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Anal cancer has served during the past two
decades as a paradigm for the successful applica-
tion of chemoradiation to solid tumours. To date,
it remains one of the few carcinomas of the gas-
trointestinal tract that are curable without the need
for definitive surgery. Epidemiological studies
have demonstrated that sexually transmitted infec-
tion with human papillomavirus is responsible for

the majority of cases. This type of neoplasm also
provides a good model to study the contribution
of immunodeficiency to the development of can-
cers. In this paper, the anatomy of the anal area is
reviewed, the aetiological role of viruses is dis-
cussed and the clinical management of patients
with anal cancer is presented.

During the past 30 years, there has been re-
markable progress in our understanding of the
pathogenesis of squamous cell carcinoma of the
anus. It is now accepted that anal cancer is a sexu-
ally transmitted disease, which can be cured using
a combination of chemo- and radiotherapy. The
biology of anal cancer remains to be elucidated, as
do the molecular mechanisms involved in resist-
ance to chemoradiation. The contribution of HIV
infection to tumour progression currently repre-

sents an area of intensive investigation. Finally, the
growing numbers of AIDS patients who experi-
ence prolonged survival represent a population at
risk. In the future, cytological screening of male
homosexuals with an anal Papanicolaou test may
help in identifying high-grade dysplasia and pre-
venting anal cancer.
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Summary

Introduction

Definition

Various definitions of the anal area coexist in
the medical literature. In the past this has been the
source of considerable confusion. Anal cancer may
arise from the anal canal or from the anal margin.
Eighty-five percent of the anal cancers occur in the

anal canal and 15% in the anal margin. The anal
canal is about 3.5 cm long and extends from the
upper to the lower border of the anal sphincter
(figure 1). The anal margin corresponds to a 5-cm
area of peri-anal skin, measured form the anal
verge. The anal verge is a visible landmark, corre-
sponding to the external margin of the anus, which
delineates the junction between the skin epi-
thelium and the hairless and non-pigmented epi-
thelium of the anal canal. 

Tumours arising within the anal canal are ei-
ther keratinising or non-keratinising squamous
cell carcinomas, depending on their location below
or above the dentate line, respectively. Various
terms, such as junctional, basaloid or cloacogenic
previously used to describe these tumours have

Figure 1

Anatomy of the anal
margin and anal
canal.
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Pathogenesis

At the molecular level, the best characterised
factor in the development of anal cancer is the in-
tegration of HPV DNA into anal canal cell chro-
mosomes [15]. Of note, experimental studies have
demonstrated that the presence of high-risk HPV by
itself is not sufficient to induce transformation and tu-
mour progression [16]. In immunocompetent indi-
viduals, most cases of anogenital HPV infection
undergo spontaneous regression. In the case of
male homosexuals, it has been possible to investi-
gate the effects of HIV-mediated immune sup-
pression on HPV infection, as dual infection with
both viruses is relatively common in this popula-
tion [17, 18]. 

HIV positive patients are more likely to have
persistent HPV infection, a higher viral load and
anal intra-epithelial neoplasia (AIN) than HIV
negative patients [19]. Thus, the current consen-
sus is that HIV-related immunosuppression is respon-
sible for an enhanced expression of HPV infection in the
anal canal, which may lead to HPV-induced epithelial
abnormality [20]. In the emerging model of SCCA
progression, two additional factors are implicated
in the malignant conversion of HPV-infected ep-
ithelial cells of the anal canal, a) the ability to es-
cape cell-mediated immune response and b) the in-
duction of chromosomal instability, reflected by
loss of heterozygosity (LOH). 

been abandoned due to the confusion surrounding
them. Anal canal carcinomas are characterised by
aggressive local growth, including extension to the
underlying sphincter muscles. By contrast, cancers
originating from the peri-anal skin have a more
favourable prognosis and tend to behave more like

other skin cancers. Thus, the anal verge is an im-
portant anatomical landmark, separating two his-
tologically distinct epithelial structures that give
rise to two types of cancers with different natural
histories, prognoses and treatment. 

Epidemiology

Because of its relatively low incidence, little at-
tention has been paid to squamous cell carcinoma
of the anus (SCCA) in the past. Carcinomas of the
anal canal constitute 1.5% of all digestive system
cancers in the United States, with an estimated
3,400 new cases and 500 deaths in 1999 [1, 2].
However, the incidence of SCCA has markedly in-
creased in younger males during the last three
decades. In the San Francisco bay area, the inci-
dence of anal cancer in male homosexuals was 9.9
(95% CI = 4.5–18.7) times higher than expected in
1973–1979 and 10.1 (95% CI = 5.0–18.0) times
higher in 1988–1990 [3, 4]. Importantly, this trend
was observed even before the AIDS epidemic and
some authors consider that the increased risk for
SCCA among AIDS patients results from human
papillomaviruses (HPV) infection and not from
HIV-related immune deficiency [5]. However, the
increased incidence of SCAA in renal transplant
patients clearly suggests that immunosuppression
may play a role in tumour development [6]. 

Sexual transmission / HPV infection
Population studies from California and Eu-

rope have well documented the relation between
anal cancer and receptive anal intercourse in indi-
viduals of both sexes, irrespective of immunosup-
pression. A case-control study was conducted in
Denmark to compare the contribution of lifestyle
to the development of anal vs. rectal cancer [7].
The risk factors associated with anal cancer in

women were more than ten sexual partners (RR =
2.5), a history of anal warts (RR = 11.7) and anal
intercourse before the age of 30 (RR = 3.4). In the
same population, HPV DNA was detected by PCR
in 88% of the tumours from 394 patients with anal
cancer. A cohort study within two large serum
banks in Norway and Finland demonstrated an in-
creased risk of developing SCCA among subjects
seropositive for either HPV 16 (OR = 3.0) or HPV
18 (OR = 4.4) [8]. In addition, there have been nu-
merous reports linking anal cancer and cervical
cancer [9]. It appears that the association between
cervical cancer and anal cancer is as strong as that
between cervical and vulva cancer [10]. Thus, anal
cancer is now considered a sexually transmitted disease,
which is clinically related to the development of anal
warts and infection with HPV oncogenic subtypes 16
and 18. 

Immune suppression / HIV infection
Since 1994, numerous epidemiological studies

from the United States have demonstrated a high
incidence of anal cancer among AIDS individuals
[3, 11]. HIV-positive male homosexuals are at in-
creased risk of developing anal HPV infection and
anal intraepithelial neoplasia (AIN) [12, 13]. AIN
being a precursor of invasive SCCA (similar to cer-
vical intraepithelial neoplasia [CIN] and cervical
cancer), screening programs using anal Papanico-
laou smears in HIV-positive homosexual have
been developed and might be cost-effective [14].



Studies on squamous cell carcinomas of the
cervix have demonstrated that in addition to HPV
integration, the neoplastic process requires the loss
of tumour suppressor gene (TSG) function, and
specific chromosomal aberrations have been de-
tected in cervical and anal squamous carcinomas
[21]. Unfortunately, only a few reports on the cy-
togenetics of SCAA are currently available, and a
common underlying theory of pathogenesis has
not been established. Most reports include small
numbers of patients, and none of them focused on
two clinically relevant issues; response to treat-
ment and the role of HIV infection in tumour gen-
esis. 

Muleris and colleagues have identified recur-
rent losses of chromosomes 3p and 11q in a series
of 8 tumours [22]. Using comparative genomic hy-
bridisation (CGH), Heselmeyer et al. identified
consistent losses mapped to chromosomes arms

4p, 11q, 13q and 17q [23]. It still remains unknown
whether these alterations contribute to resistance
to current chemoradiation protocols. In addition,
the overexpression of P53 protein detected by im-
munohistochemistry seems to correlate with an in-
ferior outcome in patients who received CRT for
SCCA [24, 25]. However, the authors did not cor-
relate the molecular alterations with the HIV sta-
tus. In another small study, LOH on chromosomes
5p and 18q was detected, demonstrating for the
first time mutations of the APC and SMAD4/
DCC tumour suppressor genes in SCCA [26]. In
summary, the molecular biology of SCCA is far
from being elucidated, and thus warrants further
investigation. This type of malignancy indeed rep-
resents an excellent model in which to study 1) the
impact of HIV infection on tumour progression
and 2) the role of LOH on response to chemora-
diation.
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Molecular biology

Clinical features

Tumours from the anal area typically present
as a mass associated with bleeding and pain (Fig-
ure 2). Even small lesions can produce significant
local symptomatology, a “blessing in disguise” if it
facilitates early detection [27]. Unfortunately,
these symptoms are often erroneously attributed
to “haemorrhoids”, with subsequent delay in the
diagnosis and treatment. It is important for the cli-
nician to remember that haemorrhoids rarely
cause pain (unless thrombosed), thus patients pre-

senting with anal pain should be carefully evalu-
ated, if possible under anaesthesia, and biopsies
should be obtained. Untreated anal cancer spreads
by local extension to adjacent tissues and organs of
the pelvic floor, including sphincter muscles,
vagina or prostate. When present, tenesmus, a
painful urgency to defecate, suggests that the tu-
mour has spread through the sphincter muscles
[28]. A history of anorectal warts is present in 50%
of homosexual men with anal cancer, but is found
in only 20% of heterosexual individuals with
SCCA [29].

Anal margin and anal canal tumours have dif-
ferent patterns of lymphatic drainage. Cancers
arising from the more proximal anal canal (above
the dentate line) drain predominantly into the
peri-rectal and iliac lymph nodes, while tumours
within the distal canal and the anal margin drain
exclusively into inguinal lymph nodes. At presen-
tation, approximately 50–60% of patients will have
a superficial (T1 or T2) lesion, and 25% of patients
will have involvement of regional lymph nodes.
10% of patients have distant metastases at the time
of diagnosis [30].

Figure 2

Squamous cell carci-
noma of the anus.

Staging

Once the diagnosis of anal cancer has been
established by biopsy, it is important to assess the
regional extension of the tumour, and to further
characterise its stage. Prognosis for anal cancer is
related to tumour size, but it is unclear whether the
independent variable is the actual tumour size or
the depth of invasion. Neither the histology type,

nor the degree of differentiation have major prog-
nostic significance, and therefore have not been in-
cluded in the American Joint Committee on Can-
cer (AJCC)/International Union Against Cancer
(UICC) staging system (table 1) [31]. Tumours
larger than 5 cm in greatest diameter (T3) and le-
sions with metastases in regional lymph nodes



(N1–3) have an increased risk for tumour recur-
rence after chemoradiation (CRT) [32]. 

It should be noted that staging for most solid
tumours is established according to the patholog-
ical examination of the surgical specimen. Staging
systems for SCCA were validated at the time when
abdomino-perineal resection (APR) was the first
line therapy. Since most cases of anal cancer are
now treated without surgery, a revised staging
method for these cancers has yet to be developed.
Endoanal ultrasound currently represents the
most promising modality to accurately determine

the depth of penetration of anal cancer into the
sphincter complex [33, 34]. A modification of the
TNM classification for transanal ultrasound has
been proposed by Bartram & Burnett in order to
stage SCCA prior to chemoradiation (table 2) [35].
However, ultrasound-based staging systems are
notoriously operator-dependent, and have so far
failed to be validated in large series. Thus, sur-
prisingly, there is currently no staging in routine
use for SCCA either before chemoradiation or
after APR [36].
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Primary tumour T1 <2 cm

T2 >2 cm and <5 cm

T3 >5 cm

T4 Invasion of adjacent organs (vagina, urethra, bladder)

Lymph nodes N0 No regional lymph node metastases

N1 Perirectal lymph nodes metastases

N2 Unilateral iliac and/or inguinal lymph nodes metastases

N3 Bilateral iliac and/or inguinal lymph nodes metastases

Distant metastases M0 No distant metastases

M1 Distant metastases

Staging I T1 N0 M0

II T2, T3 N0 M0

IIIa T4 N0 M0

T1, T2, T3 N1 M0

IIIb T4 N1 M0

Any T N2, N3 M0

IV Any T Any N M1

Table 1

AJCC/UICC staging 
of anal cancer.

Treatment

In 1974, Nigro et al published their initial
experience with preoperative radiation and
chemotherapy followed by abdomino-perineal re-
section in three patients with SCCA. Unexpect-
edly, no residual tumour was found in the resected
specimen. The same authors eventually confirmed
these findings in a larger series [37]. Since then, it
is commonly admitted that 1) SCCA is a radiosen-
sitive carcinoma, 2) most anal cancers can be cured
with chemoradiotherapy (CRT), and 3) APR is un-
necessary in the majority of cases. However, de-
spite good results with CRT as the primary means
of management, approximately 30% of patients
will develop a local recurrence [38]. Most patients
with residual disease are ultimately candidates for

an APR with definitive colostomy. Relatively good
results can be achieved with salvage APR for re-
current SCCA with 5-year survival rates reported
up to 50% in patients who had evidence of resid-
ual disease after CRT [39, 40]. The management
algorithm for SCCA is summarized in figure 3.

Anal margin cancer
Wide local excision is usually recommended

for anal margin cancer, with excellent results. Epi-
dermoid carcinomas of the anal margin rarely
metastasise to visceral organs. Recurrences may
occur and are managed by re-excision in most
cases. Combined chemoradiotherapy with 5-fluo-
rouracile and mitomycin C remains an option in

T1 Tumour limited to internal anal sphincter

T2 Tumour involving external anal sphincter

T3 Tumour extending outside external sphincter
(or >5 cm in greatest dimension)

T4 Tumour involving adjacent organ

Table 2

Ultrasound staging 
of anal cancer



patients with locally advanced tumours (>5 cm). As
for most skin cancers, the prognosis is good with
5-year survival rates reportedly up to 90% [41].

Anal canal cancer
While small tumours (<2 cm) arising in the

anal canal may be amenable to local excision, most
patients present with lesions of greater dimen-
sions. Thanks to the pioneering work of Nigro, it
is now widely accepted that the majority of cases
can be cured by a combination of external-beam
radiation therapy and chemotherapy with fluo-
rouracil and mitomycin. Currently, the standard of
care consists in the combination of radiation and
chemotherapy, which has proven superior to radio-
therapy alone in two randomised trials conducted in
Europe [42, 43]. In the EORTC trial, 110 patients
with Stage II or III SCCA were randomised to re-
ceive either external-beam radiation (45 Gy over 5
weeks, with a 15 Gy boost) with concurrent
chemotherapy (5-fluorouracil and mitomycin-C) or
radiotherapy alone. The dose of 5-FU was 750
mg/m2 on days 1–5 and 29–33; the dose of mito-
mycin was 15 mg/m2 on day 1. The chemoradiation
protocol resulted in a higher remission rate (80%
vs. 54%) and a 32% higher colostomy-free rate. 

Following chemoradiation, patients should be

examined at 3-months intervals, if possible under
anaesthesia, and biopsy specimen taken of any in-
duration or zone suspicious for recurrence. The
functional results are usually good, and most pa-
tients retain a functional anal sphincter, with no al-
teration in their lifestyle. However, it is known that
radiation negatively affects the internal sphincter
function, with resulting faecal incontinence in a
small percentage of cases [44]. It is important to
differentiate residual disease (positive biopsies less
than 6 months after completion of chemoradia-
tion) from tumour recurrence (complete response
initially, with positive biopsies more than 6 months
after cessation of treatment) [45]. In most cases, re-
currence occurs within 2 years of CRT. Patients
with locally recurrent anal canal cancer should un-
dergo an APR. It is estimated that, only 50% of pa-
tients who have locally recurrent SCCA following
CRT will be cured with salvage APR. 

CRT may be given safely at conventional doses
in HIV-positive patients [46]. However, it has been
demonstrated that this subset of SCAA patients
have a poor outcome, with response rate and 
2-year colostomy-free survival rate of less than
50% [47, 48]. These data support the routine
screening for anal intraepithelial lesions in HIV-
positive patients [49].
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anal margin anal canal

surgical exision

response (negative biopsies)

recurrence
or advanced (>5 cm)

recurrence

no response (residual disease)

radiochemotherapy
45 Gy (25 � 1.8) + 15 Gy boost
5-Fluorouracil
Mitomycin C

abdominoperineal resection

cured

cured

cured

Figure 3

Management algo-
rithm of anal cancer.

failed

Anal intraepithelial neoplasia (AIN) in the antiretroviral therapy era

Anal intraepithelial neoplasia (AIN) as a pre-
cursor for invasive SCCA has emerged from the
recent literature as one of the most important con-
tributions to the field of anal cancer. HIV positive
women are more likely to demonstrate abnormal
Papanicolaou smears, as well as persistence of cer-
vical infection with HPV over time [50]. Thus, in-
vasive cervical cancer was added to the list of
AIDS-defining conditions in 1993. Not surpris-

ingly, AIN is common among HIV-positive ho-
mosexuals, in this population, more than 50% of
individuals with a CD4+ count <500, and 33% of
those who had a CD4+ count >500 developed AIN
within 4 years of follow-up [51]. Anal colposcopy
is a specialised procedure, which should be per-
formed by a trained coloproctologist, using 5%
acetic acid epithelial staining in accordance with
the techniques used for cervical colposcopy. The



rationale for screening this high-risk population
with anal Papanicolaou smears is currently under
investigation. It appears, however, that AIN does
not always progress to SCCA, and that a signifi-
cant percentage of these lesions undergo sponta-
neous regression.

In theory, highly active antiretroviral therapy
(HAART), which results in improved immune
function, may subsequently reduce the risk of
HIV-positive homosexuals developing persistent
HPV infection in the anal canal. Alternatively, the
incidence of AIN may increase over time, since AIDS
patients now live longer in the setting of imperfect im-
mune reconstitution. Indeed, recent data regarding
AIN and SCCA in the era of HAART give cause
for concern. Despite prolonged response to anti-
retroviral therapy, HIV-positive homosexuals have
persistent HPV infection, and HAART had no ef-

fect on the incidence and progression of AIN [52].
The current consensus is that HAART will prob-
ably not be associated with a reversal of high-grade
dysplasia, since these lesions have already acquired
irreversible chromosomal alterations. Further-
more, epidemiological data from the San Fran-
cisco area indicate that the incidence of anal can-
cer continues to increase substantially despite the
widespread use of HAART in this population.
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