics. Kappa 
values were interpreted using the criteria of Landis and Koch.13 

Results

Among the 60 studied sides, 29 sides (48%) had clinically nonpalpable lymph nodes. In 
all, 38 of 60 sides (63%) had histopathological confirmed nodal involvement including 
22 high-risk sides (37%). An important clinical issue is that preoperative ultrasound 
guided FNAC established inguinal nodal involvement in all 22 sides with high-risk 
features, also including two groins with clinically nonpalpable lymph nodes. 

Identification of pathological nodal involvement
In this selected patient population, a short-axis diameter of ≥15 mm, central 

nodal necrosis, irregular nodal border and infiltration in adjacent tissue appeared to be 
highly reliable (specificity of 100%) for histopathologically confirmed inguinal nodal 
involvement (table 2). Corresponding sensitivities, however, were 63% at most. 

Only two out of 10 tumour-positive pelvic basins were correctly predicted with 
CT imaging, as were all 50 tumour-negative pelvic basins when using the generally 
accepted radiographic criteria for abnormal pelvic nodes (that is, short-axis diameter of 
≥11 mm and/or central nodal necrosis).14 The calculated sensitivity was 20% (2/10), 
with specificity of 100% (50/50), and a diagnostic accuracy of 87% (52/60). Given the 
low number of tumour-positive pelvic basins no attempt was made to assess pelvic nodal 
criteria separately.
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Table 2 – Evaluation of  different CT features in the detection of  pathological confirmed 
inguinal nodal involvement.

Radiological feature of  the
regional lymph nodes

No of  groins with 
pathological nodal 

involvement
No Yes Sensitivity Specificity Accuracy PPV NPV

Short-axis diameter ≥8 mm.
No
Yes

18
4

5
33

33/38 = 
87%

18/22 = 
81%

51/60 = 
85%

33/37 = 
89%

18/23 = 
78%

Short-axis diameter ≥11 mm.
No
Yes

19
3

7
31

31/38 = 
82%

19/22 = 
86%

50/60 = 
83%

31/34 = 
91%

19/26 = 
73%

Short-axis diameter ≥15 mm.
No
Yes

22
0

14
24

24/38 = 
63%

22/22 = 
100%

46/60 = 
77%

24/24 = 
100%

22/36 = 
61%

Central nodal necrosis
No
Yes

22
0

12
26

26/38 = 
68%

22/22 = 
100%

48/60 = 
80%

26/26 = 
100%

22/34 = 
65%

Irregular nodal border
No
Yes

22
0

19
19

19/38 = 
50%

22/22 = 
100%

41/60 = 
68%

19/19 = 
100%

22/41 = 
54%

Infiltration of  adjacent tissue
No
Yes

22
0

22
16

16/38 = 
42%

22/22 = 
100%

38/60 = 
63%

16/16 = 
100%

22/44 = 
50%

Identification of high-risk pN+ penile cancer
An overview of the different radiographic criteria and presence of defined high-

risk pN+ penile cancer is shown in table 3. The CT criteria: presence of central nodal 
necrosis and/or irregular nodal border of the regional lymph nodes established the high-
risk subgroup with a sensitivity of 95% and specificity of 82%. Examples of CT images 
are shown in figure 1 and 2. Some sides were falsely designated as high-risk using the 
radiographic criteria central nodal necrosis (n = 7) or presence of an irregular nodal border 
(n = 2), or a combination of both criteria (n = 7). However, all these sides harboured 
inguinal metastases but they were classified “low-risk”. Neither the largest diameters of 
the lymph nodes nor the number of lymph nodes on CT improved stratification of risk 
groups (data not shown). There was a correlation between central nodal necrosis and a 
short-axis diameter ≥15mm  in 58 of 60 sides (97%). Both presence of central necrosis - and 
also irregular nodal border - were associated with the size of the short-axial diameter 
modelled as a continuous variable in logistic regression analysis (p = 0.005 for each 
characteristic). However, the smallest lymph node depicted by CT with nodal necrosis 
had a size of 7 x 18 x 15 mm (width x length x height) and with an irregular nodal capsule 
9 x 13 x 10 mm, respectively. 
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Figure 1– detailed CT image of the right groin. A 65-yr old penile cancer patient with bilateral 
nonpalpable nodes. CT images (one day before bilateral inguinal lymphadenectomy) show a 
lymph node with an irregular nodal border in the right groin and a nonsuspicious lymph 
node measuring 8 x 13 mm. in the left groin (not shown). No abnormal lymph nodes 
were seen in the pelvic region. Histopathological analysis of  the inguinal dissected 
specimens revealed seven tumour-positive lymph nodes with ENE in the right groin 
and a single intranodal metastases in the left groin, respectively. Histopathological 
analysis of  the dissected right pelvic specimen revealed three involved nodes. The 
right side was classified high-risk and the left side low-risk. Both radiologists agreed 
with abovementioned CT findings.

Figure 2 – a detailed CT image of the right groin (a) and left groin (b). A 70-yr old penile 
cancer patient with nonpalpable nodes in the right groin and palpable nodes in the 
left groin. CT images (17 days before bilateral inguinal lymphadenectomy) show (a) 
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an inguinal mass in the right groin consisting of  multiple (probably two) confluent 
lymph nodes (arrow and arrowhead) with central necrosis (arrow), and (b) two lymph 
nodes with central necrosis (arrow and arrowhead) including one with an irregular 
border (arrow) in the left groin. No abnormal lymph nodes were depicted in the pelvic 
region. Histopathological analysis of  the inguinal specimens revealed bilaterally 
three tumour-positive lymph nodes with ENE. Histopathological analysis of  both pelvic 
specimens revealed one tumour-positive lymph node at each side. Both sides were 
classified high-risk. The second radiologist did not agree with the presence of  central 
nodal necrosis at the right side and only agreed with the CT findings in the left groin.

Table 3 – Evaluation of  radiographic criteria in the prediction of  histopathologic high-
risk pN+ penile cancer.

Radiological feature of  the
regional lymph nodes

No of  sides with 
high-risk pN+ 

features*
No Yes Sensitivity Specificity Accuracy PPV NPV

Short-axis diameter ≥8 mm.
No
Yes

22
16

1
21

21/22 = 
95%

22/38 = 
58%

43/60 = 
72%

21/37 = 
57%

22/23 = 
96%

Short-axis diameter ≥11 mm.
No
Yes

24
14

2
20

20/22 = 
91%

24/38 = 
63%

44/60 = 
73%

20/34 = 
59%

24/26 = 
92%

Short-axis diameter ≥15 mm.
No
Yes

32
6

4
18

18/22 = 
81%

32/38 = 
84%

50/60 = 
83%

18/24 = 
75%

32/36 = 
89%

Central nodal necrosis
No
Yes

31
7 ψ

3
19

19/22 = 
86%

31/38 = 
82%

50/60 = 
83%

19/26 = 
73%

31/34 = 
91%

Irregular nodal border
No
Yes

36
2 ψ

5
17

17/22 = 
77%

36/38 = 
95%

53/60 = 
88%

17/19 = 
89%

36/41 = 
88%

Infiltration of  adjacent tissue
No
Yes

37
1 ψ

7
15

15/22 = 
68%

37/38 = 
97%

52/60 = 
87%

15/16 = 
94%

37/44 = 
84%

Central nodal necrosis or 
irregular nodal border

No
Yes

31
7 ψ

1
21

21/22 = 
95%

31/38 = 
82%

52/60 = 
87%

21/28 = 
75%

31/32 = 
97%

* Only those groins with histopathologically proven 3 or more metastatic inguinal nodes, and/or ENE, 
and/or pelvic nodal involvement were considered high-risk. Ψ these groins had inguinal lymph node 
metastases, but were classified “low-risk” (that is 2 or less inguinal metastatic nodes without ENE).
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The interobserver agreement between the two radiologists of each criterion: presence 
of central nodal necrosis and irregular nodal border was almost perfect with agreement in 92% 
(55 of 60 sides; Kappa = 0.82) and 93% (56 of 60 sides; Kappa = 0.85), respectively. The 
agreement of at least one of these radiographic criteria was 95% (57 of 60 sides; Kappa = 0.90).

Prediction of ENE  and pelvic metastases
Presence of ENE was assessed separately (see table 4). The radiographic parameter 

infiltration of adjacent tissue showed the highest accuracy with substantial agreement 
(agreement in 90%, 54 of 60 sides; Kappa = 0.73).

Table 5 provides an overview of the different radiographic criteria in predicting 
pelvic metastases. Note that the radiographic criteria of the regional lymph nodes are 
generally depicted in the inguinal region, as suspicious pelvic lymph nodes were poorly 
identified (only 2 of 10 sides with pelvic metastases had suspicious pelvic lymph nodes). 
Sides without central necrosis and/or irregular nodal border had low probability of 
harbouring pelvic metastases (NPV of 100%), while PPV was 38%.

Table 4 – Evaluation of  radiographic criteria in predicting histopathological confirmed 
ENE in the dissected inguinal specimens.

Radiological feature of  the
regional lymph nodes

Presence of  
extranodal
extension

No Yes Sensitivity Specificity Accuracy PPV NPV
Short-axis diameter ≥8 mm.

No
Yes

22 
19 

1 
18 

18/19 = 
95%

22/41 = 
54%

40/60 = 
67%

18/37 = 
49%

22/23 = 
96%

Short-axis diameter ≥11 mm.
No
Yes

24
17

2 
17 

17/19 = 
89%

24/41 = 
59%

41/60 = 
68%

17/34 = 
50%

24/26 = 
92%

Short-axis diameter ≥15 mm.
No
Yes

33
8

3
16

16/19 = 
84%

33/41 = 
80%

49/60 = 
82%

16/24 = 
67%

33/36 = 
92%

Central nodal necrosis
No
Yes

32
9

2
17

17/19 = 
89%

32/41 = 
78%

49/60 = 
82%

17/26 = 
65%

32/34 = 
94%

Irregular nodal border
No
Yes

37
4

4
15

15/19 = 
79%

37/41 = 
90%

52/60 = 
87%

15/19 = 
79%

37/41 = 
90%

Infiltration of  adjacent tissue
No
Yes

39
2

5
14

14/19 = 
74%

39/41 = 
95%

53/60 = 
88%

14/16 = 
88%

39/44 = 
89%

Central nodal necrosis or 
irregular nodal border

No
Yes

31
10

1
18

18/19 = 
95%

31/41 = 
76%

49/60 = 
82%

18/28 = 
64%

31/32 = 
97%
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Table 5 – Evaluation of  radiographic criteria in predicting histopathological confirmed 
ipsilateral pelvic metastases. 

Radiological feature of  the
regional lymph nodes

Presence of  
ipsilateral pelvic 

metastases
No Yes Sensitivity Specificity Accuracy PPV NPV

Short-axis diameter ≥8 mm.
No
Yes

23
27

0
10

10/10 = 
100% 

23/50 = 
46%

33/60 = 
55%

10/37 = 
27%

23/23 = 
100%

Short-axis diameter ≥11 mm.
No
Yes

25
25

1
9

9/10 = 
90%

25/50 = 
50%

34/60 = 
57%

9/34 = 
26%

25/26 = 
96%

Short-axis diameter ≥15 mm.
No
Yes

33
17

3
7

7/10 = 
70%

33/50 = 
66%

40/60 = 
67%

7/24 = 
29%

33/36 = 
92%

Central nodal necrosis
No
Yes

32
18

2
8

8/10 = 
80%

32/50 = 
64% 

40/60 = 
67%

8/26 = 
31%

32/34 = 
94%

Irregular nodal border
No
Yes

38
12

3
7

7/10 = 
70%

38/50 = 
76%

45/60 = 
75%

7/19 = 
37% 

38/41 = 
93%

Infiltration of  adjacent tissue
No
Yes

39
11

5
5

5/10 = 
50%

39/50 = 
78%

44/60 = 
73%

5/16 = 
31%

39/44 = 
89%

Central nodal necrosis or 
irregular nodal border

No
Yes

32
18

0
10

10/10 = 
100%

32/50 = 
64%

42/60 = 
70%

10/28 = 
36%

32/32 = 
100%

Discussion
 
We analyzed several radiographic criteria in order to identify lymph node positive  
penile cancer patients with histopathological high-risk parameters before surgery. From 
the assessed radiographic criteria, central nodal necrosis and/or irregular nodal border 
showed high sensitivity (95%) with only one false-negative case. Each criterion had 
almost perfect interobserver agreement indicating to be simple and reproducible. Albeit 
seven sides were falsely designated as high-risk using abovementioned criteria, it 
is important to emphasize that these groins harboured histopathologically confirmed 
nodal metastases. 

Immediate lymphadenectomy remains essential in patients with penile cancer 
and minimal metastatic disease (in literature defined as one or two inguinal metastatic 
lymph nodes without extranodal extension). However multimodality treatment is 
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deemed necessary in patients with extensive nodal metastases. Up to recent years, penile 
carcinoma has been considered a relatively chemorefractory disease. Recently, Pizzocaro 
et al. and Pagliaro et al. have shown that clinical meaningful responses can be obtained 
with neoadjuvant taxane-based chemotherapy.15,16 The present results could be used for 
risk stratification in trials investigating induction treatment in high-risk pN+ penile 
cancer patients and patient counselling. 

As expected, CT imaging was insufficient to accurately detect pelvic metastases. 
We found a sensitivity of 20% using the generally accepted radiographic criteria for 
abnormal pelvic nodes (i.e. short-axis diameter ≥11 mm. and/or central nodal necrosis).14 

This low sensitivity is in agreement with a recent published study by Zhu et al.17 who 
have reported a sensitivity of 37,5% and a specificity of 100%. Given the high specificity, 
presence of radiographic abnormal pelvic nodes should be considered malignant until 
proven otherwise.

No data are available on the role of preoperative CT or other imaging modalities 
in identification of high-risk pN+ penile cancer. In head and neck carcinoma, some 
studies have focused on the presence of ENE, showing high specificity of CT imaging 
(93%–100%).18,19 This is in agreement with the present study. 

We recognize the limitations of our study. Because of the low incidence of penile 
cancer, the present study was retrospective and based on a selected population including the 
assessment of CT studies from referring centres. Although all CT images were considered 
to meet current standards, this could have lead to bias. Furthermore, the prevalence of 
nodal involvement is higher than in a general patient population with penile cancer and 
the diagnostic accuracies of CT imaging in depicting pathological nodal involvement 
may have been overestimated. However, the primary objective of the present study was 
to establish radiographic criteria for identification of high-risk pN+ penile cancer. As we 
included the diagnostic CT scans done at the referring hospital and as CT images were 
assessed per-side, we were able to increase the number for analyses,  including sides with 
pathologically tumour-negative lymph nodes (n = 22, 37% of the total sides, table 1) 
and those with low-risk parameters (n = 16, 27% of the total sides). Hence, a context 
for possible false-positive results is provided. Because of the retrospective design we 
were unable to correlate CT images directly with histopathological analysis per retrieved 
lymph node.

Can ultrasonography provide accurate information on the characteristics of 
inguinal lymph node involvement in penile cancer patients? At this moment no data 
are available regarding the identification of high-risk parameters with preoperative 
ultrasonography, which is both simple and cheap and might be an attractive alternative for 
CT.20 Furthermore, the inguinal lymphatic region is easily assessable with this imaging 
modality. In the present study, preoperative ultrasound-guided FNAC established lymph 
node involvement in all 22 sides with high-risk histopathological features. 

In conclusion, our results indicate that presence of central nodal necrosis and/
or irregular nodal border of the regional lymph nodes on preoperative CT images are 
the most useful radiographic criteria to identify high-risk lymph node positive penile 
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cancer. These CT findings were strongly associated with prognostically unfavourable 
pathological nodal features with a sensitivity of 95%, a specificity of 82% and diagnostic 
accuracy of 87%. The interobserver agreement of each radiographic parameter is almost 
perfect indicating they are reproducible. The established CT criteria can be used for risk 
stratification and patient counselling.
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Abstract
 
Introduction: Penile carcinoma patients with inguinal lymph node involvement have an 
increased risk for pelvic nodal involvement with or without distant metastases. The aim 
of this study was to evaluate the diagnostic accuracy of fluorine-18 fluoro-deoxyglucose 
(18F-FDG) positron emission tomography (PET) with computed tomography (CT; 
18F-FDG PET/CT) in determining further metastatic spread in patients with tumour-
positive inguinal nodes. 

Methods: Eighteen patients with penile squamous cell carcinoma with (uni- or bilaterally) 
cytologically tumour-positive inguinal disease underwent whole-body 18F-FDG PET/
CT for tumour staging. Images were blindly assessed by two nuclear medicine physicians. 
All scans were evaluated for pelvic nodal involvement per basin and for distant metasta-
ses. Histopathology when available, radiologic imaging, and clinical follow up (with 
a minimum of one year) served as reference standard. The diagnostic value of PET/CT 
scanning for predicting pelvic nodal involvement was evaluated using standard statistical 
methods.

Results: The reference was available in 28 of the 36 pelvic basins. Of the 11 tumour-
positive pelvic basins, ten were correctly predicted by PET/CT scan as were all 17 tumour-
negative pelvic basins. PET/CT-scan showed a sensitivity of 91%, specificity of 100%, 
diagnostic accuracy of 96%, positive predictive value of 100%, and negative predictive 
value of 94% in detecting pelvic nodal involvement. Additionally, PET/CT-scan showed 
distant metastases in five patients. In four patients the presence of distant metastases 
could be confirmed, while in one patient no radiological confirmation was found for 
that particular lesion. 

Conclusions: PET/CT scanning appears promising for detecting pelvic lymph node 
metastases with great accuracy and it identifies distant metastases in penile carcinoma 
patients with inguinal lymph node involvement. In our practice, PET/CT-scan has 
become part of routine staging in such patients.
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Introduction

Penile carcinoma patients with inguinal lymph node involvement have an increased risk 
for further lymphatic spread to the pelvic nodes with or without distant metastases.1-3 
The assessment of the pelvic lymph nodes poses a clinical problem. They are not 
accessible for physical examination and the role of conventional imaging techniques 
such as computerized tomography (CT) scans to detect pelvic nodal involvement in 
penile cancer is limited.4,5 

Scanning with fluorine-18-fluorodeoxyglucose (18F-FDG) positron emission 
tomography (PET) provides functional data on tumour metabolism. This technique 
identifies areas with increased cellular uptake of glucose and the glucose analogue FDG, 
one of the key alterations associated with the high glycolytic rate of cancer cells.6 
Although PET has been demonstrated to be of complementary value to morphologic 
imaging in a number of malignancies,7,8 its use in urological cancers is hampered by the 
physiological renal excretion of FDG.9 

In recent years, PET/CT scanners have become available. This modality acquires 
both FDG-PET and low-dose CT images with a single scanner and the data are fused 
into one image containing both functional and anatomical information. The accuracy 
of the combined images is reported to be higher than assessment of separate PET and 
conventional CT images.10-12 It could offer a solution of the problems associated with 
the renal excretion of FDG by providing anatomical landmarks. 

The feasibility of PET/CT scanning in staging penile cancer patients has been 
demonstrated in a pilot study.13 The value of this dual-modality imaging in clinically node-
negative patients, however, seems limited. In a recent prospective evaluation in staging 
such patients, only one out of five occult metastases was depicted by PET/CT scan.14 The 
aim of the current study was to evaluate the diagnostic accuracy of PET/CT-scanning for 
detecting pelvic nodal involvement and distant metastases in penile carcinoma patients 
with (uni- or bilateral) cytologically proven tumour-positive inguinal nodes. 

Patients and methods

Between August 2005 until December 2008, 21 penile cancer patients with cytologically 
proven inguinal lymph node involvement (uni- or bilaterally) underwent FDG-PET/
CT scanning for staging in a tertiary referral hospital. Tumour staging was done using 
the current TNM classification system.15 

Of the 21 patients, three patients with insufficient clinical data (defined as no 
histopathological analysis of the pelvic nodal basins and no clinical and radiological follow 
up of at least one year) were excluded from the study (see figure 1 for an overview). One 
patient died of pulmonary embolisms two weeks after inguinal node dissection and in two 
patients no curative treatment was possible because of locally advanced disease. In all three 
cases PET/CT scanning and conventional imaging depicted no suspicious pelvic nodes.
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Thus, 18 patients were included for this retrospective analysis comprising 12 patients 
with unilateral tumour-positive inguinal nodes and six with bilateral disease. Fourteen 
patients presented with nodal metastatic disease and four patients developed an inguinal 
recurrence after previous treatment for penile cancer. Median age was 62 years (range, 
46–73 years). Median follow up was 7 months (range, 1–31 months). 

PET/CT scanning and image evaluation
PET/CT scanning was performed using two different hybrid systems. Until 

September 2006, a mobile PET/CT-scan was used (Biograph II, Siemens, Erlangen, 
Germany). This scanner was replaced by a non-mobile system (GeminiTF, Philips, 
Amsterdam, the Netherlands) since then. Six patients were examined with the mobile 
system, the remainder with the other 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 180–240 MBq 
(GeminiTF) FDG. Approximately 60 min after injection, the images were acquired 
with the patient in supine position. No intravenous or oral contrast agents were used. 
Firstly, a low dose CT-scan (dose modulated with an average of 40 mAs, 140 kV, 5 mm 
section thickness) from the knee to the head was performed. Immediately after the low 
dose CT-scan, a FDG-PET emission scan on the basis of 2 to 3 min per bed position 
was acquired. PET data were corrected for attenuation using CT.

PET/CT images were evaluated for qualitative analysis by two nuclear medicine 
physicians (RVO and CH) unaware of the reference. All scans were assessed for pelvic 
nodal involvement and for the presence of distant metastases. A lesion was considered 
malignant, if its FDG 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. Only 
+2 and +3 lesions were assumed to be malignant. 

Standard of reference and statistical analysis
PET/CT-scan results were compared with histopathology of the surgical pelvic 

nodal specimens. Standard treatment consisted of an inguinal node dissection at the 
cytologically tumour-positive side. The contralateral node-negative groin was staged 
using dynamic sentinel node biopsy, which has previously been described in detail.16 
The indication for subsequent pelvic node dissection was made after histopathological 
analysis of the removed inguinal specimen. When histopathology revealed extranodal 
extension of a metastatic node or more than two involved nodes an ipsilateral pelvic 
node dissection was performed.17 All pelvic lymph nodes were analyzed with standardized 
processing of the specimen with Haematoxylin and Eosin (H&E) colouring. The size, 
i.e. the largest diameter, of the nodal metastases was recorded by the pathologist. The 
technique of an inguinal and pelvic node dissection has been described in detail before.18  

Patients with inguinal confined disease, based on the histopathology of the 
sentinel node or the inguinal node dissection and without evidence of pelvic nodal 
involvement on the PET/CT-scan, were observed without pelvic node dissection. 
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In these patients a minimum follow up of 12 months was required as reference.
No histopathology was available of the pelvic basins in patients with disease 

disseminated beyond the locoregional lymph nodes or patients who received palliative 
treatment only. PET/CT-scan results in these patients were considered true-positive 
when follow up with conventional radiological imaging according to the Response 
Evaluating Criteria in Solid Tumors (RECIST) criteria showed progression of disease.19 
All available radiological imaging was reviewed by a radiologist (JT) unaware of the 
clinical outcome.

Results of PET/CT scanning were compared with the reference. Using standard 
statistical methods we calculated sensitivity, specificity, accuracy, positive predictive 
value and negative predictive value.

Figure 1 – Detailed overview of  patient inclusion and management.
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Table 2 – Overview of  PET/CT-scan results in relation to the size of  tumour in pelvic 
metastases.

PET/CT result Largest diameter of  tumour in lymph node (mm)

False-negative 5

True-positive

9
23
30
35

N/A

N/A = not assessable. This patient was scheduled for neoadjuvant chemotherapy and operated afterwards. 
Hence, an accurate tumour size at time of PET/CT-scanning was not assessable.

Results

After PET/CT-scanning 13 patients were operated with curative intent, four patients 
were scheduled for chemotherapy (with palliative intent in one and neoadjuvant intent 
in three), and one patient was scheduled for palliative radiotherapy (figure 1). All 
cytologically and clinically tumour-positive inguinal lymph nodes of the 18 patients 
showed increased FDG-uptake. In eight unilateral pelvic basins no reference was available 
because of early death in seven and insufficient follow up in one without histopathology 
of that basin (table 1). They were excluded from data-analysis. Thus, 28 of the 36 pelvic 
basins were included in the present study. 

Diagnostic accuracy of PET/CT scanning in the pelvic region
Of the 11 tumour-positive pelvic basins, ten were correctly predicted by PET/

CT scanning as were all 17 tumour-negative pelvic basins. The calculated sensitivity 
was 91% (95% CI: 58–100%) with specificity of 100% (95% CI: 80–100%) and 
diagnostic accuracy of 96% (95% CI: 82–100%). Positive and negative predictive value 
were 100% (95% CI: 69–100%) and 94% (95% CI: 73–100%), respectively. An 
example of a true-positive case is provided in figure 2. An overview of the PET/CT 
results in relation to the size of the metastases in the pelvic nodes is provided in table 2.

PET/CT scaning in screening distant metastases
PET/CT-scan identified areas with increased uptake of FDG thought to represent 

distant lesions in five patients (see figure 3 for an example). In four of these cases 
distant metastases were confirmed with fine-needle aspiration cytology (n = 1), 
thoracic metastasectomy (n = 1) and conventional CT (n = 2). In the remaining 13 
patients no suspicious distant lesions were visualized with PET/CT scanning. 
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Figure 2. Suspicious lesion in right inguinal region 
and right pelvic region confirmed by inguinal and 
pelvic lymph node dissection (see big arrow(s)). 
A: overview of  PET image (physiological uptake of  
FDG is seen in both kidneys and the right ureter, 
see small arrow(s)). Detailed image of  the pelvic 
region of  B: low-dose CT, C:  PET image, and 
D: PET/CT image.

Figure 3. Suspicious lesion in left groin, but also in 
left lung confirmed by histopathology after thoracic 
metastasectomy (see arrow(s)). A: overview of  
PET image (physiological uptake of  FDG is seen in 
the heart, stomach and small bowel). Detailed image 
of  the lung lesion of  B: low-dose CT, C: PET image, 
and D: PET/CT image (respiratory motion has led to 
a small difference between the CT and PET image,
 which is inevitable).
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Discussion

Treatment of inguinal metastases from squamous cell carcinoma of the penis is 
straightforward and consists of inguinal lymph node dissection.2 Controversy exists 
on the need for removal of the lymph nodes in the pelvic region. Conventional staging 
with CT-imaging is of limited value, with a sensitivity of 37.5% for the identification 
of pelvic nodal involvement in penile carcinoma.5 In our practice, the indication for 
additional pelvic node dissection is based primarily on the histopathological results of 
the removed inguinal dissected specimen.17 With neoadjuvant chemotherapy gaining 
acceptance in the management of penile cancer patients with pelvic nodal involvement, 
a need is felt for more accurate staging. This study shows promising results with a sensi-
tivity of 91% and a specificity of 100% in identifying pelvic nodal involvement in penile 
cancer patients with cytologically proven inguinal lymph node involvement. 

Although the literature of PET/CT scanning in penile carcinoma is limited, 
studies evaluating the role of PET/CT scanning in other tumours have shown its 
superiority compared with CT alone and PET alone.10-12 For example, in 260 patients 
with solid tumours the nodal status identified by PET/CT was significantly more 
accurate compared to CT-imaging (92% versus 76%).11

Despite the high accuracy, false-negative findings are inevitable for PET/CT scans 
due to restricted spatial resolution. In particular, microscopic nodal involvement  (<2 mm) 
cannot be seen with contemporary techniques. The sensitivity increases with the size of 
the nodal lesion: 16.7% in lesions 4 mm or less, 66.7% in lesions between 5 and 9 mm 
and for lesions 10 mm or larger 93.3%, as was shown in pelvic and para-aortic nodes 
of endometrial cancer.20 The sensitivity is particularly dependent on intranodal tumour 
burden.12 

An extra advantage of screening patients with whole-body imaging is identification 
of suspicious distant lesions. In this study, PET/CT scanning was able to visualize 
suspicious areas eligible for histopathological confirmation or radiological follow up. It 
is important to consider confirmation of suspicious areas given the potential of false-
positive results and excluding a patient from a potentially curative disease.21

This study has several limitations. The retrospective study design and use of two 
different PET/CT scans may have lead to bias. Second, the diagnostic accuracy of PET/
CT scanning was calculated on 28 pelvic basins only. No comparison was made with 
conventional CT-imaging, as not all the patients underwent contrast-enhanced CT. 
Based on current knowledge, however, no differences are to be expected in favour of 
contrast enhanced CT-imaging.10-12 Furthermore, histopathological analysis of the pelvic 
basins was available in approximately half of the included basins as no attempt for 
surgery was done in patients with overt pelvic or distant disease. Also, consistent with 
our treatment protocol, no pelvic node dissection was performed when inguinal nodal 
involvement was negative or minimal. We relied on a follow up of at least one year in 
these cases for the assessment of PET/CT-scan results. Considering the relative short 
follow up the diagnostic accuracy could be overestimated.
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It has been recently suggested that MRI with lymphotropic nanoparticles (coated ultra-
small particles of iron oxide, USPIOs, ferumoxtran-10) might be highly accurate for 
staging of both primary penile carcinoma and its lymph node metastases, turning out 
to be a powerful tool for a one-stop modality in the staging of penile cancer.22 Recently, 
this method has also shown potential in detecting pelvic lymph node metastases in 
normal-sized nodes of bladder or prostate cancer patients.23 However, these promising 
data need confirmation in larger studies and, in particular, penile carcinoma patients. 
Furthermore, USPIO is not yet available on the market and is not worthwhile for 
distant staging contrary to 18F-FDG PET/CT scanning. 

Notwithstanding aforementioned limitations regarding this study, the encouraging 
results have led to incorporate PET/CT scanning in the staging of penile cancer patients 
with inguinal lymph node involvement. 

 In conclusion, PET/CT scanning appears promising in detecting pelvic lymph 
node metastases with great accuracy and identifies distant metastases in penile carcinoma 
patients with inguinal lymph node involvement. In our practice PET/CT scanning has 
become part of routine staging in such patients.
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Letter to the editor

Eur Urol 2010;57:e12-13

Dear Sir,
Lymph node metastases are the main prognostic variable in patients with penile 

carcinoma and the value of an early inguinal lymph node dissection in patients with 
nonpalpable inguinal lymph nodes has been shown.1 Since chemotherapy regimens at 
present are not able to cure patients with advanced penile cancer, the complete resection 
of primary tumours and any involved lymph nodes remains of paramount importance.2

There remains an ongoing discussion about the assessment of lymph nodes and 
the modalities of lymph node dissection. Data about prognostic parameters for pelvic 
lymph node involvement are limited. Therefore, any attempt to find new diagnostic 
tools has to be appreciated.

Graafland et al.3 report about the diagnostic value of PET/CT for the diagnosis of 
ipsilateral pelvic lymph node disease in penile cancer patients with inguinal lymph node 
metastases. They report a sensitivity of 91% with a specificity of 100% with an accuracy 
of 96%. However, we believe that there are several reasons why the authors’ conclusions 
are not soundly supported.

The authors examined 21 patients of whom three were excluded due to insufficient 
clinical data. Of the remaining 18 patients, however, eight “pelvic basins” were excluded. 
This refers to the authors’ idea that patients can be divided in halves based on their notion 
that metastatic spread in penile cancer strictly remains ipsilateral. The idea that metastatic 
spread in penile cancer follows extremely reliable anatomic lines, from inguinal to 
ipsilateral pelvic to systemic is in our opinion unfounded. Indeed, figure 3 in the paper 
by Graafland et al.3 exemplifies a case where spread seems to have occurred straight from 
inguinal to systemic.

The notion of exact anatomic predictability of metastatic spread in penile cancer 
is an assumption that has not been proven. It makes in our opinion no sense to exclude 
one anatomic half of the patient while the other half is included in an assessment of 
a diagnostic method for the evaluation for systemic disease. Especially if the excluded 
eight basins in 7/8 cases belong to patients who have in the meantime died of penile 
cancer. We believe that, if at all, whole patients must be excluded and hence there would 
remain 20 basins amounting to ten patients as a sensible basis for an anlaysis.

However, in the retrospective assessment of a diagnostic technique there should be 
very good reasons to exclude any patients at all. The excluded “basins” included several which 
had evidence of false-negative PET/CT-findings (cases 5,7 and 8 in table 2); case 6 
was apparently inadequately staged. If cases with unfavourable results for a new diagnostic 
method are excluded, the resulting calculated sensitivity and specificity will be too high.

A further drawback of the study is that the follow up of the included patients is 
not given. This seems hardly acceptable for the evaluation of a diagnostic method as this 
is the definite point which determines whether metastatic disease was missed or not.
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Thus, the reported sensitivities and specificities appear unreliable since more than 
50% of the originally examined patients were excluded (11/21). This is regrettable in 
itself considering the low incidence of penile cancer. Furthermore, the prognostic value 
of PET/CT for the contralateral basins has to be further questioned since another four 
patients received chemotherapy.

One of the major breakpoints for a diagnostic method used to assess potential 
lymphatic spread in cancer patients is the detection of micrometastases. PET/CT has 
been reported to be unable to detect metastases smaller than 2 mm; furthermore, only 
16.7 % of node metastases between 2–4 mm and only 66.7 % of metastases between 
5–9 mm were detected.4 Thus, based not only on surgical node specimens but on clinical 
follow up as well it is very unlikely that PET/CT will reliably achieve a sensitivity of >90% 
and a specificity of 100% for the detection of lymph node metastases in penile cancer patients.

As penile cancer patients with occult nodal spread face an extremely poor outcome 
after delayed lymphadenectomy,1 the question of the apparent reliability of a diagnostic 
method becomes extremely important.The aim of treating penile cancer patients in our 
opinion must be to come as close to potential curation as is at all possible and not to 
be minimally invasive at all costs. At present, pelvic lymph node dissection in penile 
cancer is considered mandatory in all patients with ≥2 inguinal lymph node metastases. 
In addition, in our opinion younger patients with one affected inguinal node and those 
with very aggressive tumour subtypes require (and deserve), pelvic lymphadenectomy, 
regardless of PET/CT findings.2,5 until we have more definite evidence of the clinical 
reliability of PET/CT scanning in penile cancer patients.

Oliver W. Hakenberg and Chris Protzel, department of Urology, Rostock University, 
Rostock, Germany.
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Author reply

Eur Urol 2010;57:e14-15

Dear editor,
We thank doctors Hakenberg and Protzel for their interest on our article.1 

Although we appreciate their comments, we disagree with several of the views they have 
expressed. Their main concerns relate to the methodology of our study, the fear of 
delayed lymphadenectomy and the anatomic predictability. 

With respect to the methodology there is ample clinical and literature evidence 
that cross over from the groin to the contralateral pelvic area does not occur.2-4 This is 
the basis for our analysis and the rationale to divide whole patients in two. 

There is more than enough evidence on prognostic significance of pelvic lymph 
node invasion.4 Survival of patients presenting with pelvic metastases is virtually nil. 
Therefore, surgery as a sole therapy is not effective.4,5 Patients could benefit from 
multimodality treatment if presence of pelvic metastases is known beforehand and here 
PET/CT-scan could be of importance. Propagating surgery and emphasizing early 
surgery where evidence has shown no benefit does not seem rational.

The limitations of our results are clearly mentioned in the article and the reader 
is cautioned that the 95% confidence interval of the sensitivity (91%) is 58–100% as 
stated in our report. Sensitivity of PET/CT-imaging is dependent on the intranodal 
tumour burden with more false-negatives for the depiction of smaller metastases as 
previously reported by Kitajima et al.6 and fully referred in our article. 

In the opinion of doctors Hakenberg and Protzel, the notion of exact anatomic 
predictability of metastatic spread is an assumption that has not been proven. There is 
no doubt about the first lymphatic drainage region: the inguinal region.3,7 In the vast 
majority of cases, the tumour cells disseminate in a stepwise fashion to the ipsilateral 
pelvic lymphatic region. This notion is underscored by large patient series and especially 
in sentinel node studies, which improved our knowledge on lymphatic drainage. Thereafter 
the predictability of spread is low. In some patients the pattern is different.3,5 Figure 3 
is an illustration of metastatic spread from the inguinal lymphatic bypassing the pelvic 
region. We would like to emphasize that this figure is not an example of cross over of 
lymphatic dissemination. This case highlights the value of PET/CT imaging in staging 
penile cancer patients at risk for metastatic spread other than the groins.5

Doctors Hakenberg and Protzel point out that several patients had evidence of 
false-negative PET/CT findings and follow up is not given. In some patients we have 
been faced with the limitations of a clinical study. No reference was available in eight 
pelvic basins and could therefore not be evaluated. This does not mean that they were 
false-negative. Median follow up of included patients was 7 months, as reported in the 
article. A reason for limited follow up is that the majority of patients died shortly after 
the detection of pelvic involvement or recurrence. Indeed, this may have lead to an 
overestimation of the sensitivity, which is fully acknowledged in the discussion of our article.
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We completely agree on the indication for ipsilateral pelvic lymphadenectomy. 
Moreover, we advise pelvic lymphadenectomy also if histopathological analysis of the 
inguinal dissected specimen shows extranodal extension.4 The only patients who benefit 
from pelvic lymphadenectomy are those with occult pelvic metastases, i.e. not detected 
preoperatively by any imaging procedure(s). The reader is cautioned that omitting a 
pelvic lymphadenectomy when PET/CT-scanning is negative is not suggested in our 
article. The value of PET/CT-scanning in particular is to stratify patients in need for more 
treatment than surgery alone and to diminish unnecessary direct surgery in patients 
in whom it is futile.

Niels M. Graafland and Simon Horenblas, department of Urology, the Netherlands 
Cancer Institute / Antoni van Leeuwenhoek Hospital, Amsterdam, the Netherlands.
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Abstract
 
Introduction: We explored the role of 18F-FDG PET/CT for monitoring treatment 
response in patients with primary inoperable (i.e. advanced) penile carcinoma treated 
with induction chemotherapy and to compare the metabolic tumour response with the 
radiological evaluation provided by CT imaging.

Methods: Eight patients with advanced penile carcinoma were studied. All had undergone 
18F-FDG PET/CT imaging at baseline and after two cycles of induction chemotherapy. 
The metabolic tumour response was evaluated according to EORTC criteria for therapy 
response. The radiologic tumour response was assessed using the RECIST guidelines. 
Response evaluations were done separately and blinded for other patient data. For 
definition of the reference, all patients were rated as responders or non-responders by a 
multidisciplinary tumour board.

Results: PET/CT showed hypermetabolic uptake of FDG matching with malignancy 
in all eight patients. According to the reference, six patients were responders and two 
non-responders after two cycles of chemotherapy. The metabolic tumour response was 
considered accurate in all eight patients. In seven of the eight patients, the radiological 
tumour response was in agreement. In three patients correctly identified as responder, 
the radiological tumour response was deemed suboptimal compared with the metabolic 
assessment. Five of the six responders continued chemotherapy after response evaluation 
up to four cycles and were operated subsequently. Histopathological analysis confirmed 
the metabolic tumour response. 

Conclusions: 18F-FDG PET/CT imaging is feasible for monitoring response in patients 
with advanced penile carcinoma treated with induction chemotherapy. Our preliminary 
results suggest that PET/CT is potentially more reliable than CT alone. 
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Introduction

Penile cancer is a relatively rare disease in the Western world with an age-standardized 
incidence ranging from 0.3 to one per 100,000.1 Around 95% of penile malignancies 
are squamous cell carcinomas that have a typical lymphatic drainage pattern.1 Surgical 
resection is the cornerstone of curative treatment in penile carcinoma patients with minimal 
metastatic disease. In selected patients with primarily inoperable (i.e. advanced) disease 
without distant metastasis, induction chemotherapy is considered necessary prior to 
surgery.2-4 Due to the rarity of penile carcinoma, the optimal chemotherapy regimen and 
exact value of induction treatment remain to be determined.2 

Response evaluation during chemotherapy plays an essential role in the decision 
making of subsequent therapy. It is common oncological wisdom that responders to 
chemotherapy show better results than non-responders. In penile carcinoma, major 
surgery is therefore usually restricted to the first group. 

The last years, monitoring chemotherapy response has shifted from an anatomical 
to a more functional or metabolic assessment provided by radioactive labelled imaging 
techniques.5,6 18F-FDG positron emission tomography (PET) imaging has shown to 
detect clinically relevant changes even after a few cycles of chemotherapy.7-10 In urological 
malignancies, the diagnostic accuracy of PET alone is hampered by the physiological 
renal excretion of FDG.11 Dual-modality PET with sequentially CT (PET/CT) is 
potentially able to solve this problem, allowing identification of increased areas of FDG 
uptake in relation to anatomical landmarks obtained from the CT images. In several 
malignancies, this fused imaging technique has demonstrated to increase the diagnostic 
ability compared with stand-alone PET.12,13 PET/CT has shown its potential in staging 
penile cancer.14,15 No information is available on the role of this dual-modality imaging 
in monitoring treatment response of patients with advanced penile carcinoma.

The purpose of this study was to explore the role of PET/CT imaging for assessing 
response to induction chemotherapy in patients with advanced penile carcinoma. In 
addition, we compared the metabolic tumour response with the radiological evaluation 
provided by CT imaging.

Material and Methods

Eight patients with histologically proven advanced penile squamous cell carcinoma (i.e. 
unresectable / immobile penile cancer or fixed inguinal lymph nodes) without distant 
metastasis were studied. All had undergone 18F-FDG PET/CT imaging before and after 
two cycles of induction chemotherapy at the Netherlands Cancer Institute between 
August 2005 and June 2009. PET/CT and CT imaging was done at least two weeks 
after the last course of the second cycle of chemotherapy. Baseline characteristics of 
these patients are summarized in table 1. The tumours were staged at the start of 
chemotherapy according to the 2002 TNM classification.16
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Table 1 – The characteristics of  the 8 patients.

Variable Value
Median age (range) in years 66 (52–79)
Disease stage at start

Primary inoperable disease
Recurrent inoperable disease

5
3

Clinical disease stage at start (2002 TNM)
Locally advanced (T4N0M0)
Locoregionally advanced (T3-4N+M0)
Regionally advanced (TxN+M0)

2
4
2

Chemotherapy regimen
Cisplatin / 5-Fluorouracil 
Cisplatin / Irinotecan
Docetaxel / Cisplatin / 5-Fluorouracil
Methotrexate / Bleomycine / Cisplatin

3
1
2
2

PET/CT imaging
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) 
and FDG was given intravenously in doses of 300-400MBq. The metabolic assessments 
in the first two patients were done using this system. From September 2006 on, a definite 
fixed PET/CT system was used (GeminiTF, Philips, Amsterdam, the Netherlands) 
and FDG was administrated in doses of 180-240 MBq. The remaining six patients were 
monitored 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 FDG. Diabetes mellitus was regulated in advance, with plasma glucose <10 
mmol/l. Approximately 60 min after injection, the PET/CT images were acquired with 
the patient in supine position. Firstly, a low dose CT (dose modulated with an average 
of 40 mAs, 140 kV, 5 mm section thickness) from the upper thighs to the head was 
acquired without the use of intravenous or oral contrast agents. Immediately after the 
low dose CT, a FDG-PET emission scan on the basis of 2 to 3 min per bed position 
was acquired. The images generated (PET/CT, low dose CT and PET) were displayed 
using an Osirix Dicom viewer in a Unix-based operating system (MAC OS X, Power 
G5, Apple, Cupertino, CA, USA) and were evaluated on the basis of two-dimensional 
orthogonal reslicing. 

Metabolic response evaluation
All PET/CT images were assessed semiquantitatively by an experienced nuclear 

medicine physician (RVO) who was unaware of other patient data. FDG tumour uptake 
was quantified using SUVmax which was defined as the maximum tumour concentration 
of FDG divided by the injected dose and corrected for the body weight of the patient: 



149

P
E

T/C
T for m

onitoring chem
otherapy

12

[SUVmax = Standard Uptake Value, maximum activity concentration (MBq/mL) / 
(injected dose (MBq) / body weight (g))]. 

The SUVmax, in the lesions prior to chemotherapy, corresponded to the maximal SUV 
per pixel in the lesion volume and was measured using circular regions of interest (ROI). 
Due to heterogeneous uptake of FDG in some lesions also the mean uptake (SUVmean) 
was determined to provide a more accurate assessment. For both pre- and post-
chemotherapy PET/CT studies ROIs were placed in identical positions. The treatment 
effect of neoadjuvant chemotherapy was determined according to the recommendations 
of the European Organisation for Research and Treatment of Cancer (EORTC) PET 
study group.17 Complete metabolic response was defined as decrease of SUVs of all 
lesions to or below normal values of surrounding tissue. Partial metabolic response was 
defined as a SUV reduction of more than 25%, whereas SUV measurements within 
25% of the initial value were considered to represent stable disease. Disease progression 
was defined as an increase of SUV in target lesions more than 25% or if new lesions 
were detected. The metabolic response evaluation was assessed per-patient (i.e. the sum 
of SUVmax of the target lesions).   

Radiological treatment evaluation
All CT images were evaluated by an experienced radiologist (HT), unaware of 

other patient data. The CT images were analyzed for the presence and nature of 
metastatic lesions suspicious for metastasis. When determining the therapy response 
with CT the Response Evaluating Criteria in Solid Tumors (RECIST) criteria were 
followed.18 

Standard of reference  
For definition of the reference, all patients were rated as responders or non-

responders by a multidisciplinary tumour board after two cycles of chemotherapy. This 
tumour board consisting of urologists, medical oncologists and a radiologist was supplied 
with all clinical and radiological data at treatment assessment. Patients with no change, 
partial response or complete response were characterized as responders to chemotherapy 
and patients with progressive disease were characterized as non-responders to chemotherapy. 
Members of the tumour board were not involved in image evaluation of this study. If at 
least stable disease was achieved by systemic therapy, patients completed chemotherapy 
up to four cycles and they were operated if possible. In patients with progressive disease, 
chemotherapy was stopped. These patients were subsequently treated with palliative intent. 
Thus, a histopathologic response was only available in those with at least stable disease.
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Table 2 - Overview of  tumour response according to PET/CT and CT.

n Chemotherapy 
regimen

Standard of  
reference

SUVmax 
at start

SUVmax at 
assessment

ΔSUVmax
per-patient in 

percentage

Metabolic 
tumour 
response

Radiological 
tumour 
response

1 Cis / Iri Responder 2.9 1.2 -59% Partial 
response

Partial 
response

2 MTX / Bleo 
/ Cis 

Non-
responder

31.6 25.8 + NL -18% + NL Progressive 
disease

Progressive 
disease

3 MTX / Bleo 
/ Cis

Responder 7.3 3.0 -59% Partial 
response

Non-
measurable

4 Cis / 5FU Responder 11.2 3.3 -71% Partial 
response

Stable 
disease

5 Doc / Cis / 
5FU

Responder 7.1 5.1 -28% Partial 
response

Stable 
disease

6 Cis / 5FU Responder 15.5 14.2 -8% Stable 
disease

Stable 
disease

7 Doc / Cis / 
5FU

Responder 31.2 15.1 -52% Partial 
response

Stable 
disease

8 Cis / 5FU Non-
responder

13.5 11.4 + NL -16% + NL Progressive 
disease

Progressive 
disease

Abbreviations: ΔSUVmax = difference in SUVmax, NL = new lesions, Cis = cisplatin, Iri = irinotecan, 
MTX = methotrexate, Bleo = bleomycin, 5FU = 5-fluorouracil, Doc = docetaxel. Patient # 3 indicate the 
discordant CT assessment compared to the reference. Patient # 5, 6 and 7 indicate suboptimal CT 
response assessments.

Results

PET/CT showed hypermetabolic uptake of FDG matching with malignancy in all 
eight patients. According to the reference, six patients were responders and two 
non-responders after two cycles of chemotherapy. An accurate metabolic response 
assessment was achieved in all eight patients (table 2, see figure 1 for an example). 
The radiological response evaluation was correct in seven patients. In the patient 
with discordant results, conventional CT did not depict the recurrent locally 
advanced cancer. Consequently, this case was regarded nonmeasurable with CT. In 
three other patients correctly identified as responders, the radiological evaluation was 
deemed suboptimal compared with PET/CT (table 2, see figure 2 for an example). 
Response evaluation in these cases was hampered due to necrotic areas in the target 
lesions. The largest diameter differed hardly at assessment and they were classified as 
stable disease, while a partial response was considered more accurate.
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Table 3 – Surgical details of  responding patients with histopathological results.

n cTN ΔSUVmax 
per-patient 

Metabolic 
tumour 
response

Surgical details after 
four courses of  

induction chemotherapy

Histopathological analysis ypTN

1 T3N3 -59% Partial 
response

ILND & PLND 
left side

No vital tumour left in 
inguinal nor in pelvic dissected 

specimen*

ypT3N1

4 T2N3 -71% Partial 
response

Glansresection plus 
ILND & PLND 

both sides

Vital tumour left in two 
inguinal nodes, no vital 

tumour left in pelvic dissected 
specimen nor in dissected 

specimens right side

ypT2N2

5 T4N2 -28% Partial 
response

Total amputation 
plus ILND both 

sides

Vital tumour left in one 
inguinal node in dissected 

specimens

ypT4N1

6 T3N2 -8% Stable 
disease

Total amputa-
tion plus ILND & 
PLND both sides

Vital tumour left in both 
inguinal nodes + one pelvic 

metastasis in dissected 
specimens

ypT3N3

7 T4N0 -34% Partial 
response

Total amputation 
plus SNB

Vital tumour with necrotic 
areas

ypT4N0

Abbreviations: cTN = Tumor Nodal classification according to 2002 TNM classification, ILND = inguinal 
lymph node dissection, PLND = pelvic lymph node dissection, SNB = sentinel node biopsy, * before 
start of chemotherapy in the neoadjuvant setting this patient had already undergone partial amputation 
(pT3) and sentinel node biopsy at the right side that was tumour-positive (pN1). Hence, this patient was 
regarded ypT3N1Mx although no vital tumour was left in the inguinal specimen after the chemotherapy.

Five of six responders continued their chemotherapy regimen up to four cycles and 
were operated subsequently (see table 3 for details of the histopathological results). 
Histopathological analysis confirmed the tumour response observed at assessment 
in these patients. 
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Figure 1 – Transverse CT, PET/CT, and maximum intensity projection (MIP) images of  a 
79-y old patient (patient 8 in table 2) with a palpable, cytologically proven metastasis 
in right groin (arrow in image A, C, and E) before and after two cycles of  chemotherapy. 
On CT images, size-based response evaluation rated progressive disease (images A 
and B). Based on combined PET/CT, response was also classified as progressive (im-
ages C and D, see E and F for MIP). The standard of  reference characterized this 
patient as a non-responder. Chemotherapy was stopped and this patient was directly 
operated with palliative intent.



153

P
E

T/C
T for m

onitoring chem
otherapy

12

Figure 2 – Transverse PET/CT and CT images of  a 73-y old patient (patient 4 in table 
2) with a palpable, cytologically proven metastasis in left groin (arrow in image A and 
C) before and after two cycles of  chemotherapy. On CT images, size-based response 
evaluation rated no change (images A and B). Based on combined PET/CT, response 
was classified as partial (images C and D). The radiological response was considered 
suboptimal. The standard of  reference characterized this patient as a responder.

Discussion

Induction chemotherapy plays an important role in patients with primary inoperable 
penile carcinoma without evidence of distant metastasis.2-4 Monitoring response 
during chemotherapy is important. Responders after interval monitoring continue 
chemotherapy with subsequent surgery, while non-responders stop chemotherapy and 
are subjected to palliative treatment only. Treatment evaluation in patients with 
advanced penile carcinoma is focused on locoregional areas. Contrary to the primary 
tumour, the lymph nodes are not accurately accessible for physical examination during 
chemotherapy. Hence, response evaluation depends largely on the information gleaned
from imaging procedures such as contrast-enhanced CT scans. Monitoring treatment 
response with conventional imaging is associated with difficulties in, for example, 
designating complete remission to normal sized lymph nodes or to measure response 
in necrotic areas.19 In addition, the reported sensitivity of CT for the detection of pelvic 
nodal involvement in penile carcinoma appears to be low with 37.5%.20
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Although the diagnostic accuracy of PET in urological malignancies is hampered by the 
physiological renal excretion of FDG,11 PET/CT has shown promising results in staging 
penile carcinoma patients.14,15 This study shows that 18FDG-PET/CT imaging is feasible 
in monitoring response to induction chemotherapy in advanced penile carcinoma. PET/
CT enables to depict more delicate tumour changes during chemotherapy compared 
with CT.

The ultimate goal in monitoring induction chemotherapy is the ability to 
identify non-responders early during treatment, allowing for modification of the 
treatment protocol. Studies performed in breast cancer patients demonstrate an accurate 
response evaluation by determining the change in the standardized uptake value of the 
18F-FDG tracer after just one cycle of chemotherapy.7,10 In other malignancies, PET 
alone has also shown its ability to predict patient outcome early during treatment.8,9 
In this exploratory study, monitoring tumour response was done after two cycles of 
chemotherapy.

We realize that our study is hampered by the retrospective design and four 
different chemotherapy regimens used. Therefore, the results should be considered 
preliminary. The limitations are, at least in parts, related with the low prevalence of this 
tumour entity. Future studies are needed to evaluate the value of PET/CT monitoring 
in patients treated more homogeneously and to address whether PET/CT monitoring 
is cost-effectiveness.

Of crucial importance is how PET/CT treatment monitoring could be integrated 
into the various clinical scenarios for penile carcinoma. Until recently, induction 
chemotherapy has only been considered in primary inoperable patients. However, 
recent studies suggest that direct surgery seems only effective in patients with minimal 
metastatic disease.21,22 Especially, patients with extranodal extension and/or pelvic 
metastasis have poor prognosis.21,22 If these prognostic unfavourable factors are known 
at forehand, induction treatment can be considered and here PET/CT monitoring can 
be of importance to detect delicate treatment changes. In 2007, results became available 
of a phase II study which used early PET response in treatment stratification of patients 
with adenocarcinoma of the oesophagogastric junction.23 All patients with a decrease in 
SUVmax less than 35% were considered non-responders and went directly to surgery 
after the first cycle of chemotherapy, while metabolic responders completed 12 weeks 
chemotherapy followed by surgery. Early termination of chemotherapy seemed not to 
jeopardize clinical outcome compared to the results of a previous series.23 PET/CT treatment 
stratification patients may have a role in the future in penile carcinoma patients considered 
primary operable, but with prognostically unfavourable features. Then, primary endpoints 
as complete pathological response, disease-free survival and/or overall survival can be 
investigated.  

In conclusion, 18F-FDG-PET/CT imaging is feasible for monitoring response 
after two cycles of induction chemotherapy in patients with advanced penile carcinoma. 
The results of this study suggest PET/CT is potentially more reliable compared to CT 
alone in assessing response. Our results have to be confirmed prospectively in larger 
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series. Moreover, the optimal timing of treatment assessment with PET/CT imaging in 
penile carcinoma has to be determined.  
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Concluding remarks and future prospects 

During the last decades several interesting developments took place in the management 
of penile carcinoma. Although prophylactic inguinal lymphadenectomy offers the best 
chance of cure, it is unnecessary in approximately 75–80% of patients.1 Furthermore, 
this procedure is associated with substantial morbidity, such as wound infection 
(14–17%), skin necrosis (50–62%) and lymphoedema (27–100%).2-4 Both these factors 
prompted many to do a surveillance policy in patients with clinically node-negative 
(cN0) groins. Unfortunately, in nonrandomised, retrospective series, patients undergoing 
inguinal lymphadenectomy when disease became clinically apparent had a worse outcome than 
those undergoing early inguinal node dissection for occult metastases (5-year disease-
specific outcome of 35% vs. 80%).5 Accurate patient selection is the basis of curative 
management.

Dynamic sentinel node biopsy (DSNB) is one of the most important procedures 
that has been implemented into clinical care.6-8 This minimally-invasive staging technique 
has evolved into a routine diagnostic procedure in patients with penile carcinoma and 
nonpalpable lymph nodes at the Netherlands Cancer Institute / Antoni van Leeuwenhoek 
hospital.7,8 The introduction of this procedure took also place in the United Kingdom,8,9 
Sweden and Denmark.10 DSNB is currently considered the most suitable staging 
procedure for clinically-node negative patients. Preoperative risk stratification guidelines 
or noninvasive staging procedures are at present not accurate enough to omit (minimal-
ly-invasive) surgical staging. The indications of DSNB continue to evolve towards more 
subcategories as more data become available.

The understandable reluctance of performing elective lymphadenectomy in 
patients with clinically node-negative penile cancer is driven by the significant morbidity 
associated with this surgical procedure. The last years, several approaches have been 
introduced to minimize the related morbidity. Video endoscopic inguinal lymphadenectomy 
(VEIL) is a minimally-invasive procedure to perform an inguinal lymph node dissection.11-13 
The robotic assisted approach is also being explored in this field.14 These surgical 
approaches could significantly reduce postoperative morbidity. It remained to be determined 
whether the use of the robot provides an advantage over straight laparoscopy,  given the 
additional costs. Until the time more results with longer follow up duration on regional 
control are available, these minimally-invasive techniques should be considered 
investigational. 

The management of patients with lymph node metastases has remained almost 
identical during the last decades. This thesis shows that a high-risk subgroup with pathological 
nodal involvement can be identified who seem not to benefit from contemporary 
management of regional lymphadenectomy with adjuvant radiotherapy. Preoperative 
patient  selection plays also an important role in decision making regarding optimal 
treatment in these high-risk patients as they may benefit from induction chemotherapy 
prior to definitive treatment. Patients with lymph node involvement can be identified 
preoperatively by ultrasound guided fine-needle aspiration cytology. If cytology is tumour 
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positive, conventional CT imaging and PET/CT scanning are accurate imaging modalities 
to select patients for chemotherapy first. Further studies in this field are needed. Close 
monitoring is essential to identify non-responders at the earliest moment.

Unfortunately, many aspects in the management of penile carcinoma are based on 
a limited amount of scientific evidence. Despite collaboration of data in some studies, 
series remain relatively small and randomized controlled trials are virtually impossible. 
Multi-institutional efforts are required to obtain the number of patients necessary for 
meaningful studies. Centralization of care for this rare tumour into specialized centres 
seems advisable to gain and maintain the required experience for the involved clinicians, 
and to improve scientific evidence.  

Several lessons can be learned from head and neck squamous cell carcinoma. 
Although a major difference lies in the anatomical localization that may result in practical 
difficulties with surgical resection of head and neck cancers, this disease is considered 
similar to penile cancer in terms of histopathological analysis and the predominant 
lymphogenic dissemination pattern. The much higher incidence of head and neck 
cancers have resulted in a large numbers of available studies and consequently higher 
level of evidence. Well known established prognostic factor for local recurrence and 
cancer-specific death are an involved surgical margin and extranodal extension.15 The 
last decade, adjuvant treatment after regional lymphadenectomy has shifted from 
radiotherapy to chemoradiotherapy in selected high-risk cases. This more extensive 
postoperative treatment has shown to improve locoregional control and overall survival.16,17 
Definitive chemoradiation instead of often morbid surgery has also established a valuable 
role in clinical management in patients with large lymph node metastases. Although 
regional lymphadenectomy remains the cornerstone of treatment in patients with penile 
cancer and minimal regional nodal involvement (defined as one to two involved inguinal 
metastatic nodes without extranodal extension), future studies should aim to explore 
the optimal treatment in those with more extensive regional nodal disease. No data is 
available on the use of (induction, postoperative or definitive) chemoradiation in penile 
cancer yet.

Improved imaging modalities and targeted therapy are expected in the near future. 
18F-FDG PET/CT has shown to be a promising staging tool in patients with penile 
cancer,18,19 and nodal involvement and is feasible in monitoring chemotherapy.20 New 
PET-tracers can also be used for the prediction and monitoring of response of specific 
therapy.21-23 Targeted therapy focuses on specific molecules in the malignant call signal 
transduction machinery, including crucial molecules involved in tumour related 
lymphangiogenesis.24 Recent studies have shown that tumours that express the endothelial 
growth factor receptor (EGFR) and vascular endothelial growth factor (VEGF) impart 
a subgroup with a worse prognosis.25-27 Targeted therapy inhibit EGFR and VEGF 
functioning thereby slowing down cancer progression. EGFR inhibitors can also be 
applied concurrently with radiation therapy thereby enhancing the treatment effect.28

The human papillomavirus (HPV) is probably the most common sexually 
transmitted disease. Although several men will clarify HPV infection by their self, up to 
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40% of penile cancers are HPV related.29,30 Although the exact etiology of penile cancer 
is largely unknown, straightforward primary prevention strategies are either not cost 
effective (HPV vaccination) and/or too invasive (circumcision in every boy). Therapeutic 
vaccination in patients with HPV-mediated tumours may be focus of future studies. 
Recently, HPV vaccination programs to protect cervical cancer have been started. 
Widespread vaccination against high-risk HPV in women may lead to a substantial 
reduction in all HPV-mediated tumours, including penile cancers. Centralization of 
penile cancer treatment will therefore play a continuously important role in the next future. 
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Summary

A brief overview of the incidence, etiology and current management of penile carci-
noma is provided in chapter 1. The incidence trends and survival of patients with 
primary malignant penile cancers in the Netherlands diagnosed between 1989 to 2006 
is described in chapter 2. On the basis of nation-wide population-based data from 
the Netherlands Cancer Registry, three-year moving average European age-standardised 
incidence and ten-year survival estimates were calculated. In the 17-year study period, 
2000 primary penile cancers were diagnosed in the Netherlands of which 1883 (94%) 
were of the squamous cell carcinoma subtype. The three-year moving average incidence 
rate of patients with penile squamous cell carcinoma increased slightly, but significantly, 
from 1.4 per 100,000 person-years in 1989 to 1.5 in 2006 with an estimated annual percent-
age of change of 1.3%. This increase was mainly contributable to the rising incidence 
of carcinomas in situ. Ten-year relative survival of patients according to the stage 0–II 
groups was fairly good of 93%, 89%, and 81%, respectively. Patients with stage III and 
IV tumours have poor survival with nine-year survival of 50% and a two-year survival 
of 21%, respectively. 

Penile squamous cell carcinoma has a typical lymphogenic dissemination pattern. 
Presence of lymph node metastasis is the single most prognostic factor for survival. 
The continuous search towards accurate non-invasive and minimally-invasive staging 
procedures is driven by the significant overtreatment in patients with nonpalpable 
lymph nodes, that are those with clinically node-negative (cN0) groins, who undergo 
elective lymphadenectomy. Several issues on the treatment of such cN0 patients have 
been addressed by the studies in this thesis. At two European tertiary referral institutes 
dynamic sentinel node biopsy (DSNB) is used to stage the cN0 groin. In chapter 3, 
the prognostic value of several typically available histopathologic penile tumour factors 
and accuracy of the high-risk European Association of Urology (EAU) subgroup were 
assessed in a two-institutional analysis of 342 cN0 patients who had undergone DSNB. 
The EAU guidelines advise a bilateral inguinal lymphadenectomy in this high-risk 
subgroup. Presence of occult metastases was established by preoperative ultrasound and 
tumour-positive fine-needle aspiration cytology, tumour-positive sentinel node(s) and 
groin metastases during follow up after negative DSNB procedure. Median follow up 
was 31 months. Sixty-eight of 342 patients (20%) and 87 of 684 inguinal basins (13%) 
had occult nodal involvement, including six patients (2%) with groin metastases after 
negative DSNB. Corpus spongiosum invasion, corpus cavernosum invasion, histological 
grade and lymphovascular invasion (LVI) were each significant prognosticators for 
occult metastases on univariate analysis. Of note, urethral invasion had no prognostic 
value. On multivariate analysis, grade (odds ratio 3.3 for intermediate and 4.9 for poor, 
respectively) and LVI (odds ratio 2.2) remained independent predictive factors. Two 
hundred forty-five patients (72%) were classified high-risk according to the EAU guidelines. 
Among them, the incidence of occult metastases of 23%. Consequently, strict adherence 
to EAU guidelines would have led to unnecessary bilateral inguinal lymphadenectomy 
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up to 77% of cN0 high-risk patients. These results are in accordance with a previously 
published study with a smaller patient cohort of 33 cN0 high-risk patients.1 Although 
DSNB is not without shortcomings either (i.e. missing of micrometastatic disease in 2% 
of clinically node-negative patients), we consider it the most suitable staging procedure 
at this moment. 

The search for other non-invasive staging procedures goes on. Two studies with 
18F-FDG positron emission tomography / computed tomography (18F-FDG PET/CT) 
showed promising results in assessing the inguinal lymph nodes of patients with penile 
carcinoma, with a sensitivity of 88%–89% and specificity of 98%.2,3 We were unable to 
reproduce these promising figures. In chapter 4, the value of hybrid PET/CT is evaluated 
as an alternative strategy for staging patients with nonpalpable lymph nodes. 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 
status of the removed sentinel nodes was used as the standard of reference to evaluate 
the PET/CT results. One of the five tumour-positive cN0 groins was correctly predicted 
with PET/CT (sensitivity of 20%). All four false-negative 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 cN0 groins in penile cancer is limited due to its low sensitivity. 
The main reason for the difference in sensitivity with both abovementioned published 
series is patient inclusion. The subgroup of patients who may benefit most from non-
invasive staging procedures are men with cN0 penile carcinoma. Both abovementioned 
studies have also included patients with clinically node-positive disease, while we have 
only included cN0 groins. Consequently, the sensitivity of PET/CT is overestimated. 
No current available non-invasive staging procedures is reliable enough to omit surgical 
staging.4 Although imaging modalities such as ultra small super paramagnetic particles 
of iron oxide (USPIO) combined with diffusion weighted magnetic resonance imaging 
(DW-MRI) have shown very promising results in staging regional lymph nodes,5.6 
USPIOs are not commercially available. There remains so far a need for (minimally-
invasive) surgical staging.

The indications for DSNB continue to evolve towards more subcategories as 
more data become available. This minimally-invasive procedure is usually done 
simultaneously with primary tumour treatment. Chapter 5 describes the results 
of nodal staging by DSNB after previous therapeutic primary tumour resection. Forty 
patients and 60 cN0 groins who had undergone DSNB after previous penile carcinoma 
resection with histopathologically tumour-negative margins were analyzed. A sentinel 
node visualization rate of 93%, identification rate of 100% and detection of occult 
metastases in 12% of cN0 groins was found. No recurrences developed in the groins 
from which one or more tumour-free sentinel nodes had been taken during a median 
follow up of 28 months after the primary tumour resection. These figures indicate this 
minimally-invasive procedure is feasible and seems reliable. Although the relatively short 
follow up and limited cohort number prevent firm conclusions about its sensitivity, the 
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results so far seem comparable with the favourable results of DSNB with the primary 
tumour present. The subcategory of patients with a resected primary tumour has practical 
consequences. Patients can safely undergo primary tumour treatment at the referring 
hospital and nodal staging at the referral centre. 

In chapter 6, the role of repeat DSNB in 12 cN0 patients with locally recurrent 
penile carcinoma after previous penile surgery and DSNB is explored. Five of these 
patients had previously undergone a unilateral inguinal node dissection for groin metastases. 
The median disease-free interval was 18 months. The protocol and technique of “normal” 
DSNB and the repeat procedure were similar. No sentinel nodes were seen on 
conventional lymphoscintigraphy in the five groins that had previously been dissected. 
A sentinel node was visualized on conventional lymphoscintigraphy in the remaining 
19 non-dissected groins. Histopathological analysis showed involved sentinel nodes in 
four groins of three patients. During a median follow up of 32 months after the repeat 
DSNB, one patient developed a groin recurrence 14 months after the removal of a 
tumour-negative sentinel node. This study shows that repeat DSNB is technically feasible 
in cN0 patients with locally recurrent penile carcinoma and discovers metastatic inguinal 
nodes. Furthermore, our results demonstrate that every local recurrence can lead to new 
lymphatic spread, yielding a new sentinel node. Renewed nodal staging is therefore 
important both for prognosis as well as for optimal treatment.

While the management of patients with nonpalpable lymph nodes has evolved, 
treatment strategies of those who present with lymph node metastases has remained 
almost identical during the last decades. The most important prognostic factor in penile 
carcinoma is presence of pathological nodal metastases (pN+).7 A number of previously 
published studies have shed light on the prognostic significance of the extent of nodal 
involvement in patients with pN+ disease.8-12 Nodal factors, such as extranodal extension, 
bilateral metastases, and pelvic nodal involvement are considered poor prognostic variables.8-12 
However, previously published studies that reported on prognostic factors in pN+ penile 
cancer have several drawbacks which are largely related with the low incidence of this 
disease. The number of patients investigated were relatively small ranging from 78–102 
men,8,9,11,12  the definition for extranodal extension is not always reported,8,9,11 follow up 
details are unknown,8,9,11 and the results reflect older series with patients treated between 
1950–1980,8 1962–1986,9 1987–1998,11 and 1956–2001,12 respectively. Finally, data 
were collected retrospectively.8,9,11,12  An important focus of the studies in this thesis is 
the management of those patients at risk for cancer-specific death. We analysed a large 
patient cohort treated uniformly with a regional lymphadenectomy and postoperative 
external radiotherapy. Data was collected prospectively.

Chapter 7 reports the study in which the prognostic significance of extranodal 
extension (extension of tumour through the lymph node capsule into the perinodal 
fibrous-adipose tissue) amongst several other risk factors in 156 patients with pN+ penile 
cancer were analysed. All patients had undergone therapeutic regional lymphadenectomy 
without induction treatment. Postoperative external radiotherapy was indicated if 
histopathological analysis revealed more tumour than one intranodal metastases. 
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Seventy patients (45%) received adjuvant radiotherapy. Patients with extranodal extension 
had significant decreased five-year cancer-specific survival compared with patients without 
this feature (42% vs. 80%). Other prognostic variables on univariate analysis were 
bilateral metastatic involvement (vs. unilateral), ≥3 unilateral metastatic inguinal nodes 
(vs. ≤2), tumour positive margin status of the inguinal lymphadenectomy (vs. tumour 
negative), and presence of pelvic nodal involvement. Pathological T-stage or grade of 
differentiation were not significant predictors for outcome. In the multivariate analysis 
extranodal extension (hazard ratio 2.37) and pelvic nodal involvement (hazard ratio 
2.20) remained associated with a decreased cancer-specific survival. This study 
demonstrates that despite the fact that patients with high-risk pN+ factors are treated 
more extensively, extranodal extension and pelvic nodal involvement are independent 
prognostic factors for cancer-specific death. 

The TNM classification of penile squamous cell carcinoma was recently revised 
in 2009. The most important change in pathologic nodal (pN) staging is inclusion of 
extranodal extension. In chapter 8 the prognostic value of the new 2009 pN category 
is evaluated and compared with the previous 1987 pN-classification. We analyzed all 
334 patients with penile carcinoma without distant metastases staged pathologically 
by dynamic sentinel node biopsy and/or lymphadenectomy at a tertiary European 
referral institute between 1994 and 2008. All patients were (re)staged using the 1987 
and 2009 pN-classification. Five-year cancer-specific survival (CSS) was estimated using 
the Kaplan-Meier method. The predictive abilities of the 1987 and 2009 pN staging 
systems were compared using the concordance probability estimate. At a median follow 
up duration of 55 months, 55 patients (16%) had died from penile cancer. The main 
impact of the 2009 pN revision was a shift of 41 patients (31% of 133 pN+ patients) 
from 1987 pN1–2 categories to 2009 pN3 because of extranodal extension. Extranodal 
extension was a poor prognostic factor in the subgroup of patients with inguinal 
metastases. Estimated 5-yr CSS rates by the 2009 pN category were 97.9%, 76.8%, 
83.9% and 38.4% in patients with pN0, pN1, pN2 and pN3 cancers, respectively. The 
concordance probability estimate of both staging systems was essentially similar: 0.735 
for 2002 pN and 0.741 for 2009 pN. We concluded that extranodal extension has a 
prognostic role in the patients with inguinal metastases and inclusion of this factor in 
pN-staging seems rational. Nevertheless, predictive capability of the 1987 and 2009 
pN-classification of 2009 remains similar. Future studies are needed to evaluate new 
prognostic factors to further improve discrimination capability. 

Several studies have shown that local recurrence only has little impact on survival 
in patients with penile carcinoma. There are, however, few data on inguinal recurrence 
following therapeutic lymphadenectomy. In our experience, inguinal relapses are 
difficult to manage and cause a lot of suffering because of pain, foetor and lymph 
oedema, leaving the patient often bedridden and debilitated. Chapter 9 describes a 
study in which treatment results and outcome of patients with pN+ penile carcinoma 
who experienced an inguinal recurrence after therapeutic lymphadenectomy were investigated. 
Clinicopathological features predictive of such recurrences were determined. Data of 



168

S
um

m
ar

y 
/ s

am
en

va
tti

ng

14

161 patients with pN+ penile carcinoma who had undergone contemporary treatment 
consisting of regional lymphadenectomy were evaluated. Postoperative external radiotherapy 
was indicated if histopathological analysis revealed more tumour than one 
intranodal metastases. The five-year incidence of inguinal recurrences was estimated 
using a competing risk analysis considering death a competing risk. Twenty-six patients 
developed an inguinal recurrence following lymphadenectomy after a median of 5.3 
months. The overall estimated five year inguinal recurrence rate was 16%. Among the 
26 patients with inguinal recurrence, ipsilateral adjuvant radiotherapy was indicated in 
22, but given in 11 patients. The other 11 patients recurred in the groin before start 
of adjuvant radiotherapy, because they experienced rapid recurrence during recovery 
time from surgery with or without postoperative delay because of complications (e.g. 
wound healing problems). Median survival after inguinal recurrence was 4.5 months. 
Pronounced differences in estimated recurrence rates were found among a subgroup 
of “high-risk” patients with ≥3 unilateral metastatic inguinal nodes, and/or extranodal 
extension, and/or pelvic nodal involvement. This study shows that most inguinal recurrences 
following therapeutic lymphadenectomy in pN+ penile carcinoma occur within short 
time. Patients experiencing such a recurrence have poor outcome with limited salvage 
options. Several patients suffer from distant relapse after locoregional treatment, especially 
those men considered high-risk. Therefore, induction systemic treatment before definitive 
locoregional therapy is considered a more attractive approach in the high-risk pN+ sub-
group compared with more extensive postoperative treatment. Moreover, patients are 
generally more fit to undergo preoperative multimodality treatment, they can be monitored 
for response during treatment and chemotherapy has shown to reduce the risk of developing 
distant metastases by eliminating micrometastatic cells at distant sides.13 This needs to 
be evaluated in clinical trials. 

The major disadvantage of induction treatment is postponement of definitive 
local treatment. Induction treatment should ideally obtain high response rates in the 
shortest possible time, without compromising subsequent treatment due to prolonged 
or delayed toxicities. Although penile carcinoma has been considered a relatively chemo-
refractory disease, further study is required to determine whether systemic treatment 
before definitive treatment leads to survival benefit. In head and neck carcinoma taxane-
based combined chemotherapy have shown promising results.14,15 These chemotherapy 
regimens have also suggested meaningful clinical responses in patients with penile 
carcinoma.16,17 Close monitoring is essential to identify non-responders at the earliest 
moment.

Accurate selection of high-risk pN+ penile cancer preoperatively is problematic 
as most of the high-risk characteristics investigated are only found after surgery (e.g. 
extranodal extension and pelvic nodal involvement). Chapter 10 presents the results 
of 18F-FDG PET/CT in determining pelvic nodal involvement and further metastatic 
spread in patients with tumour-positive inguinal nodes. Eighteen patients with (uni- 
or bilaterally) cytologically tumour-positive inguinal disease who had undergone 
whole-body 18F-FDG PET/CT for tumour staging were evaluated. 
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Histopathological results of the pelvic basins when available, radiologic imaging, and 
clinical follow up (with a minimum of one year) served as reference standard. Of the 
11 tumour-positive pelvic basins, ten were correctly predicted by PET/CT scan as were 
all 17 tumour-negative pelvic basins. The calculated sensitivity was 91% (95% CI, 
58–100%) with specificity of 100% (95% CI, 80–100%) and diagnostic accuracy of 
96% (95% CI, 82–100%). In addition, PET/CT-scan showed distant metastases in five 
patients. Among four of them distant metastases could be confirmed. It was 
concluded that PET/CT-scan appears promising in detecting pelvic lymph node metastases 
with great accuracy and identifies distant metastases in penile carcinoma patients with 
inguinal lymph node involvement. In our practice PET/CT-scan has become part of 
routine staging in such patients. We recognize the fact that PET/CT may still miss small 
metastases. The patients most likely to benefit from direct pelvic lymphadenectomy 
are those with occult pelvic metastases, i.e. not detected preoperatively by any imaging 
procedure(s). A negative PET/CT scan is therefore no reason to omit pelvic lymph-
adenectomy if histopathological analysis of the inguinal dissected specimen reveals two 
or more metastatic lymph nodes or extranodal extension. However, we consider induction 
chemotherapy instead of direct regional lymphadenectomy if PET/CT shows FDG avid 
pelvic lymph nodes. Patients with pelvic nodal involvement have a poor prognosis and 
the specificity of PET/CT in our study was 100%. 

The role of CT imaging in cN0 patients with penile carcinoma is limited because 
of the low spatial resolution and unreliability in detecting small metastases. On the 
other hand, most patients with high-risk pN+ disease have clinically palpable lymph 
nodes. CT imaging may play a role in identifying “high-risk” characteristics. Chapter 
11 reports the study in which radiographic criteria for the preoperative identification of 
high-risk pN+ patients is established. Preoperative diagnostic CT studies of 30 penile 
carcinoma patients with proven unilateral or bilateral lymph node metastases were 
reviewed independently by two radiologist blinded for patient data. All CT images were 
analyzed per side (n = 60). Several radiographic criteria were assessed for lymph nodes 
with short-axis diameter of at least 8 mm. Histopathological analysis of the removed 
sentinel nodes and/or regional lymphadenectomy specimen was used as standard of reference. 
Sides were characterized as high-risk if histopathological analysis revealed three or more 
metastatic inguinal nodes, and/or extranodal extension, and/or pelvic nodal involvement. 
Presence of central nodal necrosis and/or irregular nodal border of the regional lymph 
nodes on the preoperative CT-scan confirmed the high-risk subgroup with a sensitivity 
of 95% (21/22) and a specificity of 82% (31/38). All seven sides falsely designated as 
high-risk harboured inguinal metastases, but they were classified “low-risk”. Furthermore, 
the interobserver agreement of each radiographic parameter was almost perfect. It was 
concluded that presence of central nodal necrosis and/or irregular nodal border of the 
regional lymph nodes on preoperative CT-images are accurate and simple criteria to 
identify high-risk pN+ penile cancer. These criteria can be used for patient counselling 
and clinical trial eligibility. 

In chapter 12 the first clinical results of 18F-FDG PET/CT for monitoring 
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treatment response in eight patients with primary inoperable (i.e. advanced) penile 
carcinoma treated with induction chemotherapy is described. The metabolic tumour 
response provided by PET/CT was compared with the radiological evaluation provided 
by CT imaging. PET/CT showed hypermetabolic uptake of FDG matching with 
malignancy in all eight patients. According to the reference, six patients were responders and 
two non-responders after two cycles of chemotherapy. The metabolic tumour response 
was considered accurate in all eight patients, while the radiological tumour response 
was accurate in seven patients. In three patients correctly identified as responder, the 
radiological tumour response was deemed suboptimal compared with the metabolic 
assessment. This study shows that 18F-FDG-PET/CT imaging is feasible for monitoring 
response in patients with advanced penile carcinoma treated with induction chemotherapy. 
PET/CT may potentially be more accurate in identifying responders than CT alone.
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Samenvatting

Een kort overzicht van de incidentie, etiologie en de huidige behandeling van patiënten 
met peniscarcinoom wordt gegeven in hoofdstuk 1. Tevens wordt de inhoud van dit 
proefschrift geïntroduceerd. Hoofdstuk 2 beschrijft de trends in incidentie en overleving 
van patiënten met primair peniskanker in Nederland, die gediagnosticeerd zijn tussen 
1989 en 2006. Op basis van landelijk gerapporteerde data van de Nederlandse Kanker 
Registratie worden drie-jaars gemiddelde Europees leeftijdsgestandaardiseerde incidentie 
cijfers en tien-jaars overleving geschat. In de 17-jaarse studieperiode worden in totaal 
2000 patiënten met primaire peniskanker gediagnosticeerd in Nederland, waaronder 
1883 (94%) mannen met het plaveiselcarcinoom-subtype. De drie-jaars gemiddelde 
incidentie van patiënten met plaveiselcelcarcinoom van de penis steeg licht, maar 
significant, van 1.4 per 100.000 persoonsjaren in 1989 naar 1.5 in 2006 met een gemiddelde 
jaarlijkse toename van 1.3%. Deze toename in incidentie komt met name doordat er 
meer patiënten gediagnosticeerd zijn met carcinoom in-situ. De tien-jaars overleving 
van patiënten met stadium 0–II peniscarcinoom is relatief goed met cijfers van 
respectievelijk 93%, 89% en 81%. Patiënten met stadium III en IV ziekte hebben een 
slechtere overleving van respectievelijk 50% en 21%. 

Het plaveiselcelcarcinoom van de penis heeft een typisch lymfogeen uitzaaiingpatroon. 
De aanwezigheid van kliermetastasen is een zeer belangrijke prognostische factor voor 
overleving. De continue zoektocht naar betrouwbare niet-invasieve en minimale-
invasieve stadieringsmethoden wordt gedreven door de overbehandeling in patiënten 
met niet-palpabele liesklieren - dat zijn diegene met klinisch kliernegatieve (cN0) liezen - die 
behandeld worden met electieve liesklierdissectie. Verschillende aspecten voor het opti-
male beleid bij deze cN0-patiënten worden beschreven in de studies van hoofdstuk drie 
tot en met vijf. 

In twee Europese tertiaire ziekenhuizen wordt de “dynamische sentinelnode biopsie” 
(DSNB, ook wel schildwachtklierprocedure genoemd) toegepast om de cN0-lies te 
stadieren. Ofschoon dit een minimaal-invasieve stadieringsprocedure is met een kleine 
kans op complicaties, blijft een operatie noodzakelijk. Een betrouwbare risico-inschatting 
op de kans op kliermetastasen om daarmee een operatie te voorkomen, zou daarom welkom 
zijn. In hoofdstuk 3 worden verschillende algemeen beschikbare histopathologische 
kenmerken van de penistumor geanalyseerd om het risico op kliermetastasering in te 
schachten. Tevens wordt de betrouwbaarheid van de hoogrisico classificatie van de European 
Association of Urology (EAU) subgroep geëvalueerd in een serie van 342 cN0-patiënten 
die allen het huidige DSNB protocol hebben ondergaan in twee Europese instituten. De 
EAU richtlijnen adviseren een electieve bilaterale liesklierdissectie in de cN0-patiënten 
van de hoogrisico subgroep. De aanwezigheid van occulte kliermetastasen werd in onze 
studie aangetoond door preoperatieve echografie van de lies met cytologische punctie, 
tumorpositieve sentinelnode(s) en aanwezigheid van kliermetastase gedurende 
poliklinische follow-up na een negatieve DSNB procedure. De mediane follow-upduur 
na DNSB was 31 maanden. In totaal hadden 68 van de 342 patiënten (20%) en 87 
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van de 684 liezen (13%) lieskliermetastasen, inclusief zes patiënten (2%) die een 
metastase in de lies ontwikkelden na een eerdere negatieve DSNB (zgn. fout-negatieve 
sentinelnode biopsie). Voorspellende factoren voor de aanwezigheid van kliermetastasen 
met univariabele analyse waren ingroei in het corpus spongiosum, invasie in corpus 
cavernosum, histologische gradatie, en aanwezigheid van zgn. lymfevasculaire groei. 
Ingroei in de urethra had geen voorspellende waarde. Met multivariabele analyse bleven 
histologische gradering (odds ratio van 3.3 voor matig gedifferentieerde tumoren en 
4.9 voor slecht gedifferentieerde tumoren) en lymfevasculaire groei (odds ratio van 2.2) 
onafhankelijke voorspellende factoren. In totaal waren 245 van de 342 patiënten, dat is 
72% van de patiënten, geclassificeerd als hoogrisico volgens de richtlijnen van de EAU. 
De incidentie occulte kliermetastasen onder deze mannen was 23%. Dus indien elke 
hoogrisico cN0 patiënt volgens de EAU richtlijnen een electieve bilaterale liesklierdissectie 
had ondergaan, was deze operatie onnodig geweest in 77% van de gevallen. Dit betekent dat 
een groot gedeelte van de mannen overbehandeld zou zijn. De resultaten van deze studie 
zijn in overeenstemming met een eerder gepubliceerd onderzoek welke een kleiner 
cohort, namelijk 33 cN0-patiënten, had geëvalueerd.1 Ofschoon DSNB ook niet zonder 
nadelen is - en 2% van de cN0-patiënten mist die micrometastasen heeft - beschouwen 
we deze procedure de meest geschikte staderingsmethode op dit moment.

De zoektocht naar betrouwbare niet-invasieve staderingsmethode gaat door. Twee 
studies die 18F-FDG positron emissie tomografie / computer tomografie (18F-FDG PET-
CT) hebben onderzocht voor het stadieren van de liezen laten veelbelovende resultaten zien 
met een sensitiviteit van 88–89% en specificiteit van 98%.2,3 Het is ons niet gelukt deze 
resultaten te reproduceren. In hoofdstuk 4 wordt de waarde van 18F-FDG PET-CT 
geëvalueerd als alternatief voor minimaal-invasieve stagering van patiënten met penis-
carcinoom en niet-palpabele lymfeklieren. In 24 patiënten en 42 cN0 liezen die gepland 
waren voor DSNB, werd preoperatief een PET-CT scan verricht om de klierstatus van de 
cN0 lies te beoordelen. De referentiestandaard was het histopathologisch onderzoek van de 
verwijderde sentinelnode(s). Er bleek dat één van de vijf tumorpositieve cN0 liezen 
correct voorspeld werd met PET-CT (sensitiviteit van 20%). Alle vier liezen met een 
foutnegatieve PET-CT hadden metastasen ≤10mm. Van de overgebleven 37 tumornegatieve 
liezen werden 34 liezen juist voorspeld (specificiteit van 92%). Er wordt geconcludeerd 
dat de rol van PET-CT in de evaluatie van cN0 liezen van patiënten met peniscarcinoom 
beperkt is door de lage sensitiviteit. De hoofdreden voor het verschil in sensitiviteit met 
de twee eerdergenoemde studies is een verschil in patiëntinclusie. De subgroep van 
mannen die het meeste baat heeft bij betrouwbare niet-invasieve staderingsmethoden 
zijn diegene met cN0 peniscarcinoom. Beide vorige studies hebben ook mannen met 
klinisch klierpositieve peniscarcinoom geïncludeerd, in tegenstelling tot onze studie 
waarbij uitsluiten cN0 liezen werden beoordeeld. Als een gevolg is de sensitiviteit 
in beide andere studies overschat. Momenteel zijn er geen geschikte niet-invasieve 
methoden beschikbaar om chirurgische stagering achterwege te laten.4 Ondanks dat 
beeldvormingstechnieken als “ultra small super paramagnetic particles of iron oxide” 
(USPIO) gecombineerd met diffuus gewogen magnetische resonantie beeldvorming 
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(DW-MRI) erg veelbelovende resultaten heeft laten zien,5,6 zijn USPIOs niet commercieel 
beschikbaar. Dus er blijft momenteel behoefte aan (minimaal-invasieve) chirurgische 
stagering.

Nu er meer data beschikbaar komt van sentinelnode-biopsie in peniscarcinoom, 
worden nieuwe indicaties onderzocht in subgroepen van patiënten met deze ziekte. 
Normaal wordt deze minimaal-invasieve stagering verricht tezamen met de chirurgische 
behandeling van de penistumor. Hoofdstuk 5 beschrijft de resultaten van de stadiëren 
van de lies met DSNB na eerdere radicale chirurgische verwijdering van de penistumor. 
Alle 40 patiënten en 60 cN0 liezen die DSNB ondergingen na eerdere verwijdering van 
de penistumor met histologisch tumorvrije marges werden geanalyseerd. Het 
gemiddelde interval tussen penistumor operatie en DSNB was 3.4 maanden. In 93% 
van de cN0 liezen werd de sentinelnode preoperatief afgebeeld, welke in alle geval-
len (100%) tijdens de operatie gevonden werd en in 12% kliermetastasen bleken 
te bevatten. Geen recidieven werden waargenomen gedurende een mediane follow-
upduur van 28 maanden na primaire tumorbehandeling. Deze getallen geven aan 
dat minimaal-invasieve stadiëring na eerdere chirurgische peniscarcinoom verwijdering 
door middel van sentinelnode-biopsie mogelijk is en betrouwbaar lijkt. Ofschoon door 
de relatieve korte follow-upduur en het beperkte aantal patiënten definitieve conclusies 
over de sensitiviteit niet mogelijk zijn, lijken de resultaten zo ver vergelijkbaar als de 
positieve resultaten van DSNB tegelijkertijd met penistumor behandeling. Dit onderzoek 
heeft ook praktische consequenties. Patiënten lijken veilig hun primaire tumorbehandeling 
te kunnen ondergaan in het verwijzende ziekenhuis en gestadieërd worden met betrekking 
tot de lymfeklieren door middel van DSNB in het gespecialiseerde centrum.

In hoofdstuk 6 wordt de rol van herhaalde DSNB verder geëxploreerd in 12 
cN0-patienten die een locaal recidiverend peniscarcinoom hadden na eerdere chirurgische 
penistumor behandeling en stadiëring met DSNB. Vijf van deze mannen had eerder 
ook een unilaterale liesklierdissectie ondergaan wegens lieskliermetastasen. Het mediane 
ziektevrije interval was 18 maanden. Het protocol en techniek van de normale DSNB 
en de herhaalde procedure was identiek. Geen sentinelnodes werden gezien op 
conventionele beeldvorming in de vijf liezen die eerder behandeld waren met 
liesklierdissectie. In de andere 19 liezen werd een sentinelnode gezien met conventionele 
lymfoscintigrafie. Histopathologisch onderzoek toonde tumorpositieve sentinelnodes 
aan in vier liezen van drie patiënten. Gedurende een mediane follow-upduur van 32 
maanden na de herhaalde DSNB ontwikkelde één patiënt een recidief in de lies na 
de verwijdering van een tumornegatieve sentinelnode. Deze studie toont aan dat een 
herhaalde DSNB technisch mogelijk is in cN0-patiënten met een lokaal recidiverende 
penistumor en dat het lieskliermetastasen ontdekt. Verder tonen onze resultaten aan dat 
elk lokaal recidief kan leiden tot nieuwe lymfogene uitzaaiing met een “nieuwe” sentinel-
node. Herhaalde stagering is daarom belangrijk voor prognose en optimale behandeling.   

In tegenstelling tot de geëvolueerde behandeling van cN0-patiënten met niet-
palpabele lymfeklieren, zijn de behandelingstrategieën in mannen die zich presenteren 
met lymfekliermetastasen grotendeels vergelijkbaar gebleven gedurende de afgelopen decennia. 
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De aanwezigheid van pathologische kliermetastasen (pN+) is een van de belangrijkste 
prognostische factoren.7 Verschillende eerder gepubliceerde studies hebben alreeds 
gesuggereerd dat de uitgebreidheid van kliergemetastaseerde ziekte ook van belang zijn;8-12 
zoals extranodale groeiwijze, bilaterale metastasen en bekkenkliermetastasen, die ieder 
beschouwd worden als slechte prognostische eigenschappen.8-12 De exacte voorspellende 
waarde van elk van deze factoren is niet volledig bekend door methodologische gebreken 
in eerdere onderzoeken die grotendeels zijn te verklaren door de lage incidentie van 
peniscarcinoom. Eerdere onderzoeken hebben een relatief beperkt aantal patiënten 
geanalyseerd van 78–102 mannen,8,9,11,12 gebruikten een niet nader gedefineerd criterium 
van extranodale groeiwijze,8,9,11 follow-up details zijn onbekend,8,9,11 en de resultaten 
zijn gebaseerd op oudere series van patiënten die behandeld zijn tussen respectievelijk 
1950–1980,8 1962–1986,9 1987–1998,11 en 1956–2001.12 Tenslotte is de data retrospectief 
verzameld.8,9,11,12 Een belangrijk aspect van dit proefschrift is analyse van het huidige 
beleid in de patiënten die verhoogd risico hebben op ziektespecifieke dood, dat zijn 
diegene met kliermetastasen. Dit wordt beschreven in de hoofdstukken zeven tot en met 
twaalf.  We hebben hiervoor een grote patiëntengroep geanalyseerd van mannen met 
lymfeklieruitzaaiingen die uniform behandeld zijn met regionale liesklierdissectie en 
postoperatieve radiotherapie indien hoogrisico kenmerken naar voren kwamen tijdens 
het histopathologische onderzoek. Data werd prospectief verzameld.

Hoofdstuk 7 beschrijft de studie waarin de prognostische waarde van extranodale 
groeiwijze (uitbreiding van tumor door het lymfeklierkapsel in het omgevende vetweefsel) 
en andere verschillende risicofactoren werden geanalyseerd in 156 patiënten met pN+ 
peniscarcinoom met betrekking tot ziektespecifieke overleving. Elke patiënt had een 
directe therapeutische regionale klierdissectie ondergaan (dat is zonder inductie 
behandeling voor chirurgie). Postoperatieve externe radiotherapie was geïndiceerd indien 
het histopathologisch onderzoek meer tumor liet zien dan één intranodale kliermetastase. In 
totaal werden 70 patiënten (45%) aanvullend bestraald. Patiënten met extranodale groei 
hadden een significant slechtere vijf-jaars overleving vergeleken met diegene zonder extra-
nodale groei (42% vs. 80%). Andere prognostische factoren met univariabele analyse waren 
bilaterale kliermetastasen (vergeleken met unilateraal), ≥3 unilaterale lieskliermetastasen 
(vergeleken met ≤2), tumorpositieve resectiemarge van de liesklierdissectie (vergeleken met 
tumornegatieve marge) en aanwezigheid van bekkenkliermetastasen. Het pathologische 
tumor stadium of histologische gradering hadden geen voorspellende waarde. In de multi-
variabele analyse bleven extranodale groeiwijze (hazard ratio van 2.37) en bekkenkliermetastasen 
(hazard ratio van 2.20) onafhankelijke voorspellers voor verlaagde ziektespecifieke overleving. 
Deze studie toont aan dat ondanks dat hoogrisico pN+ patiënten uitgebreider behandeld 
zijn, extranodale groeiwijze en bekkenkliermetastasen onafhankelijke voorspellers zijn 
voor een kankerspecifieke dood.

De TNM classificatie van peniscarcinoom is recent gewijzigd. De meest opvallende 
verandering is acceptatie van extranodale groeiwijze als criterium in de pN classificatie. 
In hoofstuk 8 wordt de nieuwe 2009 pN classificatie geannalyseerd in een onafhankelijk 
cohort van patiënten met peniscarcinoom. We vergeleken de vorige pN classificatie uit 
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1987 met de nieuwe uit 2009 in 334 patiënten met peniscarcinoom zonder afstands-
metastasen. Elke patient werd histologisch gestadieërd in de liezen door middel van 
DSNB en/of klierdissectie tussen 1994 en 2008. De patiënten werden (her)gestadieërd 
volgens de 1987 en 2009 classificatie. Vijfjaars kankerspecifieke overleving werd geschat 
middels de Kaplan-Meier methode. De voorspellende waarde van beide stadiërings-
systemen werden geëvalueerd met zogenaamde concordantie-methode. Gedurende een 
mediane follow-upduur van 55 maanden stierven 55 patiënten aan peniscarcinoom. 
De belangrijkste impact van het herstadiëren van de patiënten volgens de 2009 pN 
classificatie was een verschuiving van 41 patiënten (31% van de pN+ patiënten) van 
pN1–2 naar pN3 omdat deze mannen extranodale groei van de kliermetastasen hadden. 
De prognostische waarde van extranodale groei werd bevestigd in de subgroep vam 108 
pN+ patiënten met lieskliermetastasen zonder bekkenkliermetastasen. De geschatte 
overleving volgens de 2009 pN classificatie was 97.9%, 76.8%, 83.9% and 38.4% in de 
patiënten met respectievelijk pN0, pN1, pN2 en pN3 tumoren. De concordantie-index 
voor de 1987 en 2009 was echter onderling vergelijkbaar: 0.735 voor de 1987 categorie 
en 0.741 voor de 2009 stadiëringssysteem. Wij concluderen dat toevoeging van extra-
nodale groei aan het pN classificatiesysteem rationeel lijkt, maar dat de voorspellende 
waarde van de nieuwe pN categorie niet beter is geworden. Toekomstige studies zijn 
nodig om andere prognostische factoren te analyseren om de concordantie verder te 
verbeteren.

Verschillende voorgaande studies hebben aangetoond dat een lokaal recidief van 
peniscarcinoom weinig invloed heeft op de overleving. Aan de andere kant is er weinig 
bekend over de invloed van een recidief in de lies na therapeutische liesklierdissectie. In 
onze klinische ervaring zijn zulke recidieven moeilijk te behandelen en veroorzaken ze veel 
pijn, riekende geur en lymfoedeem waardoor  de patiënt bedlegerig wordt en immobiel 
is. Hoofdstuk 9 evalueert de resultaten van de behandeling en uitkomst van patiënten 
met pN+ peniscarcinoom die een recidief in de lies ervaren na eerdere therapeutische 
behandeling. Klinisch-pathologische factoren die voorspellend zijn voor recidief in de 
lies werden bepaald. De data van 161 patiënten die de huidige behandeling hebben 
ondergaan werden geanalyseerd. Deze behandeling bestond uit regionale klierdissectie 
met postoperatief aanvullende radiotherapie indien meer dan één intranodale liesklier-
metastase aanwezig was. De vijfjaars cumulatieve incidentie werd geschat met behulp 
van een concurrerende risicoanalyse waarbij dood een concurrerend risico was. Zesen-
twintig patiënten ontwikkelden een recidief in de lies na een mediaan interval van 5.3 
maanden na liesklierdissectie. Het geschatte vijfjaars recidiefrisico was 16%. Van deze 26 
patiënten met een liesrecidief was aanvullende radiotherapie initieel geïndiceerd in 22 
mannen, maar werd daadwerkelijk gegeven in 11 patiënten. In de andere 11 patiënten 
werd een liesrecidief gediagnosticeerd voordat aanvullende radiotherapie gegeven kon 
worden doordat deze patiënten een vroeg tumorrecidief ervaarden met of zonder 
vertraging door wondgenezigsproblemen. De mediane overleving na liesrecidief was 
4.5 maanden. Duidelijke verschillen in geschat risico op tumorrecidief in de lies werd 
gevonden bij een subgroep van “hoogrisico” patiënten met ≥3 unilaterale lieskliermetastasen 
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en/of extranodale groeiwijze en/of bekkenkliermetastasen. Deze studie toont aan dat 
de meeste tumorrecidieven in de lies na therapeutische klierdissectie in de patiënten 
met pN+ peniscarcinoom vroeg ontstaan na de liesklierdissectie. De patiënten die een 
recidief in de lies ervaren, hebben een slechte uitkomst met beperkte genezingskansen. 
Een gedeelte van de patiënten ervaart een recidief voor aanvullende radiotherapie kon 
worden gegeven. Daarom lijkt inductiebehandeling voor definitieve locoregionale 
behandeling meer aantrekkelijk dan een uitgebreidere postoperatieve behandeling. Mede 
gezien dat patiënten in het algemeen fitter zijn om preoperatieve systemische behandeling 
te ondergaan, er evaluatie van de inductiebehandeling mogelijk is en chemotherapie 
heeft laten zien dat het aantal patiënten met afstandsmetastase verminderd wordt doordat 
micrometastasen op afstand vernietigd worden.13 

Of bovenstaande ook voor patiënten met peniscarcinoom geldt, zal in de 
toekomst uitgezocht moeten worden. Het grootste nadeel van een inductiebehandeling 
is vertraging van de definitieve behandeling door bv. complicaties. In een ideale situatie  
zou een inductiebehandeling een maximale response moeten geven in de korstmogelijke 
tijd zonder dat de start van een opvolgende behandeling negatief beïnvloed wordt door 
verlengde of verlate toxiciteit. Ofschoon het peniscarcinoom altijd beschouwd is als 
een relatief chemotherapieresistente ziekte, is er verder onderzoek nodig om te zien of 
systemische behandeling voor definitieve behandeling een overlevingsvoordeel geeft. In 
patiënten met hoofd-halskanker hebben onderzoeken met taxaan-gebasseerde chemo-
therapie zeer veelbelovende resultaten laten zien.14,15 Voorlopige resultaten in patiënten 
met peniscarcinoom suggereren ook dat deze chemotherapieschema’s effectief kunnen 
zijn en klinisch waardevolle reacties geven.16,17 Het is essentieel om diegenen die niet 
reageren op chemotherapie vroeg op te sporen, zodat een omschakeling naar een andere 
therapie  nog mogelijk is.

Betrouwbare patiëntselectie voor inductiebehandeling is potentieel problematisch 
omdat de bovenstaande onderzochte risicofactoren van kliermetasatsen pas bekend zijn 
ná chirurgische behandeling zoals bijvoorbeeld extranodale groeiwijze en bekkenklier-
metastasen. Hoofdstuk 10 presenteert de resultaten van 18F-FDG PET-CT in het 
aantonen van in het bijzonder bekkenkliermetastasen, maar ook afstandsmetastasen 
in patiënten met lieskliermetastasen. Achttien patiënten met (uni- of bilateraal) cytolo-
gisch bewezen tumorpositieve lieskliermetastasen die preoperatief een 18F-FDG PET-
CT van het gehele lichaam ondergingen werden geëvalueerd. De resultaten van het histo-
pathologisch onderzoek van de bekkenklierdissectie preparaat, indien deze beschikbaar 
was, en klinische follow-up (met een minimale duur van één jaar) met beeldvorming 
fungeerden als referentiestandaard. Van de 11 tumorpositieve bekkenzijdes werden er 
tien juist voorspeld door PET-CT evenals alle 17 tumornegatieve bekkenzijdes. Dit zorgt 
voor een sensitiviteit van 91% (95% CI, 58–100%) met een specificiteit van 100% 
(95% CI, 80–100%) en diagnostische betrouwbaarheid van 96% (95% CI, 82–100%). 
In vijf patiënten werden tevens afstandsmetastasen gesuggereerd  met PET-CT welke in 
vier patiënten bevestigd konden worden. Er wordt geconcludeerd dat PET-CT 
betrouwbaar is in het scannen van patiënten met lieskliermetastasen voor het aantonen 
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van bekkenkliermetastasen en dat afstandsmetastasen ontdekt kunnen worden. Door 
deze resultaten heeft de PET-CT scan een plaats verworven in de preoperatieve stadier-
ing van patiënten met bewezen lieskliermetastasen in ons ziekenhuis. We onderkennen 
het feit dat PET-CT nog steeds ook kleine metastasen kan missen. De patiënten die 
mogelijk het meeste baat kunnen hebben bij directe therapeutische klierdissectie, 
zijn diegene met occulte bekkenkliermetastasen, dat zijn metastasen die niet gedetecteerd 
door elke beeldvormingtechniek. Een negatieve PET-CT scan is daarom geen reden 
om niet een bekkenklierdissectie uit te voeren indien het histopathologisch onderzoek 
van het liesklierdissectiepreparaat twee of meer lieskliermetastasen of extranodal 
groeiwijze laat zien. Echter, in diegene met PET-CT positieve bekkenklieren wordt nu 
inductiebehandeling overwogen in plaats van directe regionale klierdissectie. Patiënten 
met bekkenkliermetastasen hebben een slechte prognose en de specificiteit van PET-CT 
voor het aantonen van zulke metastasen was 100% in onze studie. 

Ondanks deze positieve resultaten van de PET-CT scan, heeft deze techniek ook 
nadelen waaronder hogere kosten dan een gewone CT scan en een PET-CT scan is niet 
in elk ziekenhuis beschikbaar. Ofschoon de rol van CT scan in patiënten met cN0 penis-
carcinoom beperkt is vanwege het lage ruimtelijke resolutie en onbetrouwbaarheid in het 
aantonen van kleine metastasen, hebben de meeste patiënten met hoogrisico pN+ penis-
carcinoom klinisch palpabele liesklieren. In deze laatste groep patiënten met klinisch 
palpabele lymfeklieren zou CT scan een rol kunnen hebben voor het aantonen van 
hoogrisico karakteristieken. Hoofdstuk 11 gaat hier dieper op in en vertelt over de studie 
waarin verschillende radiologische criteria voor de preoperatieve detectie van hoogrisico 
patiënten werden bewerkstelligd. Hiervoor werden de preoperatieve CT scans van 30 
patiënten met peniscarcinoom en histologisch bewezen uni- of bilaterale kliermetastasen 
door twee onafhankelijke radiologen bestudeerd. Alle CT beelden werden per zijde 
(n = 60) geanalyseerd. Verschillende radiologische eigenschappen werden gescoord voor 
de regionale lymfeklieren met een korte-as diameter van minimaal 8 mm. Het histo-
pathologisch onderzoek van de verwijderde sentinelnode(s) en/of het regionale 
klier-dissectiepreparaat werd gebruikt als referentiestandaard. Zijdes werden als hoogrisico 
gekenmerkt als er drie of meer lieskliermetastasen aanwezig waren en/of extranodale 
groeiwijze en/of bekkenkliermetastasen. Er bleek dat de aanwezigheid van centrale 
necrose in de regionale lymfeklieren en/of irregulier klierkapsel de hoogrisico subgroep 
aantoont met een sensitiviteit van 95% (21 van de 22 zijden) en specificiteit van 82% 
(31 van de 38 zijden). Alle zeven zijden die onterecht hoogrisico benoemd werden, 
hadden bewezen lieskliermetastasen maar werden als “laagrisico” gekenmerkt. De 
interobserver variabiliteit was bijna perfect voor bovengenoemde radiologische criteria. 
Dus de aanwezigheid van centrale necrose en/of irregulier klierkapsel in de regionale 
lymfeklieren op de preoperatieve CT beelden zijn betrouwbare en simpele criteria om 
hoogrisico patiënten met pN+ peniscarcinoom te identificeren. Deze criteria kunnen 
gebruikt worden voor patiëntvoorlichting en selectiecriterium voor klinische studies.

Tenslotte wordt in hoofdstuk 12 de eerste klinische resultaten van 18F-FDG 
PET-CT beschreven voor het evalueren van de behandelresponse in acht patiënten met 
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primair inoperabel peniscarcinoom die behandeld zijn met inductie-chemotherapie. De 
metabolische response die bepaald werd door PET-CT werd vergeleken met de 
radiologisch evaluatie door CT. In alle acht patiënten liet de PET-CT verhoogde opname 
zien van FDG die overeenkwamen met tumor. Volgens de referentiestandaard hadden 
zes van de acht patiënten gereageerd op de inductiebehandeling en twee patiënten niet. 
De metabolische tumorresponse werd betrouwbaar geschat in alle acht patiënten en de 
radiologische evaluatie in zeven mannen. In drie patiënten die terecht geïdentificeerd 
werden als responder was de radiologische tumorresponse als suboptimaal beschouwd 
vergeleken met de metabolische evaluatie. Deze studie toont aan dat het mogelijk is om 
in patiënten met primair inoperabel de reactie op inductie chemotherapie te evalueren met 
18F-FDG PET-CT. In potentie zou PET-CT beeldvorming zelfs toegevoegde waarde 
kunnen hebben vergeleken met monitoren door middel van CT alleen.
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De afgelopen periode heb ik met heel veel plezier gewerkt aan dit promotieonderzoek.  
Toen ik in februari 2008 hieraan begon, kon ik me niet indenken dat het zo’n fantastische 
tijd zou worden, waarin ik de mogelijkheid heb gehad om mijzelf zowel professioneel als 
persoonlijk verder te ontwikkelen. Ik had deze periode voor geen goud willen missen. 
Dit alles was niet mogelijk geweest zonder de hulp en deskundigheid van vele personen 
in het Antoni van Leeuwenhoek Ziekenhuis en daarbuiten. Hiervoor wil ik uiteraard 
iedereen bedanken. Een aantal wil ik graag met naam noemen.

Allereerst natuurlijk mijn promotor prof.dr. S. Horenblas. Beste Simon, zonder jouw 
voortreffelijke begeleiding was dit proefschrift niet zo spoedig geschreven en zo uitgebreid 
geworden. Met jouw enthousiasme, creativiteit en persoonlijkheid kon ik mij geen beter 
voorbeeld wensen. Dit heeft mij mede doen ontwikkelen tot de persoon die ik ben. Ik 
heb de afgelopen tijd als zeer waardevol ervaren en kijk met heel veel voldoening op onze 
gezamelijke tijd terug. Hopelijk krijg ik in mijn nabije proffesionele toekomst nog meer 
gelegenheid om van je te leren.   

Geachte dr. R.A. Valdés Olmos, beste Renato. Wat prijs ik mijzelf gelukkig dat ik jou 
heb mogen leren kennen. Ik heb alle onderzoeken die we samen gedaan hebben 
en de congressen die we bezocht hebben zeer gewaardeerd. Jouw enthousiasme, 
vriendelijkheid en kwaliteit om het overal gezellig te maken (eventueel vergezeld van 
een goede fles Cava) heeft een zeer positieve bijdrage geleverd aan dit onderzoek. 
 
Geachte dr. H.H. van Boven, beste Hester. Bij een groot gedeelte van dit onderzoek was 
jouw inbreng onontbeerlijk. Hiervoor wil ik jou en de afdeling pathologie graag bedanken. 
Ik heb het zeer gewaardeerd om met jou over de verschillende onderzoeken na te denken 
en materiaal te reviseren.
 
Geachte dr. O.E.  Nieweg, beste Omgo. Jouw scherpe blik en voortreffelijke kennis van 
de engelstalige taal hebben beide sentinelnode artikelen naar een hoger niveau getild. 
Daarnaast was je altijd bereid om het een en ander toe te lichten indien iets 
onduidelijk voor mij was. Hiermee heb je direct bijgedragen aan mijn eigen 
wetenschappelijke vorming.
 
De leden van de promotiecommissie dr. D.A.M. Heideman, prof.dr. O.S. Hoekstra, 
dr. R.J.A. van Moorselaar, prof.dr. R.C.M. Pelger, prof.dr. J.J.M.C.H de la Rosette, 
dr. R.A. Valdés Olmos en prof.dr. F. Witjes wil ik graag bedanken voor de tijd en moeite 
die u allen hebt genomen voor het beoordelen van mijn manuscript en het vervolmaken 
van mijn promotie.

Graag wil ik de andere urologen in het NKI-AVL, te weten Axel Bex, Wim Meinhardt, 
en Henk van der Poel bedanken voor hun betrokkenheid bij het onderzoek en de data 
verzameling. 
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Beste Wim, bedankt voor al je tips en moeite die je nam als ik iets te vragen had over 
wetenschappelijk onderzoek en/of de opleiding. Je mening stelde ik altijd zeer op prijs.

Alle medeauteurs van de verschillende artikelen wil ik graag bedanken voor hun 
betrokkenheid en hulp bij de verschillende artikelen. Beste Andre Bergman, Peter Besnard, 
Cees Hoefnagel, Martijn Kerst, Luc Moonen, Jelle Teerstra, Harm van Tinteren, Erik 
van Werkhoven en Maarten Gallee, jullie waren altijd makkelijk toegankelijk en behlupzaam 
wat ik zeer waardeer. Daarnaast waren jullie altijd positief kritisch; de andere kijk op de 
materie vond ik erg stimulerend en zorgde dat de kwaliteit van de verscheidene artikelen 
verbeterde. 

Beste Rob Verhoeven en prof. dr. Jan-Willem Coebergh. Bedankt voor de goede 
samenwerking tijdens ons gecombineerde onderzoek naar de incidentie en mortaliteit 
van peniscarcinoom in Nederland.

Dear Wayne Lam, Tet Yap, Cathy Corbishley and Nick Watkin. Thank you 
very much for your collaboration. 

Beste dr. Danielle Heideman en prof.dr. Peter Snijders. Helaas hebben onze inspanningen 
en overlegmomenten niet geleid tot een artikel. Ik wil jullie hartelijk danken voor de HPV 
diagnostiek die jullie verricht hebben. 

Ik heb het geluk om in hetzelfde rijtje genoemd te worden als dr. Anne Lont, dr. Bin 
Kroon en dr. Joost Leijte. Beste voorgangers in het peniskanker onderzoek, de resultaten 
in mijn artikelen zijn veelal gebaseerd op de uitgebreide en waardevolle database die 
grotendeels door jullie is opgezet en de artikelen die jullie hebben geschreven. Niet voor 
niets worden jullie artikelen uitgebreid geciteerd. Dit proefschrift is daarom zeker ook 
jullie werk.
 
Uiteraard wil ik alle mede (arts-)onderzoekers bedanken voor hun gezelligheid en 
betrokkenheid tijdens het werk, tijdens de lunch, gemeenschappelijke borrels en 
de verschillende congresbezoeken. Oude onderzoekers gingen weg en nieuwe kwamen, 
maar de gezelligheid bleef. Beste Tjeerd Aukema, Oscar Brouwer, Cindy van den Boer, 
Ewout Courrech Staal, Mila Donker, Irene Jacobi, Ingrid Kappers, Anne Kornman, 
Merel Latenstein, Lisette van der Molen, Hester van Monsjou, Iris van der Ploeg, Eva 
Schaake, Renske Scheenstra, Marieke Straver, Lenka Vermeeren, Ronald de Vreeze, 
Remco de Vries en Maarten Wildeman; het was een toptijd! Succes met jullie eigen 
loopbaan en hopelijk tot ziens; somewhere, someplace. 
Beste Tjeerd, Iris, Lenka en Remco bedankt voor de gezelligheid tijdens de verschillende 
internationale congressen. 

Ik wil graag ook  Joke van der Veen, Tony van de Velden en Erik van Muilekom noemen 
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voor hun hulp en ondersteunde werkzaamheden.

Mijn collega’s in het Westfriesgasthuis. Op het moment van schrijven kan ik oprecht 
zeggen: het waren twee fantastische dagen! Ik kijk met veel plezier uit naar de komende 
twee jaar.

Mijn familie en vrienden. Soms is het contact even iets minder intensief, maar jullie 
staan altijd klaar en de onderlinge band blijft gelukkig behouden. Vrinden uit Woerden, 
de meeste van ons kennen elkaar al sinds de C1 (behalve Dommy, die ik al sinds groep 
3 ken.. :p ); bedankt voor jullie steun en vriendschap! 

Voetbalmaten a.k.a. Sportlust 5; vaste prik op zaterdag: gezamenlijke inspanningen en 
plezier op het veld en daarbuiten. Een welkome afleiding van werk. Sportief gezien gaan 
we dit jaar de goede kant op, maar zoals het aloude cliché luidt: “de prijzen worden pas 
verdeeld in april/mei”. Indien we elke wedstrijd beginnen zoals we de 3e helft aanvangen, 
hoeven we uiteraard voor geen enkele tegenstander bang te zijn. 

Mijn paranimfen, Maurits Swellengrebel en Kees Graafland. Bedankt dat jullie mij terzijde 
willen staan. Beste Maurits, we kwamen elkaar tegen in de kliniek, gingen (ongeveer) 
tegelijk promotieonderzoek doen en beginnen tegelijkertijd aan onze specialisatie. 
Bedankt voor je hulp, gezelligheid en vriendschap de afgelopen jaren. 
Beste Kees, lieve broer, naarmate de jaren vorderen zijn we dichter naar elkaar toe 
gegroeid en hebben we elkaar, denk ik, nog beter leren waarderen. 

Mijn lieve ouders Wim en Sandra, andere broers Arjan en Willem en natuurlijk 
schoonzusje Laura. Jullie onvoorwaardelijke steun en hulp waar en wanneer nodig zorgen 
voor een prima basis om op terug te vallen. Naarmate we ouder worden, waardeer ik 
onze gezamenlijke (ski)vakantie of weekendjes weg des te meer.  

Last, but not least, lieve Simcha. Jij bracht vreugde tijdens mijn “predoc-fase”. Bedankt 
voor al je steun en liefde. Het is nu tijd voor onze “postdoc-fase”. Luv U.  






