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Introduction

Vulva cancer is a rare disease that mainly affects elderly women. In The Netherlands about 

250 new cases are diagnosed each year. The majority of these patients have a squamous 

cell cancer. Basal cell carcinomas, melanomas, adenocarcinomas, and sarcomas are even 

more rare.(1) Vulva cancer spreads by direct extension to adjacent structures as vagina, 

urethra and anus. Lymphatic metastases in the inguinofemoral lymph nodes may occur 

early in the disease. Spread will usually start to the inguinal lymph nodes, located between 

Camper’s fascia and the fascia lata. From these superficial groin nodes, the disease will 

spread to the femoral nodes, located medially from the femoral vein. From the inguinal-

femoral nodes the disease may spread to the pelvic nodes. The overall incidence of lymph 

node metastases is reported to be approximately 30%.(2) Haematogenous spread to 

distant sites including the lungs, liver and bone occurs late in the course of vulva cancer. 

Distant metastases are uncommon in patients with one or two positive groin nodes, but 

are more frequently observed in patients with three or more positive nodes.(3)

The prognosis of patients suffering from a malignant disease is usually expressed as 

the 5-year survival from the time of diagnosis or onset of treatment. This prognosis is 

based on biological characteristics of the tumor, its size and spread at diagnosis and the 

expected effect of treatment.

Cancer staging systems describe kind and extent of the disease at the time of diagnosis 

and attempt to place patients with a similar prognosis in the same staging group. FIGO 

(International Federation of Gynecology and Obstetrics) has developed a staging system 

that stratifies disease specific survival after treatment. In 1988 FIGO revised the staging 

system for vulva cancer, putting more emphasis on the role of histological assessment 

of tumor size and lymph node involvement (Table 1. and Table 2.).(2) This surgical 

pathologic FIGO staging system used since 1988 provides a more accurate predictor of 

prognosis than the previous more clinically oriented system. This is (partly) explained by 

the overriding negative influence of lymph node metastases on the period of survival, 

along with the limitations of clinical investigation to determine node status.(4) In spite 

of this improvement remaining limitations of the system were recognized soon after its 

introduction.(4;5)  

In the lower stages I and II, for instance, approximately 30% of the patients without lymph 

node metastases will develop a recurrence, leading to cancer related death in about half 

of these. Apparently this implies that tumors with similar histological appearance may 

show widely different biological behavior. Molecular changes at cellular level underlie 

the development of every malignancy; many of these still unrecognized. Obviously, 

tumors with aggressive biological behavior will be characterized by more consequential 
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molecular aberrations. A better understanding of these cellular processes may offer the 

opportunity to discriminate apparently similar tumors from each other, where presently 

available systems are unable to do this. Hence our interest in assessing the value of 

protein markers in vulva cancer. 

Stage III comprises a group of patients, which are far from homogeneous: patients with 

extensive local disease are included as well as patients with a tumor disseminated to 

lymph nodes on one side. Clearly, prognostic accuracy in vulva cancer is theoretically 

open to considerable improvement. 

Two strategies can be followed to improve prognostic accuracy. First, to assess a possible 

contribution to prognostic accuracy of protein markers reflecting molecular changes in 

tumor cells, second, to develop novel clinical pathologic parameters in addition to the 

ones used in the current staging system,

Table 1. FIGO stage 1988
Stage I T1N0M0 Tumor confined to the vulva or perineum, £ 2cm in greatest dimension, 

nodes are negative

Stage II T2N0M0 Tumor confined to the vulva and/or perineum, > 2 cm in greatest 

dimension, nodes are negative

Stage III T3N0M0

T3N1M0

T1N1M0

T2N1M0

Tumor of any size with

1. Adjacent spread to the lower urethra or the anus

2. Unilateral regional lymph node metastases

State IVA T1N2M0

T2N2M0

T3N2M0

T4 any N M0

Tumor invades any of the following:

Upper urethra, bladder mucosa, rectal mucosa, pelvic bone or bilateral 

regional node metastases

Stage IVB Any T, any N, M1 Any distant metastasis including pelvic lymph nodes

Table 2. TNM classification
T: Primary Tumor

T1 Tumor confined to the vulva and/or perineum 2 cm or less in greatest dimension

T2 Tumor confined to the vulva and/or perineum more than 2 cm in greatest dimension

T3 Tumor involves any of the following: lower urethra, vagina, anus

T4 Tumor involves any of the following: bladder mucosa, rectal mucosa, upper urethra, pelvic bone

N: Regional lymph nodes

N0 No lymph node metastases

N1 Unilateral regional lymph node metastases

N2 Bilateral regional lymph node metastases

M: Distant metastases

M0 No distant metastases

M1 Distant metastases (pelvic lymph node metastases is M1)

C H A P T E R   1
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Background

An outline will be given of well-established clinical and histological factors that affect 

survival of patients with vulva cancer. Second, a description is given of protein markers 

which may permit the differentiation between tumors with dissimilar behavior. Third, 

an explanation is given of the new technique of tissue micro array (TMA), developed to 

enable retrospective antigen expression studies on a larger scale. 

Clinical and pathologic prognostic factors

Between 1983 and 2007 sixteen papers were published on this subject.(6-21) In three 

studies, assessment of prognostic factors was limited to patients with lymph node 

metastases.(12;13;21) The remaining thirteen papers include data from a total of 2835 

patients without or with lymph node metastases. Table 3 lists the various factors and 

shows the number of authors attributing significant prognostic value to each of these 

predictors. Some authors performed only a univariate analysis (19;20), others performed 

both univariate and multivariate analysis.(8;9;11;16;17) In six papers analysis was limited 

to a multivariate test.(6;7;10;14;15;18) 

The summary of the outcomes of multivariate analyses clearly shows the effect of lymph 

node metastases on the period of survival. The presence of positive lymph nodes was 

reported as an independent factor limiting survival in 6 out of 7 studies (Table 3.). The 

number of positive nodes was found to be of independent significance in 4 out of 6 

studies.  Only Burger et al. and Pinto et al., studied both the existence of lymph node 

metastases and the number of positive nodes by multivariate analysis. In the study by 

Burger et al. the number of positive nodes was not a significant indicator for the period 

of survival after correction for the presence of lymph node metastases. In contrast, Pinto 

et al. found the number of lymph node metastases to be of independent significance for 

survival. 

In three studies the FIGO stage of the disease was entered into the multivariate analysis.

(9;15;16) Only in the study by Chan et al. stage was included in the multivariate analysis 

together with the presence of more than two lymph node metastases. In this study both 

parameters were independent prognostic factors for the period of survival. 

The diameter of the tumor was the second most important factor for survival (Table 

3). In four studies both lymph node metastases and tumor diameter were entered into 

multivariate analysis.(6-9) In two, tumor diameter was an independent factor for survival 

after correction for lymph node metastases.(7;9) Only the study by Boyce et al. did not 

report the existence of lymph node metastases as an independent factor for survival.  The 

mean 5-years disease specific survival rate reported in these studies was 85% (81%-91%) 
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for patients without lymph node metastases. For patients with lymph node metastases 

this percentage was only 53% (41%-62%). (7;8;10;15;17)

T-status, qualifying for stage III or stage IV, was included in multivariate analysis in two 

studies.(11;18) In neither study this factor was of independent prognostic significance. 

A recent study on patients with stage III vulva cancer showed that patients with T3 

tumors have a significantly better prognosis than patients with stage III disease on the 

basis of lymph node metastases.(5) This is in accordance with the results of the study by 

Lataifeh et al.(11)

Only in the study by Homesly et al. the data of patients without lymph node metastases 

were analyzed separately.(10) In this group of patients the diameter of the tumor was 

found to have a significant negative influence on the period of survival. In patients with 

Table 3. Analyses of predictors of survival of patients with squamous cell cancer of the vulva
Predictor 

of survival

References 

of papers

Number of studies 

examining the 

predictor

Number of studies 

finding the predictor 

significant in 

univariate analysis 

per number of 

studies

Number of 

studies finding 

the predictor 

significant in 

multivariate 

analysis per 

number of 

studies

Age (6;8;10;14;17-20) 8 2/3 0/6

Clinical N status (10;19) 2 0/1 1/1

T status (11;18;20) 3 1/2 0/2

Figo stage (9;15;16;19) 4 2/3 3/3

Grade (6;8;10;11;15;17;19) 7 0/4 1/6

Location on vulva (17;19) 2 0/2 0/1

Clitoral site (6;19) 2 0/1 1/1

Diameter of tumour (6-10;15-17;19;20) 10 3/6 4/7

Thickness of tumour or 

depth of invasion

(7-10;14;16-18) 8 2/4 2/7

Multifocality (8;16) 2 1/2 0/1

Surgical margin (9;10;14;16;18;19) 6 2/3 3/5

Lymph node 

metastases

(6-9;11;14;17;19;20) 9 6/6 6/7l

Number of positive 

nodes

(8;10;14-16;18) 6 1/2 4/6

Extra-capsular spread (8;14) 2 0/1 1/2

Bilateral positive nodes (8;11;18;19) 4 1/3 1/3

LVSI (7-11;16;17;20) 8 6/6 2/7

C H A P T E R   1
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tumors ≤2 cm in size the relative survival at 5 years was 98%, whereas this figure was 

66% in the group of patients with tumors > 8 cm in size. 

Studies by Origoni, Paladini and van der Velden et al. included only patients with lymph 

node metastases.(12;13;21) In the studies by Raspagliesi, Pinto and Burger et al. the data 

of patients with lymph node metastases were analyzed separately.(8;14;17) All six authors 

but one concluded that extra-capsular spread is the most significant independent lymph 

node associated factor. Only Burger et al. found no statistically significant difference 

between the overall survival of patients with or without extra-capsular spread of disease. 

The mean 5-years disease specific survival rate was 74% (51%-87%) for patients with 

intra-capsular metastases against 27% (15%- 41%) for patients with extra-capsular 

disease.  

In conclusion the survival of patients with vulva cancer would appear to be mainly 

determined by the presence at the time of diagnosis of lymph node metastases and (to a 

lesser degree) by the diameter of the tumor. Among the node related parameters, extra-

capsular spread was found to be strongly associated with impaired survival. 

In patients without lymph node metastases, i.e. FIGO stage I and II, tumor diameter 

has been shown to be the only factor of significance for survival. In spite of the low 

stage of their initial disease 15% of these patients will eventually die of recurrent vulva 

cancer. At this moment, this subgroup with a higher risk cannot be identified on the 

basis of existing clinical pathologic features. In this group of patients additional factors 

of prognostic significance, such as protein markers, need to be developed in order to 

improve risk estimation. 

Patients with unilateral or bilateral lymph node metastases are assigned to different 

stages, i.e. stage III and stage IVA, although there is no evidence for a difference in 

survival. The same applies to patients with T3 or with T4 tumors. The presence of extra-

capsular spread is not taken into account in the current staging system. The separation 

and restaging of patients with current stage III and stage IV disease can be expected to 

improve discrimination. It can also be recommended to include extra-capsular spread as 

a prognostic factor into the current staging system. 

In general the definition of groups of patients with a similar risk of recurrence or of death 

by a given type of cancer will be the key to specific medical or surgical treatment aimed 

at reducing the risk of an adverse outcome. The treatment chosen must of course only 

be implemented after solid proof of its beneficial effect. This, however, has not always 

been the case. 

An example is the way radiotherapy was introduced into the treatment of patients with 

vulva cancer. In 1986 a study was published in which patients with positive groin nodes 
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after radical vulvectomy with bilateral groin node dissection were randomized to receive 

either radiation therapy on groins and pelvis or pelvic node dissection.(22) The difference 

in survival of the 114 evaluable patients was significant, favoring the group receiving 

adjunctive radiotherapy. The advantage was confined to patients with clinical suspicious 

nodes or more than one positive groin node. Since then patients with more than one 

lymph node metastasis or with one lymph node metastasis with extra-capsular spread are 

treated with adjuvant external beam radiation to groins and pelvis. Although the study 

mentioned did not produce evidence of a beneficial effect of radiation to the pelvis, this 

treatment was implemented promptly and still is considered standard treatment. 

In a similar way the suggestion that patients with one intra-capsular metastasis have 

a worse prognosis than patients without lymph node metastases led to studies on the 

beneficial effect of adjuvant radiotherapy in the group of patients with one lymph node 

metastasis. This suggestion would seem to be supported by the results of a recent study, 

by Parthasarathy et al. who used data from the SEER (Surveillance, Epidemiology and End 

Results) database. They reported an improvement of disease specific survival in this group 

of patients by adjuvant radiation after surgery in patients with one lymph node metastasis.

(23) As extra-capsular spread of tumor was not taken into account, these results have to 

be considered as an insufficient basis for clinical practice. Preferably, this kind of question 

is answered by performing a prospective randomized controlled trial. When, however, 

this is impracticable because of the small number of patients fulfilling study criteria, 

retrospective studies will have to provide the answers. In that case, adjustment must of 

course be made for all potential confounders.  

Protein markers

In the past decades evidence increased that cancer cells frequently harbor abnormal 

chromosomes. In 1960 the Philadelphia chromosome was discovered in cells of chronic 

myelogenous leukemia. This was the first chromosomal anomaly that was specifically 

implicated in a neoplasm.(24) Proto-oncogenes were identified, encoding for proteins in 

the cell signaling pathways. When these genes mutate into oncogenes, changing their 

function, this results in an unregulated stimulation of cell division. There are hundreds of 

known oncogenes.(25) Tumor suppressor genes have the physiological role of retarding 

cell division. The gene DNA sequences are made into a protein by the intermediate steps 

of (1) transcription into RNA, (2) splicing into a much shorter mRNA and (3) translation 

into protein.(26) 

Immunohistochemistry permits the visualization of antigens in tissue sections.(27) 

Antigens are usually proteins. In immunohistochemistry two major components are 

used: (1) a primary antibody and (2) a detection system to identify the resulting antigen-

C H A P T E R   1
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antibody complex. Antibodies react with a part (in case of monoclonal antibodies) or 

parts (in case of polyclonal antibodies) of antigens. Because an antigen-antibody complex 

is invisible by conventional light microscopy, a technique must be used which produces a 

visible product at the site of the antigen-antibody reaction. 

Several protein markers have been reported to be of prognostic value in vulva cancer or 

other squamous cell cancers as head and neck cancer, esophagus cancer or lung cancer. 

Immunohistochemistry is used to demonstrate these markers.  Some of these markers, 

summarized in Table 4, are briefly described. 

p16INK4, p21 WAF/CIP1 and Cyclin D1

Progression through the cell cycle is governed by a family of cyclin-dependent kinases 

(cdks). Activity is regulated by phosphorylation, activated by binding of cyclins and 

inhibited by cdk inhibitors. The cdks regulate biochemical pathways or checkpoints that 

integrate mitogenic and growth inhibitory signals, monitor chromosome integrity, and 

coordinate the precise timing of cell cycle transitions.(28)

The pRb pathway is mediated by functional inactivation of Rb through its phosphorylation 

by a complex of cyclin-D1 and Cdk4 or Cdk6 and subsequent release of E2F.

Table 4. Antigens
Antigens Localization

Keratin markers

CK 5/6 c

CK 10 c

Proliferation marker

Ki-67 n

Tumor suppressor genes

p53 n

p16INK4 n/c

p21 n

Oncogenes

Cyclin D1 n

EGFR m

Apoptosis marker

Caspase-3 c

Prostaglandin biosynthesis marker

COX-2 c

Angiogenesis marker

VEGF c/m

c indicates cytoplasma; m, membrane; n, nucleus
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Two families of cdk inhibitors negatively regulate cdk activities and mediate cell cycle 

arrest following growth inhibitory stimuli. P16INK4  is a member of the INK4 (inhibitor of 

cdk4) family. P21WAF/CIP1 (p21) is a member of the kinase inhibitor protein (KIP) family.

The p16INK4 protein may act as a cyclin-dependent kinase inhibitor by binding competitively 

to Cdk4, thus preventing the interaction Cdk4-Cyclin D1. Control of cell cycling by this 

pathway may be lost in virtually all tumors, either through disrupted p16INK4 function or 

mutations of Rb.

Loss of p16INK4 occurs by independent mechanisms, namely deletions, point mutations, 

or promoter hypermethylation. P16INK4 is currently considered to be the most frequently 

inactivated tumor-suppressor gene in cancer. 

P21 is a transcriptional target of p53 and is involved in senescence and differentiation.  

The Cip/Kip family inhibits the cdk2-complexes, but also acts as positive regulator of 

the Cyclin D-dependent kinases by increasing their stability and directing the Cyclin D/

cdk complex to the nucleus. In a variety of human malignancies, an association has 

been observed between aberrant expression of p16INK4 and p21, and an unfavorable 

prognosis. 

Expressions of p16INK4 and retinoblastoma protein were measured in 32 cases of 

squamous cell cancer of the vulva. (29) Sixty-two percent of the tumors did not show 

p16INK4 expression. These data are in agreement with those from a more recent study 

on p16INK4 and p21 expression in 151 vulva carcinomas by Knopp et al.(30) This study 

reported an association between absent p16INK4 staining and lymph node metastases in 

univariate analysis. In head and neck- and oropharynx cancer, absent p16INK4 expression 

was significantly associated with shorter period of survival.(31;32)

In the study by Knopp et al. p21 expression was assessed as well. Eighty-six percent of 

the tumors showed p21 expression in less than 10% of the cells. There was no significant 

association between overall survival and p21 expression.  

Cyclin D1 expression was measured in 57 vulva cancers by Rolfe et al.(33) Fifty-one 

percent of tumors showed over-expression (defined as >10% of cells), no association with 

the FIGO stage was found. This percentage of over-expression is considerably higher than 

the 21% positive staining (defined as >10% of cells) found in a study on 38 vulva cancers 

by Lerma et al.(34) An association between Cyclin D1 expression and prognosis was not 

mentioned in both studies. In a study on biomarkers in squamous cell carcinoma of the 

tongue, patients with Cyclin D1 positive tumors (defined as > 10% of cells positive) had 

a significantly shorter period of overall survival than patients with Cyclin D1 negative 

tumors (RR 1.86, 95% CI 1.01 - 3.44, p=0.025).

C H A P T E R   1
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p53    

The p53 tumor suppressor gene is involved in the regulation of the cell cycle and 

the triggering of apoptosis. Mutations in the p53 gene are found in 50% of human 

cancers. A study on p53 expression in vulva cancer did not find an association between 

p53 and lymph node metastases.(35) Likewise, a study on p53 expression in 66 vulva 

cancers reported no significant association between p53 over-expression (defined as 

>10% of cells positive) and lymph node metastases or survival.(36) These data are not 

in agreement with those from a study by Scheistroen et al. which reported a p53 over-

expression (defined as >5% of cells positive) in 55% of the cases of squamous cell cancer 

of the vulva.(37) Patients with p53 over-expression had a significantly worse prognosis 

compared with patients with p53 negative tumors (p=0.039). 

Ki-67  

Ki-67 is a non-specific nuclear marker for proliferation, which has been shown to be a 

prognostic factor in numerous types of cancer, including several gynecologic tumors. In 

normal vulva tissue, Ki-67 expression has been found in the basal and para-basal cells of 

the squamous epithelium. In a study on 31 vulva tumors a diffuse staining pattern did 

correlate with poor differentiation (RR 3,59, 95% CI 1.59-7.60, p=0.013) but not with 

lymph node metastases.(38) The association with survival was not studied. 

Cytokeratin 5/6 and 10

Human cytokeratins (CK) constitute a family of 20 distinct polypeptides, which are 

differentially expressed in various epithelia at successive stages of differentiation and 

development.  Cytokeratin 5/6 is mainly found in the basal layer of normal epithelium. 

CK10 is expressed in all suprabasal layers. A close relationship exists between expression 

of the cytokeratins and grade. Cytokeratin 5/6 has not been shown to be of prognostic 

value in vulva cancer in the literature. Expression of CK10 was studied in samples of 

41 vulva cancers. No relationship was found between expression of CK10 and tumor 

recurrence.(39) 

Caspase-3

A recently discovered family of proteases, called caspases, is the key effector of cellular 

death. Among the caspases, caspase-3 would appear to correlate best with apoptosis.

(40) At the start of our studies no data were available on the prognostic significance 

of caspase-3 expression in vulva cancer. A study in non-small cell lung cancer reported 

a significantly longer median period of survival for patients with caspase-3 positive 

carcinomas than for those with caspase-3 negative tumors. (41) A significantly lower 

incidence of lymph node metastases was found in the caspase-3 positive group. Similar 
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results were obtained in a study on the prognostic significance of caspase-3 expression in 

primarily resected esophageal squamous cell carcinoma.(42) 

EGFR

The epidermal growth factor receptor (EGFR) is one of four homologous transmembrane 

proteins that mediate the actions of a family of growth factors including EGF, transforming 

growth factor-alfa, and the neuregulins.(43) Abnormal expression and/or mutation of the 

EGFR have been implicated in the progression of some solid tumors. In a study on 61 

vulva cancer patients EGFR expression was evaluated in neoplastic and non-neoplastic 

tissue from the same patient. (44) A progressive increase in EGFR expression was shown 

from benign vulva epithelium to primary malignant tissue to metastatic lesions. Increased 

expression in the primary tumor (defined as >90% of cells) was significantly associated 

with lymph node metastases (p<0.025) and decreased 5-years survival (25% vs. 54%, 

p<0.05). In other tumors data on EGFR expression and outcome are conflicting. Extensive 

research is done on the relationship between EGFR expression and outcome in non-small 

cell cancer of the lung (NSCLC). In a meta-analysis published in 2001, 16 studies on EGFR 

expression in NSCLC were evaluated.(45) One trial reported a survival benefit of EGFR 

expression, three a survival disadvantage and twelve no statistically significant difference. 

The result of the meta-analysis on eight studies using immunohistochemistry showed a 

weak survival benefit for patients with EGFR-negative tumors (HR 1.13, 95% CI 1.00 to 

1.28).  

VEGF 

Angiogenesis is an essential component of solid tumor growth and metastasis.(46) 

Vascular endothelial growth factor (VEGF) is a cytokine that promotes vascularisation 

in the tumor by activating the host endothelium.(47) The influence of VEGF expression 

on prognosis in vulva cancer was studied in 25 patients with squamous cell cancer.

(48) A survival benefit was found in the group of patients with tumors with poor VEGF 

expression (10 year overall survival 86% vs. 24%, log rank p<0.01).  

Cyclooxygenase-2

Cyclooxygenase (COX) catalyses the synthesis of prostaglandin’s (PG) from arachidonic 

acid. Two enzyme isoforms have been identified: COX-1 which is expressed as a ‘house-

keeping’ gene in most of the cells and COX-2 which is expressed as an early-response 

gene activated by many stimuli such as inflammatory cytokines as well as growth factors, 

and oncogenes.(49) Expression of COX-2 has been studied in many different tumors. 

In general over-expression of COX-2 in squamous cell cancer is associated with poor 
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prognosis. (50-52) In a study on COX-2 expression in neoplastic vulva epithelial lesions 

COX-2 over-expression was significantly associated with lymph node metastases.(53)

Tissue Micro Array

Tissue micro array (TMA) allows the assessment of hundreds of tissue samples from a 

larger group of patients on a single slide by using immunohistochemistry, fluorescence 

in situ hybridization or RNA in situ hybridization.(54) The construction of a TMA 

comprises the following steps. One or 2 representative hematoxylin and eosin slides are 

selected of each tumor. Usually, three areas of interest are encircled on each slide. In the 

corresponding paraffin donor block 0.6 mm cores are punched out. These cores, each 

3-4 mm high are then embedded in the recipient block using a manually operated TMA 

device. The spacing between the cores is 1 mm. The recipient block is sectioned at 4 μm, 

and the sections are transferred to glass slides. One slide can contain tumor cores of 40 

to 50 patients. Every slide contains some negative and positive control cores. The slides 

are immunoassayed with a panel of antibodies against various proteins, depending on the 

research question. A major concern is the extent to which individual tumor heterogeneity 

may affect the validity of the results. Although studies on gastric cancer, bladder cancer 

and breast cancer show that findings from routine sections can be reproduced in TMA 

(55-57), the validity of this method has not yet been tested in vulva cancer. 

The TMA technique guaranties uniform staining of all tissues. The subjective element 

in the scoring of immunohistochemical results has not been excluded by this technique. 

Cut-off points, as determined in a studied population, may not be appropriate in other 

independent populations. The validity of results of immunohistochemical tests performed 

with TMA has to be determined in two different ways. First, a comparison between test 

results on TMA and whole slides has to be made. Second, an external validation has 

to be performed by assessing the reproducibility of an association between expression 

patterns and period of survival in an independent but similar study group. 
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Aims of the studies

The aim of the studies, described in this thesis, was to explore methods to improve 

prognostic accuracy in vulva cancer patients, both by the assessment of relatively 

novel protein markers and the re-examination of well-established clinical pathologic 

parameters. 

As extra-capsular spread was identified early in our studies as an important negative 

prognostic factor, we analyzed separately the beneficial effect of adjuvant radiotherapy 

for patients with one lymph node metastasis but without extra-capsular spread.  

The more specific aims of each study are summarized in table 5. 

Table 5. Specific aims of studies
Aim Chapter

to identify immunohistochemical markers with prognostic significance for disease specific survival 

with a test TMA

2

to validate TMA for vulva cancer by comparing immunohistochemical staining results of triplicate 

core biopsies on TMA with the results of full section analysis

3

to validate the results of the test TMA showing that COX-2 over expression and absent Caspase 3 

expression are associated with poor disease-specific survival

4

to assess the reproducibility of the association between over expression of COX-2 and survival in 

an independent but similar study group of vulva cancer patients

5

to determine whether laterality of lymph node metastases has prognostic significance, 

independent of the number of lymph node metastases and to determine the prognostic 

significance of extra-capsular spread irrespective of the number of lymph node metastases

6

to analyze the benefit from adjuvant radiotherapy in patients with vulva cancer and a single 

positive node without extra-capsular spread. 

7
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Summary

The aim of this study is to determine immunohistochemical markers with prognostic 

significance for disease-specific survival in patients with squamous cell cancer of the vulva. 

The study material consisted of slides and paraffin blocks of 50 vulvectomy specimens. A 

tissue microarray was constructed and stained with 16 antibodies. The impact of lymph 

node metastases, size of tumor, vascular space involvement and the marker expression 

on disease-specific survival was calculated. In univariate analysis lymph node metastases, 

tumor size more than 4 cm, vascular space involvement, strong cyclooxygenase 2 

expression, and absent Caspase 3 expression were significantly associated with disease-

specific survival. In a multivariate analysis, poor disease-specific survival is independently 

associated with absent Caspase 3 expression (hazard ratio, 0.2; 95% confidence interval, 

0.04-0.97; P=0.045). Five-year survival was 86% in patients with tumors positive for 

Caspase 3 (n=20) and drops to 64% in patients with Caspase 3-negative tumors (n=30). In 

this test set, cyclooxygenase 2 and Caspase 3 seem to be immunohistochemical markers 

with prognostic significance for vulva cancer. The results have to be validated. 
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Introduction

Squamous cell cancer of the vulva is a rare disease that mainly affects elderly women. The 

incidence increases from 2 per 100,000 at the age of 50 to 20 per 100,000 at the age of 

80 years. Tumor diameter, lymph node involvement, and vascular space involvement are 

the most important prognostic factors for disease-specific survival. (1-3)

Nevertheless, a substantial number of cancer-related deaths occur in patients without 

these risk factors. For example, 52% of the patients with lymph node metastases will 

develop a recurrence, but up to 31% of the patients without lymph node metastases 

will do so as well. (1) It might be possible that by knowing not only the clinical and 

pathological risk factors but also the biological characteristics of a specific vulva tumor, 

the potential risk of the tumor can be predicted more accurately. This may result in a 

more patient-tailored treatment. 

The molecular changes that accompany the histological changes in the development 

of vulva cancer can be demonstrated by protein marker patterns. Several protein 

markers proved to be of prognostic importance. Immunohistochemistry can be used to 

demonstrate these markers. 

Tissue micro array (TMA) allows the assessment of hundreds of tissue cores on a 

single slide by using immunohistochemistry, fluorescence in situ hybridization or RNA 

in situ hybridization.(4) In this study, samples from 50 cases of squamous cell cancer 

of the vulva were stained with a panel of 16 antibodies. Its aim has been to select 

immunohistochemical markers with prognostic significance for disease-specific survival in 

patients with squamous cell cancer of the vulva, which can be used for further testing.  

Materials and methods

The study material consisted of slides and selected paraffin tissue blocks from 50 formalin-

fixed (neutral buffered aqueous 4% solution) vulvectomy specimens. The specimens were 

obtained between 1995 and 1998 and retrieved from the archives of the Department of 

Pathology of the Academic Medical Centre in Amsterdam, The Netherlands. Specimens of 

consecutive patients were used, excluding those with an insufficient amount of tumor.  

Standard treatment consisted of radical local excision of the tumor with unilateral or bilateral 

lymphadenectomy. Patients with more than 1 nodal metastasis or extranodal growth had 

external radiation therapy on the groins and pelvis. Patient characteristics are shown in Table 

1. The median age was 76 years (range, 38 - 96 years). Twenty patients (40%) had positive 

lymph nodes. The median follow-up of patients not dying was 91 months (range, 68 -114 

months). Twenty-eight percent (14/50) of the patients died of recurrent or progressive 

disease. All histological specimens were reviewed by 2 of the authors (F.J.K.,G.F.). 
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Immunohistochemistry

Of each tumor, 1 or 2 representative hematoxylin and eosin slides were selected. Three 

areas of interest were encircled on each slide. In the corresponding paraffin blocks, 0.6 

mm cores were punched out. These cores, each 3- to 4-mm high, were then embedded 

in the donor block using a manually operated TMA device (Beecher Instruments, Silver 

Springs, MD). The spacing between the cores is 1 mm. The recipient block was sectioned 

at 4 μm, and the sections were transferred to glass slides. Two arrays were made. Each 

array consists of 144 cores. Three (n=4) or 6 cores (n=46) were taken per tumor. The 

first and second array consisted of cores of 26 and 24 tumors.  Cores of normal skin, 

kidney, liver, and normal lymph nodes were used as negative and positive controls.  The 

avidin-biotin method was used for immunostaining. The unstained sections of TMA were 

deparaffinized with xylol and rehydrated through series of graded alcohols. One section 

of each array was stained with hematoxylin and eosin. Further sections were stained with 

a panel of 16 antibodies (Table 2). The proteins tested belong to several groups with 

Table 1. Patient characteristics

Variables n %

FIGO stage

I 10 20

II 17 34

III 11 22

IV 8 16

not available 4 8

Lymph node metastases

none 30 60

unilateral 12 24

bilateral 8 16

Vascular space involvement

yes 9 18

no 41 82

Tumor size

≤ 4 cm 36 72

> 4 cm 14 28

Tumor differentiation

good 11 22

moderate 26 52

poor 13 26

FIGO, Federation of Gynecology and Obstetrics
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a different contribution to tumor biology. The antigens creatine kinase (CK) 10, Ck-14, 

CK-5/6, and CK-19 are keratin markers. Ki-67 is a proliferation marker. HER-2, Cyclin 

D1, BCL-2 and epidermal growth factor receptor (EGFR) are antigens from the group of 

oncogenes. p53, p16INK4  and p21 Waf1/Cip1 are tumor suppressor genes. Caspase 3 is an 

antigen that is associated with apoptosis.  CD44v6 is a cell surface glycoprotein involved 

in cell/cell and cell/matrix interactions. Vascular endothelial growth factor (VEGF) is an 

antigen associated with angiogenesis. The antigen cyclooxygenase (COX) 2 plays a role 

in synthesis of prostaglandins from arachidonic acid. Its role in tumor progression is not 

completely defined yet. The sections were submitted to antigen retrieval by pressure 

cooking for 10 minutes in Tris/EDTA buffer (pH 9.0) for all antibodies on study besides 

for anti-CK-19, anti-EGFR, and anti-VEGF. The section for CK-19 staining was pretreated 

with pepsin, for EGFR with protease. The section for VEGF staining was pretreated with 

pressure cooking in ARS citrate at pH 7.1. 

The staining results were scored conjointly by 2 observers (F.J.K, G.F.). Cytoplasmatic, 

nuclear, or membrane staining of the tumor cells were marked as negative (<10% of cells 

showing staining), weak positive (10-50% showing moderately intense staining) or strong 

positive (>50% of cells showing moderately intense or 10-50% of cells showing very 

intense staining). For Caspase 3, a slightly different system has been used. Cytoplasmatic 

staining of cells was marked as negative (no cells showing staining), positive (< 50% 

of cells showing staining) and strong positive (>50% of cells showing staining) (Table 

2). The scoring system is semiquantitative. Cutoff levels were chosen depending on 

distinguishing power of categories. Score results of the cores of 1 tumor were combined 

into one. If the scores of the 3 or 6 cores of 1 tumor differed, the score that occurred 

most often determined the final score. For statistical analysis, scores were dichotomized. 

Dichotomization with 3 classes can be achieved in 2 different ways. First, by combining 

negative with weak positive staining and, second, by combining weak positive with 

strong positive staining.  For each protein, the combination with the best discriminatory 

ability was determined.

Both arrays were scored at the same time and were considered as 2 sections of 1 TMA. 

Statistical analysis

Outcome parameter was disease-specific survival, which has been defined as survival 

corrected for causes of death other than vulvar cancer. Survival is calculated with the 

Kaplan-Meier product limit method. The impact on disease-specific survival of lymph node 

metastases, size of tumor, vascular space involvement, and the marker expression, has 

been calculated with the Cox proportional hazard model. Calculations were performed 

with SPSS for Windows 11.5 and Egret for Windows 2.0.31 (Cytel Software Corporation, 
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Cambridge Mass). P < 0.05 were considered to be significant, tested 2-sided. No 

correction was made for multiple testing. 

Results

The stainings for BCL2, HER-2, and CK-19 were all negative, whereas positive controls 

were positive. The stainings for CK-14 and CD44 were all positive, whereas negative 

controls were negative. These 5 stainings have not been taken into account any further. 

The expression of the markers is shown in Table 2.  

Table 2.  Immunohistochemical findings
Antigen c/m/n Supplier, clone Dilution Negative (%) Weak  (%) Strong (%)

Keratin markers

CK-5/6 c Dako  D5/16 B4 1:200 4 32 64

CK-10 c Dako, DE-K10 1:800 52 28 18

CK-14 c NeoMarkers, Keratin14 Ab-1 1:100 0 0 100

CK-19 c BioGenex, RCK108 1:1600 100 0 0

Proliferation marker

Ki-67 n Dako, MIB1 1:200 6 72 20

Tumor suppressor genes

p53 n NeoMarkers, DO-7+BP53-12 1:2000 40 24 36

p16INK4 n/c NeoMarkers, Ab-7 1:100 62 24 14

p21 n Oncogen Research Products, EA10 1:50 4 30 66

Oncogenes

HER-2 m NeoMarkers, e2-4001+eB5 1:2000 100 0 0

Cyclin D1 n NeoMarkers SP4 1:100 24 36 40

BCL-2 c Dako, 124 1:100 100 0 0

EGFR m NeoMarkers, 111.6 1:400 44 32 23

Apoptosis marker

Caspase 3 c Cell Signaling Technology, Asp175 1:100 60 40 0

Prostaglandin biosynthesis marker

COX-2 c Cayman Chemical, 160112 1:800 10 82 8

Angiogenesis marker

VEGF c/m NeoMarkers, JH121 1:50 0 30 70

Cell surface glycoprotein

CD44v6 m NeoMarkers, VVF-7 1:300 0 1 99

c, indicates cytoplasma; m, membrane; n, nucleus. Dako (Carpinteria, CA); NeoMarkers (Fremont, CA); 
BioGenex (San Ramon, CA); Oncogene Research Products (San Diego, CA); Cell Signaling Technology 
(Danvers, MA); Cayman Chemical (Ann Arbor, MI).  
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The average percentage of missing or noninterpretable cores was 21% (19% - 25%) for 

each staining. In 25% of cases, 1 core had a different score from the final score. This 

percentage differed from 20% to 36% depending on the antigen tested. Two cores per 

case had a different score from the final score in 10% of the cases (range 5% -18%). 

Disease-specific survival

Cumulative 5-year survival was 73% (n=50). In univariate analysis lymph node metastases,  

size of tumor, vascular space involvement, strong COX-2 expression and absent Caspase 

3 expression are significantly related to death from vulva cancer (Table 3). With 14 

univariate tests, 1 significant result is to be expected by chance.

Only 4 patients had tumors with very strong COX-2 expression (Fig. 1). One patient was still 

alive after 5 years; the other 3 died of metastatic or progressive disease. Twenty patients 

had tumors that showed positive Caspase 3 expression (Fig 2.) Five-year cumulative 

survival was 86% in this group.  This is significantly higher than the 64% cumulative 5-year 

survival of the patients with tumors that did not show Caspase 3 expression (hazard ratio 

[HR] 0.22; 95% confidence interval [CI], 0.05 to 0.99; P=0.049).

Table 3. Univariate and multivariate analysis of variables in relation to disease-specific survival
Univariate Multivariate

HR 95% CI P HR 95% CI P

Clinicopathological variables

Lymph node metastases 3.0 1.03 - 8.80 0.043 1.53 0.34 - 6.90 0.584

Tumor size >  4.0 cm 2.94 1.01 - 8.54 0.048 1.62 0.34 - 7.68 0.545

Vascular space involvement 6.36 1.99 - 20.25 0.002 3.31 0.62 - 17.85 0.163

Immunohistochemical variables

CK-5/6 > 50% 0.48 0.17 - 1.40 0.167

CK-10 >10% 1.19 0.42 - 3.41 0.740

Ki-67 >50% 2.28 0.79 - 6.59 0.128

p53 >50% 2.04 0.72 - 5.86 0.182

p16INK4 >10% 0.45 0.12 - 1.62 0.223

p21 >50% 0.95 0.32 - 2.82 0.920

Cyclin D1 >50% 2.24 0.78 - 6.48 0.135

EGFR >10% 0.37 0.12 - 1.09 0.071

Caspase 3 >0% 0.22 0.05 - 0.99 0.049 0.20 0.04 - 0.97 0.045

COX-2 >50% 4.01 1.10 - 14.64 0.035 2.49 0.27 - 22.93 0.419

VEGF >50% 0.79 0.27 - 2..38 0.680

The marked data are the significant results (P< 0.05) and one not included in 95% CI.
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A multivariate analysis has been performed. When 5 variables, in univariate analysis 

significant, were put into the model at the same time, only Caspase 3 (HR, 0.2; 95% CI, 

0.041 to 0.968; P=0.045) is associated independently with survival (Table 3). 

Discussion

In this study, samples from 50 cases of squamous cell cancer of the vulva were stained 

with a panel of 16 antibodies on a TMA. 

This technique was chosen because it allows an analysis of a large number of cases and 

markers without producing methodological variation.  A major concern is the extent 

to which tumor heterogeneity may affect the validity of the results.  Although studies 

on gastric cancer, bladder cancer, and breast cancer show that findings from routine 

sections can be reproduced in TMA,(5-7)  the validity of this method has not been tested 

in vulva cancer yet. Although methodological variation is less with the TMA technique, 

the subjective nature of immunohistochemical tests and the variation in the definition of 

‘overexpression’ will contribute to differences in outcome between this study and other 

studies. 

In the current study, 6 cores per case were taken for 46 cases. In 4 cases, tumors were 

too small, and 3 cores were taken. In a study on breast cancer, the main goal was to 

determine the required number of cores for an adequate representation of estrogen 

receptor, progesterone receptor, and the Her2/neu oncogene expression in the tumor.(5) 

The conclusion was that 1 or 2 cores per case result in outcomes that are 95% similar to 

those achieved using whole sections.  If 3 cores were used, 98% concordance was found 

for a 2-category distinction. A same conclusion was drawn in a TMA validation study on 

human fibroblastic tumors.(8)  Ki-67, p53, and the retinoblastoma protein were tested. 

Three cores per tumor resulted in a 96% and 98% concordance between slides and 

cores for Ki-67 and p53. A 2-category scoring system was used. For the retinoblastoma 

protein, concordance was 91%. In our series, 21% of the cores was noninterpretable or 

lost. Because 6 cores per tumor were used for most of the cases, no cases were lost for 

evaluation because of noninterpretable or absent cores. The loss of cores for evaluation is 

mainly a technique-related problem. In the future, when experience with TMA increases, 

3 cores per tumor will be appropriate. 

It is obvious that concordance between the staining results on whole slides and TMA 

will be better with less scoring categories. This applies also to the reproducibility of 

scoring results of the TMA. We used a 3-class scoring system. Evaluation was done by 

2 observers.  Interobserver and intraobserver variability was not tested in this study. But 

variability will increase and reproducibility will decrease with a finer distinction.  A 3-class 

scoring system in which negative or almost negative has to be distinguished from strong 
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Figure 1. Representative part 
of TMA: COX-2 staining. Core A 
shows strong positive staining 
(>50% of cells) and core B shows 
negative staining (<10% of cells).

Figure 2. Representative part of 
TMA: Caspase 3 staining. Core A 
shows positive staining and core 
B shows absent staining.
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positive, with every other score in between, is easier to apply than a 4- or 5-point scale. 

All results were scored conjointly by 2 observers as consensus scoring by more observers 

leads to improvement in reproducibility. (9)

For determining the final score, the majority score was taken. This agrees with the 

system used in TMA validation studies. (6;8;10) As the biological meaning of the variable 

expression of different antigens in the tumor is not well known, it is difficult to determine 

a standardized scoring system. 

For statistical analysis, results were dichotomized. Cutoff levels were determined by the 

best discriminatory ability of the 2 categories. 

The aim of the current study was to select immunohistochemical markers with potentially 

additional value in determining the prognosis of patients with vulva cancer. As expected, 

the traditional clinicopathologic variables as lymph node metastases, size of tumor, and 

vascular space involvement were all significantly correlated to disease-specific survival in 

a univariate analysis. 

Of the 16 markers tested, 5 markers were negative or positive in all cases and therefore 

not taken into account any further. Caspase 3 and COX-2 were significantly correlated to 

survival in a univariate analysis.

Caspase 3 belongs to a recently discovered family of proteases. These proteases are the 

key effectors of cellular death. Among these, Caspase 3 seems to have probably the best 

correlation with apoptosis so far.(11) An example of Caspase 3 expression is shown in 

Figure 2. In our study, Caspase 3 expression has been a significant prognostic factor in 

predicting disease-specific survival. Cumulative 5-year survival in patients with Caspase 

3-positive tumors was 86% compared with a 64% 5-year survival in patients with Caspase 

3-negative tumors. Until now, there are no data available with regard to the prognostic 

significance of Caspase 3 expression in vulva cancer.  However, our results are consistent 

with data of previous studies on the prognostic significance of Caspase 3 expression in 

esophagus and nonsmall cell lung cancer.(12;13)

Cyclooxygenase catalyzes the synthesis of prostaglandins from arachidonic acid. Two 

enzyme isoforms were identified: COX-1 which was constitutively expressed as a house-

keeping gene in most cells and COX-2 as an early-response gene activated by many 

stimuli, such as inflammatory cytokines, growth factors, and oncogenes.(14) In our 

study, COX-2 overexpression (defined as > 50% of cells positive) has been significantly 

associated with poor disease-specific survival (HR, 4.01; 95% CI,1.10 - 14.64; P=0.035). In 

a study on COX-2 expression in neoplastic vulva epithelial lesions, COX-2 overexpression 

was significantly associated with lymph node metastases. (15) The association with 

survival was not looked into any further in that study. In general, overexpression of COX-2 

in squamous cell cancer is associated with poor prognosis. (16-18)
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To determine the additional value of COX-2 and Caspase 3 in relation to well-known 

clinicopathologic variables in vulva cancer, a multivariate analysis was performed. 

Caspase 3 was independently correlated to survival (HR, 0,2; 95%CI, 0.041-0.968; P = 

0.045). It must be noted that, as can be expected with a rather small group of patients, 

the confidence interval is very wide. This means that although Caspase 3 and COX-2 

are promising, their prognostic value has to be determined in relation to clinical and 

pathological variables in a validation study. The TMA technique offers a good opportunity 

to perform this larger scale validation and to reach the final goal: a better classification 

of vulva cancer cases into prognostic cluster groups which may help to individualize its 

treatment in the future. 
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Summary

The aim of the study was to validate tissue micro array (TMA) for vulvar cancer by 

comparing immunohistochemical staining results of triplicate core biopsies on TMA with 

the results of full section analysis. The study material consisted of slides and selected 

tissue blocks from 40 patients with vulvar cancer. A TMA was constructed with 3 cores/

case. Both the TMA and the slides were stained with the same antibodies against COX-2, 

Caspase-3, epidermal growth factor receptor, p16INK4, Cyclin D1, and Ki67. For COX-2, 2 

different scoring systems were applied. Agreement in the readings between TMA and 

slides was expressed in total agreement and κ. Expression patterns of antibodies can 

be reproduced on TMA with good reliability (κ 0.68 to 0.75) for Ki-67, p16INK4, COX-2, 

Cyclin D1, and epidermal growth factor receptor in comparison with whole slides. For 

Caspase-3 agreement is only slight with a κ of 0.40. The majority of discordant cases 

for COX-2 and Ki67 were negative on slide and positive on TMA. For epidermal growth 

factor receptor and Caspase-3 an opposite pattern was found. For COX-2, the use of 

an alternative scoring system resulted in a decrease of κ from 0.68 to 0.21. Agreement 

between results on TMA and slides depends on the distribution of the protein in the 

cancer tissue and on the scoring system used.  
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Introduction

Squamous cell cancer of the vulva is a rare disease that mainly affects elderly women. 

Tumor diameter, lymph node involvement and vascular space involvement are the most 

important prognostic factors for disease-specific survival.[1-3] Nevertheless, a substantial 

number of cancer-related deaths occur in patients without these risk factors. Knowledge 

of the biological characteristics of a specific vulvar tumor might help in predicting the 

prognosis for the individual patient more accurately. One of the strategies to understand 

more about biological characteristics is the assessment of protein marker expression in 

tumor tissue. The recent development of tissue micro array (TMA) technology has given 

the opportunity to perform these analyses on a large scale using archival formalin-fixed, 

paraffin-embedded tissue.[4] A TMA is made by arraying cores of 0.6mm, which are 

punched out from a series of original blocks, in a recipient paraffin block. An important 

question is whether the readings from the tiny cores are representative for a full section 

because the expression of protein markers may differ regionally in the tumor mass. If 

the number of cases is very large, 1 core per tumor may suffice.[5] In a few studies with 

a limited number of cases, the use of 2 to 3 cores/case produced satisfactory results.

[6-8] Three cores/tumor reduces the risk of losing cases because of tissue damage 

and 3 cores allow a majority decision in the reading.[8] However, many biomarkers are 

expressed with different intensity and extent in different tissue samples, which will be 

of influence on the reproducibility of TMA results. This attributes to the difference in 

reported agreement between results on TMA and full sections in previous reports.[8-11] 

Different cut-off values also affect agreement between TMA and slides.[9] So, before 

any solid conclusions can be drawn from the expression pattern of a specific antigen on 

TMA in vulvar cancer, the agreement between the expression pattern on slide and TMA 

needs to be determined. 

The objective of this study was to validate the TMA technique for COX-2, Caspase-3, 

epidermal growth factor receptor (EGFR), p16INK4, Cyclin D1, and Ki67. In a previous 

study, using a TMA of 50 vulvar cancer specimens, COX-2 overexpression and absent 

Caspase-3 expression were associated with poor disease-specific survival in a univariate 

analysis, whereas Ki67, Cyclin D1, and p16INK4 were not [12]. Other investigators found 

that EGFR expression was related to lymph node metastases in 197 patients with vulvar 

cancer [13]. Although Ki67, Cyclin D1, and p16INK4 were not of prognostic significance 

in the test TMA, these markers were used in this validation study as well because they 

might play a role in vulvar carcinogenesis.[14-17]

For the purpose of validation, we analyzed agreement between expression patterns 

in triplicate 0.6 mm core biopsies on TMA and on full sections. The TMA comprised 

specimens from 40 vulvar cancer patients. Regarding COX-2, we also analyzed the 
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influence of 2 different scoring systems on the measures of agreement between TMA 

and full sections. 

Materials and methods

The study material consisted of slides and selected tissue blocks from 40 consecutive 

patients with squamous cell cancer of the vulva, treated at the Academic Medical Center 

in Amsterdam, The Netherlands, between 1999 and 2001. Cases were excluded if the 

diameter of the tumor was less than 1 cm and/or the depth of invasion less than 2 mm. 

All histologic specimens were reviewed by 2 of the authors (Fiebo ten Kate en Guus Fons) 

for histologic type and grade. 

Of each tumor, 1 representative hematoxylin and eosin slide was selected. Of the selected 

blocks 8 slides were cut. Three representative areas of interest with infiltrative carcinoma 

were encircled on each slide. In the corresponding paraffin block, 0.6 mm cores were 

punched out. These cores, each 3 to 4 mm high, were then embedded in the donor block 

using a manually operated TMA device (Beecher Instruments, Silver Springs, MD). The 

spacing between the cores was 1 mm. The recipient block was sectioned at 4μm and 

transferred to glass slides. The array consisted of 123 cores (120 tumor cores, 3 cores/

case) and 3 control cores of liver, lymph node, and kidney, serving as positive and negative 

controls. The avidin-biotin method was used for immunostaining. The unstained sections 

of the TMA and the slides were deparaffinized with xylol, and rehydrated through series 

of graded alcohol. One section of the array and 1 slide were stained with hematoxylin 

and eosin. Other sections of TMA and slides were stained with a panel of 6 antibodies 

(Table 1). 

Immunohistochemistry

Two observers scored the staining results (Fiebo ten Kate en Guus Fons). Ki67, Cyclin D1, 

p16INK4 and Caspase-3 staining of tumor cells were read as negative (<10% of cells show 

staining), weak positive (10-50% of cells show staining) or strong positive (>50% of cells 

show staining). For COX-2 and EGFR, the intensity of staining was taken into account. 

Tumor cells were read as negative (<10% of cells show staining), weak positive (10-50% 

of cells show weak staining or <10% of cells show strong staining) and strong positive 

(>50% of cells show moderate staining or >10% of cells show strong staining). For COX-

2, an alternative scoring system used in esophagus cancer has also been applied and 

results compared[18]. In the latter, specimens were considered to have strong expression 

of COX-2 if more than 50% of the carcinoma cells showed expression. Those with less 

than 50% expression were considered to have a weak COX-2 expression. 
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The same scoring system was used on both TMA and slides. Score results of cores of 1 

tumor were combined into 1 score. If scores of 3 individual cores of 1 tumor differed, 

the one that occurred most often determined the final score. Nonassessable cores were 

either lost during processing or contained less than 10% tumor cells. If 2 of 3 cores were 

not assessable, the case was excluded. If only 2 cores with different scores were available 

the case, was excluded as well, except for COX-2 and EGFR. For the latter, strong focal 

expression was considered positive on slide. If on TMA, in case of two assessable cores, 

one core showed strong expression and the other core did not, the case was considered 

positive on TMA. 

For statistical analysis, scores were dichotomized. Dichotomization with 3 classes can be 

achieved in 2 different ways. First, by combining negative with weak positive results and 

second, by combining weak-positive with strong-positive results. For each protein, the 

combination with the best discriminatory ability was determined. 

Statistical analysis

We analyzed both complete agreement (also denoted as concordance) and κ, which is 

a measure of agreement correcting for agreement by chance. For κ <0.2 agreement is 

poor, agreement is slight for 0.21< κ ≤ 0.4, fair for 0.41< κ ≤ 0.6, good for 0.61< κ ≤ 0.8, 

very good for 0.81 < κ ≤ 0.92 and excellent for 0.93 < κ ≤1.0 [19].

Calculations were performed with SPSS for Windows 11.5 (SPSS, Inc, Chicago,IL).

Results

The results of the readings of full sections are shown in Table 1. Of 120 tumor cores, 

between 83% and 88% of cores were assessable, depending on the antigen used. 

Assessment was possible with 3 cores in 65% to 72% of the cases and limited to 2 cores 

in 20% to 25% of the cases (Table 2). 

In 3 cases, slides were not assessable because of inadequate staining repeatedly (1 for 

Ki76, 1 for Cyclin D1 and 1 for EGFR). In another case (p16INK4), the scores of the available 

2 cores were discordant. This case was excluded as well (Table 3). 

Agreement between scoring results on slides and those on cores depended on the 

scoring system. If a 2 class scoring system was used, due to dichotomization, agreement 

was better than in a 3 class scoring system (Table 4). Using the 2-class scoring system κ 

was 0.68 to 0.75 (good) for all proteins tested, except for Caspase-3. For Caspase-3, κ 

was 0.40 (slight). 
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Table 1. Characteristics of antibodies used for immunohistochemical staining and scoring results on full 
sections

c/m/n1 Supplier, clone Dilution Negat. 
(%)

Weak 
(%)

Strong 
(%)

Proliferation marker

Ki-67 n Dako, MIB1 1:200 5 80 15

Tumor suppressor gene

p16INK4 n/c NeoMarkers, Ab-7 1:100 77 5 18

Oncogenes

Cyclin D1 n NeoMarkers SP4 1:100 15 23 62

EGFR m NeoMarkers, 111.6 1:400 44 41 15

Apoptosis marker

Caspase-3 c Cell Signaling Technology, Asp175 1:100 77 23 0

Prostaglandin biosynthesis marker

COX-2 c Cayman Chemical, 160112 1:800 66 13 21

Dako (Carpinteria, CA); NeoMarkers, (Fremont, CA); Cell Signaling Technology (Danvers, MA); Cayman 
Chemical (Ann Arbor, MI) 1c indicates cytoplasm; EGFR, epidermal growth factor receptor; m, membrane; 
n, nucleus. 

Table 2. Number of cases per number of assessable cores per antigen

Antigen
No. of assessable cores

0 % 1 % 2 % 3 %

Ki-67 1 3 1 3 10 25 28 70

p16INK4 2 5 1 3 8 20 29 72

Cyclin D1 2 5 2 5 9 22 27 67

EGFR 2 5 3 7 9 22 27 67

Caspase-3 2 5 1 3 10 25 27 67

COX-2 2 5 3 7 9 22 26 65

EGFR indicates epidermal growth factor receptor

Table 3. Characteristics of cases regarding availability for comparison of tissue microarray and slides

Antigen
No. of cases with

No. assessable cases
At least 2 cores Nonassessable slides 2 discordant cores

Ki-67 38 1 0 37

p16INK4 37 0 1 36

Cyclin D1 36 1 0 35

EGFR 35 1 0 34

Caspase-3 37 0 0 37

COX-2 35 0 0 35

EGFR indicates epidermal growth factor receptor
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Discordant cases on TMA and Slides 

Cases of which the result on TMA did not agree with the one on slide were analyzed. 

For COX-2 and EGRR, the majority of the conflicting cases were negative on slide and 

positive on TMA. For Ki67 and Caspase-3, the opposite pattern was shown. For p16INK4 

and Cyclin D1, a pattern could not be distinguished (Table 5).

For Caspase-3, all 8 discordant cases were positive on slide and negative on TMA. In 

the majority of positive cases, the percentage of positive cells was around 10%. As the 

number of positive cells is very low and positive cells are not equally distributed in the 

tumor, the chance for false-negative cases on TMA increases. This has contributed to the 

difference between the numbers of positive cases on TMA and slides. 

COX-2 Scoring Systems

For COX-2, 2 different scoring systems were applied and the results compared. In the first 

chosen scoring system, intensity of staining was part of the scoring system. Although 

COX-2 expression is focally, concordance between slides and cores showed a κ of 0.68 

Table 4. Agreement and k value for scores on slides and tissue microarray

Antigen
Concordance

3-class scoring system
Concordance

2-class scoring system
κ 2-class

No. % No. %

Ki-67 27/37 73 34/37 92 0.68

p16INK4 32/36 89 33/36 92 0.75

Cyclin D1 28/35 80 30/35 86 0.68

EGFR 23/34 68 30/34 83 0.68

Caspase-3 24/37 64 29/37 78 0.40

COX-2 28/35 80 31/35 89 0.68

EGFR indicates epidermal growth factor receptor

Table 5. Number of discordant cases per antigen used for immunohistochemical scoring
Antigen Discordant cases 1 Slide negative, 

TMA positive
Slide positive, 
TMA negative

Ki-67 3 (37) 0 3

p16INK4 3 (36) 2 1

Cyclin D1 5 (35) 2 3

EGFR 4 (34) 4 0

Caspase-3 8 (37) 0 8

COX-2 4 (35) 3 1

1 After dichotomization. EGFR indicates epidermal growth factor receptor; TMA, tissue microarray
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(good). An example of focal expression is shown in Figure 1. Two cores and 2 parts of the 

corresponding slide are shown. The first core (A) shows strong expression. This corresponds 

well with part of the slide, as is shown in B. The second core of the same case (C) does not 

show expression, which is corresponding well to another part of the slide (D). 

By using the alternative scoring system, in which strength of expression is not taken 

into account, complete agreement decreased from 89% (31/35) to 84% (27/32) and κ 

decreased from 0.68 to 0.21. 

Figure 1. Cox-2 expression on cores and slide of one case. (A) Over-expression on core. (B) Over-expression 
on corresponding part of slide. (C) Absent expression on core. (D) Absent expression on corresponding 
part of slide.

Discussion 

Expression patterns of antibodies can be assessed on TMA with good reliability (κ 0.68-

0.75) for Ki-67, p16INK4, COX-2, Cyclin D1, and EGFR in comparison with whole slides. For 

Caspase-3, agreement is only slight with a κ of 0.40. All 8 discordant cases for Caspase-3 

were positive on slide and negative on TMA. For Cox-2, 2 different scoring systems were 

applied. When intensity of staining was part of the scoring system used, κ was better (0.68) 
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than when intensity of staining was not taken into account (0.21). Agreement between 

results on TMA and slides depended on the scoring system used and the protein tested. 

For Ki67, agreement between slides and TMA was good κ 0.68). In a validation study 

on tissues of 59 patients with human fibroblastic tumors, Ki67 expression on slides was 

compared with TMA. A κ of 0.87 was found.[8] In the large validation study by Nocito 

et al. [5] on bladder cancer, a strong correlation was also found between the findings on 

TMA and slides (p<0.0001) for Ki67. 

In the current study, 3 cases of 37 showed nonagreement. In these cases, slides were 

positive and cores were negative. Background staining, which is more distinct on slides 

than in small cores, might have contributed to this.

For p16INK4, agreement between TMA and slides was good (92%) with a κ of 0.75. 

This result was comparable with that in an earlier validation study on lung cancer for 

p16INK4 .[10]

For Cyclin D1, agreement between TMA and slides was also good (86%), κ was 0.68. This 

result was comparable with that in earlier validation studies. A κ of 0.90 was reported 

in a validation study on colorectal adenoma and a κ of 0.66 was reported in a validation 

study on head and neck squamous cell cancer (HNSCC).[9] [11]

For interpreting EGFR expression, many different scoring systems exist, as was shown in 

a meta-analysis of the predictive value of this protein in colorectal cancer.[20] Despite 

its subjective nature it is recognized that staining intensity of the membrane should 

be a component of the EGFR scoring system.[21;22] The combination of intensity and 

the estimation of the number of positive cells into one score, as used in our study, will 

theoretically have a negative effect on the intraobserver and interobserver variability. 

Despite this, a good agreement was found between scores on slides and cores (κ 0.68). 

This result was better than the agreement reported in the study on validation of tissue 

array technology in HNSCC (κ 0.41).[11]

Four cases showed a discordant result in our study. In all cases, slides were negative and 

cores were positive. There were 2 studies on EGFR expression in vulvar epithelium.[23;24] 

In both studies, based on a limited number of patients, the problem of interpretation 

of cytoplasmatic staining was discussed. It is not clear whether cytoplasmatic staining 

influences the scores on slides and TMA in the same direction.

For Caspase-3, agreement between slides and TMA was 78% (29/37) with a κ of 0.40. 

Caspase-3 expression of more than 10% was observed in only 23% of the cases. This 

was less than 40% Caspase-3 positive cases in our test set consisting of 50 vulvar cancer 

specimens on TMA.[12] The total amount of positive cells was very low, both on slides 

and on TMA, as compared with some other studies on Caspase-3 expression in non-small 

cell lung cancer and esophageal squamous cell carcinoma.[25;26] In these studies, 60% 

and 72% of cases were considered positive (more than 25% of cells showed staining). 
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In a study on Caspase-3 expression in 36 cases with nasopharynx cancer, however, 

the percentage of Caspase-3-positive tumor cells ranged from <1% to 3%.[27] These 

differences might have been partly due to the use of different antibodies. 

All discordant cases (8) were negative on TMA and positive on slides. Two factors might 

have contributed to this. First, as the number of positive cells is low and positive cells 

were not equally distributed in the tumor the chance for false-negative cases on TMA 

increases. Second, tumor-infiltrating lymphocytes showed positive Caspase-3 staining as 

well. [27] It is tempting to state that these cells are more easily detected in small cores 

than on whole slides resulting in more false positive cases on slides than on TMA. By the 

use of another scoring system, in which the number of positive cells is determined per 

field, these drawbacks are possibly overcome. 

A wide range of cytoplasmatic immunoreactivity of COX-2 was described in vulvar cancer. 

[28] The importance of strong focal expression was incorporated in our scoring system. 

Despite the focal expression pattern, a good agreement existed between slides and TMA 

(κ 0.68). 

In most studies on COX-2, different scoring systems were used.[18;29;30] If a scoring 

system is used, in which only the number of positive cells are important for the score, 

agreement between TMA and slides decreased as κ decreased from 0.68 to 0.21. The 

magnitude of the difference between these results illustrates the weakness of the 

strategy. For COX-2, immunostaining was also observed in inflammatory and endothelial 

cells.[28] This will mainly influence the staining pattern on the whole slide, adding to 

more positive results on slides than on TMA. In our series, the opposite pattern was 

found, which could not be explained. 

TMA is a reliable tool to investigate protein expression patterns in tumors. The agreement 

between scores on slides and TMA varies with the antigens tested and the scoring 

systems used. The best results are found with antigens, which are diffusely expressed in 

a tumor. Results are especially vulnerable in case of focal expression and a low number 

of positive cells. 
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Objectives

To validate the results of a previous study with the tissue micro array technology showing 

that cyclooxygenase 2 (COX-2) overexpression and absent caspase 3 expression are 

associated with poor disease-specific survival in univariate analysis. 

Methods

The study group comprised 80 consecutive patients with vulva cancer treated in the time 

period 1999 to 2003 in a university hospital. A tissue microarray with 3 tumor tissue 

cores per patient was constructed and stained with antibodies against COX-2, caspase 

3, epidermal growth factor receptor, p16 INK4, cyclin D1, and Ki67. The impact of the 

expression of these protein markers and selected clinicopathologic variables on disease-

specific as well as disease-free survival was measured. Cox proportional hazard model 

was used for both univariate and multivariate analyses. 

Results

In multivariate analysis, lymph node metastases and strong COX-2 expression were 

related to disease-free (hazard ratio [HR], 8.33; 95% confidence interval [CI], 2.97- 23.36, 

P<0.001; and HR, 6.42; 95%CI, 2.33-17.72; P<0.001) and disease-specific survival (HR, 

6.04; 95% CI, 2.12-17.19; P=0.001; and HR, 5.11; 95%CI, 1.82 - 14.36; P=0.002). In the 

present series, no association was found between caspase 3 expression and survival. 

Conclusion

The prognostic significance of COX-2 overexpression was confirmed. In contrast, in the 

present series, no relation was found between caspase 3 expression and survival. 
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Squamous-cell cancer of the vulva is uncommon, representing approximately 4% of 

the malignancies of the female genital tract.(1) Clinicopathologic variables like tumor 

size, lymph node involvement, and vascular space involvement are important prognostic 

factors and associated with recurrence and survival.(2-5) However, even in the absence of 

these factors, some patients are at high risk for recurrent disease. In a large multicenter 

study on the recurrence pattern in vulva cancer, 34% (173/502) of patients developed 

a recurrence. Almost 50% (85/173) of these recurrences occurred in patients with 

International Federation of Gynecology and Obstetrics stage I or II disease. None of these 

patients had lymph node metastases; many had small tumors.(4). Therefore, additional 

prognostic factors are required to predict the potential risk of a specific vulva tumor for 

the individual patient more accurately. 

Protein marker patterns in tumor tissue can demonstrate the molecular changes that 

took place and might bear prognostic significance.  The recent development of tissue 

microarray (TMA) technology made it possible to perform retrospective antigen expression 

studies on a large scale using archival formalin-fixed, paraffin-embedded tissue.(6) A 

TMA consists of tissue cores of 0.6 mm that are punched out from the original blocks 

and arrayed in a recipient paraffin bloc. In vulva cancer, there is but limited experience 

with this technique. 

In a test TMA of 50 vulva cancer specimens, cyclooxygenase 2 (COX-2) overexpression 

and absent caspase 3 expression proved to be associated with poor disease-specific 

survival in a univariate analysis. In a multivariate analysis, poor disease-specific survival 

was independently associated with absent caspase 3 expression.(7) 

The objective of this study was to validate the results of the test set. Samples of 80 

consecutive cases of squamous cell cancer of the vulva were stained with a panel of 6 

antibodies. Apart from the antigens COX-2 and caspase 3 the antigens epidermal growth 

factor receptor (EGFR), Ki-67, cyclin D1, and p16INK4 were tested as well. EGFR was found 

to be related to lymph node metastases in 197 patients with vulva cancer.(8) Ki-67, cyclin 

D1, and p16INK4 were chosen because they might play a role in vulva carcinogenesis.

(9-11) The prognostic significance of the expression of these proteins in combination with 

clinicopathologic factors for disease-specific and disease-free survival was examined. 

Materials and methods

The study material consisted of slides and selected tissue blocks from 80 consecutive 

patients with squamous cell cancer of the vulva, treated with curative intent at the 

Academic Medical Centre in Amsterdam, The Netherlands, between 1999 and 2003. 

Cases were excluded if the diameter of the tumor was less than 1 cm and/or the depth 
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of invasion was less than 2 mm. We did not test the absence or presence of human 

papilloma virus (HPV). 

All histological specimens were reviewed by 2 of the authors (FJWK, GF) for histological 

type and grade. 

Standard treatment consisted of radical local excision of the tumor with unilateral or 

bilateral lymphadenectomy. Participation in an observational study on the sentinel node 

procedure in vulva cancer was offered to patients with small (<4 cm) unifocal lesions. In 

case of a positive or absent sentinel node a full groin dissection was performed.  Thirty-

two patients participated in that study. Eight patients underwent both a sentinel node 

procedure and a lymphadenectomy because of a positive sentinel node. Patients with 

more than 1 nodal metastasis and/or extra-nodal growth had external beam radiation on 

the groins and pelvis. Patient characteristics are shown in Table 1. The median age was 76 

years (range 37 – 92 years). Twenty-six patients (32%) had lymph node metastases. The 

median follow-up of patients not dying was 52 months (range, 25-96 months). Twenty-

six percent (21/80) died of recurrent or progressive disease. 

Table 1. Patient characteristics
Variables n %

FIGO stage

I 17 21

II 33 42

III 17 21

IV 13 16

Lymph nodes

Tumor negative 54 68

Tumor positive 26 32

Vascular space involvement

Yes 17 21

No 63 79

Tumor size, cm

≤ 4 60 75

> 4 20 25

International Federation of Gynecology and Obstetrics (FIGO).

Immunohistochemistry

Of each tumor, 1 representative haematoxylin-eosin slide was selected. Three representa-

tive areas of interest with infiltrative carcinoma were encircled on each slide. In the 

corresponding paraffin block, 0.6 mm cores were punched out. These cores, each 3-4 

mm high, were then embedded in the donor block using a manually operated TMA 
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device (Beecher Instruments, Silver Springs, MD). The spacing between the cores was 

1 mm. The recipient block was sectioned at 4 μm and transferred to glass slides. The 

array consisted of 123 cores (120 tumor cores, 3 cores per case) and 3 cores of liver, 

lymph node, and kidney, which were used as positive and negative controls. The avidin-

biotin method was used for immunostaining. The unstained sections of the TMA were 

deparaffinized with xylol and re-hydrated through series of graded alcohol. One section 

of the array was stained with hematoxylin-eosin. Other sections of the TMA were stained 

with a panel of 6 antibodies (Table 2). The sections were submitted to antigen retrieval 

by pressure-cooking for 10 minutes in Tris/EDTA buffer (pH 9.0) for all antibodies studied, 

with the exception of anti-EGFR. The latter one was pretreated with protease. 

Two (FJWK, GF) observers scored the staining results. For Ki-67, cyclin D1, p16INK4 and 

caspase 3   staining of tumor cells were marked as negative (<10% of cells show staining), 

weak positive (10-50% of cells show staining) or strong positive (>50% of cells show 

staining). For COX-2 and EGFR, the intensity of staining was taken into account. Tumor 

cells were marked as negative (<10% show staining), weak positive (10-50% of cells show 

weak staining or <10% of cells show strong staining) and strong positive (>50% of cells 

show moderate staining or >10% of cells show strong staining). Score results of cores 

of 1 tumor were combined into 1 score. If the scores of 3 individual cores of 1 tumor 

differed, the one that occurred most often determined the final score. Nonassessable 

cores were either lost during processing or contained less than 10% tumor cells. If 2 

of 3 cores were not assessable the case was excluded. If only 2 cores with different 

scores were available, the case was excluded as well, except for COX-2 and EGFR. For the 

latter two, strong focal expression was considered positive: if one core showed strong 

expression and the other core did not, the case was considered positive.  For statistical 

analysis, scores were dichotomized. Dichotomization with 3 classes can be achieved in 2 

different ways: first, by combining negative with weak positive results, and second, by 

combining weak positive with strong positive results. For each protein, the combination 

with the best discriminatory ability was determined. 

Statistical analysis

Outcome parameters were disease-free and disease-specific survival. Disease-free survival 

was defined as survival from the start of treatment until recurrence. Disease-specific 

survival was defined as overall survival corrected for causes of death other than vulva 

cancer. Survival is calculated with the Kaplan-Meier product-limit method. The impact 

on disease-free and disease-specific survival of diameter of tumor (> 4cm versus ≤ 4cm), 

vascular space involvement, lymph node metastases (present vs. absent), and the marker 

expression has been estimated with the Cox proportional hazard model.(12) Then, a 
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multivariate regression analysis was performed including those variables that contributed 

significantly in the univariate analysis. Calculations were performed with SPSS for 

Windows 11.5. P < 0.05 were considered to be significant, tested 2-sided. No correction 

was made for multiple testing. 

Results

Expression of antigens is shown in Table 2. Positive controls were positive, and negative 

controls were negative. The average number of missing or noninterpretable cores was 

14% (range 13%-15%). Between 4 and 10 cases (5%-13%), depending on the antigen, 

had to be excluded because of the absence of 2 (of 3) interpretable cores or conflicting 

results in 2 scores within the same case. 

In 70% (56/80) of the cases, lichen sclerosus was diagnosed in the surrounding tissue of 

the tumor. VIN III and differentiated VIN III were found in 3% (2/80) and 30% (24/80) of 

the cases, respectively. 

Cumulative 5-year disease-free survival was 64%, calculated for 78 patients, as 2 patients 

did not acquire a complete remission. In a univariate analysis, lymph node metastases, 

tumor greater than 4 cm in diameter, vascular space involvement, and strong COX-2 

expression (>50% of cells show moderate staining or >10% of cells show strong staining) 

were significantly related to disease-free survival (Table 3). Only 15 patients had tumors 

with strong COX-2 expression. In this group, cumulative disease free-survival was just 36% 

after 5 years compared with 70% in the group of patients with tumors without strong 

Table 2.  Immunohistochemical findings
Antigen c/m/n Supplier, Clone Dilution Negative

(%)
Weak

(%)
Strong 

(%)

Proliferation marker

Ki-67 n Dako, MIB1 1:200 17 62 21

Tumor suppressor gene

p16INK4 n/c NeoMarkers, Ab-7 1:100 76 3 21

Oncogenes

Cyclin D1 n NeoMarkers,SP4 1:100 13 24 63

EGFR m NeoMarkers, 111.6 1:400 28 32 40

Apoptosis marker

Caspase 3 c Cell Signaling Technology, Asp175 1:100 85 15 0

Prostaglandin biosynthesis marker

COX-2 c Cayman Chemical, 160112 1:800 55 24 20
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COX-2 expression (P=0.001) (Fig.1). In a multivariate analysis lymph node metastases and 

COX-2 expression were independently associated with disease-free survival. 

Cumulative 5-year disease-specific survival was 70% (n=80). In a univariate analysis, lymph 

node metastases, diameter greater than 4cm, and COX-2 expression were associated to 

disease-specific survival (Table 4.).In the group of patients with strong COX-2 expression, 

cumulative 5-year disease-specific survival was 47% compared with 75% in the other 

Table 3. Univariate and multivariate analysis of variables in relation to disease-free survival

Univariate Multivariate

HR 95% CI P HR 95% CI P

Clinicopathologic variables

Lymph node metastases 5.97 2.59-13.72 <0.001 8.33 2.97-23.36 <0.001

Tumor size >  4.0 cm 3.18 1.42-7.14 0.005 1.39 0.54-3.58 0.493

Vascular space involvement 2.78 1.22-6.31 0.015 1.38 0.55-3.47 0.492

immunohistochemical variables

Ki-67 >50% 0.52 0.15-1.76 0.297

p16INK4 >10% 0.43 0.12-1.44 0.171

Cyclin D1 >50% 1.37 0.56-3.37 0.488

EGFR >10% 0.96 0.63-1.44 0.828

Caspase 3 >10% 0.70 0.31-1.58 0.389

COX-2 >50% 3.69 1.59-8.57 0.002 6.42 2.33-17.72 <0.001

Values in bold font indicate significant result: P<0.05, and1 not included in 95% CI.

Table 4. Univariate and multivariate analysis of variables in relation to disease-specific survival

Univariate Multivariate

HR 95% CI P HR 95% CI p

Clinicopathologic variables

Lymph node metastases 4.83 1.98-11.77 <0.001 6.04 2.12-17.19 0.001

Tumor size >  4.0 cm 4.68 1.97-11.11 <0.001 2.24 0.87-5.80 0.096

Vascular space involvement 2.23 0.90-5.54 0.083

Immunohistochemical variables

Ki-67 >50% 0.91 0.30-2.73 0.870

p16INK4 >10% 0.54 0.16-1.84 0.322

Cyclin D1 >50% 1.41 0.54-3.71 0.488

EGFR >10% 0.96 0.62-1.50 0.860

Caspase-3 >10% 0.73 0.30-1.80 0.490

COX-2 >50% 3.25 1.32-7.98 0.010 5.11 1.82-14.36 0.002

Values in bold font indicate significant result: P<0.05, and1 not included in 95% CI.
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group (P=0.006) (Fig. 2). A multivariate analysis has been performed with those variables 

that were significant in the univariate analysis. Lymph node metastases and COX-2 

overexpression were independently associated with disease-specific survival (Table 4). 

Caspase 3 expression was not of significance for disease-free or disease-specific survival. 

Discussion   

In the present series with the purpose to validate previous findings, we found a significant 

negative impact of COX-2 overexpression and the presence of lymph node metastases 

both on disease-free and disease-specific survival.

This result signifies that we confirmed the prognostic importance of COX-2 overexpression 

for poor survival. In contrast with the findings in a previous study, absent caspase 3 

expression was not relevant for survival in the present series.

Traditional clinicopathologic variables such as lymph node metastases, diameter of tumor, 

and vascular space involvement were significantly associated with disease-free survival. 

The latter was not significant for disease-specific survival. These findings corresponded to 

those in other studies.(3-5) 

Evidence is growing that squamous cell cancer of the vulva develops along 2 different 

pathways. In the first one, HPV plays a role; the second one is independent of HPV.

(13) As in both pathways probably different oncogenes and tumor-suppressor genes 

are involved, it is important to distinguish these different types of tumors when protein 

marker patterns are studied.  As VINIII was found in the surrounding tissue of only 3% 

Figure 1. COX-2 expression and disease-free 
survival.

Figure 2. COX-2 expression and disease-specific 
survival.
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of the cases in our study and most patients were diagnosed with lichen sclerosus, we 

concluded that, although we did not test the presence of HPV, the contribution of HPV-

related cancers was negligible.  

It can be argued that the previously found relationship between absent caspase 3 

expression and poor survival results from a statistical type II error. In that study the point 

estimate of the hazard ratio (HR, 0.22) had a wide 95% confidence interval (CI, 0.05-

0.99; P=0.049). Alternatively, we might have made a type I error in the present series. 

Whatever the cause is, the assessment of Caspase-3 staining is difficult. In the majority of 

cases (85% in the present series) staining is negative. In positive cases staining is weak, 

which makes a positive or negative reading sometimes arbitrary. Recently, we validated 

the TMA technique for use in vulva cancers. Agreement between readings regarding 

caspase 3 on full sections and on TMA was disappointing with κ being 0.40. Therefore, 

assessment of caspase 3 expression with the use of TMA might be less appropriate. 

No other studies on prognostic significance of caspase 3 expression in vulva cancer have 

been done so far. Positive caspase 3 expression was correlated with a favorable prognosis 

in squamous cell cancer of the esophagus and non-small cell lung cancer.(14;15) Because 

of these findings and the likelihood that dysregulation of apotosis contributes to 

progression of a neoplastic process, the negative result of this study should not result in 

rejecting caspase3 as a potential marker for prognosis. 

Of the other antigens tested only COX-2 was of significance both for disease-free and for 

disease-specific survival. In our multivariate analysis, COX-2 expression was independently 

associated with disease-free and diseases-specific survival. This is in agreement with 

findings in other studies on COX-2 overexpression in several types of squamous ell 

cancer.(16-18) In a study on neoplastic lesions of the vulva, COX-2 overexpression was 

significantly associated with lymph node metastases. (19) Cyclooxygenase 2 has been 

shown to increase prostaglandin synthesis in cancer cells from esophagus and skin.(20;21) 

Prostaglandins on their turn have been reported to promote cell proliferation, inhibit the 

immune response to malignant cells, inhibit apoptosis and regulate angiogenesis.(22-

24) In a number of in vitro-studies, the suppressive effect on cell proliferation of COX-2 

inhibitors has been shown. (20;25) These findings support the initiatives towards clinical 

trials on the efficacy of COX-2 inhibitors in treatment of vulva cancer. 

In the literature, more and more attention is paid to COX-2 expression in tissues 

surrounding tumors. COX-2 was found to be overexpressed in premalignant actinic 

keratoses and papillomas.(26;27) In addition, COX-2 was expressed in an increasing 

degree in the evolution of lichen sclerosis of the vulva into squamous cell cancer.(28) 

This is an important issue for future research, especially as research on the role of topical 

COX-2 inhibitors in skin cancer is promising.(29) 
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Abstract

Aim of the study

In previous studies from our group we found overexpression of COX-2 as determined 

by immunohistochemistry to be related to worse survival. However, reproducibility of 

immunohistochemical tests in general is limited and cut-off points as determined in 

the studied population may not be valuable in different independent populations. The 

aim of the current study was to assess the reproducibility of the association between 

overexpression of COX-2 and survival in an independent but similar study group of vulvar 

cancer patients from another hospital. 

Methods

COX-2 staining patterns as determined on tissue micro array (TMA) with material of 116 

vulvar cancer patients, treated at the University Medical Centre Groningen, were related 

to survival and compared with the COX-2 staining patterns on the TMAs with material of 

126 patients, treated at the Academic Medical Centre in Amsterdam. 

Results

Both groups were comparable concerning the size of tumor, stage of disease, presence 

of lymph node metastases, extra capsular spread, vascular space involvement, adjuvant 

radiotherapy and disease-specific and disease-free survival. 

Any association between disease-specific survival or disease-free survival and strong 

COX-2 expression could not be demonstrated for the cases from Groningen. In the group 

from Amsterdam strong COX-2 expression was again significantly associated with both 

disease-specific (HR 2.44, 95% CI 1.16-5.13, P=0.02) and disease-free survival (HR 2.24, 

95% CI 1.15-4.38, P=0.02). 

Conclusion

The association between strong COX-2 expression and survival in 126 vulvar cancer 

patients from Amsterdam could not be reproduced in an independent but similar study 

group of 116 patients from Groningen. 
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Introduction 

Squamous cell cancer of the vulva is a rare disease that mainly affects elderly women. 

Tumor diameter, lymph node involvement and vascular space involvement are the most 

important prognostic factors for survival.(1-3) Nevertheless, a substantial number of 

cancer-related deaths occur in patients without these risk factors. Additional markers are 

needed to predict the outcome more accurately. The development of tissue micro array 

(TMA) gives us the opportunity to test the prognostic significance of protein markers on 

a large scale.  In a previous study we found overexpression of COX-2 to be significantly 

associated with survival.(4) Although this association was confirmed by a validation study 

in a similar population of the same hospital (article in press), external validation still is 

imperative for two main reasons. First, the reproducibility of immunohistochemical tests in 

general is limited because of the lack of standardization in procedures. Second, since cut-

off points are determined as the best values in the populations under study, it is possible 

that test results worsen as initial cut-off points are used in a different, independent 

population.(5) The objective of the current study was to assess the reproducibility of the 

association between overexpression of COX-2 and survival in an independent but similar 

population of vulvar cancer patients. 

Materials and methods 

Patients

A TMA with material of 298 vulvar cancer patients treated at the University Medical 

Centre Groningen between 1984 and 2001 was used for external validation.  Staining 

patterns on this TMA were compared with the staining patterns on two TMAs with 

material from 50 and 80 patients respectively, treated at the Academic Medical Centre in 

Amsterdam between 1994 and 2003.  

The data of all patients who were not treated according to the current standard 

protocol, consisting of radical local excision of the tumor with unilateral or bilateral 

lymphadenectomy, were excluded. Sixty-five patients were excluded because they were 

treated with primary radiotherapy or a lymph node dissection was omitted. Hundred-

seventeen patients underwent an en bloc resection of the groin nodes, the data of these 

patients were not taken into account either. The data of 116 patients from Groningen 

were reviewed. 

Four patients from Amsterdam were excluded having had a lymph node debulking 

instead of a lymphadenectomy. The data of the remaining 126 patients from Amsterdam 

were reviewed. 
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All patients were treated with curative intent. Patients with more than 1 nodal metastasis 

and/or extra capsular growth were treated with adjuvant external beam radiation on the 

groins and pelvis. Patient characteristics are shown in Table 1. 

Immunohistochemistry

Formalin fixed paraffin-embedded tumor tissue samples from all patients were available 

for constructing TMAs. In both institutes the same construction-procedure of the TMA 

was followed. One representative Haematoxylin and Eosin (H&E) slide of each tumor 

was selected. Three representative areas of interest with infiltrative carcinoma were 

encircled on each slide. In the corresponding paraffin block, 0.6 mm cores were punched 

out. These cores, each 3-4 mm high, were then embedded in the donor block using a 

manually operated tissue micro array device (Beecher Instruments, Silver Springs, MD). 

The spacing between the cores was 1mm. The recipient block was sectioned at 4μm and 

transferred to glass slides. The glass slides of Groningen and Amsterdam were processed 

at the same time, using the avidin-biotin method for immunostaining. The sections 

were deparaffinized with xylol, and re-hydrated through series of graded alcohol and 

submitted to antigen retrieval by pressure-cooking for 10 minutes in Tres-EDTA buffer 

(pH 9.0). All the slides were incubated with the monoclonal COX-2 antibody (Cayman 

Chemical,160112) at a dilution of 1:800 overnight at 4°C. 

Immunohistochemical scoring

Two observers scored the staining results (FJK, GF). Tumor cells were marked as negative 

(<10% of cells show weak staining or cells show no staining), weak positive (10-50% 

of cells show weak staining or <10% of cells show strong staining) and strong positive 

(>50% of cells show moderate staining or >10% of cells show strong staining). This 

scoring system is slightly different from the scoring system used in the first TMA study 

with the material of 50 patients with vulvar cancer. Originally the intensity of staining was 

not taken into account. In the previous validation study, in which the staining patterns 

on TMA and whole slides were compared, the agreement improved after introducing the 

level of intensity into the scoring system. 

Score results of cores of 1 tumor were combined into 1 score. If the scores of 3 individual 

cores of 1 tumor differed, the one that occurred most often determined the final score. 

Non-assessable cores were either lost during processing or contained less than 10% tumor 

cells. If 2 of 3 cores were not assessable the case was excluded. Strong focal expression 

was considered positive: if one core showed strong expression and the other core did 

not, the case was considered positive.  For statistical analysis scores were dichotomized, 
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by combining a negative and a weak score into a negative score. This strategy is in 

accordance with the strategy developed in the first TMA study.(6)

Table 1. Patient characteristics
Groningen

N=116
Amsterdam

N=126
P-value

Time interval 1984-2001 1995-2003

Age median (min-max) 69 (34-93)1 73 (37-92) 0.02

Follow-up months median (min – max) 53 (1-114)1 42 (1-174) 0.21

Size of tumor

< 4cm 89  (77)2 93  (74)2

>=4 cm 26  (22) 33  (26) 0.52

Unknown 1  ( 1)

FIGO 

IA 2  ( 2)

IB 24  (21) 27  (21)

II 43  (37) 50  (40)

III 32  (27) 28  (22)

IVA 13  (11) 20  (16)

IVB 2  ( 2) 1  ( 1) 0.83

VSI

No 93  (80) 101 (80)

Yes 16  (14)   25 (20) 0.30

Unknown 7  ( 6)

Lymph node metastases

No 70  (60) 81  (64)

Yes 46  (40) 45  (36) 0.53

Extra capsular growth

No 100 (86) 99  (79)

Yes 15  (13) 27  (21) 0.09

Unknown 1  ( 1)

Radiotherapy

No 77  (66) 92  (73)

Yes 39  (34) 34  (27) 0.26

Recurrence

No 69  (60) 81  (64)

Yes 44  (38) 45  (36) 0.22

Unknown 3  (  2)  

1 range; 2 percentages
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Statistical analysis

Outcome parameters were disease-free survival (DFS) and disease-specific survival (DSS). 

DFS was defined as the time in months from the date of surgery to the date of histological 

proven recurrent disease or, in the case of censored observation, the date of last contact. 

DSS was defined as the time in months from the date of surgery to the date of death, 

corrected for causes of death other than vulvar cancer. Survival is calculated with the 

Kaplan-Meier product limit method. Cox’s proportional hazards model was used for the 

analysis of the impact of COX-2 expression on survival both for the group of patients 

from Groningen and for the one from Amsterdam. Differences between the 2 groups 

regarding a continuous or qualitative variable were analyzed with the Mann-Whitney U 

test or chi-square test, respectively. Calculations were performed with SPSS for Windows 

(version 15.02, SPSS Inc, UK). P-values <0.05 were considered to be significant. 

The COX-2 score results on the TMA of Amsterdam were compared with the score results 

of our previous TMA study. Kappa (κ) was used as a measure of agreement corrected for 

agreement by chance.(7)

Results

Patient characteristics

The data of 116 patients from Groningen and 126 patients from Amsterdam were 

evaluated. Both groups were comparable concerning the size of the tumor (< or ≥ 4 

cm), FIGO stage of disease, presence of lymph node metastases, extra capsular spread, 

vascular space involvement (VSI) and adjuvant radiotherapy (Table 1.).  Patients from 

Amsterdam were on average 4 years older than those from Groningen (P=0.02). 

Median follow-up was 53 months in Groningen and 42 months in Amsterdam. 

In the group from Groningen DFS and DSS at 5 years were 62% and 80% respectively. In 

the group from Amsterdam the DFS and DSS at 5 years were 63% and 71% respectively. 

No significant differences were found regarding both the DFS and DSS in the groups 

from Groningen and from Amsterdam (P=0.79 and P=0.19, respectively). 

Immunohistochemistry

On both the TMAs from Groningen and Amsterdam positive controls were positive and 

negative controls were negative. COX-2 expression score results are shown in Table 2. 

Four cases from Amsterdam and 18 cases from Groningen were excluded because of 

non-assessable cores. 

Six of 98 cases (6%) on the TMA of Groningen showed strong positive expression, while 

22 of 122 cases (18%) on the TMA of Amsterdam showed strong expression (P<0.001). 

C H A P T E R   5

66



Table 2. COX-2 expression
COX-2 expression Amsterdam 

First staining
N=126
N (%)

Amsterdam 
Second staining

N=126
N (%)

Groningen

N=116
N (%)

Negative 46 (37) 42 (33) 44 (38)

Weak 56 (44) 58 (46) 48 (41)

Strong 18 (14) 22 (18) 6 (5)

Non-assessable 6 (5) 4 (3) 18 (16)

The association between COX-2 score results and survival was calculated for both the 

group from Groningen and from Amsterdam. Any association between strong COX-2 

expression, and DSS (P=0.49) or DFS (P=0.65) could not be demonstrated for the cases 

from Groningen. In the group from Amsterdam strong COX-2 expression was associated 

with both DSS (HR=2.44, 95% CI 1.16-5.13, P=0.02) and DFS (HR 2.24, 95% CI 1.15-4.38, 

P=0.02).  

COX-2 score results on the TMA from Amsterdam were compared with the initial score 

results on the same TMA. An absolute agreement existed in 112 of 118 cases (95%), 

available for this assessment. κ was 0.82 (very good). 

Discussion 

Our study shows that the association between strong COX-2 expression and survival in 

126 vulvar cancer patients from Amsterdam could not be reproduced in an independent 

but similar study group of 116 patients from Groningen.  

This lack of reproducibility might be caused by differences between the groups of patients 

or by technique-associated differences. 

All well-known clinicopathologic factors of prognostic significance for patients with vulvar 

cancer were equally present in both groups (Amsterdam – Groningen) except for age 

and time interval of treatment. The patients from Groningen were on average 4 years 

younger than those from Amsterdam. Age is not an independent factor of prognostic 

significance in vulvar cancer patients.(8) The time interval of treatment is considerably 

longer in the group from Groningen (1984-2001) than in the group from Amsterdam 

(1995-2003). Since all selected patients had the standard treatment it is unlikely that this 

difference in treatment period is important for the outcome. 

The cut-off points for COX-2 expression have been defined as the best discriminating 

values in the initially studied population. Since this initial study group was rather small 

(N=50), it can be expected that the best cut-off point in another population will be 

different, and consequently worse test results will be found when the original cut-off 
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point is used.(5) This phenomenon might partly explain the lack of reproducibility of our 

results in this external validation study. 

The number of cases with strong COX-2 expression is significantly lower on the TMA 

from Groningen than on the one from Amsterdam. Although no significant differences, 

except for age, between both groups of patients exist it cannot be completely ruled 

out that differences in characteristics of the patients underlie this phenomenon. The 

difference between the numbers of positive cases might also point to differences between 

the work-up of the material in Groningen and Amsterdam.  The steps of processing, 

embedding and fixation of tissues were performed in different laboratories at different 

moments, long before the production of the TMA. The influence of differences within 

these procedures on the final results cannot be excluded.(9) As in both pathological 

laboratories the same fixative is used the difference in work-up is limited to a difference 

in time between surgical removal of the specimen and fixation. As far as this could be 

verified it is not the case.  

The age of the tissue blocks could also be a factor of influence since some antigens show 

loss of reactivity in very old tissue blocks. As 4 of 6 strong positive cases from Groningen 

were dated before 1995, this is not a convincing explanation. Both TMAs from Amsterdam 

and Groningen were constructed according to the same protocol. The unstained sections 

from Groningen were stored at room temperature for about two weeks in contrast with 

those from Amsterdam. The latter were stored for 2 to 4 years at -80°C and 2 days at 

room temperature.  As the scores on the TMA of Amsterdam corresponded very well with 

the initial scores on the same TMA it is unlikely that antigenicity is reduced significantly 

under these conditions. Several studies have demonstrated the deleterious effects of 

storing pre-cut tissue slides at room temperature.(10-12) The loss of immunoreactivity 

differs per antigen. The range of markers, for which antigen loss on stored paraffin slides 

is a problem, is not known. But, it is obvious that the difference in duration of storage at 

room temperature potentially accounts for a difference in intensity of expression. 

As the unstained sections of the TMA from Groningen and Amsterdam underwent the 

same procedure for antigen retrieval and immunostaining simultaneously, it seems very 

unlikely that differences in immunostaining arose in this phase. 

The problem of lack of reproducibility of the association between expression patterns 

of COX-2 and clinical pathological variables and survival also applies to other tumors.  

The prognostic significance of COX-2 expression in patients with squamous cell cancer 

of the esophagus has been extensively studied.(13-25) In 13 papers, cut-off levels for 

overexpression varied from >10% to >50% of cells. Strong expression of COX-2 was found 

in 7% to 90% of the cases.(15-17;19;20;23;25) Seven authors investigated the association 

between expression of COX-2 and survival. In four studies, COX-2 overexpression was not 

a significant factor for survival, in 3 it was associated with reduced survival. In 1 study the 
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opposite was found: low expression of COX-2 in 36 patients treated with neo-adjuvant 

chemotherapy was associated with shorter survival.(19) As far as we can ascertain there 

hasn’t been any form of internal or external validation in the studies mentioned.

In general the need for validation of new tests is widely recognized. This applies to 

immunohistochemical tests in particular because standardization in the technical 

procedures is lacking. In the current study, the only technique related factor possibly 

underlying the difference in intensity of expression of COX-2 in the two groups, is the 

difference of duration of storage at room temperature of the unstained sections of the 

TMA from Groningen and Amsterdam. Apart from that, it is the determination of cut off 

points in a rather small study group that is probably another significant factor for the lack 

of reproducing previous results in this external validation study.  

Before the decision about the prognostic significance of COX-2 expression in vulvar 

cancer can be taken, further research has to be done. TMA can play a significant role in 

future validation studies. However, cut-off levels have to be determined in a larger study 

population and all phases of the technical procedure of the construction of the TMAs 

have to be geared to one another as good as possible. 
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Objectives

The aim of the current study was, first, to determine whether laterality of lymph node 

metastases has prognostic significance, independent of the number of lymph node 

metastases. Second, to determine the prognostic significance of extracapsular spread 

irrespective of the number of lymph node metastases. 

Methods

Data on 134 patients with stage III/IVA vulva cancer from 1982 till 2004 and treated 

with curative intent in either the Academic Medical Centre in Amsterdam or the Mercy 

Hospital for Women in Melbourne were reviewed. The impact of the number of lymph 

node metastases, extracapsular spread and bilateral existence of lymph node metastases 

on survival was determined. 

Results

The bilateral presence of lymph node metastases is not a significant predictor for survival 

if a correction is made for the number of lymph node metastases (hazards ratio, 1.31, 

95% confidence interval, 0.68 - 2.51; P=0.420). If extracapsular spread is put into the 

model as well, this is the only parameter of prognostic significance in multivariate analysis 

(hazards ratio, 5.27; 95% confidence interval, 2.60 - 10.67; P<0.001). The five-year 

survival of patients with extracapsular spread is only 31%, which is considerably lower 

than the 80% survival of patients with only intracapsular metastases. 

Conclusions

In conclusion, there is growing evidence that bilateral existence of lymph node metastases 

is not a sufficient variable to qualify stage.  Extracapsular spread, however, seems to be 

the most valuable lymph node-associated prognostic factor for survival.
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Introduction

Vulva cancer is a rare disease with an incidence of two per 100.000 women per year. 

The most frequent histologic subtype is squamous cell cancer with a frequency of 70%.

(1) A clinical staging system was used until 1988. The recognition of the importance of 

pathologic lymph node status for survival and the inability to predict lymph node status 

accurately by physical examination urged the International Federation of Gynecology and 

Obstetrics (FIGO) to convert the staging system into a surgical pathologic system.(2;3) 

Based on this staging system, approximately 40% of patients have stage III/IV disease at 

first presentation.(4)

The presence of unilateral nodal involvement was introduced into stage III, whereas the 

presence of bilateral positive groin nodes was introduced into stage IVA. Stage III entails 

both patients with unilateral positive nodes irrespective of local tumor extension and 

patients with negative nodes but with locally advanced tumors with adjacent spread into 

the lower urethra, vagina, or anus. Stage IVA entails both patients with bilateral positive 

nodes irrespective of local tumor extension and patients with negative nodes but with 

extension into the upper urethra, vagina, bladder mucosa, rectum or pelvic bones. 

It is not clear whether the variable “bilateral positive lymph nodes” has independent 

prognostic value or just reflects the presence of multiple positive nodes. For example, in 

the only existing prospective study on prognostic factors in vulva cancer based on a large 

number of patients, the number of positive nodes proved to be a powerful predictor for 

survival.(5) Other studies came to the same conclusion.(6-15) Although, in the study by 

Homesley et al., the variable “bilateral positive nodes” was a significant prognostic factor 

in the univariate analysis, in the multivariate analysis, only the number of positive nodes, 

tumor diameter and clinical node status showed prognostic significance. 

The conclusion of an analysis of 55 patients with stage III/IVA vulva cancer has been that 

the prognosis of patients with bilateral positive nodes (stage IVA) is similar to patients 

with 2 or more unilateral positive nodes (stage III).(16) These results suggest that the 

unfavorable prognosis of the bilateral presence of lymph node metastases is not caused 

by the mere bilateral existence of the metastases but by the presence of multiple lymph 

node metastases. 

Although extracapsular spread is an independent factor for survival in the majority of 

studies on this issue, it is not included in the FIGO staging system.(9;10;12;15) 

The aim of the current study was, first, to determine whether laterality of lymph node 

metastases has prognostic significance, independent of the number of lymph node 

metastases. Second was to determine the prognostic significance of extracapsular spread 

irrespective of the number of lymph node metastases. 
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Materials and methods

The databases of the Department of Gynecologic Oncology of the Academic Medical 

Centre, Amsterdam, The Netherlands, and of the Department of Gynecologic Oncology 

of the Mercy Hospital for Women, Melbourne, Australia, were reviewed retrospectively. 

Data on patients with stage III/IVA vulva cancer from 1982 till 2004 and treated with 

curative intent were reviewed. In this period, the 1988 FIGO staging system was used. 

One hundred and sixty consecutive patients with stage III or IVA disease were treated. 

Twenty-five patients with stage III and IVA of the disease based on local tumor extension 

into vagina, urethra and/or anus, irrespective of nodal status, were excluded. One patient 

was lost to follow-up and excluded as well. Therefore, the study group comprised 134 

patients. Data on age, treatment, tumor diameter, number of positive nodes, bilateral 

presence of lymph node metastases, stage, and extracapsular extension were retrieved. 

Extracapsular spread of tumor was defined as squamous cell carcinoma extending 

through the nodal capsule into the perinodal fatty tissue. Deposits inside afferent lymph 

vessels were not assessed as extracapsular spread. The impact on survival of the number 

of lymph node metastases and extracapsular spread was determined.

The analysis of the impact of bilateral existence of lymph node metastases was also 

performed on the data of patients with more than one lymph node metastasis (n=80). 

This selection was made because patients with one lymph node metastasis have unilateral 

disease par definition. 

Patients from 1982 till 1988 initially staged according to the 1971 staging system 

were retrospectively restaged according to the 1988 staging system. All patients were 

treated with curative intent. In this study, treatment of patients usually entailed radical 

vulvectomy with bilateral inguinofemoral lymphadenectomy. Until 1993, all the patients 

from Amsterdam underwent an en bloc resection and adjuvant inguinal and pelvic 

radiotherapy. All the patients from Melbourne and those from Amsterdam after 1994, 

having more than one positive node or extracapsular tumor extension, had adjuvant 

radiotherapy. Seventy-two percent (96/134) of patients had adjuvant radiotherapy.

Statistical analysis

Outcome was defined as no clinical evidence of disease, dead of disease and inter-current 

death. Patients were usually followed up every 3 months during the first year, every 6 

months the second and third year, and yearly thereafter.

Survival was defined from the date of surgery to the date of death or last seen. Survival 

function was estimated by the Kaplan-Meier method (inter-current deaths were censored). 

Univariate and multivariate analyses were performed in the entire study group (N=134) 

to calculate the predictive value for disease-specific survival of number of positive nodes, 
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extracapsular spread of tumor, and bilateral presence of lymph node metastases. Calculations 

were performed with SPSS for Windows (version 14.02, SPPS Inc, United Kingdom). 

P values were calculated by a 2-sided test, and a P value < 0.05 was considered to be 

significant. No correction was made for multiple testing. 

Results

The disease-specific survivals at 5 and 10 years were 53% and 46%, respectively.

The median follow-up of patients not dying was 52 months (range, 4 – 188 months). 

Forty-five patients (40%) died of recurrent or progressive disease. Twenty-five patients 

(19%) died of inter-current diseases. Patient characteristics are shown in Table 1. 

In the entire group of patients, 71% (95/134) had unilateral lymph node metastases and 

29% (39/134) had bilateral nodes. Of those with unilateral nodes, 57% (54/95) had 1 

positive lymph node, 26% (25/95) had 2 positive lymph nodes, and the remaining 17% 

had 3 or more lymph node metastases. The maximum number was 6 positive nodes in 

2 patients. In the group of patients with bilateral nodes, 26% (10/39) had 2 and 74% 

(29/39) had 3 or more lymph node metastases. The maximum number was 17 in one 

patient. Extracapsular spread was present in 43% (41/95) of the patients with unilateral 

and in 74% (29/39) of the patients with bilateral lymph node metastases. 

Table 1. Patient characteristics

Variable Unilateral 
Lymph Node Metastases,

n (%)/(Range)

Bilateral
Lymph Node Metastases,

n (%)/(Range)

Total

No. patients 95 (71) 39 (29) 134

Age (distribution), y 72 (34-92) 75 (55-92) 75 (34-92)

5-y DSS, % 56 41 53

No. lymph node metastases

1 54 (57) 54 (40)

2 25 (26) 10 (26) 35 (26)

≥3 16  (17) 29 (74) 45 (34)

Extracapsular spread

Absent 54 (57) 10 (26) 64 (48)

Present 41 (43) 29 (74) 70 (52)

Tumor size

<4 cm 50 (53) 20 (53) 70 (52)

≥4 cm 45 (47) 19 (47) 64 (48)

DSS indicates disease-specific survival
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The impact of laterality, the number of lymph node metastases, and extracapsular spread 

were calculated for the whole group of patients with positive nodes (N=134). In univariate 

analysis, all these parameters are significant for survival (Table 2).

The number of lymph node metastases in patients with bilateral nodes is significantly 

higher than in patients with unilateral nodes (P< 0.001), and the number of lymph node 

metastases in patients with extracapsular growth is significantly higher than that in 

patients with only intracapsular metastases (P=0.004). 

Disease-specific survival decreases significantly in patients with 3 or more lymph node 

metastases (Fig. 1). The bilateral presence of lymph node metastases is not a significant 

Table 2. The impact of characteristics on the survival of patients in univariate and multivariate analyses

Variable Univariate analysis Multivariate analysis

Proportional Hazard 
(With Limits of 95%CI)

P Proportional Hazard 
(With Limits of 95%CI)

P

No. lymph node metastases 1.14 (1.06-1.22) <0.001 1.08 (0.99-1.18)   0.071

Bilateral nodes 1.86 (1.07-3.21)   0.027 1.01 (0.53-1.93)   0.971

Extracapsular spread 5.80 (2.91-11.57) <0.001 5.27 (2.60-10.68) <0.001

N= 134.

Figure 1. Disease-specific survival of patients with 
1,2,3, or more lymph node metastases

predictor for survival if a correction is made for the number of lymph node metastases 

(hazards ratio [HR], 1.31; 95% confidence interval [CI], 0.68 - 2.51; P=0.420). If extracapsular 

spread is put into the model as well, this is the only parameter of prognostic significance in 

multivariate analysis (HR, 5.27; 95% CI, 2.60 - 10.67; P<0.001) (Table 2). The 5-year survival 

of patients with extracapsular spread is only 31%, which is considerably lower than the 

80% survival of patients with only intracapsular metastases (P<0.001). The importance of 

extracapsular growth versus intracapsular growth is shown in Figure 2. 
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Patients with two or more lymph node metastases

To analyze further whether bilateral existence of lymph node metastases has prognostic 

significance on its own regardless the number of nodes, the impact on survival of bilateral 

presence of lymph node metastases is calculated for the group of patients with 2 or more 

positive nodes (n=80). In this subgroup, no significant difference between the impact 

of bilateral node metastases and unilateral metastases on survival can be demonstrated 

(HR, 1.55; 95% CI, 0.81-2.97; P=0.189). Patients with unilateral and bilateral lymph node 

metastases had a 5-year survival of 58% and 46%, respectively. 

Discussion

This study shows that bilateral presence of lymph node metastases is not an independent 

factor for survival when the number of lymph node metastases is taken into account. 

Moreover, it confirms the results of earlier studies that the presence of extracapsular 

growth is the single, poorest prognostic marker of lymph node metastases.  

The strength of the study is both in the uniformity and the size of the study group. It is 

the second largest study on this subject in the literature. In contrast to many other studies 

on this subject, only patients with T1 and T2 tumors were included, thus eliminating any 

negative influence of local extension on survival. 

When the literature on this subject is reviewed, it is clear that our finding regarding 

the prognostic value of bilateral presence of nodal metastases is contradictory to the 

results of some other researchers (Table 3). In 3 studies, bilateral presence of lymph node 

metastases was an independent factor for survival.(6;7;13)

In the study by Burger et al, the relative risk of dying within a given period for patients 

with bilateral lymph node metastases was estimated to be 2.65 (95% CI, 1.03 – 6.84), 

compared with patients with unilateral lymph node metastases. In this study, however, 

Figure 2. Disease-specific survival of the patients with 
extracapsular spread of tumor versus the survival of 
the patients with intracapsular disease.
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51% (26/51) of the patients with lymph node metastases had one positive node. These 

patients had a unilateral metastasis par definition. In our opinion, the analysis of the 

impact of laterality of nodes on survival has to be confined to the group of patients 

who are at risk for bilateral nodes and have 2 or more lymph node metastases. Besides 

this, the worse prognosis of patients with bilateral nodes in this study was probably 

also influenced by differences in number of lymph node metastases in both groups. Of 

11 patients with bilateral nodes, 10 (90%) had 3 or more lymph node metastases. On 

the other hand, only 5 of 40 patients (13%) with unilateral lymph node metastases had 

three or more positive nodes. Although the authors concluded that bilateral metastases 

were associated with a large number of involved lymph nodes, any association between 

number of nodes and prognosis could not be demonstrated. It was suggested that this 

could be an effect of insufficient statistical power. 

The conclusion in the study by Boyce et al was that patients with bilateral groin node 

metastases had a significantly worse outcome.  The 5-year survival of patients with 

bilateral lymph node metastases was 39% compared with the 62% of the patients with 

unilateral nodes. However, this survival benefit for patients with unilateral nodes did not 

exist anymore after correction for the number of metastases. Six patients with 3 or more 

Table 3. Literature on the impact on the survival of bilateral existence of lymph node metastases 

Author Year No. patients 5-y DSS, % Statistical outcome

Boyce et al 1985 79

Unilaterally 16 62

Bilaterally 14 39 P=0.001

Rutledge et al 1991 365

Unilaterally HR 6.87

Bilaterally HR 20.32, compared with negative nodes

Hopkins et al 1991 172

Unilaterally 25 30

Bilaterally 20 7 NS

Burger et al 1995 164

Unilaterally 40 61

Bilaterally 11 23 HR 2.65 (95% CI,1.03 –6.84); P=0.04

Lataifeh et al 2004 55

Unilaterally 22 35*

Bilaterally 18 40 NS

Raspagliesi et al 2006 389

Unilaterally 83

Bilaterally 27 NS

* Disease-free survival, NS indicates not significant
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unilateral positive nodes had a 54% 2-year survival comparable to the 52% 2-year survival 

of the patients with bilateral lymph node metastases. 

In the study by Rutledge et al., the HR within a given period was estimated to be 6.9 

(95%CI, 3.5 – 13.3) and 20.3 (95% CI, 10.1 – 40.9) for patients with unilateral lymph 

node metastases and patients with bilateral lymph node metastases, respectively, 

compared with patients without lymph node metastases.  Patients with one lymph node 

metastasis were included in the group of patients with unilateral nodes as well. Neither 

the number of lymph node metastases nor whether the numbers of positive nodes were 

equally divided between the groups of patients with unilateral and bilateral nodes were 

mentioned in the report. 

As is shown in Results, we found in our study bilateral existence of lymph node metastases 

to be significant for survival when data of patients with one positive node were included 

in the analysis. The conclusion of the multivariate analysis was, however, that as soon as a 

correction for number of lymph node metastases was made, laterality was not significant 

anymore. 

In 3 other studies, laterality is not an independent factor for survival.(4;12;16) In the study 

by Lataifeh et al, patients had T3 or T4 tumors. Whether these were equally distributed 

among the groups with unilateral and bilateral lymph node metastases cannot be 

deducted from the report, which makes it difficult to draw any conclusions on the impact 

of bilateral existence of lymph node metastases. To eliminate the local extension of the 

disease as confounder, all patients with T3 and T4 tumors were excluded in our study. 

In summary, the evidence found for the impact of bilateral presence of lymph node 

metastases on prognosis is questionable and reflects most likely the poor prognostic 

effect of multiple lymph node metastases, independent of laterality.  

Extracapsular spread is an independent factor for survival of patients with positive lymph 

nodes. This result is in agreement with most of the results in former studies.(9;10;12;15) 

In the study by Burger et al, extracapsular spread is not an independent factor for survival.

(7) In this study, survival of patients with extracapsular spread is 51% after 5 years. This is 

considerably better than the survival mentioned in other studies. It approaches the 5-year 

survival of 57% of patients with only intracapsular growth. In the other studies mentioned, 

survival after 5 years differed from 15% to 33% for patients with extracapsular spread 

and from 51% to 86% for patients with only intracapsular metastases. The difference 

between the study of Burger et al and the other studies might be related to 2 factors. 

First, the way extracapsular spread is defined could influence the result. In none of the 

reports of former studies is the definition of extracapsular spread mentioned. No reports 

are available on the issue of interobserver variability of extracapsular spread of tumor. 

Second, in the study by Burger et al but also in the study by Paladini et al, overall survival 

is used instead of disease-specific survival. This could explain the relatively low 5-year 
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survival rate of patients with intra-capsular metastases in both studies (57% and 51% 

respectively). 

In conclusion, there is growing evidence that bilateral existence of lymph node metastases 

is not a sufficient variable to qualify stage.  Extracapsular spread, however, seems to be the 

most valuable lymph node -associated prognostic factor for survival. A main drawback of 

this factor as a qualifying variable for prognosis is the lack of insight in the reproducibility 

of this parameter. Before the introduction of extracapsular spread in the staging system, 

it is of utmost importance to establish unequivocal histopathologic criteria. 
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Abstract

Aim of the study

The aim of the study was to analyze the benefit from adjuvant radiotherapy in patients 

with vulvar cancer and a single positive node without extra capsular spread. 

Materials and methods

The study population comprised data of 75 patients with vulvar cancer and one lymph 

node metastasis. The patients were treated in three different university centers in 

Amsterdam, Groningen and Rotterdam between 1984 and 2005. 

Results

Out of 75 patients, 31(41%) were treated with adjuvant radiotherapy. Both disease free 

survival (DFS) and disease-specific survival (DSS) were comparable between the groups 

who did and who did not receive adjuvant radiotherapy (HR 0.98, 95% CI 0.45-2.14, 

p=0.97 and HR=1.02, 95% CI 0.42-2.47, p=0.96). 

Conclusion 

We could not demonstrate any beneficial effect of adjuvant radiotherapy in the group of 

patients with one intra capsular metastasis. 

C H A P T E R   7

86



Introduction

Squamous cell cancer of the vulva is uncommon, representing approximately 4% of the 

malignancies of the female genital tract.(1) Lymph node involvement is one of the most 

important prognostic factors for survival.(2-5) There is an ongoing debate on the benefit 

of adjuvant radiotherapy in patients with one inguinal lymph node metastasis. In a 

randomized clinical trial by Homesley et al., patients with inguinal lymph node metastases 

were randomized between pelvic lymph node dissection and adjuvant radiotherapy.(6) 

In the subgroup of patients with only one occult lymph node metastasis, no significant 

survival benefit from radiotherapy was shown. Since the publication of this study 

radiotherapy is very often omitted in the treatment of patients with one positive node 

and without other poor prognostic factors as extra capsular spread. Recently, however, 

from the results of a study on the data of 208 patients with vulvar cancer and one 

positive lymph node, it was concluded that these patients benefited from radiotherapy.

(7) The data were derived from the SEER (Surveillance, Epidemiology, and End Results) 

database of the National Cancer Institute. An important limitation of this study is that, 

although extra capsular spread proves to be the most important lymph node associated 

prognostic factor for survival, no information about this was taken into account.(8-11)

The aim of our study was to analyze the benefit of adjuvant radiotherapy in patients with 

vulvar cancer and a single intra capsular lymph node metastasis. 

Materials and methods

From the databases of the University Medical Center Groningen, the University Medical 

Center Rotterdam and the Academic Medical Center Amsterdam the data of patients 

with squamous cell cancer of the vulva and one lymph node metastasis were extracted. 

All patients were treated with curative intent and underwent a radical vulvectomy or 

wide local excision of the tumor and an inguino-femoral lymphadenectomy. One hundred 

and six consecutive patients met these criteria, 33 from Groningen, 19 from Rotterdam 

and 54 from Amsterdam.  Data of 31 patients with extra capsular spread of tumor were 

excluded from analysis. The data of 75 patients with one intra capsular metastasis were 

analyzed, 25 from Groningen, 15 from Rotterdam and 35 from Amsterdam. 

The patients from Groningen were treated between 1984 and 2001, those from 

Rotterdam between 1999 and 2005 and those from Amsterdam between 1986 and 2005. 

Until 1994 all patients in Amsterdam and Groningen with positive lymph nodes received 

adjuvant radiotherapy. The prescribed radiation dose was 46 Gy in 23 fractions of 2 Gy, 

5 fractions per week to both groins and the lower external-iliac lymph nodes up to the 

inferior border of the sacro-iliac joints. All patients had CT-treatment planning. Clinical 
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target volume (CTV) and planning target volume (PTV) were drawn; particularly making 

sure that the deeper inguinal area was adequately covered. Further, special attention was 

paid to include the so-called ‘inguinal skin bridge’ between the vulva and the groin scar. 

Dose delivery to the PTV was preferentially according to ICRU 51, readily admitting that 

the required homogeneous dose distribution could not always be obtained in patients 

with highly variable body contours. In obese patients, who are well represented in this 

series, the best coverage of the PTV was usually obtained by a four-field photon beam 

box-technique of 6 and/or 10 MeV photons. Additional photon beam fields were used 

for compensation for irregular body contours, mostly required to cover the external-iliac 

lymph nodes. In very slender women, and in patients with very lateral inguinal incision 

scars, electron beams (8-15 MeV) were used for coverage of the (lateral) inguinal areas.

From 1994 onwards, only patients with more than one positive lymph node or extra 

capsular tumor extension were treated with adjuvant radiotherapy. Until 2001 all patients 

from Rotterdam with positive lymph nodes were treated with adjuvant radiotherapy. 

One patient from Groningen and one from Rotterdam received adjuvant radiotherapy 

to the groins and pelvis and to the vulva because of irradical resection of the primary 

tumor.  Five patients (5/106) had a T3 tumor, three patients from Rotterdam, one from 

Amsterdam and one from Groningen. 

Data on age, treatment, tumor diameter, vascular space involvement and recurrences 

were retrieved. By determining the recurrence rate the first recurrence of a patient, 

independent of the site of the recurrence or metastasis, was taken into account. 

Statistical analysis

Survival was calculated using the Kaplan-Meier method. Disease-free survival (DFS) was 

defined as the time in months from the date of surgery to the date of cytological or 

histological proven recurrent disease or, in the case of censored observations, to the 

date of last contact. Similarly, disease-specific survival (DSS) was defined as the time in 

months from the date of surgery to the date of death from vulvar cancer. Observations 

were censored if inter-current death (i.e. death from causes other than vulvar cancer) 

occurred. 

Cox’s proportional hazards model was used for the analysis of the impact of adjuvant 

radiotherapy on survival. Differences between two groups regarding a continuous 

or qualitative variable were analyzed with Mann-Whitney U test or chi-square test, 

respectively. Calculations were performed with SPSS for Windows (version 15.02, SPSS 

Inc, UK). p-values <0.05 were considered to be significant. 
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Results

In the group of patients with one intra capsular lymph node metastasis (n=75) the DFS 

and DSS at 5 years were 63% and 68% respectively. The median follow-up of surviving 

patients was 75 months (range 5 – 261 months). Twenty patients (27%) died of recurrent 

or progressive disease.  Within the entire group of patients with one lymph node 

metastasis age, size of tumor, presence of vascular space involvement and institution of 

treatment had no prognostic significance for DFS or DSS in univariate analysis. 

We analyzed whether patients with one intra capsular groin node metastasis had any 

benefit from adjuvant radiotherapy. Of these, 41% (31/75) had been treated, according 

to the protocol, with adjuvant radiotherapy to the groins and pelvis, 59% (44/75) just had 

surgery.  The characteristics of patients who did and those who did not receive adjuvant 

radiotherapy are summarized in Table 1. Since the Rotterdam hospital contributed only 

more recently treated patients (see Materials and Methods section), 90% (28/31) of 

the patients who underwent adjuvant radiotherapy were treated in the hospitals of 

Amsterdam or Groningen. A larger proportion of the Groningen patients underwent 

adjuvant radiotherapy, as the Groningen hospital contributed patients treated up to 2001 

and the Amsterdam hospital up to 2005. 

Table 1. Characteristics of 75 patients with one intra capsular metastasis, 44 without adjuvant radiotherapy 
and 31 with adjuvant radiotherapy

Intra capsular metastasis p-value

Without RT1 With RT

Number of patients 44 31

Mean age years (distribution) 75(47-91) 72 (43-87) 0.52

5 years DFS2 in % 62 63 0.97

5 years DSS3 in % 68 69 0.96

Tumor diameter

< 4 cm 28 (64) 18 (58)

≥ 4 cm 16 (36) 13 (42) 0.64

LVSI4

Negative 32 22

Positive 11 4 0.32

Unknown 1 5

Centre

Amsterdam 22 13

Groningen 10 15

Rotterdam 12 3 0.036

1 RT Radiotherapy, 2 DFS Disease-free survival, 3 DSS Disease-specific survival, 4 LVSI Lymph vascular space 
involvement

89

Adjuvant radiotherapy and one intra capsular metastasis



No significant differences were found between the groups with regard to age, tumor size 

and presence of vascular space involvement (Table 1).

In the group of patients (31/75, 41%) who were treated with adjuvant radiotherapy the 

5-year DFS and DSS were 63% and 69% respectively. In the group of patients (44/75, 59%) 

who did not receive adjuvant radiotherapy these rates were 62% and 68%. No significant 

impact of adjuvant radiotherapy on both DFS and DSS could be found (HR=0.98, 95% 

CI 0.45-2.14, p=0.97 and HR=1.02, 95% CI 0.42-2.47 p=0.96). The recurrence pattern is 

detailed in Table 2. The site of recurrence is unknown in seven patients. Recurrence rates 

did not differ between the radiotherapy and the no-radiotherapy group, as they were 

39% (12/31) and 32% (14/44) respectively. The distribution of the sites of recurrences in 

the two groups is similar (Table 2.).

Table 2. Number of recurrences per site of recurrence

Site of recurrence Intra capsular metastasis

Without RT1 With RT

None 30   (68)2 19     (62)

Local (vulva) 7     (16) 7       (23)

Groin 1       (2) 0         (0)

Pelvis 1       (2) 2         (6)

Distant 2       (5) 2         (6)

Unknown 3       (7) 1         (3)

Total 44  (100) 31    (100)

1 Radiotherapy, 2 Percentage

Discussion

In this study we could not demonstrate a significant impact of adjuvant radiotherapy 

on both DFS and DSS of patients with one intra capsular lymph node metastasis. Our 

results support the assumption that there is no real benefit from adjuvant radiotherapy in 

patients with one intra capsular metastasis.

With respect to the value of adjuvant radiotherapy for patients with one intra capsular 

metastasis, the randomized controlled trial by Homesley et al. is important. In this study 

the relative 2-year survival of the group of patients treated with adjuvant radiotherapy 

after radical vulvectomy and groin node dissection was significantly better than the 

2-year survival of patients treated with pelvic node resection after radical vulvectomy 

and groin node dissection. The survival advantage however was limited to the subgroup 

of patients with clinically suspicious and two or more tumor positive groin nodes.(6) 
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Radiotherapy was not beneficial to forty patients with only one positive groin node. The 

authors concluded that the small size of this subgroup and the relatively short follow-up 

might have contributed to this finding. 

Recently, the data of 208 patients with one lymph node metastasis of whom 102 received 

adjuvant radiotherapy have been published.(7) DSS of patients who underwent a less 

extensive lymph node dissection (≤12 nodes) was significantly better in the group of 

patients who were treated with adjuvant radiotherapy than in the group who were not. 

Patients who underwent a more extensive lymphadenectomy did not seem to benefit 

from adjuvant radiotherapy. It is disappointing that the issue of extra capsular spread was 

not taken into account in this recent study, as it has been shown that this is indeed an 

independent prognostic factor in all studies in which this factor is assessed. Hence, this 

issue should have been taken into account into conjunction with an analysis of the value 

of different treatment modalities. (8-11)

In our study survival rates of patients as well as patterns of recurrence were similar in 

patients with and without adjuvant radiotherapy. 

We also did not find any difference in groin recurrences between patients with and 

without adjuvant radiotherapy. In the current study and in the study by Homesley et al. 

the number of local and distant recurrences was similar in both groups. In the study by 

Homesley et al. the recurrence pattern was not mentioned separately for patients with 

only one lymph node metastasis, while Parthasarathy did not mention the pattern of 

recurrence in the study. 

Our study comprises a relatively large group of vulvar cancer patients, who were treated 

in a time period spanning more than 20 years. Due to its retrospective nature and the 

long treatment period our study shows the inevitable flaws associated with such a design. 

The majority of the patients who had one intra nodal metastasis and underwent adjuvant 

radiotherapy were treated in the time interval 1984-1993, while the majority of the same 

category of patients without radiotherapy was treated after 1993. The surgical approach 

of the vulvar tumor during this time period has become less extensive. Gradually, a tailored 

vulvar excision became the common approach. The aim was to excise the tumor with 

an appropriate margin, and leave the remaining vulva behind.  The en bloc groin node 

dissection was gradually replaced by separate incisions for the groins. These changes in 

treatment are aimed to reduce adverse effects while maintaining effectiveness of tumor 

treatment. 

Because of the retrospective character of the study a power analysis was not performed. 

It is obvious that, if this study had been designed as a prospective study the number of 

75 patients would not have been sufficient for an adequate power of 80%. Nevertheless, 

this study is the second largest in the literature on this subject and concerns a rather well 

defined group of patients.
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In summary, we could not demonstrate any beneficial effect of adjuvant radiotherapy in 

75 patients with vulvar cancer and one intra capsular metastasis. 
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General discussion and conclusions





The studies described in this thesis aim at improving the prognostic accuracy in patients 

with vulva cancer, by the assessment of a possible additional predictive value of protein 

markers and by the re-examination of well established clinical pathologic parameters. 

Improving the prognostic accuracy is of considerable importance as it will benefit the 

selection of the most appropriate treatment modality and will provide patients with more 

reliable information on the course of their disease and their future.   

In our study on protein markers we were not able to demonstrate an additional value 

of 16 protein markers for the assessment of the prognosis of vulva cancer patients. We 

tested initially a panel of 16 protein markers. The prognostic significance of 10 markers 

had been described in the literature as mentioned in the introduction. We were unable 

to confirm these results.

Results of our first study would suggest the period of survival to be associated with 

COX-2 over-expression and absent Caspase 3 expression, as described in chapter 2. In 

the internal validation study, described in chapter 4, the association between COX-2 over-

expression and period of survival was confirmed.  We could not confirm the association 

between absent Caspase 3 expression and period of survival. In the external validation 

study, described in chapter 5, an association between the period of survival and COX-2 

over-expression could not be demonstrated in a similar and independent study group of 

vulva cancer patients. 

At first sight, this disappointing outcome contrasts with the promising results of other 

studies. In the analysis of this apparent discrepancy we addressed two questions. First, 

did methodological or technical errors in our study contribute to this result? Second, is it 

possible that results of other researchers are less promising than they appeared to be?

One of the methodological imperfections in our study is the limited statistical power, 

particularly in the first study. This is a direct consequence of the low incidence of vulva 

cancer. The first study group comprised 50 patients, treated between 1995 and 1998.  

Immunohistochemical staining was assessed using a three-point scale to define intensity 

and distribution. Cut-off levels were chosen depending on the discriminative power of 

the categories in the first study group. Another population is likely to have a best cut-

off point at a different level, and thus worse test results, when the initial cut-off point is 

re-used. (1)

The relatively small sample size also constitutes a threat to the proper use of the TMA. 

The TMA approach has been designed to survey tumor populations and not to examine 

individual tumors.(2) It cannot be avoided that some cellular abnormalities are missed 

when the analysis of potentially heterogeneous tumors is restricted to a small number 

of samples per patient measuring only 0.6 mm in diameter. Although the agreement 
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between expression-patterns in triplicate 0.6 mm core biopsies on TMA and on full 

sections was generally good, as described in chapter 3, it was highly dependent on 

the antigen tested and the scoring system used. For Caspase 3 a kappa of 0.4 (slight 

agreement) was found. This must have had an adverse effect on the reproducibility of 

the association between absent Caspase 3 expression and survival, as found in the first 

study. Furthermore a small sample size will be of influence particularly in the assessment 

of antigens that come to expression focally and in a small number of cells, as is the case 

of Caspase 3. 

The small number of patients available for the study limits the type of statistical tests 

that can be applied. Multivariate analysis was performed with a proportional hazard 

model. Another, possibly more promising approach would have been a hierarchical 

cluster analysis. Cluster analysis organizes cases according to the similarity or dissimilarity 

of immunostaining profiles, placing the cases with similar immuno-profiles together as 

neighboring rows in the clustergram. It has been previously observed that the potential 

of combinations of prognostic markers is superior to that of a single marker.(3;4) The size 

of our data set unfortunately did not allow a hierarchical cluster analysis. 

Many factors will influence the technical preparation of the immunoreactions and a 

wide variety of causes could result in incorrect interpretations.(5) Variables affecting 

immunoassaying may involve different steps of the routine technical tissue processing. 

The fixation, dehydration and embedding processes, or external factors, such as the 

influence of storage time and temperature, causing degradation of antigen may be of 

influence on the final result. 

The TMA technology allows the simultaneous analysis of a large number of tumors under 

strictly standardized conditions.(6) Most of the limitations of immunohistochemical tests 

previously mentioned have been overcome by this technique. The TMA used for external 

validation was constructed in the laboratory of the department of pathology of the 

University Medical Centre Groningen. As external validation of the association between 

COX-2 over-expression and survival failed, an analysis was made of the causative factors 

possibly related to the technical process. A difference in time-interval between the 

construction of the TMA and the immunostaining was established. Several other studies 

demonstrated a deleterious effect of storing pre-cut slides at room temperature. This 

phenomenon may, to some extent, have contributed to the lack of reproducibility.(7)

Although the prognostic value of COX-2 expression is not extensively tested in vulva 

cancer, it is studied in squamous cell cancer of the esophagus. As discussed in chapter 

5, the association between prognosis of patients with esophagus cancer and COX-2 

expression is described in thirteen different papers. There is a considerable difference 

C H A P T E R   8

96



in the cut-off levels used, resulting in variability of outcome. As far as we can ascertain, 

these results have not been internally or externally validated. The need for validation of 

diagnostic tests is widely recognized.(8-10) A review article on the validation of diagnostic 

accuracy, reported most studies to have a worse accuracy than the original one.(1) 

Positive results of immunohistochemical tests in particular have to be judged with great 

caution before completion of the required validation studies. It may well be that the 

prognostic significance of COX-2 over-expression, in patients with esophagus cancer will 

not stand after external validation of test results. 

Although we did not succeed in demonstrating additional predictive value of any 

protein marker it is too early to conclude that further efforts in this direction have to be 

abandoned. The use of TMA is reliable, provided that the study group is large enough. 

Testing with a large number of protein markers is preferred to testing with single markers 

as it allows the application of hierarchical clustering. This could well be a promising 

approach as tumors with different biological behavior are more likely characterized by a 

group of markers than by a single one.

As long as no additional markers with discriminative potential are found, prognostic 

classification has to be based on long established clinical pathologic markers. 

The current FIGO classification discriminates 4 stages depending on the size of the tumor, 

the existence of uni-or bilateral groin lymph node metastases and the local extension of 

tumor. 

Tumors with a diameter of 2 cm or less are classified as stage I, tumors with a diameter of 

more than 2 cm are classified as stage II, as along as there are no lymph node metastases 

and no local extension into surrounding anatomical structures as urethra, vagina or anus. 

As stated in the introduction this classification has its limitations as 30% of the patients 

without lymph node metastases will get a recurrence in 10 years of which 50% will finally 

die from the disease. It is good to recall that a scientific basis for this cut-off level of 2 cm 

is lacking. In the largest prospective study on prognostic factors in vulva cancer, including 

588 patients, the 5-years survival of patients with lesions up to 8 cm in diameter was not 

significantly shorter than the survival of those with lesions smaller than 2 cm. (11) This 

study proposed a cut-off level of 8 cm. 

As lymph node status is the most powerful predictor of survival it is not very likely that 

other independent clinical pathologic risk factors can be identified in study groups 

comprising patients with and without lymph node metastases. There is no information 

on useful prognostic factors for patients without lymph node metastases. It is possible 
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that protein markers will eventually contribute to a better prognostic classification in this 

particular group of patients. 

FIGO stage III includes tumors that involves the lower urethra, vagina or anus (T3) and/

or have metastasized unilaterally to groin lymph nodes. Stage IVA entails both patients 

with bilateral lymph node metastases (irrespective of local tumor extension) and patients 

without lymph node metastases but with extension into the upper urethra, vagina, 

bladder mucosa, rectum or pelvic bones (T4). It is not clear from the literature whether 

the variable ‘bilateral lymph node metastases’ has independent prognostic value or just 

reflects the presence of multiple lymph node metastases. The existence of bilateral lymph 

node metastases would appear to lose its prognostic significance when correction is 

made for the number of positive nodes, as is shown in chapter 6. We therefore suggest 

removing single or dual laterality of lymph node metastases from the FIGO staging 

system.  

When the limited data on prognostic significance of lymph node associated factors are 

reviewed extra-capsular spread turns out to be strongly associated with impaired survival. 

This is in accordance with our conclusion in the study on prognostic significance of lymph 

node associated factors as described in chapter 6. The importance of extra-capsular 

spread for the period of survival justifies its inclusion in the staging system. However, this 

introduction is dependent on acceptance of an internationally recognized definition of 

extra-capsular spread.   

Limited data are available on the independent prognostic significance of T-status. A recent 

study on patients with stage III vulva cancer convincingly showed that patients with T3 

tumors have a significantly better prognosis than patients with stage III disease based 

on lymph node metastases.(12) These authors did not address the question of a possible 

influence of T-status on the prognosis. This answer has to be provided by comparing 

the prognosis of patients with a different T-status but without lymph node metastases. 

Answering this question is even more difficult as surgery is generally not the standard 

treatment for patients with T4 tumors. Consequently detailed exploration does not take 

place. This limits the evaluation of the data of these patients and it is an argument to 

assign patients with T4 tumors to a separate category. 

It is recognized that patients with one lymph node metastasis have a worse prognosis 

than patients without lymph node metastases. It is generally accepted to treat all 

patients with more than one positive node with adjuvant radiotherapy. At this moment, 

consensus is lacking on the treatment of choice for those patients with only one lymph 

node metastasis.  To contribute to the solution of this question, we analyzed the data 

of patients from three different hospitals with vulva cancer and just one lymph node 
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metastasis and no extra-capsular spread. As stated in the introduction, previous studies 

recommending adjuvant radiotherapy did not take extra-capsular spread (the most 

important lymph node associated prognostic factor) sufficiently into consideration.

(13) We selected for our study, described in chapter 7, patients with only one lymph 

node, without extra-capsular spread, to rule out its predominant effect. We could not 

demonstrate a beneficial effect of adjuvant radiotherapy for this selected group. 

In summary, sufficient data are produced to necessitate partial revision of the current 

FIGO system. Particularly, the suggested revision of stage III and IV will result in improved 

terms of discrimination. As clinical pathologic factors with enough discriminative power 

are lacking in the group of patients without lymph node metastases, changes in the 

classification of stage I and II can not be expected to contribute to an improvement of 

discrimination between patients with a high and low risk for recurrence and death of 

disease. Protein markers, which reflect the biological behavior of the tumor, may have 

additional value in this group of patients. 

When a group of patients with a specific risk for an adverse outcome has been identified, 

therapy aimed at reducing this risk must not be implemented before conclusive evidence 

of the beneficial effect has been provided. 
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Summary





The studies described in this thesis aim at improving prognostic accuracy in patients 

with vulva cancer by exploration of the potential value of cellular protein markers and by 

reassessment of clinical pathologic tumor characteristics. 

In Chapter 1 background information is provided on well-established clinical pathologic 

prognostic factors, on protein markers reported to be of prognostic value, and on the use 

of tissue micro array (TMA) for detection of relevant immunohistochemical complexes.  

The objectives of the studies are formulated. 

Chapter 2 describes the results of a study with the aim to determine immunohisto-

chemical markers with prognostic value for disease specific survival in patients with vulva 

cancer. The construction is described of a TMA with samples of 50 tumors and the 

immunostaining procedure with 16 antibodies. The influence was determined on disease 

specific survival of various tumor characteristics: size of tumor, lymph node metastases, 

vascular space involvement and marker expression. In univariate analysis tumor size more 

than 4 cm, lymph node metastases, vascular space involvement, strong COX-2 expression 

and absent Caspase 3 expression were significantly associated with disease specific 

survival. In this test set COX-2 expression and Caspase 3 expression would appear to be 

protein markers of potential interest. 

Chapter 3 describes the validation study of the technique of TMA for vulva cancer. In 

this study immunohistochemical staining results of triplicate core biopsies on TMA were 

compared with the results of full section analysis for COX-2, Caspase 3, EGFR, p16INK4, 

Cyclin D1 and Ki67. Agreement in the readings between TMA and slides was expressed 

in total agreement and κ. It was concluded that expression patterns of antibodies were 

reproduced on TMA with good reliability (κ 0.68 to 0.75) for Ki67, p16INK4, COX-2, Cyclin 

D1 and EGFR in comparison with whole slides. For Caspase 3 agreement was only slight 

with a κ of 0.4. For COX-2 the use of an alternative scoring system resulted in a decrease 

of κ from 0.68 to 0.21. Agreements between results on TMA and slides depended on the 

distribution of the protein in the tumor tissue and on the scoring system used. 

Chapter 4 describes the results of the study to validate the association between COX-2 

over-expression and absent Caspase 3 expression and a shorter disease specific survival. 

The study group comprised 80 patients. A TMA with three tissue cores per patient was 

constructed and stained with antibodies against COX-2, Caspase 3, EGFR, p16INK4, Cyclin 

D1 and Ki67. The impact of the expression of these protein markers and selected clinical 

pathologic variables on disease specific as well as disease free survival was determined. 

In multivariate analysis lymph node metastases and strong COX-2 expression were found 
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to be associated with a shorter disease free (HR 8.33, 95% CI 2.97-23.36, P<0.001 and 

HR 6.42, 95% CI 2.33-17.72, P<0.001) and disease specific survival (HR 6.04, 95% CI 2.12-

17.19, P=0.001 and HR 5.11, 95% CI 1.82-14.36, P=0.002). The prognostic significance 

of COX-2 over-expression as described in chapter 2 was confirmed. No association was 

found between Caspase 3 expression and survival in the present series.

In Chapter 5 an external validation study is described. The aim of this study was to 

assess the reproducibility of the association between over-expression of COX-2 and 

shorter survival in an independent but similar study group of vulva cancer patients from a 

collaborating university medical centre. 

The COX-2 staining patterns as determined on a TMA with material of 116 vulva cancer 

patients, treated at the University Medical Centre Groningen between 1984 and 2001, 

were compared with the patterns from 126 patients, treated at the Academic Medical 

Centre in Amsterdam between 1994 and 2003. The association between the COX-2 

expression patterns and survival was determined. 

Both groups were comparable concerning the size of tumor, FIGO stage of disease, 

presence of lymph node metastases, extra-capsular spread, vascular space involvement 

and adjuvant radiotherapy. In the group from Groningen disease free and disease specific 

survival at 5 years were 62% and 80% respectively. In the group from Amsterdam these 

figures were nearly identical with 63% and 71% respectively. 

An association between disease specific or disease free survival and strong COX-2 

expression could not be demonstrated for the cases from Groningen. In the group from 

Amsterdam strong COX-2 expression was again significantly associated with both the 

disease specific (HR 2.44, 95% CI 1.16-5.13, p=0.02) and disease free survival (HR 2.24, 

95% CI 1.15-4.38, p=0.02). 

Chapter 6 describes a study to determine whether the presence of bilateral lymph node 

metastases has independent prognostic value irrespective of the number of positive 

nodes. In addition, the prognostic value of extra-capsular spread, irrespective of the 

number of lymph node metastases, was determined. 

Data on 134 patients with stage III/IVA vulva cancer from 1982 till 2004 and treated 

with curative intent in either the Academic Medical Centre in Amsterdam or the Mercy 

Hospital for Women in Melbourne were reviewed. The bilateral presence of lymph node 

metastases was not an independent prognostic factor for survival, when corrected for 

the number of lymph node metastases (HR 1.31, 95% CI 0.68 - 2.51, p=0.420). Including 

extra-capsular spread in the analysis, this turned out to be the only factor of significant 

prognostic value in a multivariate analysis (HR 5.27, 95% CI 2.60 - 10.67, p<0.001). Five 
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years survival of patients with extra-capsular spread was only 31%, against 80% for the 

patients with intra-capsular metastases. 

It was concluded that there is growing evidence that existence of bilateral lymph node 

metastases is not a discriminative prognostic factor and consequently inadequate for 

staging purposes. In contrast, extra-capsular spread was found to be a valuable lymph 

node associated prognostic factor for the period of survival.

In Chapter 7 the benefit of adjuvant radiotherapy for patients with one intra-capsular 

metastasis was analyzed. The study population comprised data of 75 patients with vulva 

cancer and one intra-capsular lymph node metastasis. The patients were treated in three 

different university medical centers in Amsterdam, Groningen and Rotterdam between 

1984 and 2005. Until 1994 all patients in Amsterdam and Groningen with positive lymph 

nodes received adjuvant radiotherapy. From 1994 onwards, radiotherapy was omitted in 

patients with one intracapsular metastasis. In Rotterdam all patients with positive lymph 

nodes were treated with adjuvant radiotherapy until 2001.

Of all patients, 41% (31/75) were treated with adjuvant radiotherapy. Both the disease 

free and disease specific survival were similar for the groups who did and who did not 

receive adjuvant radiotherapy (HR 0.98, 95% CI 0.45-2.14, p=0.97 and HR 1.02, 95% CI 

0.42-2.47, p=0.96). We could not demonstrate a beneficial effect of adjuvant radiotherapy 

in the group of patients with one intra-capsular metastasis. 

 

In Chapter 8 a general discussion is given. TMA is a valid instrument to analyze expression 

pattern of proteins provided that the study group is sufficiently large. The association 

between the period of survival and COX-2 over-expression found in an Amsterdam study 

group could not be reproduced in a similar and independent group of patients from 

another university medical centre, possibly due to technical factors. Further efforts in this 

direction are certainly warranted. 

A revision of the FIGO staging system is proposed, particularly of stage III and IV, as it will 

result in improved discrimination between patients with a high and low risk for recurrence 

and death of disease. The group of patients without lymph node metastases lacks clinical 

pathologic factors with adequate discriminative power. Improvement of discrimination in 

this group of patients by new clinical pathologic factors is highly unlikely. Progress in this 

particular group of patients may well be expected from protein markers, as they reflect 

the biological behavior of the tumor cells more closely. 
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Samenvatting





De studies, welke worden beschreven in dit proefschrift, hebben tot doel de prognostische 

accuratesse te verbeteren voor patiënten met een vulva carcinoom door de mogelijke waarde 

van eiwit merkstoffen te onderzoeken en door klinisch pathologische karakteristieken te 

herwaarderen. 

In hoofdstuk 1 worden zowel bekende klinisch pathologische factoren als veelbelovende 

eiwit merkstoffen beschreven. Tevens wordt het gebruik van de Tissue Microarray (TMA) 

toegelicht. De doelen van de verschillende studies worden uiteengezet. 

Hoofdstuk 2 beschrijft de resultaten van de studie die tot doel had eiwit merkstoffen 

te identificeren welke prognostische betekenis zouden kunnen hebben voor de duur van 

de overleving van patiënten met een vulva carcinoom. Een TMA werd samengesteld 

met materiaal van 50 tumoren. De TMA werd gekleurd met 16 verschillende antistoffen. 

Het effect op de duur van de ziekte-specifieke overleving van lymfklier metastasen, de 

grootte van de tumor, de aanwezigheid van lymf-angio invasie en de expressie patronen 

van de merkstoffen werd bepaald. In een univariate analyse bleken de aanwezigheid 

van lymfklier metastasen, een tumor groter dan 4 cm, lymf-angio invasie, sterke COX-2 

expressie en afwezigheid van Caspase 3 expressie van significante betekenis voor de 

duur van de ziekte-specifieke overleving. Concluderend leken Caspase 3 en COX-2 

veelbelovende merkstoffen in deze test set. 

Hoofdstuk 3 beschrijft een studie waarin de techniek van de TMA wordt gevalideerd 

voor gebruik bij het vulva carcinoom. De immunohistochemische expressie van COX-2, 

Caspase 3, EGFR, p16INK4, Cycline D1 en Ki-67 in de drie ponsen op de TMA werden 

vergeleken met de expressie patronen van dezelfde eiwitten op de coupe van dezelfde 

tumor. Overeenkomst tussen de expressie op TMA en coupe werd uitgedrukt in κ. De 

conclusie was, dat de overeenkomst tussen expressie patronen van COX-2, EGFR, p16INK4, 

Cycline D1 en Ki-67 op TMA en coupe goed was (κ 0.68 tot 0.75). De overeenkomst tussen 

het expressie patroon van Caspase 3 op TMA en coupe was matig met een κ van 0.4. 

Als bij de beoordeling van het expressie patroon van COX-2 een alternatief score systeem 

werd gebruikt, verminderde de overkomst tussen TMA en coupe aanzienlijk, κ daalde 

van 0.68 tot 0.21. Overeenkomst tussen de score resultaten op TMA en coupes bleek 

afhankelijk van de verdeling van het eiwit in het weefsel en het gebruikte scoresysteem. 

Hoofdstuk 4 beschrijft een studie, waarin de associatie tussen COX-2 over-expressie 

en afwezige expressie van Caspase 3 en een kortere duur van overleving nader wordt 

onderzocht in een vergelijkbare studie populatie uit hetzelfde ziekenhuis. De studie 

groep omvatte het materiaal van 80 patiënten. Een TMA met 3 ponsen per patiënt werd 
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geconstrueerd en gekleurd met antilichamen tegen COX-2, Caspase 3, EGFR, p16INK4, 

Cycline D1 en Ki-67. De invloed van het expressie patroon van deze merkstoffen en 

belangrijke klinisch pathologische variabelen op de duur van de ziekte-vrije en ziekte-

specifieke overleving werd bepaald. In multivariate analyse bleken de aanwezigheid 

van lymfklier metastasen en COX-2 over-expressie geassocieerd met zowel een kortere 

ziekte-vrije overleving (HR 8.33, 95% CI 2.97-23.36, p<0.001 en HR 6.42, 95% CI 2.33-

17.72, p<0.001) als een kortere ziekte-specifieke overleving (HR 6.04, 95% CI 2.12-17.19, 

p=0.001 en HR 5.11, 95% CI 1.82-14.36, p=0.002). In deze studie werd de prognostische 

waarde van COX-2 over-expressie bevestigd, in tegenstelling tot die van Caspase 

3 waarvan in deze studie niet kon worden aangetoond dat er een relatie was tussen 

afwezige expressie en kortere overleving. 

In hoofdstuk 5 wordt een externe validatie studie beschreven. Het doel van deze studie was 

om te bepalen, of de associatie tussen de over-expressie van COX-2 en kortere overleving 

kon worden gereproduceerd in een onafhankelijke maar vergelijkbare groep patiënten 

afkomstig uit een ander universitair ziekenhuis. COX-2 expressie patronen, beoordeeld op 

een TMA met materiaal van 116 vulva carcinoom patiënten, die in het Universitair Medisch 

Centrum Groningen tussen 1984 en 2001 werden behandeld, werden gerelateerd aan de 

duur van overleving en vergeleken met de COX-2 expressie patronen op de TMA’s met het 

materiaal van 126 patiënten, die in het Academisch Medisch Centrum Amsterdam tussen 

1994 en 2003 werden behandeld. 

Beide groepen waren vergelijkbaar ten aanzien van de grootte van de tumor, het FIGO 

stadium van de ziekte, de aanwezigheid van lymfklier metastasen, extra-capsulaire 

uitbreiding, vaso-invasieve groei en de toepassing van aanvullende radiotherapie. In de 

groep patiënten uit Groningen waren de relatieve ziekte-vrije overleving en ziekte-specifieke 

overleving na 5 jaar 62% respectievelijk 80%. In de groep patiënten uit Amsterdam waren 

deze percentages 63% respectievelijk 71%. De verschillen zijn niet significant. 

Een associatie tussen ziekte-specifieke of ziekte-vrije overleving en COX-2 over-expressie 

kon voor de patiënten uit Groningen niet worden aangetoond. In de Amsterdamse groep 

werd de associatie tussen COX-2 over-expressie en kortere duur van overleving opnieuw 

gevonden. 

Hoofdstuk 6 beschrijft een studie met als doel te bepalen, of het bilateraal voorkomen van 

lymfklier metastasen van prognostische betekenis is onafhankelijk van het aantal lymfklier 

metastasen. Tevens wordt de prognostische waarde van extra-capsulaire uitbreiding van 

de tumor vastgesteld. 

De gegevens van 134 patiënten met stadium III/IVA vulva carcinoom werden geanaly-

seerd. Zij werden tussen 1982 en 2004 in opzet curatief behandeld in het Academisch 
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Medisch Centrum in Amsterdam of in het Mercy Hospital for Women in Melbourne. Het 

bilateraal voorkomen van lymfklier metastasen bleek geen onafhankelijke prognostische 

betekenis te hebben voor de duur van de overleving als werd gecorrigeerd voor het 

aantal lymfklier metastasen (HR 1.31, 95% CI 0.68 - 2.51, p=0.420). Als de factor extra-

capsulaire uitbreiding van tumor in de multivariate analyse wordt opgenomen is dit de 

enige factor van prognostische betekenis (HR 5.27, 95% CI 2.60 - 10.67, p<0.001). De 

relatieve 5-jaars overleving van patiënten met extra-capsulaire uitbreiding van de tumor is 

slechts 31%, tegen 80% in de groep patiënten zonder extra-capsulaire uitbreiding. 

De conclusie lijkt gerechtvaardigd dat het bilateraal voorkomen van lymfklier metastasen 

geen discriminerende prognostische factor is en daarom niet geschikt is voor de stadiering 

van het vulva carcinoom. Extra-capsulaire uitbreiding van tumor echter, lijkt wel van 

prognostische betekenis voor de duur van overleving. 

In hoofdstuk 7 is de waarde van aanvullende radiotherapie op de liezen en het bekken 

geanalyseerd voor patiënten met 1 intra-capsulaire metastase. Het studie materiaal 

omvatte de data van 75 patiënten met vulva carcinoom en 1 intra-capsulaire metastase. 

De patiënten werden in opzet curatief behandeld in drie verschillende universitaire 

centra in Amsterdam, Groningen en Rotterdam tussen 1984 en 2005. Tot 1994 werden 

alle patiënten in Amsterdam en Groningen met positieve lymfklieren behandeld met 

radiotherapie na chirurgie. Vanaf 1994 werd radiotherapie achterwege gelaten bij 

patiënten met 1 intra-capsulaire metastase. In Rotterdam werden tot 2001 alle patiënten 

met positieve lymfklieren behandeld met aanvullende radiotherapie. 

Van alle 75 patiënten werd 41% (31/75) behandeld met aanvullende radiotherapie. Zowel 

de duur van de ziekte-vrije als de duur van de ziekte-specifieke overleving was gelijk 

tussen de groep patiënten die wel en niet aanvullend radiotherapie onderging (HR 0.98, 

95% CI 0.45-2.14, p=0.97 en HR 1.02, 95% CI 0.42-2.47, p=0.96). Een gunstig effect van 

aanvullende radiotherapie in de groep patiënten met 1 intra-capsulaire metastase kon 

niet worden aangetoond. 

Hoofdstuk 8 bevat een algemene discussie. TMA is een valide instrument om expressie-

patronen van eiwitten te analyseren op voorwaarde, dat de omvang van de studie groep 

voldoende groot is. De associatie tussen COX-2 over-expressie en kortere duur van 

overleving, die werd vastgesteld in een Amsterdamse groep vulva carcinoom patiënten, 

kon, mogelijk ten gevolge van technische factoren, niet worden gereproduceerd in een 

vergelijkbare maar onafhankelijke groep patiënten uit Groningen. Ondanks het falen van 

externe validatie is het aan te bevelen verder onderzoek in deze richting te verrichten. 

Een wijziging van het FIGO stadierings systeem wordt voorgesteld voor het stadium III 

en IV, zodat patiënten met een hoog en laag risico op recidief en sterfte ten gevolge van 
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de tumor beter kunnen worden onderscheiden. In de groep patiënten zonder lymfklier 

metastasen ontbreken klinisch pathologische factoren met voldoende discriminerend 

vermogen. In deze groep zal het onderscheid tussen patiënten met een hoog en laag 

risico niet verbeteren ten gevolge van herschikken van de bekende of toevoegen van 

nieuwe factoren. In deze groep kan vooruitgang worden verwacht door het gebruik van 

eiwit merkstoffen, omdat deze het biologisch gedrag van de tumor beter weergeven.
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