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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 � 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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