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SUMMARY:  
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 years 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 microarray (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.   
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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). Fourteen (28%) of 50 patients died of 
recurrent or progressive disease. All histological specimens were reviewed by 2 of 
the authors (F.J.K., G.F.).  

[TABLE 1] 

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 Spring, 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 consisted 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 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 p21Waf1/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. 

http://www.nivel.eu/


Fons, G., Burger, M.P., Kate, F.J. ten, Velden, J. van der. Identification of potential prognostic 
markers for vulvar cancer using immunohistochemical staining of tissue microarrays. 
International Journal of Gynecological Pathology: 2007, 26(2), 188-193 

This is a NIVEL certified Post Print, more info at http://www.nivel.eu 

[ TABLE 2] 
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, 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.   
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. 
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[TABLE 3] 
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], 
0.05-0.99; P = 0.049). 
[Figure. 1][ Figure. 2] 
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, 0.041-0.968; 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 were 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 positive, with every other score in between, is easier to 
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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 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).   
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 
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better classification of vulva cancer cases into prognostic cluster groups which may 
help to individualize its treatment in the future.   
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FIG. 1. Representative part of TMA: COX-2 staining. Core A shows strong positive 
staining (950% of cells) and core B shows negative staining (G10% of cells). 
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FIG. 2. Representative part of TMA: Caspase 3 staining. Core A shows positive 
staining and core B shows absent staining. 
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