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Abstract
BACKGROUND—As people with acquired immunodeficiency syndrome (AIDS) live longer due
to highly active antiretroviral therapy (HAART, widely available since 1996), the overall burden
of cancer may increase.

METHODS—A population-based record linkage study identified cancers in 472,378 people with
AIDS (1980–2006). Using non-parametric competing risk methods, we estimated cumulative
incidence of cancer across 3 calendar periods (AIDS onset in 1980–1989, 1990–1995, and 1996–
2006).

RESULTS—Measured at 5-years after AIDS onset, cumulative incidence of AIDS-defining
cancer (ADC) declined sharply across AIDS calendar periods (from 18% in 1980–1989, to 11% in
1990–1995, to 4.2% in 1996–2006 [i.e., HAART era]). Cumulative incidence of Kaposi sarcoma
declined from 14.3% during 1980–1989 to 6.7% during 1990–1995 to 1.8% during 1996–2006.
Non-Hodgkin lymphoma (NHL) cumulative incidence declined from 3.8% during 1990–1995 to
2.2% during 1996–2006; during the HAART era, NHL was the commonest (53%) ADC.
Cumulative incidence of non-AIDS-defining cancer (NADC) increased from 1.1% to 1.5% with
no change thereafter (1.0%, 1996–2006), in part due to declines in competing mortality. However,
cumulative incidence increased steadily over time for specific NADCs (anal cancer, Hodgkin
lymphoma, and liver cancer). Lung cancer cumulative incidence increased from 0.14% during
1980–1989 to 0.32% during 1990–1995, with no change thereafter.

CONCLUSIONS—We noted dramatically declining cumulative incidence of 2 major ADCs
(Kaposi sarcoma and NHL) and increases in some NADCs (specifically cancers of the anus, liver,
and lung, and Hodgkin lymphoma). As HIV/AIDS is increasingly managed as a chronic disease,
greater attention should be focused on cancer screening and prevention.
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Mortality among human immunodeficiency virus (HIV)-infected people declined
dramatically in the U.S. beginning in 1996, following widespread use of highly active
antiretroviral therapy (HAART).(1–3) Despite improved overall survival, HIV-infected
people have elevated cancer risk, particularly with advanced HIV infection (i.e., acquired
immunodeficiency syndrome [AIDS]). Kaposi sarcoma (KS), non-Hodgkin lymphoma
(NHL), and cervical cancer are considered AIDS-defining cancers (ADCs).(4) HIV-induced
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immune suppression leading to poor control of oncogenic viral infections plays an important
role in the development of KS (due to KS-associated herpesvirus) and NHL (due to Epstein
Barr virus).(5) Cervical cancer is caused by human papillomavirus.(6) HIV-infected people
also have an elevated risk for other malignancies (i.e., non-AIDS-defining cancers
[NADCs]), due to a high prevalence of additional viral coinfections (e.g., liver cancer
caused by hepatitis C virus) and exposure to other carcinogens (e.g., lung cancer caused by
tobacco).(7)

The incidence of the major ADCs (KS and NHL) steeply declined relative to widespread
HAART use beginning in 1996.(8–10) However, rates of the most common NADCs
(cancers of the anus, liver, and lung, and Hodgkin lymphoma) have increased or remained
stable during the same period.(9–12) Prior studies have measured cancer risk in terms of
incidence (e.g., rate per 100,000 person-years, or standardized to the general population),
which reflects instantaneous risk and is appropriate for considering the effects of various
etiologic factors or treatment (e.g., HAART) on the development of cancer. However,
cancer incidence does not translate directly into cumulative risk, that is, the proportion of
people with AIDS who will develop cancer over a specified time period. Cumulative
incidence depends on both cancer incidence rates and mortality rates, as the occurrence of
death, a competing event, precludes the occurrence of cancer.(13)

As people with AIDS live longer, their cumulative incidence of other diseases, including
cancer, would be expected to increase as they contribute more person-time at risk to the
development of these outcomes. The goals of the current study were to account for mortality
trends while quantifying the overall burden of cancer among people with AIDS and to
evaluate the impact of widespread HAART use on cancer incidence over time.

MATERIALS AND METHODS
Study design

The HIV/AIDS Cancer Match (HACM) Study is a population-based registry linkage study
of people with HIV or AIDS diagnosed between 1980 and 2008 from 15 U.S. state and
metropolitan regions.(8) Cases of HIV/AIDS and cancers are reportable to these registries
through passive and active surveillance systems. Records of people with AIDS were then
linked to cancer registry records using a probabilistic matching algorithm. Following
linkage, only de-identified data are retained for analyses. Institutional review boards at
participating sites approved the study.

A cohort was constructed from HACM data to evaluate cancer risk at or after AIDS onset.
AIDS onset was defined using the 1993 Centers for Disease Control and Prevention
definition.(4) Of N=574,242 eligible people with AIDS, individuals whose observation time
ended before AIDS onset or started after AIDS onset (i.e., month 0; N=91,022) were
excluded in order to make the cohort uniform at baseline. Subjects with any cancer recorded
in the cancer registry prior to month 0 were also excluded (N=4,853) as were those
diagnosed with AIDS prior to 1980 (N=16) and children aged less than 14 years (N=5,973),
yielding a cohort of adults and adolescents with AIDS who were cancer-free before AIDS
onset (N=472,378).

Information on invasive cancers was obtained from cancer registries, and malignancies were
coded according to the International Classification for Diseases for Oncology.(14) Cancers
were categorized by site and histology using a modification of the Surveillance,
Epidemiology, and End Results (SEER) program’s “site recode with Kaposi sarcoma and
mesothelioma”.(10;15) Only first cancers were considered. Vital status information was
obtained from AIDS registries at the time of the linkage.
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Statistical methods
Estimates of cumulative incidence (or cause-specific failure probabilities) are of clinical and
public health interest, because they provide information on the probability of actually
observing the event of interest (e.g., cancer) as people are followed over time. Cumulative
incidence depends not only on the instantaneous risk of the event of interest but also on the
risk of competing events (e.g., death) that, if they occur, preclude the development of the
event of interest. In contrast, the Kaplan-Meier method provides a pure risk estimate, that is,
the probability of experiencing an event of interest if all competing events could be removed
from the population. This estimate is much less practically relevant, as it ignores that a
subject in the real world may die before experiencing the event of interest.(13;16) We
therefore computed non-parametric estimates for cumulative incidence of 3 competing
outcomes: death, ADC, and NADC. The cumulative incidence function at time t estimates
the probability that the event of interest (e.g. ADC) occurs before t and that it occurs before
any of the competing causes of failure (e.g., death or NADC). The cumulative incidence
estimates for a given cause were computed by summing the product of the overall survival
function multiplied by the estimated cause-specific hazard at time t over all event times.(13)

Subjects were classified according to calendar period of AIDS onset: 1980–1989 (no or
limited availability of antiretroviral therapy), 1990–1995 (monotherapy and/or dual therapy)
and 1996–2006 (HAART). Observation began at AIDS onset and stopped at the event of
interest, a competing event, or administrative censoring (last follow-up for cancer from the
cancer registry or death according to the AIDS registry, whichever occurred first). This
approach was used to estimate cumulative incidence of overall ADCs and NADCs. In
additional analyses, we focused on KS and NHL, as well as the most common NADCs
associated with HIV infection: cancers of the anus, liver, and lung, and Hodgkin lymphoma.
(9;10) We describe the proportion of people with these cancers at AIDS onset and present
cumulative incidence curves over the entire course of follow-up. We used estimates of
cumulative incidence at 60 months of follow-up (5 years after AIDS onset) with
corresponding 95% confidence intervals (95% CIs) for statistical testing. Five-year
cumulative incidence estimates were compared using a t-test, evaluating whether incidence
changed for people diagnosed with AIDS during 1980–1989, 1990–1995, and 1996–2006.
Cumulative incidence at 120 months (10 years) of follow-up after AIDS onset was also
compared. P-values <0.05 were considered significant.

RESULTS
Demographic characteristics of the 472,378 people included in the study are presented in
Table 1. The proportion of males declined from 89.0% (1980–1989) to 75.2% (1996–2006)
and the proportion of non-Hispanic whites decreased, while the proportion of non-Hispanic
blacks and Hispanics increased over time. Of the major categories of HIV exposure, the
proportion of men reporting male-to-male sex declined from 62.1% in 1980–1989 to 53.6%
in 1996–2006, and the proportion reporting heterosexual contact increased from 3.4% to
6.3% during the same periods (Table 1).

Based on competing risk models, cumulative incidence of death (as a first event, prior to
cancer) was substantial in each calendar period of AIDS onset but declined significantly at 5
years of follow-up from 70% (1980–1989) to 55% (1990–1995) to 22% (1996–2006) (Table
2). Significant declines were also noted at 120 months of follow-up (data not shown).

At AIDS onset, an ADC was diagnosed in 9.9% of people in 1980–1989, 3.9% of people in
1990–1995, and 2.1% of people in 1996–2006 (Figure 1A). Further, cumulative incidence of
ADCs increased steeply immediately after AIDS onset for people diagnosed during 1980–
1989 and 1990–1995, and to a lesser extent, during 1996–2006 (Figure 1A). Five-year
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cumulative incidence of ADC declined significantly with AIDS calendar time: 18% during
1980–1989, 11% during 1990–1995, and 4.2% during 1996–2006 (Table 2). Similar
declines for ADCs were noted at 120 months of follow-up (Figure 1A).

Kaposi sarcoma was the most common ADC during 1980–1989 (78%) and 1990–1995
(62%); however, during 1996–2006 NHL accounted for a majority of ADC events (53%).
Cumulative incidence of KS declined across the 3 calendar periods of AIDS onset (Figure
1B, Table 2). For NHL, cumulative incidence did not change significantly in the 1990–1995
period (3.8% at 5-years after AIDS onset) relative to the 1980–1989 period (3.9%);
however, NHL cumulative incidence subsequently declined to 2.2% among people
diagnosed with AIDS during 1996–2006 (Figure 1C and Table 2, P<0.05). The 5-year
cumulative incidence of cervical cancer among women with AIDS did not change
significantly across calendar periods (0.63% during 1980–1989, 0.73% during 1990–1995,
0.64% during 1996–2006) (Table 2). Among women diagnosed with AIDS during 1996–
2006, cumulative incidence of cervical cancer at 120 months of after AIDS onset was
significantly lower (0.65%) relative to those diagnosed during 1990–1995 (0.80%).

In contrast, cumulative incidence of NADCs overall increased significantly from 1980–1989
to 1990–1995 (from 1.1% to 1.5% at five years); no further change was apparent among
people diagnosed with AIDS during 1996–2006 (1.5%) (Figure 1D and Table 2). Notably,
however, a progressive significant increase in 5-year cumulative incidence was observed
across the 3 successive calendar periods of AIDS onset for several specific NADCs (Figure
2 and Table 2). These cancers were anal cancer (5-year cumulative incidence increasing
from 0.02% to 0.07% to 0.09%), Hodgkin lymphoma (0.09% to 0.15% to 0.19%), and liver
cancer (0.02% to 0.04% to 0.06%). The 5-year cumulative incidence of lung cancer
increased from 0.14% during 1980–1989 to 0.32% during 1990–1995, with no change
subsequently (Table 2). At 120 months of follow-up, cumulative incidence of anal and lung
cancer declined among people diagnosed with AIDS during 1996–2006 relative to 1990–
1995, but there were no significant changes in the cumulative incidence of liver cancer and
Hodgkin lymphoma between the same calendar periods (Figures 2B, 2C and 2D).

DISCUSSION
In this large and nationally representative cohort of people with AIDS, significant declines
in mortality over time were observed along with similar declines in the cumulative incidence
of ADCs, which reflect the effects of increasingly widespread access to improved HIV
therapies, including HAART (widely available since 1996). In striking contrast, however, a
rise in the cumulative incidence of NADC was noted, including malignancies that occur
with heightened frequency among HIV-infected people.

Major declines in mortality attributable to improved antiretroviral therapies are well
documented.(1;2) HAART is effective in controlling HIV replication, leading to improved
immune function and prolonged survival.(3) Declines in mortality among HIV-infected
people were also observed in the U.S. prior to 1996, presumably due to increasing use of
less potent antiretroviral regimens and better prophylaxis against opportunistic infections.
(17) These strong trends in mortality required the application of a competing risk framework
to assess the cumulative incidence of cancer. The cumulative incidence estimates in the
present study correspond to the probability of observing cancer while a person with AIDS
was still alive, are useful in assessing cancer risk for patients and clinicians, and can inform
public health practice as a measure of cancer burden in the AIDS population.

Risk of the 2 major ADCs (KS and NHL) is elevated in the presence of immune
suppression, and dramatic declines in the cumulative incidence of KS and NHL over time
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were demonstrated, consistent with partial immune restoration associated with HAART.(18–
20) The steep rise in the cumulative incidence of KS and NHL, in the few months
immediately after AIDS onset reflects that some of these cases were likely initial AIDS-
defining events. Indeed, the decline across calendar periods in KS and NHL in the earliest
months after AIDS can partly be attributed to the 1993 revision of the AIDS surveillance
case definition, which allowed asymptomatic HIV-infected individuals with <200 CD4 cells/
μL to be classified as AIDS cases.(4) Over time, the fraction of AIDS cases meeting the case
definition via immunologic criteria increased due to laboratory reporting of these
individuals. However, these changes in AIDS surveillance would not readily explain
declines in cumulative incidence later after AIDS onset (Figure 1), and in an additional
analysis excluding the earliest follow-up period after AIDS onset (months 0–3), similar
declines in cumulative incidence were noted relative to widespread HAART use (data not
shown).

The five-year cumulative incidence of KS and NHL declined 87% and 44%, respectively,
among people diagnosed with AIDS during diagnosed during 1996–2006 (HAART era)
compared with those diagnosed in the 1980s. However, NHL was the most common cancer
during the most recent calendar period of AIDS. The continued occurrence of both KS and
NHL suggests the need for increases in access and adherence to HAART.(21;22) Among
women, the cumulative incidence of cervical cancer changed little with the widespread
availability of HAART.

Overall, cumulative incidence of NADCs was low, but increased over time. This trend
largely reflects the decline in mortality, which has allowed people with AIDS to live long
enough to develop cancer. In particular, cumulative incidence of anal and liver cancers
increased among people diagnosed with AIDS in the HAART era compared with earlier
periods. It is possible that HAART-associated immune restoration, particularly late after an
AIDS diagnosis, does not influence the natural history of infections with human
papillomavirus (anal cancer) or hepatitis C and B viruses (liver cancer).(23–25) In addition,
an increase in the cumulative incidence of Hodgkin lymphoma in the HAART era was
noted. Some studies,(9;26) although not all,(27) have reported an increase in Hodgkin
lymphoma incidence in the HAART period, which may reflect the complex relationship
between immunosuppression and development of this malignancy.(28) We also noted a rise
over time in the cumulative incidence of lung cancer; however, the burden of lung cancer
was unchanged between the 2 most recent calendar periods. The excess risk of lung cancer
is partly due to a high prevalence of smoking,(29) but chronic pulmonary inflammation or
repeated lung infections in HIV-infected people may also be involved.(30)

Strengths of this study include its large size and inclusion of major U.S. areas affected by
the HIV/AIDS epidemic. The present estimates of cumulative incidence were derived using
a non-parametric competing risk framework and indicate the probability of actually
observing cancer in people with AIDS. We are not aware of similar previous estimates in the
field of HIV/AIDS research. A limitation is that individual-level data were lacking on
important cancer co-factors such as HAART use, infection with oncogenic viruses, and
smoking, which influence cancer risk. Nonetheless, we believe our estimates accurately
reflect the overall cumulative incidence of cancers among people with AIDS and the impact
of widespread HAART use on cancer burden over time.

While our findings can likely be generalized to the entire U.S. AIDS population, an
additional limitation is that we evaluated only people with AIDS, who comprise a subset of
the overall HIV-infected population. The cumulative incidence of most NADCs would be
expected to be higher in HIV-infected people without AIDS, because the competing risk of
death is lower in this group than among people with AIDS. Finally, our cumulative
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incidence estimates for people more than five years after AIDS onset should be interpreted
cautiously. In particular, some people with AIDS would have migrated away from the
cancer registry area, which would have led to underreporting of observed cancers.

Patterns of cancer incidence among people with AIDS in the United States are changing in
the HAART era. Dramatic declines in the cumulative incidence of ADCs were noted along
with an increase in the cumulative incidence of some NADCs, including those for which
incidence is higher than in the general population (cancers of the anus, liver, and lung, and
Hodgkin lymphoma). As HIV infection is increasingly considered with chronic disease
management paradigms, greater attention should be focused on cancer screening and
prevention strategies.
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Figure 1. Cumulative Incidence of AIDS-defining and non-AIDS-defining Cancer Among People
with AIDS in the United States, 1980–2006
Cumulative incidence of AIDS-defining and non-AIDS-defining cancer among people with
AIDS in the United States. Results are shown for AIDS-defining cancers overall (panel A),
and the 2 major AIDS-defining cancers, Kaposi sarcoma (panel B) and non-Hodgkin
lymphoma (panel C). Cumulative incidence of non-AIDS-defining cancers overall is shown
in panel D. Estimates are stratified by calendar year of AIDS onset: 1980–1989 (dotted line),
1990–1995 (dashed line), 1996–2006 (solid line). Cumulative incidence was estimated using
competing risk time-to-event methods and is expressed as a percentage. Follow-up time is
measured beginning at AIDS onset. The gray vertical line indicates cumulative incidence
estimates compared at month 60 of follow-up (5-year cumulative incidence). Note vertical
scales vary among the panels.
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Figure 2. Cumulative Incidence of Selected Non-AIDS-defining Cancers Among People with
AIDS in the United States, 1980–2006
Cumulative incidence of selected non-AIDS-defining cancers among people with AIDS in
the United States. Results are shown for anal cancer (panel A), Hodgkin lymphoma (panel
B), liver cancer (panel C) and lung cancer (panel D). Estimates are stratified by calendar
year of AIDS onset: 1980–1989 (dotted line), 1990–1995 (dashed line), 1996–2006 (solid
line). Cumulative incidence was estimated using competing risk time-to-event methods and
is expressed as a percentage. Follow-up time is measured beginning at AIDS onset. The gray
vertical line indicates cumulative incidence estimates compared at month 60 of follow-up
(5-year cumulative incidence). Note vertical scales vary among the panels.
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Table 1

Demographic Characteristics of People with AIDS in the United States, 1980–2006 (N=472,378)

Characteristic

AIDS Diagnosis Calendar Period

1980–1990 1990–1995 1996–2006

Total No. 83789 213029 175560

Sex, n (%)

 Male 74547 (89.0) 174227 (81.8) 132017 (75.2)

 Female 9242 (11.0) 38802 (18.2) 43543 (24.8)

Age in years at AIDS onset, n (%)

 15–29 16316 (19.5) 33533 (15.7) 23153 (13.2)

 30–39 39965 (47.7) 96995 (45.5) 71787 (40.9)

 40–49 19032 (22.7) 459249 (27.8) 55718 (31.7)

 50+ 8476 (10.1) 23252 (11.0) 24902 (14.2)

 Median 36 37 39

Race/ethnicity, n (%)

 Non-Hispanic white 43372 (51.8) 85499 (40.1) 50476 (28.8)

 Non-Hispanic black 25511 (30.5) 80861 (38.0) 84994 (48.4)

 Hispanic 14129 (16.9) 44312 (20.8) 37877 (21.6)

 Other/unknown 777 (0.8) 2357 (1.1) 2213 (1.3)

Mode of HIV exposure, n (%)a

 MSM 48394 (62.1) 95980 (52.7) 62330 (53.6)

 IDU 21150 (27.1) 64348 (35.3) 38613 (33.2)

 MSM and IDU 5736 (7.4) 12199 (6.7) 7996 (6.9)

 Heterosexual 2653 (3.4) 9756 (5.3) 7440 (6.3)

Abbreviations: MSM, male-to-male sex; IDU, injection drug use.

a
Column percentages for mode of HIV exposure are reported for the four most common modes of exposure excluding people in the ‘other/

unknown’ category (most subjects in the other/unknown category had unknown rather than other known mode of transmission).
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