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Abstract

Introduction
From the beginning of the human immunodeficiency
virus (HIV) epidemic in the United States through 2009, an
estimated 10,769 persons <15 years of age have been
diagnosed with advanced HIV infection [i.e., acquired
immunodeficiency syndrome (AIDS)], 80% of whom
acquired HIV through perinatal transmission (1). Combination highly active antiretroviral therapy (HAART)
has been widely available since 1996 and has conferred
improved survival among adults and children with AIDS.
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HAART has also resulted in a steep decline in the rate of
mother-to-child transmission of HIV (2). In recent years,
there has been a shift to older ages among AIDS diagnoses
(1, 3), probably reflecting, at least in part, improvements in
access to HAART and delays in disease progression. The
overall effect of these trends is that, by the end of 2008,
there were approximately 10,596 people aged 24 years or
younger living with an AIDS diagnosis (1).
Children and adults infected with HIV have an elevated
cancer risk relative to the general population. Although
HIV-infected adults have been evaluated in numerous
studies (4–11), fewer studies have described cancers in
children with HIV/AIDS (12–15). HIV-induced immunosuppression and coinfection with oncogenic viruses are
risk factors for malignancy among HIV-infected people,
especially those with AIDS (13, 16). There are 3 AIDSdefining cancers: Kaposi sarcoma (KS) due to KS-associated herpes virus (KSHV); non–Hodgkin lymphoma
(NHL), many cases of which are due to Epstein–Barr virus
(EBV); and cervical cancer due to human papilloma virus
(HPV; ref. 17). All other malignancies are considered non–
AIDS-defining cancers.
A prior analysis of data from the population-based
HIV/AIDS Cancer Match (HACM) Study found an excess
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Background: Highly active antiretroviral therapy (HAART) results in partial immune restoration for people
with AIDS, but its impact on cancer risk among children is unknown.
Methods: Data from the U.S. HIV/AIDS Cancer Match Study were used to evaluate cancer risk for people
diagnosed with AIDS as children (diagnosed with AIDS at ages 0–14 years, during 1980–2007, followed for up
to 10 years; N ¼ 5,850). We calculated standardized incidence ratios (SIR) to compare cancer risk to the general
population. Poisson regression evaluated changes in cancer incidence between the pre-HAART (1980–1995)
and HAART eras (1996–2007).
Results: There were 106 cancers observed with significantly elevated risks for the two major AIDS-defining
cancers: Kaposi sarcoma [KS; N ¼ 20, SIR ¼ 1,694; 95% confidence interval (CI), 986–2,712 and SIR ¼ 1,146;
95% CI, 236–3,349] during the pre-HAART and HAART eras, respectively, and non–Hodgkin lymphoma
(NHL; N ¼ 64, SIR ¼ 338; 95% CI, 242–458 and SIR ¼ 116; 95% CI, 74–175). Incidence of both cancers declined
87% and 60%, respectively, in the HAART era (P < 0.05). Of non–AIDS-defining cancers, leiomyosarcoma
risk (N ¼ 9) was elevated during both time periods (SIR ¼ 863; 95% CI, 235–2,211 and SIR ¼ 533; 95% CI,
173–1,243).
Conclusion: People diagnosed with AIDS during childhood remain at elevated risk for KS, NHL, and
leiomyosarcoma in the HAART era. Incidence of KS and NHL declined relative to widespread HAART use, but
there was no change in the incidence of other cancers.
Impact: People diagnosed with AIDS during childhood remain at elevated risk for certain cancers.
Continued monitoring is warranted as this immunosuppressed population ages into adulthood where cancer
risks generally increase. Cancer Epidemiol Biomarkers Prev; 21(1); 148–54. 2011 AACR.
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Materials and Methods
Study design
The HACM Study links records of people with HIV or
AIDS diagnosed between 1980 and 2007 from 15 U.S.
states and metropolitan regions to corresponding cancer
registry records (4, 18). Following linkage of registry
databases, only deidentified data were retained. Institutional Review Boards at participating sites approved the
study.
The current study focuses on long-term cancer risk
among PWAC. AIDS onset date was recorded as the date
a person met the 1993 Centers for Disease Control and
Prevention (CDC) AIDS case definition (17). The study
was limited to the most common racial/ethnic groups
(non-Hispanic whites, non-Hispanic blacks, and Hispanics) to allow for stable expected cancer counts. Of 663,750
people with AIDS in the HACM Study, we restricted the
analyses to subjects <15 years of age at AIDS onset and
who contributed person-time at risk for cancer during
the 4 to 120 months (10 years) after AIDS diagnosis
(N ¼ 5,850). Person-time was tabulated from the start of
the fourth month after AIDS onset or the start of cancer
registry coverage (whichever occurred last), until death,
10 years after AIDS onset, or end of cancer registry
coverage (whichever occurred first). Only subjects with
AIDS (as opposed to those with HIV infection alone) were
evaluated, as AIDS reporting in the United States extends
back to the start of the epidemic (1980) and the date a
subject met the AIDS surveillance case definition is
known.
Malignancies reported to cancer registries were coded
according to the International Classification for Diseases for
Oncology (19) and categorized by site and histology using
the Surveillance, Epidemiology, and End Results (SEER)
program’s "site recode with Kaposi sarcoma and mesothelioma" (20). This classification was slightly modified by
grouping some rare cancer types and expanding NHL into
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subtypes of interest. Cases of leiomyosarcoma (histology
code 8890, regardless of topography) were separated from
other soft tissue malignancies.
Statistical methods
We describe cancers occurring before AIDS onset
(from 60 to 7 months prior to AIDS diagnosis) and during
the AIDS onset period (from 6 months prior to 3 months
after AIDS). The former are prevalent cancers, occurring
before AIDS. The latter are also not considered incident
cancers due to the intensive surveillance occurring in
those with AIDS in the months immediately before and
after an AIDS diagnosis. Cancers occurring during this
period can also be the events that define the onset of AIDS,
making it difficult to consider their risk relative to the
general population.
The main analysis focused on cancers occurring from 4
to 120 months (10 years) after AIDS diagnosis. To understand the role of aging and its impact on time at risk for
cancer, we determined the distribution of follow-up time
by attained age groups and calendar years. The maximum
age at cancer diagnosis could be 24 years (i.e., a 14-yearold at AIDS diagnosis who was followed for 10 years).
For each cancer type (during the 4–120 month period),
we calculated a standardized incidence ratio (SIR),
defined as the ratio of observed to expected number of
cancer cases, as a measure of risk relative to the general
population. Expected counts were obtained by applying
gender, age, race/ethnicity, calendar year, and registryspecific incidence rates to person-time among PWAC.
Because virtually all cases of KS and central nervous
system (CNS) lymphoma are AIDS related, we used
expected rates for these cancers from SEER registries prior
to the AIDS epidemic (1973–1979; ref. 21). We calculated 2sided exact Poisson 95% confidence intervals (CI) for the
SIRs. Analyses were conducted separately for 2 attained
calendar periods: the pre-HAART era (1980–1995) and the
HAART era (1996–2007).
To determine the impact of widespread HAART use on
cancer risk among PWAC, we evaluated changes in the
incidence of each cancer between the pre-HAART and
HAART eras with a rate ratio (RR) obtained from Poisson
regression. To account for underdispersion or overdispersion in the models, standard errors of the coefficients were
adjusted by the Pearson x2 divided by the degrees of
freedom. P values <0.05 were considered significant.
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risk of KS, NHL, and Hodgkin lymphoma among children
with AIDS relative to the general population (12). The
study also reported an excess of leiomyosarcomas, rare
smooth muscle tumors linked to EBV infection, but the
study was limited to children diagnosed with AIDS
through 1996, with no data on those diagnosed subsequently in the HAART era. More recently, an Italian study
of HIV-infected children reported significant declines in
cancer incidence during 2000–2004 relative to earlier periods, consistent with increasing population-level use of
HAART (14), however, the impact of HAART on cancer
risk among U.S. children with AIDS is unknown.
Current estimates of cancer risk for HIV-infected children are necessary as they live longer with immunosuppression and age into adolescence and young adulthood.
Such information can be useful to clinicians treating this
population. We assessed long-term cancer risk among
people diagnosed with AIDS during childhood (PWAC)
using updated data from the HACM Study.

Results
Of 5,850 subjects included in the analysis, 4,480 (76.6%)
were diagnosed with AIDS during the pre-HAART era
(1980–1995) and 1,370 (23.6%) were diagnosed during the
HAART era (1996–2007). The proportion of male subjects
declined across the calendar periods from 52.6% to 49.1%.
By race/ethnicity, most subjects were non-Hispanic black
during both time periods (60.1% and 66.7%, respectively).
The proportion of subjects 0 to 4 years old at AIDS onset
declined from 73.3% during 1980–1995 to 48.3% during
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Figure 1. Distribution of personyears for cancer risk by attained
age group and year among PWAC.
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AIDS-defining cancer (76%). Risk of NHL was elevated
during both time periods (SIRs ¼ 338; 95% CI, 242–458 and
SIRs ¼ 116; 95% CI, 74–175, respectively). By subtype, risk
of CNS lymphoma was especially elevated during the
pre-HAART (SIR ¼ 1,994; 95% CI, 647–4,656) and HAART
eras (SIR ¼ 1,088; 95% CI, 354–2,541, Table 1). Similar to
KS, the median age at NHL onset increased from 3 years
during the pre-HAART era to 12 years in the HAART era.
No cases of cervical cancer were observed.
There were 19 non–AIDS-defining cancers diagnosed
during the study, corresponding to elevated risks during
both the pre-HAART (SIR ¼ 5; 95% CI, 2–10) and HAART
eras (SIR ¼ 6; 95% CI, 3–10, Table 1). The most common was
leiomyosarcoma (n ¼ 9), followed by other soft tissue
cancers (n ¼ 3), poorly specified cancers (n ¼ 3), and
lymphocytic leukemia (n ¼ 2). Risk of leiomyosarcoma
was markedly elevated during both time periods (4 cases in
the pre-HAART era, median age 5 years, SIR ¼ 863; 95% CI,
235–2,211; 5 cases in the HAART era, median age 5 years,
SIR ¼ 533; 95% CI, 173–1,243). There was an elevated risk
for soft tissue cancers (other than leimyosarcoma) observed
in the pre-HAART era (SIR ¼ 21; 95% CI, 3–77). The 2
observed cases were a rhabdomyosarcoma (in a 6-year-old)
and a neurofibrosarcoma (in a 3-year-old). The one soft
tissue cancer in the HAART era (neuroblastoma, age 9
years at cancer diagnosis) did not manifest as a significantly
elevated risk relative to the general population.
Other non–AIDS-defining cancers represented single
occurrences but contributed to the elevated overall risk.
The case of Hodgkin lymphoma was of the nodular
sclerosis subtype and occurred in a 16-year-old. The lung
cancer was a spindle cell sarcoma in a 4-year-old.
Cancer incidence rates are presented in Table 2. Overall
incidence declined 62% relative to widespread HAART

1996–2007. This reflects declines in perinatal HIV transmission over time and the effectiveness of HAART in
delaying AIDS onset to older ages.
During the pre-AIDS period (60 to 7 months prior to
AIDS diagnosis), there were 2 cases of lymphocytic leukemia, 1 ganglioneuroblastoma, and 1 poorly specified
cancer. There were 44 cancers observed during the AIDS
onset period (6 months prior to AIDS to 3 months after
AIDS). Most malignancies observed during this period
were NHLs (n ¼ 35, 80%).
Figure 1 shows the distribution of person-time at risk
for cancer after AIDS diagnosis, by attained year and age
groups. The proportion of person-time contributed by
subjects aged 0 to 4 years declined from 100% in 1981 to
52% in 1991. Subsequently, person-time contributed by
people aged 5 to 9 years increased from 35% in 1991 to 42%
in 2001. During 2007, more than half of the person-time
was contributed by people with a current age of 10 to 24
years, but only 10% of person-time was among subjects
aged 20 years or older.
A total of 106 cancer cases were observed during the 10
years after AIDS onset (Table 1). Relative to the general
population, overall cancer risk was strongly elevated
during both the pre-HAART (SIR ¼ 40; 95% CI, 31–51)
and HAART eras (SIR ¼ 17; 95% CI, 12–23). AIDS-defining
cancers were the most common cancer type during both
the pre-HAART (84%) and HAART periods (70%). Risks
were significantly elevated during both periods for KS
(SIR ¼ 1,694; 95% CI, 986–2,712 and SIR ¼ 1,146; 95% CI,
236–3,349, respectively). Of the 20 KS cases, the median
age at cancer diagnosis increased from 2 years in the preHAART era to 10 years in the HAART era.
In the 10 years after AIDS onset, NHL was the most
common cancer overall (60%) and the most common
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Table 1. Cancer risk among PWAC relative to the general population
Pre-HAART era 1980–1995

HAART era 1996–2007

No. cases

SIR

95% CI

No. cases

SIR

95% CI

All cancer
AIDS-deﬁning cancers overall
KS
NHLa
DLBCL
Burkitt lymphoma
CNS lymphoma
Other/unspeciﬁed NHL
Cervix
Non–AIDS-deﬁning cancers overallb
Liver
Lung
Soft tissue (other than leiomyosarcoma)
Leiomyosarcoma
Thyroid
Hodgkin lymphoma
Lymphocytic leukemia
Miscellaneous
Poorly speciﬁedc

69
58
17
41
7
10
5
24
0
8
1
0
2
4
1
0
0
0
3

40
441
1,694
338
280
304
1,994
378
0
5
47
0
21
863
90
0
0
0
86

31–51
335–570
986–2,712
242–458
112–576
146–559
647–4,656
242–562
0–8,111
2–10
1.2–263
0–1,230
3–77
235–2,211
2.3–502
0–70
0–9
0–13
18–251

37
26
3
23
14
3
5
6
0
11
0
1
1
5
0
1
2
1
0

17
130
1,146
116
235
84
1,088
59
0
6
0
108
9
533
0
7
5
4
0

12–23
85–190
236–3,349
74–175
128–394
17–246
354–2,541
22–127
0–916
3–10
0–196
3–602
0.22–48
173–1,243
0–64
0.17–38
0.64–19
0.11–25
0–125
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Cancer type

NOTE: Bold values are signiﬁcant at P < 0.05.
a
The overall NHL category includes DLBCL, Burkitt lymphoma, and other/unspeciﬁed NHL. The CNS lymphoma category includes any
histologic subtype of NHL occurring in the CNS and so overlaps with other NHL categories.
b
The all non–AIDS-deﬁning cancers category includes miscellaneous cancers but excludes poorly speciﬁed cancers.
c
The poorly speciﬁed category includes cancers of any topography with a poorly speciﬁed histology (ICD-O histology codes
8000-8005).

use (RR, 0.38; 95% CI, 0.23–0.64). This decrease was related
to steep declines in the incidence of KS (138 per 100,000
person-years during the pre-HAART era vs. 17 per
100,000 person-years during the HAART era; RR, 0.13;
95% CI, 0.02–0.74) and NHL (332 vs. 132 per 100,000
person-years; RR, 0.40; 95% CI, 0.21–0.75). There was no
apparent decline in the incidence of diffuse large B-cell
lymphoma (DLBCL), although incidence of unspecified
NHL declined 82% (RR, 0.18; 95% CI, 0.06–0.49). Incidence
of Burkitt NHL and CNS NHL declined; however, these
decreases were not significant.
Overall, the incidence of non–AIDS-defining cancers
did not change (65 per 100,000 person-years in the preHAART era vs. 63 per 100,000 person-years in the HAART
era; RR, 0.98; 95% CI, 0.33–2.86). There was a nonsignificant decline in the incidence of soft tissue cancers other
than leiomyosarcoma but no change in the incidence of
leiomyosarcoma (Table 2).

Discussion
To our knowledge, this is the first U.S. study to document long-term trends in cancer risk among PWAC and
changes relative to widespread HAART use. Notably, we
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found continued elevated risks for 2 AIDS-defining
cancers (i.e., KS and NHL) and leiomyosarcoma in the
HAART era. Our findings in a large and nationally
representative U.S. cohort mirror more limited recent data
for HIV-infected children in Italy and Spain (14, 15).
Similar to the cancer profile among adults (10, 22),
AIDS-defining cancers accounted for the majority of cancers observed among PWAC in the current study. Nonetheless, there was a notable decline in the incidence of
AIDS-defining cancers, likely due to partial immune
restoration associated with increasing HAART use (16).
In the United States, development of KS during childhood is uncommon, due to the rarity of KSHV infection in
early life (23). We found that KS incidence among children
with AIDS declined markedly in 1996 and onwards. This
could reflect improved control of KSHV through HAARTrelated immune reconstitution or perhaps a lower prevalence of KSHV infection. The mechanisms of KSHV
transmission during childhood remain unclear and warrant further investigation (24, 25).
The majority of malignancies observed among PWAC
were NHL and leiomyosarcoma, linked to EBV. Among
the NHLs evaluated, risk was highest for CNS lymphoma.
The most common specified NHL subtype was DLBCL
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Table 2. Cancer incidence among PWAC, by current calendar year period
Incidence per 100,000 person-years
Pre-HAART eraa
(1980–1995)

HAART erab
(1996–2007)

RRc

95% CI

All cancer
AIDS-deﬁning cancers overall
KS
NHL
DLBCL
Burkitt lymphoma
CNS lymphoma
Other/unspeciﬁed NHL
Non–AIDS-deﬁning cancers overall
Soft tissue (other than leiomyosarcoma)
Leiomyosarcoma

559
470
138
332
57
81
41
194
65
16
32

213
150
17
132
81
17
29
35
63
6
29

0.38
0.32
0.13
0.40
1.42
0.21
0.71
0.18
0.98
0.35
0.89

0.23–0.64
0.17–0.59
0.02–0.74
0.21–0.75
0.46–4.39
0.04–1.04
0.18–2.77
0.06–0.49
0.33–2.86
0.01–8.98
0.22–3.63

NOTE: Data are for the period of 1 to 10 years after AIDS onset. Bold values are signiﬁcant at P < 0.05.
a
During the pre-HAART era (attained years 1980–1995), there were 12,348 person-years of follow-up.
b
During the HAART era (attained years 1996–2007), there were 17,394 person-years of follow-up.
c
RRs comparing incidence in the 2 periods were obtained using Poisson regression.

and although the incidence of DLBCL did not change
significantly in the HAART era, there was a sharp
decrease in other/unspecified NHLs, most of which were
unspecified and probably cases of DLBCL. The median
age at DLBCL onset also increased from 3 years to 10
years, reflecting the aging of this cohort and that PWAC
are now surviving long enough to develop NHLs with an
extended latency period.
Leiomyosarcoma was the most common non–AIDSdefining cancer observed in this study. Leiomyosarcoma
risk was extremely high relative to the general population
and did not change with widespread HAART use. Notably, we saw no change in the age at leiomyosarcoma onset
across calendar periods (5 years of age), despite the aging
of this population, suggesting risk of this malignancy is
restricted to the early childhood period among those with
AIDS. Almost all leiomyosarcomas in HIV-infected people are EBV positive (26), and tumors express CD21, the
EBV receptor (27). In contrast, in the general population,
incidence of leiomyosarcoma increases with age, and
cases are rarely EBV positive (28).
A single case of nodular sclerosis Hodgkin lymphoma
occurred in an adolescent with AIDS. Among adults with
AIDS, risk is most elevated for the mixed cellularity
subtype of Hodgkin lymphoma, although the nodular
sclerosis subtype is also common, and most cases are EBV
positive (29). The subject with Hodgkin lymphoma in this
report was exposed to HIV through male-to-male sexual
contact and may have developed primary EBV infection
during early adolescence. EBV infection in adolescence
manifests as infectious mononucleosis, which is a strong
risk factor for EBV-positive Hodgkin lymphoma (30).
Among HIV-infected individuals, HAART does not seem
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to effectively reduce Hodgkin lymphoma risk (29), and
Hodgkin lymphoma incidence may increase among HIVinfected adolescents and young adults as more are
exposed to EBV.
The observation that many of the malignancies
observed in the current analysis are related to EBV warrants additional comment. Both adults and children with
AIDS are at elevated risk for EBV-related CNS lymphoma.
However, whereas CNS lymphoma among adults with
AIDS has declined appreciably (more than 80%) with the
introduction of HAART, we saw no such decline among
children (10). Likewise, we did not see a decline among
children in the incidence of leiomyosarcoma, another
EBV-related tumor. We speculate that PWAC are especially vulnerable to EBV-related malignancies, because
primary EBV infection can occur in the setting of marked
immunosuppression, and that subsequent HAART may
not be effective in allowing control of EBV replication.
Additional research is needed to develop prevention
paradigms for EBV, including vaccines, which might
provide immunity to EBV before primary infection.
The incidence of other non–AIDS-defining cancers was
low in our study and did not show a clear pattern. There
were 3 miscellaneous cases that contributed to an elevated
risk of soft tissue malignancies other than leiomyosarcoma. The single case of lung cancer with an unusual
histology (spindle cell sarcoma) is likely unrelated to
smoking (as it occurred in a 4-year-old) and could be a
misclassified case of pulmonary KS.
The relatively young age of subjects included in the
current study is notable (the maximum age at cancer
diagnosis was 24 years), and none had yet reached ages
where lifestyle (e.g., tobacco use, obesity, and alcohol
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Africa as HIV therapies have only recently been made
available, and the profile of cancers in the general population is different from that of Western countries (34).
Childhood transmission of KSHV and EBV is common in
this region, leading to higher risks of childhood KS and
NHL (35–37).
In conclusion, long-term cancer risks among PWAC
have changed with access to HAART. Partial immune
restoration associated with increasingly effective HIV
therapies has resulted in dramatic declines in the incidence of KS and NHL, although PWAC remain at elevated
risk for these malignancies. Notably, the majority of the
malignancies observed in this study are etiologically
linked to KSHV and EBV, suggesting the need for additional research to elucidate routes of transmission during
early childhood. These findings can inform clinicians who
care for young HIV-infected patients, as an increased
awareness may aid detection of some of these malignancies. We suggest that additional non–AIDS-defining cancers may emerge in this population as it continues to age.
This possibility points to the increasing importance of
cancer prevention and screening in this population.
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intake) or acquisition of oncogenic viruses (e.g., hepatitis
B or C viruses or HPV) would meaningfully affect risk of
non–AIDS-defining cancers. Cancer incidence among
PWAC may increase as young people age into adulthood
where these factors increase in prominence. Furthermore,
clinicians treating young HIV-infected people should
counsel them about safe sex practices and avoidance of
needle sharing and provide hepatitis B vaccination (31).
Although not of proven efficacy in the setting of HIV
infection, vaccination against HPV should be provided
to girls (and is available for boys; ref. 31). Pap testing of
HIV-positive women should also be conducted (32).
Strengths of this study include its large size and
representative nature, including most PWAC in the United States across the span of the HIV/AIDS epidemic. The
characteristics of subjects included in this study accurately reflect the overall distribution of gender, race/ethnicity,
and mode of HIV transmission of subjects included in the
national HIV surveillance database of CDC (data not
shown; ref. 1). A shortcoming is the absence of individual-level information on immunosuppression, HIV treatment, and cancer risk factors. Despite these limitations,
our extended follow-up well into the current HAART era
provides the most recent estimates of cancer risk among
young people with AIDS today. Also, our findings are
only applicable to young people with AIDS, because we
did not study HIV-infected children who had not yet
developed AIDS. With early use of HAART (33), cancer
risk among children with less advanced HIV infection
would be expected to be lower than we observed. Finally,
due to the limited number of cancer outcomes, particularly for non–AIDS-defining cancers, we could not conduct analyses stratified by demographic characteristics
(e.g., age at AIDS or attained age).
Owing to routine HIV testing of pregnant women and
provision of appropriate antiretroviral regimens to infants
born to HIV-positive mothers, new cases of AIDS among
those <15 years of age are at an all-time low in the United
States (an estimated 71 cases in 2009; ref. 1). Additional
research should focus on describing cancer risk in subSaharan Africa, where most cases of AIDS among children
now occur. Cancer risks are likely to differ dramatically in
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