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Abstract

AlIDS-associated illnesses include Kaposi’s sarcoma (KS), non-Hodgkin’s lymphoma (NHL), and, since 1993, invasive cervical
cancer (ICC). Between 1988 and 1998, among AIDS cases reported in western Europe, 9.6% had KS and 3.9% had NHL as AIDS-
defining illnesses. Between 1988 and 1998, the frequency of KS decreased from 13.4 to 6.4%, while NHL increased from 3.8 to
5.3%. Estimates of the relative risk (RR) of neoplasms in HIV-seropositive populations came from population-based cancer and
AIDS registries linkage studies conducted in the United States, Italy and Australia and from a few cohort and case—control studies.
In adults with HIV/AIDS, the RR was over 1000 for KS and ranged between 14 for low-grade NHL and over 300 for high-grade
NHL. For Hodgkin’s disease (HD), a consistent 10-fold higher RR was observed. For cervical and other anogenital tumours
associated with human papilloma virus, risk increases were 2- and 12-fold, depending upon location. In Africa, the AIDS epidemic
led to KS becoming the most common cancer type in men in several areas. The RR of AIDS-associated tumours were lower in

Africa than those reported in western countries. © 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Immunodeficiency, whether congenital, iatrogenic or
due to infections, increases the risk of a few types of
cancer. The investigation of cancer in the HIV-infected
population follows the earlier research on patients
iatrogenically immunosuppressed after organ trans-
plantation [1], and it offers a unique opportunity to
investigate on an unprecedented large scale the role of
the immune system in the onset and growth of tumours.

The evidence for an increased risk of Kaposi’s sar-
coma (KS) and non-Hodgkin’s lymphoma (NHL) in
HIV-infected individuals is compelling [2]. Since the
beginning of the epidemic, KS and NHL have been
included among the AIDS-defining illnesses (i.e. dis-
eases which in concurrence with HIV-seropositivity
implied a diagnosis of AIDS). There have been several
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investigations on the relationship between HIV infec-
tion and cancers other than KS and NHL. These have
been conducted in several countries and have shown
weaker and less consistent results [2-5].

Different ways of quantifying an excess of cancer risk
in persons with HIV/AIDS have been attempted. Sev-
eral clinical series were published, but they were unable,
on account of possible selection bias, to estimate accu-
rately the HIV-associated relative risk (RR) of cancer
[2]. Population-based cancer registration data first yiel-
ded indirect estimates of HIV-associated cancers based
on surrogate indicators of groups at risk for HIV infec-
tion, such as never-married male adults for homosexual
men [6]. Increases in RR of approximately 1000-fold for
KS and between 2- and 20-fold for NHL were found in
never-married men. However, these RRs tended to
underestimate the actual risk increases, since surrogate
groups included substantial proportions of uninfected
individuals.

Although cohort studies of HIV-seropositive individuals
often provided detailed information of risk correlates and
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follow-up data [2], they were generally based on too few
cancer events to provide precise RR estimates. Thus, to
have a better quantification of the spectrum of malig-
nancies among HIV-infected individuals, linkage studies
of AIDS and cancer registries have been conducted in
western countries [3,5,7].

The highly active antiretroviral therapies (HAART)
were introduced in developed countries during the end
of 1996 and the beginning of 1997. Since then, mortality
and morbidity rates from AIDS have fallen dramati-
cally in developed countries, but the impact of HAART
on cancer incidence rates in HIV-infected people is still
ill defined.

The purpose of this paper is to summarise epidemio-
logical findings on malignancies associated with HIV
infection and AIDS, taking into account the strengths
and weaknesses of the different study designs and tem-
poral changes.

2. Kaposi’s sarcoma
2.1. Background

Before the AIDS epidemic, KS had been described in
immunosuppressed organ recipients [1], in Africa (the
endemic type), and in the elderly population (mostly
men) from Mediterranean countries (the classic type). In
Italy, for instance, incidence rates of KS (approximately
10 cases/per million males) were intermediate between high
(e.g. central Africa) and low risk areas (e.g. the United
States (US)) [8]. In the pre-AIDS era, KS was a very rare
cancer (incidence rates approximately 0.1 per million) [8]
in Northern Europe and in the US, but, as a consequence
of AIDS-related cases, KS incidence rates have risen, in
men in the early 1990s, to over 10 per million in the US
and in several European countries (i.e. France, Portu-
gal, Spain, Switzerland and the United Kingdom) [9].

Relatively early on in the epidemic, it was hypothe-
sised that KS was caused by a sexually transmitted
agent [10], and the discovery of the human herpesvirus-8
(HHVS) [11] in all types of KS supported the possibility
that this virus may be necessary, albeit not sufficient, to
induce KS. Additional cofactors, most notably immune
impairment, are probably required to develop KS [12].
A wide variation in HHVS seroprevalence rates have
been reported in healthy populations from different
parts of the world (from 1% in the US to nearly 60% in
Africa). However, the best serological methods to detect
antibodies to HHVS in the general population has still
to be determined [12,13] and the lack of comparability
among methods still limits the interpretation of such
differences.

The transmission of HHVS constitutes another open
issue. In Western populations, the most important
behavioural risk factor appears to be sexual intercourse

between men [14]. However, data from Africa, French
Guiana and from Italy support the possibility that
HHVS may be transmitted early in life, vertically from
mother to child, or horizontally within the family
[13,15-17].

2.2. KS as an AIDS-defining illness

AIDS surveillance data from developed countries has
allowed the assessment of the spectrum of AIDS-defin-
ing illnesses since the beginning of the AIDS epidemic.
AIDS surveillance data, however, underestimates the
frequency of KS, as well as the frequency of NHL (see
following section), since they do not include system-
atically diagnoses that occur after the first AIDS-defin-
ing illness(es).

As for other AIDS-defining illnesses, the most recent
trends in KS can be evaluated only in Europe because in
the US, since 1993, most AIDS cases have been reported
based on immunological criteria (CD4+ T-lymphocyte
count <200/ul). AIDS-defining illnesses have, there-
fore, stopped being reported systematically.

Information on KS in 17 western European countries,
as of December 1999, was made available by the Eur-
opean Non-Aggregate AIDS Data Set (ENAADS) [18].
For comparability purposes, cases diagnosed and noti-
fied in the last available year (1999) were not considered
due to incomplete notification and reporting delay.

Between 1988 and 1998, a total of 18 909 AIDS cases
had KS as an AIDS-defining illness (9.6%). Table 1
shows that the number of cases of KS rose steadily from

Table 1

Number of all Kaposi’s sarcoma, non-Hodgkin’s lymphoma, and
invasive cervical cancer as AIDS-defining illnesses and percent of all
AIDS cases by year: Western Europe, 1988—1998*

Year Kaposi’s Non-Hodgkin’s Invasive
sarcoma lymphoma cervical cancer

n (%) n (%) n (%)°

1988 1449 (13.4) 408 (3.8) 0

1989 1706 (12.1) 535 (3.8) 0

1990 1889 (11.6) 584 (3.6) 0

1991 2127 (11.4) 655 (3.5) 0

1992 2225 (10.8) 800 (3.9) 0

1993 2139 (9.6) 814 (3.6) 63 (1.5)

1994 2253 (8.9) 910 (3.6) 127 (2.6)

1995 1928 (7.9) 975 (4.0) 113 (2.3)

1996 1576 (7.5) 853 (4.1) 105 (2.4)

1997 980 (7.0) 700 (5.0) 82 (2.7)

1998 637 (6.4) 524 (5.3) 59 (2.8)

Total 18909 (9.6) 7758 (3.9) 549 (2.3)¢

4 Data available from Austria, Belgium, Denmark, Finland,
France, Germany, Greece, Ireland, Italy, Luxembourg, The Nether-
lands, Norway, Portugal, Spain, Sweden, Switzerland and the United
Kingdom.

® In females.

¢ Period 1993-1998.
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1988 to 1992, then stabilised through 1994 and declined
thereafter. As a percentage of AIDS-defining illnesses,
however, KS decreased steadily throughout the exam-
ined period: from 13.4% in 1988 to 6.4% in 1998 (x3 for
trend, adjusted for area, HIV-transmission group, gen-
der and age=147.0; P<0.001).

Trends of KS as an AIDS-defining illness, stratified
according to geographical area, age, gender and HIV-
transmission group did not show significant hetero-
geneity. However, the proportion of KS seemed to be
higher in Northern and Central European countries and
among older individuals. This chiefly reflects the greater
proportion of homosexual and bisexual men rather than
intravenous (i.v.) drug users (IDU) or other HIV-trans-
mission groups in certain countries and age groups [19].

2.3. Risk of HIV-associated KS in developed countries

A number of studies investigated the risk of KS in
HIV-seropositive individuals, showing a prevalence 10-
to 20-fold higher in homosexual and bisexual men than
in other HIV-transmission groups [2].

Cohort studies of HIV-infected individuals showed
marked KS excess [20,21]. The Pittsburgh component of
Multicenter AIDS Cohort Study (MACS) included 769
HIV-seronegative participants and 430 seropositive
subjects with a median follow-up of 7 years from 1985
through to 1993 [22]. The occurrence of KS among the
HIV-seropositive individuals was over 400-fold higher
than in the general population.

Investigators in the US [3,7], Europe [4] and Australia
[5] have linked records of AIDS cases reported to AIDS
registries to cancer registry records. Cancer incidence
rates in the years subsequent to AIDS diagnosis (gen-
erally 2 or 3 years) were calculated and compared with
rates expected among the general population of the
same age, race, gender and area of residence as the per-
sons with AIDS. Limitations and potential biases of
registry linkage studies include missed linkages,
increased or decreased medical surveillance in indivi-
duals with HIV/AIDS and survival bias in persons with
HIV infection and cancer [7]. Furthermore, linkage
studies do not allow adjustment for potential con-
founding factors (e.g. lifestyle factors, co-infection with
other viruses, etc.) [2]. A strength of such methodology
is represented, however, by the access to a large number
of unselected cancers in HIV-positive individuals, both
before and after AIDS diagnosis. Table 2 shows the
findings of registry linkage studies with respect to KS.

Between 1981 and 1990, Biggar and colleagues [7]
linked 83434 AIDS cases reported to AIDS registries in
seven regions in the US. Out of 8489 cases meeting the
enrolment criteria, in 7351 of them KS was an AIDS-
defining illness, whereas in 1045 it occurred 6-11
months after the onset of another AIDS-defining illness.
From 6 to 11 months after AIDS, the RR of KS was,

hence, 106000 in homo/bisexual men with AIDS and
13000 in men who belonged to other HIV-transmission
groups (Table 2) and remained stable until 23 months
after the diagnosis of AIDS.

Goedert and colleagues [3] matched 98336 people
with AIDS and 1125098 persons with cancer, ages less
than 70 years, in seven regions of the US and in Puerto
Rico. The RR for KS after AIDS diagnosis was 1000
from 6 months prior to and 3 months after the diagnosis
of AIDS, and 310 between 4 and 27 months after the
diagnosis of AIDS.

In Europe, a record linkage was carried out by Fran-
ceschi and colleagues [4] between the Italian Registry of
AIDS (33304 people with AIDS) and 13 Cancer Regis-
tries covering a population of approximately 8 million.
The RR for KS after the diagnosis of AIDS was 1300
(Table 2).

In Australia, 778 cancer cases were identified in 3616
people with AIDS between 1980 and 1993 [5]. There
were 511 KS cases, with a RR of approximately 72 700.

RRs in Table 2 are not as heterogeneous as they seem,
since linkage studies differed mostly in the length of
time around the diagnosis of AIDS when the cancer risk
was evaluated.

Death rates offer another tool to investigate the
increase of cancer risk in unselected populations with
HIV infection. The first large study of this type was
reported in the US by Selik and Rabkin [23]. They
identified 22275 persons 25-44 years old who had died
from 1990 through 1995 and had cancer and HIV
infection on their death certificates. By means of an
estimate of HIV-seropositive individuals in the same age
range in the US at the end of 1992 (i.e. 525000 males
and 120000 females), the expected number of cancer
deaths was estimated and compared with the observed
one. RRs for death from KS and other skin cancers
were 1322 in males and 555 in females (Table 3).

KS is rare as an AIDS-defining illness in children in
the US (0.5%) and in Europe (0.2%) [24,25]. Gran-
ovsky and colleagues [26] described 65 malignancies in
64 HIV-infected children diagnosed at 84 member insti-
tutions of the Children’s Cancer Group (in the US,
Canada and Australia) and the Paediatric Branch of the
National Cancer Institute (NCI), US. KS accounted for
only three (5%) of tumours reported.

Only one population-based linkage study from the US
published data on children (aged less than 14 years)
with AIDS [27]. Eight KS were found out of 124 tumour
cases which had arisen between 60 months prior to and
60 months after the diagnosis of AIDS. KS was the
second most common malignancy after NHL.

2.4. HIV-associated KS in developing countries

The majority of information from developing coun-
tries is provided from Africa. KS was relatively frequent
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Relative risk (RR) and corresponding 95% confidence interval (CI) of Kaposi’s sarcoma and haemolymphopoietic malignancies in people with
AIDS from registry-linkage studies

Type of cancer Country, Reference ~ Group Time interval No. RR (95% CI)
(months with respect to AIDS) observed
From To
KS US [7] Homosexuals/bisexual +6 +11 547 { 106 000
Other men +6 +11 13000
US [3] -6 +3 5181 1000
+4 +27 1827 310 (292-330)
Italy [4] —60 +24 151 1300
Australia [5] 0 Death 511 72700 (66 800-79 600)
NHL US [40] High grade 0 +42 157 348
Intermediate grade 0 +42 160 113
Low grade 0 +42 10 14
All NHL 0 +42 510 165
US [3] -6 +3 1276 325
+4 +27 517 113 (104-123)
Italy [39] —12 +42 121 228 (189-272)
Australia [5] —60 Death 205 97 (84-112)
HD US [3] —60 -7 55 44
—6 +3 72 42.4
+4 +27 13 7.6 (4.1-13.1)
Italy [4] —60 +24 11 8.9 (4.4-16.0)
Australia [5] —60 Death 9 18.3 (8.4-34.8)
Multiple myeloma  US [3] —60 -7 2 0.6
—6 +3 11 14.5
+4 +27 3 4.5(0.9-13.2)
Italy [4] —60 +24 1 -
Australia [5] —60 Death 3 12.1 (2.5-35.4)
Leukaemia US [3] —60 -7 19 2.4
-6 +3 27 13.9
+4 +27 8 3.8
Italy [4] —60 +24 2 2.2 (0.2-8.1)
Australia [5] —60 Death 4 5.8 (1.6-14.7)

KS, Kaposi’s sarcoma; NHL, Non-Hodgkin’s lymphoma; HD, Hodgkin’s disease.

Table 3

Relative risk (RR) of death from Kaposi’s sarcoma and haemolymphopoietic malignancies and corresponding 99% confidence interval (CI) in HIV-
infected persons ages 25-44 years: United States, 1990-1995*

Type of cancer (ICD-9 codes) Gender No. observed RR (99% CI)
Kaposi’s sarcoma and other skin cancer (173) Males 12112 1322 (1209-1447)
Females 158 555 (411-749)
Non-Hodgkin’s lymphoma (200, 202) Males 7813 136 (130-142)
Females 650 112 (102-124)
Hodgkin’s disease (201) Males 280 11.3 (9.6-13.3)
Females 27 9.7 (6.4-14.8)
Multiple myeloma (203) Males 26 3.0 (1.8-5.0)
Females 1 0.2 (0.0-63.5)
Leukaemia (204, 208) Males 119 1.7 (1.3-2.1)
Females 30 2.4 (1.5-3.9)

2 ICD-9, International Classification of Diseases, 9th revision. Adapted from Selik and Rabkin (1998) [23].

in Africa even before the onset of the HIV epidemic,
and showed marked geographical variation [8]. Striking
increases in the KS incidence rates have been recorded
subsequently to the spread of HIV infection in the 1970s

and 1980s. Rates are at present highest between the age
of 25 and 34 years in men, and between the age of 20 and
29 years in women. A small peak of KS has also been

recorded in chi

ldren below the age of 10 years [28,29].
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In Kampala, Uganda, a population-based cancer reg-
istry had been active in 1954-1960 and was re-established
in 1989-1991 [29,30]. Seropositivity for HIV was repor-
ted in approximately 10% of the rural population, and
8-30% of the urban population [30]. In the 1990s, KS
had became the leading cancer in males (approximately
50% of all cancers) and the second most frequent in
females (20%) after cervical cancer, with approximately
a 20-fold increase since the 1960s. Incidence rates were
39/100 000 in males and 20/100000 in females [29]. In
another African cancer registry, Harare, Zimbabwe, KS
was reported, in 1990-1992, as the most frequent cancer
type in males (23% of all cancer incidence) and the third
most frequent in females (10%) in 1990-1992 [28]. In
1991-1992, in the population-based cancer registry of
Butare, Rwanda [31], KS accounted for 6% of all can-
cers in the two genders combined and the RR for KS in
HIV-seropositive individuals was estimated to be 35.0
(95% confidence interval (CI): 8.2-206.7) (Table 4).

Sitas and colleagues [32] used the case—control
approach to estimate the risk of KS in a black popula-
tion aged 18-49 years in South Africa (Table 4). The
study resulted in an estimated RR for KS of 21.9 (95%
CI: 12.5-38.6) in HIV-positive individuals.

The prevalence of HHVS has been studied rather
extensively in Africa, and prevalence rates are sub-
stantially higher than those reported in developed
countries [13,33,34]. A high background risk of KS in
HIV-negative individuals in Africa may explain the
lower RRs for KS generally reported in this continent
than in Europe or the US.

3. Non-Hodgkin’s lymphoma and other lymphoid neo-
plasms

3.1. Background
NHL is the second commonest malignancy associated
with HIV infection, and the spectrum of HIV-related

lymphomas includes: (1) systemic NHL (i.e. immuno-
blastic and Burkitt’s lymphoma); (2) primary brain

Table 4

lymphoma (PBL); and (3) body cavity-based lym-
phoma. Whether HIV infection is associated with an
increased incidence of Hodgkin’s disease (HD) has been
a subject of considerable controversy [2].

Both primary and iatrogenic immunosuppression are
associated with an increased risk for NHL [1,2]. Among
NHL types, Burkitt’s lymphoma incidence is increased
in patients with X-linked lymphoproliferative disease
and ataxia telangectasia, but not in iatrogenically
immunosuppressed patients. Similarly, HD risk may be
elevated in some primary immunodeficiencies, but
increases in incidence have not been reported in studies
of organ recipients [1]. Scanty information exists on
specific NHL subtypes, body cavity-based lymphoma (a
rare lymphoma linked to HHVS) [35], and other lym-
phoid neoplasms [36,37].

3.2. NHL as an AIDS-defining illness

PBL and Burkitt’s lymphoma have been included
among the AIDS-defining illnesses since 1982 whereas
the immunoblastic NHL have been included since 1985.
The frequent lack, in AIDS surveillance data, of inclu-
sion of NHL subsequent to another AIDS-defining ill-
ness leads, however, to a 2- to- 3-fold underestimation
of the NHL burden [2].

In contrast to what is reported for KS, the frequency
of NHL varies very little by HIV exposure groups in
developed countries [2]. This suggests that environ-
mental cofactor(s) for AIDS-NHL are unlikely to be as
important (or as unevenly distributed) as those for KS
(e.g. HHVS) [35]. A modest excess among homosexual
men (4%) compared with i.v. drug users (3%) in the US
has been chiefly attributed to some underreporting of
AIDS-related NHL in drug users [2].

As for KS, most recent trends in NHL as an AIDS-
defining illness can be evaluated only in Europe. Infor-
mation from ENAADS collected between 1988 and
1998 in 17 western European countries allowed us to
evaluate 7758 AIDS cases that had NHL as an AIDS-
defining illness (3.9%). Table 1 shows that NHL num-
ber rose steadily from 1988 to 1995, but declined there-

Relative risk (RR) and corresponding 95% confidence interval (CI) of selected cancers among HIV-infected persons in developing countries

Type of cancer Country [Ref.]

No. observed RR (95% CI)

Kaposi’s sarcoma Rwanda [45]
South Africa [32]
Uganda [65]
Rwanda [45]
South Africa [32]
Uganda [65]
South Africa [32]
Rwanda [45]
South Africa [32]
Uganda [65]

Non-Hodgkin’s lymphoma

Hodgkin’s disease
Invasive cervical cancer

1 35.0 (8.2-206.7)
89 21.9 (12.5-38.6)
- 19.2 (13.2-27.8)
7 12.6 (2.2-54.4)
23 5.0 (1.7-9.5)
- 1.9 (1.0-3.5)
14 1.4 (0.7-2.8)
0 0.0
167 1.6 (1.1-2.3)

- 1.2 (0.8-1.8)
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after. As a percentage of AIDS-defining illnesses, how-
ever, NHL increased from 3.6% in 1994 to 5.3% in
1998 (y3 for trend, adjusted for area, HIV-transmission
group, gender and age=61.4 years; P<0.001).
Proportional increases of NHL as an AIDS-defining
illness between 1994 and 1998 were found in northern
(from 3.3 to 7.4%), central (from 4.8 to 7.4%), and
southern Europe (from 2.8 to 4.1%) (Fig. 1). With
respect to age, the proportion of NHL increased from 3.0
to 4.1% in AIDS cases age 39 years or less and from 5.3
to 7.5% in those aged 40 years or older. Upward trends
were observed similarly in men (from 3.8 to 5.8%) and
women (from 2.5 to 3.3%) and in the major HIV trans-
mission groups (from 5.0 to 8.7% in homosexual and
bisexual men; from 2.3 to 3.0% in i.v. drug users; and
from 4.0 to 5.6% in other HIV transmission categories).
Trends were, therefore, consistent across the different
examined strata, although the proportion of NHL was

Percent
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highest among Northern European males, homosexual
and bisexual men, and/or older individuals (Fig. 1).

3.3. Risk of HIV-associated lymphomas in developed
countries

Many attempts have been made to estimate the RR of
lymphomas in people with AIDS [2]. After a 12-year
follow-up from the MACS prospective study [38], RRs
in HIV-seropositive individuals versus the US general
population were approximately 170 for NHL, based on
171 observed cases, and 7.0 for HD (95% CI: 2.5-15.1)
based on 6 HD cases. Early evidence of an increase in
HD came from the San Francisco City Clinic Cohort
which was updated in a combined analysis (total 15 565
subjects) with the New York City hepatitis B natural
history and vaccine trial cohorts [21]. The RR of HD
was 2.5 (95% CI: 1.5-3.9).
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Fig. 1. Percent of AIDS cases with NHL as an AIDS-defining illness by area, age, gender and HIV-transmission group in western Europe, 1988—
1998. Data available from Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, The Netherlands, Norway,

Portugal, Spain, Sweden, Switzerland and the United Kingdom.
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Findings from registry linkage studies [3-5,39,40] with
respect to NHL, HD, and a few other lymphoid malig-
nancies are shown in Table 2.

Among 83434 AIDS cases reported to AIDS registries
in seven regions of the US between 1981 and 1990 [7], 2031
NHL cases met the enrolment criteria and 335 occurred 6
through to 23 months after another AIDS-defining illness.
The RR was 283 and nearly doubled between semesters
2 and 4 after the diagnosis of AIDS, pointing to a role
of increasing immune impairment in NHL onset.

In the same US registration areas, Coté and collea-
gues [40] considered 2156 cases of NHL (4.3%) among
51033 persons with AIDS and compared them with
4051 NHL cases without AIDS. Thirty-nine percent of
NHLs were high grade (versus 12% among persons
without AIDS), 40% were extranodal (versus 26%
among people without AIDS) and 15% had brain NHL
(versus 1% among persons without AIDS). Thus, RRs
ranged between over 500 for diffuse immunoblastic
NHL to 14 for low-grade NHL. One-year survival was
approximately 30% (i.e. substantially lower than for
NHL in the general population). Due to the high risk of
other causes of death, tumour grade had little impact on
the prognosis of NHL in people with AIDS [40].

The RRs for NHL after the diagnosis of AIDS, esti-
mated by Goedert and colleagues [3] in the same US
areas, were 325 around the time of the diagnosis of
AIDS and 113 between 4 and 27 months afterwards
(Table 2). The risk of HD was 4.4 between 60 and 7
months prior to AIDS, 42.4 in the period when AIDS
was diagnosed, and 7.6 between 4 and 27 months after
the development of AIDS. Thirteen (87%) of 15 HD
tissues examined were positive for Epstein-Barr virus.
People with AIDS seemed to be at a somewhat
increased risk for multiple myeloma and leukaemia, too
(Table 2). Some of these cases might be, however, leu-
kaemoid transformations of AIDS-related NHL.

In Italy, the record linkage carried out by Franceschi
and colleagues [39] allowed the estimation of RRs for
NHL in people with AIDS aged 15-69 years for a time
period that spanned from 1 year prior to and 3.5 years
after AIDS diagnosis. Individuals with AIDS had a 228-
fold increased risk of NHL (Table 2). The RR was
somewhat more elevated in women (348) than in males
(209), but similar among i.v.-drug users and other HIV
risk groups. In Italian areas covered by a cancer reg-
istry, NHL in people with AIDS constituted 9% of all
NHLs in men below the age of 50 years in 1985-1989
and 16% in 1990-1992. In women, the corresponding
attributable fractions were 3 and 5% [39].

The risk of HD was also investigated in the time per-
iod between 60 months prior to and 24 months after
AIDS diagnosis [4]. A nearly 10-fold increased risk was
found in HIV-positive individuals (RR =8.9) (Table 2).
In contrast with the histological type predominating in
HIV-negative young adults (i.e. nodular sclerosis),

mixed cellularity type of HD was predominant in people
with HIV/AIDS [4,41].

A registry linkage study conducted in Australia [5]
found 205 NHL cases (RR=97; 95% CI 84-112). The
RR for HD was 18.3 (95% CI 8.4-34.8), after allowance
for differential survival in AIDS patients. The incidence
of HD increased significantly close to the time of AIDS
diagnosis. Elevated RRs were also found for multiple
myeloma (12.1; 95% CI: 2.5-35.4) and leukaemia (5.8;
95% CI: 1.6-14.7) (Table 2).

The comparative analysis of death rates reported in
HIV-infected individuals [23] showed that RRs for
NHL were 136 in males and 112 in females, and 11.3
and 9.7, respectively, for HD (Table 3). Mortality rates
in HIV-seropositive individuals were also increased by
approximately 2-fold for leukaemias and 3-fold for
multiple myeloma in males.

Among 7629 children diagnosed with AIDS in the US
by the end of December 1998, 156 (2%) had cancer as
their AIDS-defining illness [42], including 50 Burkitt’s
lymphomas, 48 immunoblastic lymphomas and 30 PBL.
A relatively high incidence of mucosa-associated lym-
phoid tumours (MALT) was also observed in the pul-
monary or gastric mucosa, as well as in the parotid,
salivary or lachrymal glands. Since lymphocytic inter-
stitial pneumonitis is a common manifestation of pae-
diatric HIV disease, it is possible that pulmonary
mucosa-associated lymphoid tumours and lymphocytic
interstitial pneumonitis are related [43].

In the Children’s Cancer Group study conducted in
the US, Canada and Australia [26], NHL accounted for
65% (42/65) of all tumours reported. Other lymphoid
tumours included four acute lymphoblastic leukaemias,
two HDs and one acute myeloid leukaemia. RR for
NHL in HIV-infected children in the NCI series was
1203 (95% CI: 688-1949). At variance with the spec-
trum of malignancies in HIV-infected adults, leiomyo-
sarcomas/leilomyomas were also frequent (11/65, 17%).

In the already mentioned linkage study on children with
AIDS [27], a high RR (651) for NHL was noted (based on
28 cases). The RR was especially high (7143) for PBL (5
cases). There were also increased risks for HD (RR =62, 1
case) and for leiomyosarcomas (RR = 1915, 2 cases).

3.4. HIV-associated risk of NHL in developing countries

It is unclear whether the risk for NHL in HIV-sero-
positive individuals in developing countries is the same
as that observed in developed countries, since reliable
data have emerged only recently, mainly from Africa.

In Uganda, a population-based cancer registry [29]
has shown a stable incidence of NHL (3/100000) in
both sexes up to the early 1990s, but significant increa-
ses in 1995-1997 (6/100000). Burkitt’s lymphomas
represented more than one third of NHL, but it was
virtually restricted to children. In Harare, Zimbabwe
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[44], incidence rates of NHL (4/100 000) were stable and
relatively low in relation to the relatively high HIV pre-
valence in the study location.

In Butare, Rwanda, in 1991-1992 [31,45], NHL
accounted for 3% of the total cancers and the RR for
NHL in HIV-seropositive individuals was estimated to
be 12.6 (95% CI: 2.2-54.4) (Table 4). In a case—control
study conducted in South Africa by Sitas and colleagues
[32], RRs were 5.0 (95% CI: 1.7-9.5) for NHL and 1.4
(95% CI: 0.7-2.8) for HD (Table 4). Since the HIV-
associated risk seemed lower than in developed coun-
tries, the possibility was raised that early acquisition of
Epstein-Barr virus (EBV) in childhood in Africa may
impart immunity to subsequent EBV infection, or may
lead to a lower lymphoma risk if the virus is reactivated
following immunosuppression [47].

The possibility of a lower susceptibility to NHL in
African rather than Caucasian populations has also been
raised since, for instance in the US, between 1981 and
1994 the proportion of NHL as the AIDS-defining illness
was lower in Blacks (1%) than Whites (3%) overall and
in major HIV-transmission categories [2]. Most prob-
ably, however, the apparent lack of NHL in Africa may
be explained by underascertainment and/or earlier
deaths from other AIDS-associated causes. Patients with
severe immunodeficiency in this part of the world tend
to die from infectious diseases before manifesting NHL.

4. Invasive cervical cancer and other HPV-related
cancers

4.1. Background

The vast majority of cervical tumours are caused by
human papillomavirus (HPV) [47]. Immunosuppression
(e.g. in organ recipients) has been shown to be able to
enhance the onset and progression of HPV-related
tumours [2].

Although invasive cervical cancer (ICC) has been
included among the AIDS-defining conditions since
January 1993, the contribution of HIV to the develop-
ment of cervical tumours is still ill quantified [2]. Several
studies have documented an increased risk for cervical
intraepithelial neoplasm (CIN), the precursor lesion of
ICC, among HIV-infected women, but smaller increases
have been noted in incidence rates of cervical cancer, in
the US [2]. Conversely, an association between HIV and
cervical cancer has been found in Italy and France
[4,46].

4.2. Invasive cervical cancer as an AIDS-defining illness
Between January 1993 and December 1998, 23561

women were diagnosed with AIDS in the World Health
Organization (WHO) European region (Table 5). ICC

was the AIDS-defining illness in 549 (2.3%) of them,
and the proportion of AIDS cases with ICC remained
substantially stable between 1994 and 1998 (Table 1).

The distribution of AIDS cases in France, Italy, and
Spain (i.e. the three European countries mostly affected
by the epidemic), according to the presence of ICC at
AIDS diagnosis and HIV-exposure category, is shown
at Table 5. Overall, the proportion of cases with ICC
was higher among women who were i.v. drug users than
among those who acquired HIV infection through het-
erosexual intercourse (3.2 and 1.8%, respectively).
Women who were i.v. drug users had more than twice
the frequency of ICC as AIDS-defining conditions than
heterosexual women (P<0.001), in France (3.9 and
1.7%, respectively) and Italy (3.2 and 1.2%), whereas in
Spain the frequency ICC as an AIDS-defining illness
was similar in heterosexual women (3.7%) and women
who were i.v. drug users (3.6%). Sexual promiscuity
(e.g. practice of prostitution) [2,48] and/or lack of
appropriate screening may explain the more frequent
occurrence of ICC among women who were i.v. drug
users.

4.3. Risk of HIV-associated cervical cancer in developed
countries

In western countries, the few epidemiological studies
investigating whether HIV-infected women were at
increased risk for ICC were not totally consistent. Since
HPV and HIV share the sexual route of transmission, it
is obviously difficult to disentangle their respective con-
tribution in the development of ICC [2].

A cohort study conducted among 2141 HIV-infected
women in Italy and France [46] showed a significant 13-
fold higher risk for ICC. Such risk was particularly ele-
vated among i.v. drug users. A record linkage between
the National AIDS Registry and 13 population-based
Italian cancer registries yielded a RR of 15.5 (95% CI
4.0-40.1) for ICC in women with HIV/AIDS [4]. RRs
for cervical tumours tended to be lower in linkage
studies conducted in the US [3]. The risk of in situ cer-
vical carcinoma among women with AIDS was low in
the early pre-AIDS interval (RR=0.7), but increased
over time to a figure slightly above the incidence in the
general population (post-AIDS RR=1.7). In the
already mentioned study from the US [3], a different
pattern occurred in the risk of ICC with higher risk in
the early pre-AIDS period (RR =5.4) than in the post-
AIDS period (RR=2.9; CI: 0.7-16.0). Among the dif-
ferent patterns, it may be hypothesised that the lower
RR for ICC in the US than in Southern European
countries may be partly attributable to differences in
cervical cancer screening practices in these two areas.

Mandelblatt and colleagues [49] carried out a meta-
analysis of 15 cross-sectional studies published between
1986 and 1998 and which included information on the
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presence of cervical neoplasia and infection with HPV
and HIV. A significant interaction was found between
HPV and HIV strengthening the suggestion that HIV is
a cofactor in the association between HPV and cervical
neoplasia. This effect seemed to vary according to the
level of immune function.

Ahdieh and colleagues [50] evaluated HPV positivity
and time to HPV clearance according to HIV serostatus
and CD4+ cell count in a cohort of 268 black IDU
women (184 HIV-positive) in Baltimore (USA). Of 187
participants who had at least one HPV-positive cervico-
vaginal lavage specimen, the probability of subsequent
HPV-positivity was 48% among HIV-negative women,
79% among HIV-positive women with a CD4+ count
=200 cells/pl, and 93% among HIV-positive women
with a CD4+ count <200 cells/ul. HPV clearance was
reduced 71 and 90% in the HIV-positive women with
the aforementioned CD4 + cell thresholds, respectively.

Frisch and colleagues [51] studied invasive and in situ
HPV-associated cancers among 309 365 US patients, of
whom 51760 were women. Risks were significantly
increased for cervical (RR=4.6), vulvar/vaginal
(RR=3.9), anal (RR=7.8 in females and 60.1 in males),
and penile (RR=6.9) in situ carcinomas. For invasive
cancer, RRs were 5.4 for the cervix, 5.8 for the vulva/
vagina, 6.8 and 37.9, respectively, in females and males,
for the anus and 3.7 for the penis. All increases were
statistically significant, but the authors noticed that, for
invasive cancers, RRs changed little during the 10 years
spanning AIDS onset (i.e. =60 months). The finding by
Frish and colleagues [51] suggests: (1) that HPV persis-
tence, but not late-stage cancer invasion, is strongly
influenced by the immune status; and (2) that the ‘dose—
response’ relationship between HIV-induced immuno-
suppression and HPV-related tumours is substantially
different from the one observed for KS and NHL.

4.4. HIV and cervical cancer in Africa
Further information on the association between HIV
and ICC comes from some African countries where,

among female adults, cervical cancer is the commonest

Table 5

neoplasm in the general female population and the pre-
valence of HIV infection is high [52]. In none of the
case—control studies conducted in Rwanda [45], South
Africa [32] and Coté d’Ivoire [53] did ICC appear to be
clearly associated with HIV infection. In Zambia, nei-
ther an upward trend in the incidence of cervical cancer
nor changes in age at presentation of the disease were
observed subsequent to the spread of HIV infection [54].
RRs for ICC in HIV-infected women compared with
HIV-negative women were generally close to unity
(Table 4) but a statistically significant excess emerged in
South Africa [32]. However, a high background risk of
ICC among African women may have, to some extent,
blurred the impact of HIV on those incidence trends in
the 1980s and 1990s and on the RR estimates in case—
control studies.

4.5. Anal cancer

The occurrence of anal cancer has been strongly
associated with HPV infection, particularly types 16 and
18 [47], and there is evidence that such HPV types are
found more frequently in the anal area in HIV-positive
than in HIV-negative homosexuals [55]. Furthermore, it
has been shown that homosexual men with a history of
receptive anal intercourse are at a higher risk of develop-
ing anal cancer than men in the general population [56].

Significant increases in the incidence of anal cancer,
however, had begun in the US and Northern Europe
decades before the AIDS epidemic [57-59]. Such
increases were more apparent in urban than in rural
areas and among never-married men than in ever-mar-
ried men, suggesting that some changes in homosexual
behaviours had occurred before the spread of HIV
infection.

Most studies showing a positive association between
HIV infection and anal cancer risk were carried out in
the metropolitan areas of the US (i.e. San Francisco and
New York City). A linkage study of AIDS and cancer
registries showed anal cancer 14- to 27-fold more com-
mon among HIV-infected individuals (depending upon
the time since diagnosis of AIDS) than in the general

Number of women with invasive cervical cancer (ICC) as AIDS-defining illness, according to HIV-exposure category and country: WHO European

region, 1993-1998

Transmission group

All transmission groups

Intravenous drug users Heterosexuals
Country AIDS cases % with ICC AIDS cases % with ICC AIDS cases % with ICC
France 1492 3.9 2713 1.7 4905 22
Italy 3295 3.2 2417 1.2 6249 2.2
Spain 4151 3.7 2051 3.6 6805 3.4
All Europe 10723 3.2 10385 1.8 23561 23

WHO, World Health Organization.
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population [60]. Studies from Italy [4] and Africa [30]
have failed to demonstrate a clear positive association,
or an increase in incidence rates of such neoplasms fol-
lowing the AIDS epidemic [28]. They had, however, low
statistical power, chiefly on account of the relatively low
proportions of homosexual and bisexual men among
HIV-infected individuals.

The already mentioned linkage study from the US [51]
showed an overall risk of developing invasive anal can-
cer of 6.8, based on 7 women with AIDS and 37.9 for
men, based on 214 cases with AIDS. However, the risk
of anal cancer was not clearly correlated with decreases
in CD4+ cell counts.

In summary, increases in the incidence rates of anal
cancer preceded the AIDS epidemic, at least in the US,
and anal cancer is more common in homosexual and
bisexual men than in heterosexual ones, even in the
absence of HIV infection. Still, a contribution of HIV-
induced immunosuppression to HPV-related malig-
nancies of the anus is well documented [51].

5. Other HIV-related cancers
5.1. Hepatocellular carcinoma

Rising trends of hepatocellular carcinoma in young
never-married men in the US in the first years of the
AIDS epidemic led to the hypothesis that HIV infection
may increase the risk of developing such neoplasms [6].
An increased frequency of hepatocellular carcinoma
among individuals with HIV infection may be expected
also because such cancers are primarily caused by per-
sistent infection with hepatitis B virus (HBV) and/or
with hepatitis C virus (HCV) — two agents sharing the
same routes of transmission as HIV. However, later
observations did not clearly show a rise in the incidence
rates of hepatocellular carcinoma as a consequence of
HIV infection in the US [61], Italy [4] or Africa [30].

In a linkage study between AIDS and cancer registries in
the US, Goedert and colleagues [3] found, in the interval
between 5 years prior to and 27 months after the diagnosis
of AIDS, a RR of 13 (non-significant) for hepatocellular
carcinoma. A cohort study conducted among HIV-posi-
tive men in Italy and France suggested an elevated RR
[62], but the observation, however, was based on 2 cases
only. Longer follow-up studies will help in elucidating
whether uncertain results are attributable to the effects
of the long latency of HBV or HCV, even in the pres-
ence of HIV, or whether immunosuppression does not
increase the risk of hepatocellular carcinoma.

5.2. Lung cancer

Some clinical reports suggested that lung cancer might
be more frequent among HIV-positive than HIV-negative

individuals [63,64], and a small increase in lung cancer
was reported among never-married men in the US [20].
AIDS and cancer registry linkage studies [3—5] showed
an approximately 2-fold higher risk of lung cancer in
people with HIV/AIDS, but allowance for cigarette
smoking as a contributing factor was not possible.

In an Italian/French cohort study, a significant excess
of lung cancer emerged among HIV-positive i.v. drug
users (RR=6.2, 95% CI: 1.3-18.1), but not in the other
HIV-transmission groups. A similarly elevated RR was
found, however, among HIV-negative i.v. drug users
(RR=14.3, 95% CI: 1.4-52.8) [62]. Therefore, it
appears that lifestyle habits unrelated to HIV infection
in i.v. drug users (i.e. heavy cigarette smoking) are
responsible for the reported risk increase.

5.3. Other cancers

Many case-reports and case-series have suggested that
various cancers may be increased among HIV-infected
individuals or that they may have among them unusual
presentations [52]. These cancers include squamous cell
carcinoma of the conjunctiva, a rare cancer related to
HPYV. The evidence of an association with HIV infection
is very strong, and it comes from studies in the US [51]
and especially African reports [65]. Leiomyosarcoma,
an extremely rare tumour apparently linked to EBV
infection, has been found to be greatly in excess in HIV-
infected children [26] (see Section 3.3). Testicular cancer
[3,38] and non-melanoma skin cancers [4] have also
been reported to occur with an increased frequency in
HIV-infected individuals. For non-melanoma skin can-
cers the association is consistent with, but much less
strong than, the one reported among organ recipients
[1]. A 7.5-fold increase risk of brain cancers has emerged,
but this may be attributable to the misdiagnosis of brain
NHL in the absence of a histological confirmation [4].
Thus, no excess of mortality for brain cancer was
observed in the US (RR=1.1 in men and 1.0 in women)
[23].

In Western countries, individuals with HIV infection
show an overall cancer risk (excluding KS and NHL)
approximately 2-fold higher than that registered in the
general population of the same age and gender [3.4].

6. Antiretroviral therapy and incidence of HIV-asso-
ciated malignancies

Between the end of 1995 and 1996, antiretroviral
agents that inhibit HIV protease became available for
clinical use [66]. HAART rapidly became a standard
care for HIV infection in developed countries [67], with
more than 60% of HIV-positive cases having used it as
therapy since 1995 in the US [67,68]. Combination of
protease inhibitors with other agents, mainly with
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nucleoside analogues, has substantially modified the
natural history and clinical manifestation of HIV infec-
tion and prolonged life expectancy. The incidence of
opportunistic infections and AIDS mortality has con-
sistently declined after HAART, both in the US [69] and
in Europe [70].

Time trends in the incidence of HIV-related neo-
plasms (and other conditions) has been investigated by
comparing the pre-HAART period with the years when
the new therapies had been introduced. A reduction in
KS incidence cases has been reported by several authors
using different study designs [68,71,72]. The more con-
vincing evidence came from a pooled-analysis con-
ducted by the International Collaboration on HIV and
Cancer [73], using cancer incidence data from 23 pro-
spective studies that included 47936 HIV-seropositive
individuals from North America, Europe and Australia.
For the period between 1992 and 1999, 2702 incident
cancers were reported in 138 148 person-years (p-y) of
observation. The overall adjusted incidence of KS
declined from 15.2 per 1000 p-y in 1992-1996 to 4.9 in
1997-1999 with a rate-ratio of 0.32 [73]. The ratio of the
KS incidence rates in 1997-1999 compared with 1992—
1996 did not vary significantly between cohorts and the
decline was seen in each single cohort examined. Pres-
ently, the KS decrease suggests either a direct effect of
HAART on HHVS8 replication or an indirect effect
through immune recovery.

The effect of HAART on the incidence of NHL was
less consistent [68,71,72,74]. Pooling data from 23
cohort studies [73], the incidence rates for NHL declined
significantly after the spread of HAART from 6.2 per
1,000 p-y to 3.6 (RR=0.58). Significant differences,
however, emerged when the analysis was conducted
separately among the three types of NHL. The RRs
were 0.42 for PBL (the type of NHL which is associated
with the severest level of immunodepression), 0.57 for
immunoblastic, and 1.18 for Burkitt’s lymphoma.

Jones and colleagues [72] compared HD incidence in 7
cases treated with HAART and 15 untreated ones. Dif-
ferences and temporal trends are not significant even if,
in the first semester of 1997 they showed an HD inci-
dence of 4.7/1000 p-y in persons treated with HAART
versus 0.7/1000 p-y among untreated persons. However,
a larger database including Jones’ study [73] found no
statistically significant trend in incidence rates for HD.

Different levels of CD4+ counts associated with dif-
ferent tumours may be important in order to explain the
different effect of HAART on KS and NHL. The med-
ian CD4+ count at systemic NHL diagnosis in 1994—
1997 (61 cells/ul for immunoblastic lymphoma and 177
for Burkitt’s lymphoma) was more than 2-fold higher
than the median CD4+ count at KS (30) and PBL
diagnosis (24) [72]. Thus, the partial immune recon-
stitution induced by HAART may be sufficient to pre-
vent KS and PBL, but not other NHL types [69].

No clear change in the incidence of ICC (RR =1.87)
and all other malignancies combined (RR =0.96) were
associated with the use of HAART [73]. Some data [50]
suggest that at least the risk of carcinoma in situ of the
cervix may be crucially dependent upon the degree of
immunosuppression.

7. Conclusions

AIDS has substantially changed the epidemiology of
cancers most closely associated with immunosuppres-
sion. KS has become one of the commonest cancers in
Africa and has substantially increased in many devel-
oped countries. As a percentage of the AIDS-defining
illnesses, however, KS has shown a tendency to decrease
since the late 1980s. Reasons for this are not fully
understood, but they include the relative decline in the
proportion of homosexual and bisexual men, particu-
larly the most promiscuous ones, among AIDS cases.

Conversely, after many years of substantial stability,
NHL as percentage of AIDS-defining illnesses has
shown a tendency to increase in Western Europe since
1995. It has already been suggested that improvements
in therapy of HIV which decrease the burden of oppor-
tunistic infections and prolong life expectancies may
lead to an increase in HIV-associated NHL [2]. The
favourable impact of HAART may thus have smaller
effect upon NHL than other AIDS-defining illnesses
including KS [75,76].

Registry-linkage studies have allowed estimates of RR
of HIV-associated neoplasms on large, non-selected
population with HIV/AIDS. RRs for KS were above
1000 in adults with HIV/AIDS in all studies from
developed countries [7] while those for NHL ranged
between 14, for low-grade NHL, and over 300, for high-
grade NHL [40]. For HD, the RR was approximately
10. In Africa, with a HHV8 seropositivity above 50% in
some areas [13] and an elevated KS incidence, some
strategies (preventive and therapeutic) to prevent or
curtail the disease are urgently needed.

The definition of the actual impact of the HIV infec-
tion on ICC and, possibly, anal cancer has important
implications, both at individual and at public health
levels, since there are effective screening programmes for
anogenital tumours [2]. The role of HIV on ICC risk
varies according to the population group (e.g. i.v. drug
users) [51], geographical area, and/or success of the
screening programmes to interrupt the transition from
in situ to ICC in HIV-infected women. Possible excesses
of other types of cancer, such as non-melanomatous
skin cancer, leukaemia and multiple myeloma, need to
be confirmed.

Even if it is well established that immunosuppression
predisposes an individual to the development of a vari-
ety of cancers, the specific mechanism(s) need to be
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better elucidated. There is, for instance, strong evidence
[3,4,22] that, the excess of some cancers (e.g. cervix) may
develop earlier than KS and NHL, thus suggesting dif-
ferent cancers can develop at different levels of immune
impairment.

As therapies improve the survival of AIDS patients,
the cumulative risk of developing, or dying from cancer,
is likely to increase. Large and well designed popula-
tion-based studies will be essential in order to better
define the spectrum of AIDS-associated malignancies
and the most effective strategies for screening and
treatment.
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