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Abstract

Objective To describe the epidemiological features of a

possible disease cluster of vulvar cancer and pre-cancers in

Australian Indigenous women living in the Northern Ter-

ritory (NT) of Australia.

Methods We identified NT-resident women with a con-

firmed histological diagnosis of vulvar cancer or high-

grade vulvar intraepithelial neoplasia (VIN) between 1

January 1996 and 31 December 2005.

Results Seventy-one women were identified; 32 diag-

nosed with vulvar cancer and 39 with high-grade VIN.

Most women diagnosed were Indigenous, aged less than

50 years and living in remote communities in the East

Arnhem (EA) district, on the north-east coast of the NT.

The age-adjusted incidence rate of vulvar cancer in EA

Indigenous women aged 0–49 years was 31.1 per 100,000

(95% CI 13.1–49.1), over 50 times higher than the national

Australian rate (0.4 per 100,000, 95% CI 0.4–0.5) for the

same age-group. In the age-group of 0–49 years, the age-

adjusted incidence rate of VIN for EA Indigenous women

was 34.7 per 100,000 (95% CI 15.2–54.3), compared with

6.7 per 100,000 (95% CI 2.0–11.4) for Indigenous women

living elsewhere in the Top End of the NT.

Conclusion These data provide evidence of a geographic

cluster of vulvar cancer in remote Indigenous communities

in northern Australia.
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Introduction

Cancer of the vulva is a rare malignancy. In 1993–1997,

the age-adjusted incidence rate ranged from 0.1 to 2.7 per

100,000 women in countries throughout the world [1]; the

total Australian incidence rate was 1.4 per 100,000 women,

with an average of 207 cases diagnosed each year [2]. The

majority of cases of vulvar cancer occur in older women

(83% in Australian women aged 50 years and above in

1993–1997) [2], however, increases in the incidence of

vulvar cancer in younger women have been reported in the

recent decades [3, 4].

Like cervical cancer, pre-malignant cellular changes

called vulvar intraepithelial neoplasia (VIN) can be found

in the vulvar epithelium. VIN are graded into three cate-

gories from lesser to more severe abnormality (VIN 1, 2, or

3); however, this histological rating system does not nec-

essarily infer a biological continuum [5]. VIN 1 is the

viral cytopathic effect of a human papillomavirus (HPV)
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infection expressed in tissues; it is not considered as a

cancer precursor. In contrast, VIN 2 and 3 (high-grade

VIN) represent the pre-neoplastic lesion of vulvar squa-

mous cell cancer.

VIN and vulvar cancer occur in two distinctive clinico-

pathological groups [6, 7]. In younger women (35–55 years

of age), VIN and vulvar cancer are associated with per-

sistent infection with oncogenic genotypes of HPV [8].

HPV-related VIN is undifferentiated, often multifocal, with

a highly variable clinical outcome and associated with

invasive basaloid or warty squamous cell carcinoma. In

contrast, in older predominantly post-menopausal women

(55–85 years of age), vulvar cancer and VIN develop in

areas of vulvar skin affected by Lichen Sclerosus; a chronic

dermatological condition of unknown (possibly autoim-

mune) cause that occurs more commonly in older women.

VIN resulting from Lichen Sclerosus is differentiated and

strongly associated with keratinising squamous cell

carcinoma.

In recent years, gynecologists in the Northern Territory

(NT) of Australia have diagnosed and treated vulvar cancer

and VIN in an excessive number of younger Aboriginal

women from remote communities in Arnhem Land, par-

ticularly the East Arnhem district, which is in the north-

eastern part of the NT. A review of vulvar biopsies taken

between 1989 and 2002 by the Department of Pathology at

the Royal Darwin Hospital (RDH), the primary referral

center in the NT, confirmed that the majority of women

diagnosed with high-grade VIN and vulvar cancer were

Aboriginal women from this region [9]. Although this

review was not primarily an epidemiologic investigation,

these findings confirmed the gynecologists’ clinical suspi-

cion. The objective of the present study was to undertake a

full epidemiological investigation to confirm the existence

and document the epidemiological features of this possible

cluster of vulvar neoplastic disease.

Materials and methods

Study population

The NT is a sparsely populated region in the northern part of

Australia (Fig. 1); just over 200,000 people live in the

region and just under half (46%) live in small remote

communities. Twenty-nine percent of the NT population is

Indigenous (mainly Aboriginal), a far greater proportion

than in any other Australian state or territory [10]. The NT

capital, Darwin, is a city of approximately 100,000 people.

Specialist medical services in the ‘‘Top End’’ (the northern

half of the NT, including East Arnhem Land) are provided

from Darwin, while the southern half (termed Central

Australia) is serviced from Alice Springs. The Gynaecology

Outreach Service (GOS), established in 1996, provides

visiting obstetric and gynecological services to remote

communities and regional hospitals in the Top End; its

operation has been described previously [11]. In Central

Australia, a similar program known as the Medical Spe-

cialist Outreach Assistance Program has been implemented

offering visiting obstetric and gynecology services.

In the East Arnhem district (Fig. 1) there are approxi-

mately 13,966 people, of whom 8,813 (63%) are Indigenous

(Table 1) and living in small remote communities; the

remainder are non-Indigenous people, most of whom live

in two mining towns [12]. The proportion of Indigenous

residents in other NT districts is listed in Table 1. The

cluster of vulvar neoplastic disease has been noted to occur

in remote Aboriginal communities in the East Arnhem

district and communities bordering that district.

Fig. 1 The Northern Territory (NT) showing NT Government

administrative health districts
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Data sources

Four data sources were available to identify NT-resident

women diagnosed with vulvar cancer (ICD-10 code C51)

or high-grade VIN: the NT Cancer Register; the Col-

poscopy Database maintained by the GOS and RDH,

which contains details (including results) of all colpos-

copies performed by the GOS and public gynecology

services in the Top End since 1996; a database of ano-

genital cancer histology results maintained by the RDH

Pathology Department and a separate database of women

with vulvar disease developed retrospectively from GOS

and other clinical records by GOS gynecologists in 2004.

The Colposcopy Database includes almost all colpos-

copies performed for Indigenous women in the Top End,

with the exception of those provided by two private

gynecologists in Darwin, who treat a few Indigenous

women, and very few from remote communities. All four

sources were used to identify women diagnosed with

vulvar cancer; all except the Cancer Register were used

to identify women diagnosed with high-grade VIN. The

Cancer Register and the Pathology Department database

included women diagnosed prior to 1996, but the Col-

poscopy Database and GOS vulvar disease database

commenced only from 1996.

Case definition

Vulvar cancer: All women with a confirmed histological

diagnosis of vulvar cancer between 1 January 1996 and 31

December 2005 and resident in the NT at the time of

diagnosis were included.

High-grade VIN: All women with a confirmed histo-

logical diagnosis of VIN grade 2 or 3 between 1 January

1996 and 31 December 2005, and resident in the Top End

(which includes the Darwin Urban, Darwin Rural, Kath-

erine, and East Arnhem NT government administrative

health districts) at the time of diagnosis were included.

Only women in the Top End of the NT were included in the

analyses of VIN because the Colposcopy Database, the

primary source of data about women diagnosed with VIN,

does not include data for Central Australia. This is because

the MSOAP service in Central Australia did not maintain a

data collection for VIN.

Histology reports confirming the diagnosis of all iden-

tified cases were obtained from the NT Cancer Register;

the NT Public Pathology Laboratory information system

and client medical records at NT public hospitals. Histol-

ogy slides for all cases of vulvar cancer were referred to the

gynecological oncology pathologist at the Institute of

Medical and Veterinary Science in Adelaide, South Aus-

tralia for a second opinion to confirm the histological

diagnosis. This was undertaken to ensure eroding ulcers of

the vulva caused by donovanosis (an ulcerating disease

caused by infection with Klebsiella granulomatis) were not

misdiagnosed as vulvar cancer [13]. Donovanosis is a rare

infection in most parts of Australia, but is more common

among Indigenous people in remote areas of northern

Australia [14].

Demographic information, medical history, and clinical

data for all cases were obtained by checking the hospital

medical records, the GOS Colposcopy Database, the NT

Cancer Register, and the client master index of the NT

public hospitals’ patient administration system. Data were

also collected about neoplastic or pre-neoplastic lesions of

the vagina, cervix, or anus.

Women’s usual place of residence was classified

according to NT government administrative health district

(Darwin Urban, Darwin Rural, Katherine, East Arnhem,

Barkly, Alice Springs Urban, or Alice Springs Rural dis-

trict) (Fig. 1). Incidence rates were calculated for women

based on the district of residence, not individual Aboriginal

communities, as reliable population data are only available

for NT government administrative health districts.

Table 1 Estimated resident

population figures for Northern

Territory government

administrative health districts,

2001

a From Ref. [12]
b % of total Indigenous female

population in each district
c % of total non-Indigenous

female population in each

district

Health district % Indigenous

personsa
% of Indigenous

female population

aged \ 50 yearsb

% of non-Indigenous

female population

aged \ 50 yearsc

Top End

Darwin Urban 10 89 83

Darwin Rural 74 90 89

Barkly 60 90 82

Katherine 50 90 86

East Arnhem 63 90 89

Central Australia

Alice Springs Urban 19 88 83

Alice Springs Rural 78 87 84
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Statistical analysis

The age-standardized incidence rate of vulvar cancer and

high-grade VIN was calculated for Indigenous and non-

Indigenous women, based on the age-group (\50 or

C50 years) and the residential district. Analyses compared

the incidence of vulvar cancer in the East Arnhem district

with the incidence elsewhere in the Top End (Darwin

Urban, Darwin Rural, and Katherine districts) and Central

Australia (Alice Springs Urban, Alice Springs Rural, and

Barkly districts), respectively. For high-grade VIN, the

incidence in the East Arnhem district was compared with

the incidence elsewhere in the Top End. Population esti-

mates (by sex, five-year age-group, Indigenous status, and

district) were obtained from the NT Department of Health

and Community Services, based on the estimated resident

population data produced by the Australian Bureau of

Statistics. Data were age-standardized to the age distribu-

tion of the world standard population [15]. All analyses

were performed using STATA software (version 8; Stata-

Corp, College Station, Tex, USA).

This study was approved by the Human Research Ethics

Committee of the Menzies School of Health Research and

the NT Department of Health and Community Services.

Results

Initial searches of all data sources identified 112 women

with a recorded diagnosis of either VIN 2 or 3 or invasive

vulvar cancer. After further investigation, 41 of these 112

women were excluded for the following reasons: no evi-

dence of diagnosis with VIN 2, VIN 3, or invasive cancer

could be found, in clinical or histological records (25

women); diagnosis was made on clinical indications alone

with no histological investigation (3); diagnosis occurred

prior to 1 January 1996 (10); diagnosis occurred prior to

the woman becoming an NT resident (2); and high-grade

VIN diagnosis was made in Central Australia, not the Top

End (1).

Seventy-one women were identified who fitted the case

definition; 32 had a confirmed diagnosis of vulvar cancer

(with or without high-grade VIN) and 39 had a confirmed

diagnosis of high-grade VIN alone.

Vulvar cancer

Thirty-two women were diagnosed with vulvar cancer in

the NT between 1996 and 2005, 21 (66%) were Indigenous

and 10 (31%) non-Indigenous; for one woman Indigenous

status could not be confirmed.

The total age-adjusted incidence rate for Indigenous

women in the NT was 8.3 per 100,000 (95% CI 4.5–12.0),

higher than the total incidence rate for non-Indigenous

women in the NT (2.0 per 100,000, 95% CI 0.7–3.4) and

the total Australian rate in 1996–2001 (1.5 per 100,000,

95% CI 1.5–1.6).

Thirteen (62%) of the Indigenous women diagnosed

were residents of the East Arnhem district (Table 2), which

includes only 15% of the total NT Indigenous female

population [12]; only one of these women was aged above

50 years.

In the age-group of 0–49 years, the age-adjusted inci-

dence rate for East Arnhem Indigenous women was 31.1

per 100,000 (95% CI 13.1–49.1) when compared with 2.7

per 100,000 (95% CI 0.0–5.7) and 3.2 per 100,000 (95% CI

0.0–7.7) for Indigenous women living elsewhere in the Top

End and Central Australia, respectively; and 0.4 per

100,000 (95% CI 0.4–0.5) for the total Australian popula-

tion of the same age-group in 1996–2001 (Fig. 2). In non-

Indigenous women in the 0–49 age-group, the age-adjusted

incidence rate in East Arnhem was zero (i.e., no cases

identified), compared with 0.5 per 100,000 (95% CI 0.0–

1.0), for women living elsewhere in the Top End and 0.8

per 100,000 (95% CI 0.0–2.3) for non-Indigenous women

living in the Central Australia.

Table 2 Total number of women diagnosed with vulvar cancer and

high-grade VIN, 1996–2005, by Indigenous status, district of resi-

dence, and age

Indigenous Non-Indigenous

\50

years

Total \50

years

Total

n n % n n %

Invasive vulvar cancera

East Arnhem district 12b 13 62 0 0 0

Other Top End districtsc 3 4 19 3 8 80

Central Australiad 2 4 19 1 2 20

Total 21 100 10 100

High-grade VIN

East Arnhem district 13e 13 54 0 0 0

Other Top End districtsb 8 11 46 11 15 100

Total 24 100 15 100

a For one vulvar cancer case from the other Top End districts,

Indigenous status could not be confirmed
b Break down of cases by age-group includes: 25–29 years (six

cases); 30–34 years (two cases); 35–39 years (two cases); 40–

44 years (zero cases); and 45–49 years (two cases)
c Includes the Darwin Urban, Darwin Rural, and Katherine districts
d Includes the Alice Springs Urban, Alice Springs Rural, and Barkly

districts
e Break down of cases by age-group includes: 25–29 years (four

cases); 30–34 years (four cases); 35–39 years (one case); 40–45 years

(two cases); and 45–49 years (two cases)

VIN, vulvar intraepithelial neoplasia
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In the age-group of 50 years and above, there was no

clear evidence of a difference between districts. The age-

adjusted incidence rate for Indigenous women in the East

Arnhem district was 15.4 per 100,000 (95% CI 0.0–45.7)

when compared with 6.1 per 100,000 (95% CI 0.0–18.1)

elsewhere in the Top End and 16.5 (95% CI 0.0–39.5) in

the Central Australia and 8.0 per 100,000 (95% CI 1.5–

14.5) for non-Indigenous women in the NT. All were

higher than the national rate for the same age-group (5.2

per 100,000), but the differences were not statistically

significant, and caution must be taken in their interpretation

as the number of Indigenous cases above 50 years of age

was small.

High-grade VIN

Thirty-nine women were diagnosed with high-grade VIN in

the Top End of the NT between 1996 and 2005; 24 (62%)

Indigenous and 15 (38%) non-Indigenous.

The total age-adjusted incidence rate for Top End

Indigenous women was 13.1 per 100,000 (95% CI 7.6–

18.5) compared with 2.4 per 100,000 (95% CI 1.1–3.7) for

non-Indigenous women. Total Australian incidence rates

for high-grade VIN are not available.

Thirteen (54%) of the Indigenous women diagnosed

with high-grade VIN were residents of the East Arnhem

district (Table 2); the oldest aged 47 years when diag-

nosed. There were no cases of high-grade VIN in non-

Indigenous women in the East Arnhem district.

In the age-group of 0–49 years, the age-adjusted inci-

dence rate for East Arnhem Indigenous women was 34.7

per 100,000 (95% CI 15.2–54.3) when compared with 6.7

per 100,000 (95% CI 2.0–11.4) for Indigenous women

living elsewhere in the Top End and 1.9 per 100,000 (95%

CI 0.8–3.1) for non-Indigenous women in the Top End.

In the age-group of 50 years and above, the age-adjusted

incidence rate for East Arnhem Indigenous women was

zero (i.e., no cases were identified) when compared with

16.5 per 100,000 (95% CI 0.00–35.2) for Indigenous

women elsewhere in the Top End and 4.2 per 100,000

(95% CI 0.0–8.7) for non-Indigenous women in the Top

End.

Other anogenital neoplasia

For NT Indigenous women diagnosed with either vulvar

cancer or high-grade VIN, just under half (49%) had

previously been or were subsequently diagnosed with a

neoplastic or pre-neoplastic lesion of the cervix, vagina,

or anus. High-grade cervical lesions were the most

common lesions (42% of all Indigenous cases). For

Indigenous women in the East Arnhem district, over half

(58%) had previous or subsequent other anogenital dis-

ease; most often high-grade cervical lesions (50% of all

East Arnhem Indigenous cases). Nevertheless, despite the

high proportion of East Arnhem cases with high-grade

cervical lesions, in the 0–49 age-group, the age-adjusted

incidence of cervical cancer in East Arnhem Indigenous

women was 13.5 per 100,000 (95% CI 0.1–26.9); similar

to the rate for Indigenous women living elsewhere in the

NT (8.9 per 100,000, 95% CI 4.4–13.5), and the rate for

non-Indigenous women in the NT (6.9 per 100,000, 95%

CI 4.8–8.9).

Discussion

This study has confirmed a geographical cluster of vulvar

cancer and vulvar intraepithelial neoplasia in younger

Indigenous women in the East Arnhem district of the NT. In

the age-group of 0–49 years, the incidence of vulvar cancer

is more than 50 times higher for East Arnhem Indigenous

women than for other Australian women. The incidence of

high-grade VIN was also substantially higher in East Arn-

hem Indigenous women than in non-Indigenous women in

the Top End of the NT. There are insufficient data available

prior to the time period of this study to determine whether

this is a recent or long-term phenomenon.

Data on the incidence of high-grade VIN are not

available for the total Australian population, but has been

reported for Norway [3]. Between 1988 and 1992, the total

age-adjusted incidence of any vulvar intraepithelial squa-

mous cell neoplasia in the Norwegian population was 1.4

per 100,000 women and 33% of affected women were

younger than 40 years of age [3]. In the present study, the

total age-adjusted incidence of high-grade VIN for non-

Indigenous women in the Top End was similar (2.2 per

100,000), with 47% of cases aged below 40 years; although
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Fig. 2 Age-adjusted incidence rate of vulvar cancer in the age-group

0–49 years for Australian women (1996–2001) and NT women by

Indigenous status and district (1996–2005)
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the rate for non-Indigenous women is an under-estimate

because data were not available for some women diag-

nosed with high-grade VIN by the two private

gynecologists in Darwin.

Donovanosis, which causes vulvar ulcers that can be

mistaken as vulvar cancer [13], has previously been rela-

tively common in remote Indigenous communities in

Australia; however, the number of new cases of donova-

nosis has fallen dramatically in Australia over the time

period of this study [14]. Misdiagnosis of donovanosis as

vulvar cancer could be one reason for the excess of vulvar

cancer cases, but all cases included in this study have been

histologically diagnosed by pathologists experienced in the

diagnosis of donovanosis and independently verified. In

addition, there is an excess of high-grade VIN, which is not

easily confused with donovanosis, in the same region.

Misdiagnosis of donovanosis has played minimal, if any,

role in this cluster.

The excess of vulvar pathology in the East Arnhem

region appears to be limited to women aged less than

50 years; there were no women aged 50 or above diag-

nosed with high-grade VIN, and only one with vulvar

cancer. The cause of excess vulvar pathology in younger

Indigenous women is unclear. Possibilities include: a very

high prevalence of infection with oncogenic HPV geno-

types; presence of a highly virulent variant of an oncogenic

HPV genotype; genetic susceptibility to oncogenic effects

of HPV; genetic susceptibility to another cause of vulvar

cancer; high prevalence of immunosuppressive conditions

such as diabetes, human immunodeficiency virus (HIV), or

human T-cell lymphotropic virus-1 (HTLV-1) infection,

that increase susceptibility to the oncogenic effects of

HPV; very high prevalence of smoking, which is associated

with vulvar cancer risk; or a combination of these factors.

Chronic infection with oncogenic HPV genotypes is

now recognized as an essential component in the etiology

of cancer of the cervix [16]. There is evidence that the

same HPV genotypes, especially genotype 16, play a

causative role in the development of vulvar neoplasia in

young women [17]. The excess of vulvar cancer and high-

grade VIN seen in this study is restricted to women aged

below 50 years; in this age-group vulvar cancer is associ-

ated with HPV infection, suggesting that persistent HPV

infection plays a causal role in the etiology of this cluster.

The prevalence of oncogenic HPV infection in East Arn-

hem Indigenous women is currently unknown; this needs to

be determined urgently.

Variants of HPV 16 exist in different parts of the world,

and it has been suggested that some variants may be more

oncogenic than others [18]. Furthermore, in vulvar carci-

noma, there is evidence of a correlation between HPV-16

intratypic variation and ethnicity [19]. Therefore, it is

possible that a variant strain of HPV genotype 16 may be

present in the East Arnhem district, a variant that is much

more virulent at causing vulvar malignancy.

Cigarette smoking is associated with a fivefold increase

in the risk of vulvar cancer [20]. Smoking is more common

in Top End Indigenous women than in other Australian

women, over 50% of Top End Indigenous women smoke

compared with approximately 20% of all Australian

women [10, 21]. However, the high prevalence of smoking

amongst Indigenous women occurs across districts in the

Top End; the proportion of female smokers is similar in the

East Arnhem, Darwin Urban, and Darwin Rural districts

[21]. Therefore, smoking is unlikely to completely explain

why the very high incidence of vulvar cancer is restricted

to the East Arnhem district.

Immunosuppression increases the risk of vulvar neo-

plasia [22]. This is likely to be an HPV-dependent

mechanism, where declining immunity is associated with

increased HPV DNA proliferation, resulting in an increased

risk of HPV-related cancers. There is evidence that immu-

nosuppressive conditions such as diabetes, infection with

HIV, or HTLV-1 increase the risk of lower genital tract

neoplasia [23–25].

Diabetes is more common in Indigenous Australians

when compared with other Australians, with the highest

prevalence reported in Indigenous people living in the

remote areas [10]. Data on diabetes prevalence is available

for the largest Aboriginal community in the East Arnhem

district; the prevalence in 2002 was 12.0%, which is higher

than the prevalence reported among NT Indigenous women

overall (8.3%) and the total Australian population (3.5%)

[26–28]. Although the prevalence of diabetes is higher in

Indigenous populations in the remote areas, this is unlikely

to completely explain the extraordinarily high incidence of

vulvar cancer in the East Arnhem region, which is in the

order of 50 times the national rate. However, in conjunc-

tion with the high prevalence of smoking in Indigenous

populations, it may explain why overall, the rate of vulvar

cancer and VIN is higher in NT Indigenous women when

compared with non-Indigenous women.

The prevalence of HIV infection in the East Arnhem

district is unknown. In the NT, the proportion of HIV

notifications is lower in Indigenous than non-Indigenous

people; in 1996–2005, there were 136 cases of newly

diagnosed infection, 16 (12%) occurred in Indigenous

people [29], who represent 29% of the total NT population.

In the present study, we found evidence of HIV testing in

18% of women with vulvar lesions; all women tested were

found to be HIV negative. Testing of all women diagnosed

with vulvar pathology for HIV is a priority; however, given

the small case numbers and the lower proportion of HIV

diagnoses among NT Indigenous people, it seems unlikely

that HIV infection is a key factor in this cluster. Similarly,

HTLV-1 infection is endemic in remote Indigenous

72 Cancer Causes Control (2009) 20:67–74
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communities in Central Australia but not in the East Arn-

hem district, where seroprevalence is close to zero [30];

therefore, HTLV-1 infection is also unlikely to be a con-

tributory factor.

Other possibilities are the presence of heritable genetic

risk factors in this population, either associated with sus-

ceptibility to HPV infection or the ability to clear HPV and

avoid persistence, or susceptibility to an HPV-independent

cause of vulvar carcinogenesis. There is evidence of

inherited genetic factors in the development of cervical

cancer, for example, human leukocyte antigen (HLA)

polymorphisms have been associated with HPV-positive

cervical neoplasia [31]. Although there have been limited

investigations of genetic susceptibility to vulvar cancer,

there may be similar immunogenetic contributions, with

polymorphisms in genes encoding HLA also detected in

vulvar neoplasia [32].

Indigenous women in the East Arnhem district suffer a

high burden of disease; other anogenital lesions were

present in over half of all women diagnosed with vulvar

lesions, and recurrence of vulvar and other lesions was

common. This is not surprising as vulvar cancer and VIN

share common etiologies, namely HPV infection, with

disease at other anogenital sites [16, 17, 33]. The high

prevalence of other anogenital lesions in this population

supports the suggestion that oncogenic HPV infection is a

key causal factor. However, although the incidence of

cervical cancer is higher in NT Indigenous women when

compared with non-Indigenous women [27], the incidence

of cervical cancer is similar amongst Indigenous women in

the East Arnhem district and elsewhere in the NT. This is

unexpected if HPV 16 is the primary oncogenic subtype in

this population. The cause of this disparity in incidence of

vulvar and cervical cancer in affected communities is

unclear; it may suggest a different subtype of HPV (other

than HPV-genotype 16 or 18) is present. It is also possible

that the cause of the cluster involves a complex interplay of

a number of risk factors, where smoking, diabetes, and

genetic susceptibility act as co-factors in the pathogenesis

of HPV-related cancer in this population.

Further investigation of the cause of this cluster is a

clear priority for future research; equally important is an

effective and timely disease control response. A control

program has commenced based on the early detection of

vulvar lesions during routine cervical screening and ante-

natal care, coupled with modification of existing training

and treatment protocols for practitioners involved in the

care of Aboriginal women in remote communities.

This study has confirmed an excess of vulvar cancer in

Indigenous communities in the East Arnhem district of the

NT. This cluster warrants immediate investigation to

identify the cause(s) and to better inform a disease control

strategy. If oncogenic HPV infection is found to be a

primary cause, the HPV vaccines may be an effective

preventive strategy; the recent success of the quadrivalent

HPV vaccine in preventing anogenital cancerous lesions

provides encouragement in this regard [34]. In the mean

time, modification of existing health programs to diagnose

and treat affected women as early as possible is our only

available control measure. Unfortunately, the recurring

nature of the disease and the progressive excisions required

by many affected women make this a less than perfect

response. Identifying the cause of the problem, and possi-

bly a preventive strategy, would be a far more satisfactory

response.
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