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Abstract
Context—Given the higher risk of AIDS-defining malignancies that include Kaposi sarcoma
(KS), certain non-Hodgkin lymphomas (NHLs), and cervical cancer in persons with human
immunodeficiency virus (HIV) infection, the HIV epidemic has likely contributed to the overall
numbers of these cancers in the United States.

Objective—To quantify the proportions of KS, AIDS-defining NHLs, and cervical cancer in the
United States that occurred among persons with AIDS from 1980 to 2007.

Design, Setting, and Participants—The HIV/AIDS Cancer Match Study (1980–2007) linked
data from 16 US HIV/AIDS and cancer registries to identify cases with and without AIDS for KS,
AIDS-defining NHLs (ie, diffuse large B-cell lymphoma [DLBCL], Burkitt lymphoma [BL], and
central nervous system [CNS] lymphoma), and cervical cancer. Using linked data, we derived
cancer rates for persons with and without AIDS. To estimate national counts, the rates were
applied to national AIDS surveillance and US Census data.
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Main Outcome Measure—Proportion of AIDS-defining malignancies in the United States
occurring in persons with AIDS.

Results—In the United States, an estimated 79.0% (95% confidence interval [CI], 78.6%–
79.4%) of 85 922 KS cases, 5.5% (95% CI, 5.3%–5.6%) of 383 095 DLBCL cases, 19.4% (95%
CI, 17.8%–21.1%) of 17 780 BL cases, 26.2% (95% CI, 25.2%–27.1%) of 28 259 CNS lymphoma
cases, and 0.41% (95% CI, 0.36%–0.46%) of 386 166 cervical cancer cases occurred among
persons with AIDS during 1980–2007. The proportion of KS and AIDS-defining NHLs in persons
with AIDS peaked in the early 1990s (1990–1995: KS, 89.0% [95%CI, 88.6%–89.3%]; DLBCL,
9.5% [95%CI, 9.2%–9.8%]; BL, 27.4% [95% CI, 25.0%–29.7%]; and CNS lymphoma, 47.2%
[95% CI, 45.7%–48.7%]; all P<.001 [compared with 1980–1989]) and then declined (2001–2007:
KS, 67.0% [95% CI, 64.5%–69.4%]; DLBCL, 4.3% [95% CI, 3.9%–4.6%]; BL, 20.8% [95% CI,
17.2%–24.3%]; and CNS lymphoma, 12.3% [95% CI, 10.1%–14.4%]; all P<.001 [compared with
1990–1995]). The proportion of cervical cancers in persons with AIDS increased overtime (1980–
1989: 0.11% [95% CI, 0.08%–0.13%]; 2001–2007: 0.69% [95% CI, 0.49%–0.89%]; P<.001).

Conclusions—In the United States, the estimated proportions of AIDS-defining malignancies
that occurred among persons with AIDS were substantial, particularly for KS and some NHLs.
Except for cervical cancer, the proportions of AIDS-defining malignancies occurring among
persons with AIDS peaked in the mid-1990s and then declined.

Persons with human immunodeficiency virus (HIV) infection are at risk for numerous
medical complications, particularly AIDS, which can result in death. Early in the HIV
epidemic, persons with AIDS had markedly increased risks of Kaposi sarcoma (KS) (50
000-fold risk compared with the general population), cervical cancer (8-fold), and 3
subtypes of non-Hodgkin lymphoma (NHL): diffuse large B-cell lymphoma (DLBCL) (98-
fold), Burkitt lymphoma (BL) (57-fold), and central nervous system (CNS) lymphoma
(5000-fold).1 These 5 malignancies are included in the 1993 US Centers for Disease Control
and Prevention (CDC) AIDS definition.2 Diagnostic classification of lymphomas has
evolved during recent years, and immunoblastic lymphoma as noted in the CDC definition is
now considered a variant of DLBCL.3

Highly active antiretroviral therapy (HAART) was introduced in 1996, leading to improved
immune status and decreased AIDS risk in persons with HIV. Despite a 70% decline in
incidence of AIDS-defining cancers (ADCs), particularly KS and NHL,4,5 risk remains
elevated in persons with HIV.1 Although AIDS prevalence in the US general population is
low (0.15% in 2007),6 the risk of certain ADCs is so strong that the HIV epidemic has likely
influenced national cancer counts and trends. During the 1980s and early 1990s, US general
population rates of KS increased 30-fold, NHL rates doubled, and CNS lymphoma rates
increased 17-fold.7–9 Incidence rates of these cancers peaked in the early 1990s and then
declined, mirroring AIDS incidence trends.7–9

The contribution of the HIV epidemic to the total numbers of ADCs in the United States has
not been previously quantified. A better understanding of this association can provide
information on the epidemiology and etiology of these cancers and help target HIV testing
and clinical care.10 The objective of our study was to estimate the proportions of KS,
DLBCL, BL, CNS lymphoma, and cervical cancer in the United States that occurred among
persons with AIDS from 1980 to 2007.

METHODS
We estimated the total number of US cases of ADCs during 1980–2007 in 2 steps (eFigure,
available at http://www.jama.com). First, we calculated cancer incidence rates in persons
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with and without AIDS. Second, we applied these rates to national estimates of the AIDS
and non-AIDS populations.

To calculate cancer rates, we used data from the HIV/AIDS Cancer Match (HACM) Study,
which links 16 US population-based HIV/AIDS and cancer registries during 1980–
2007.11,12 A probabilistic algorithm matches records by name, Social Security number, sex,
birth date, death date, and race. Anonymized data only are retained. The HACM Study
received approval from institutional review boards at participating registries or received
exemption. Each institutional review board waived the need for informed consent. The study
was exempted from human subjects review by the National Cancer Institute. Race/ethnicity
information is collected by cancer and AIDS registries for the purpose of public health
surveillance either passively from the sources who report cases or through active case
finding in which demographic information is abstracted from medical records.

Data were included from the following registries and time periods: Colorado (1988–2007);
Connecticut (1980–2005); Florida (1981–2002); Georgia (1995–2007); Illinois (1986–
2004); Massachusetts (1982–2002); Maryland (1992–2007); Michigan (1985–2003); New
Jersey (1980–2007); Texas (1995–2003); New York, New York (1980–2000); Los Angeles
(1980–2002), San Diego (1988–2000), and San Francisco (1980–2001), California; Seattle,
Washington (1980–2005); and Washington, DC (1996–2006).11 Because it is standard
practice for cancer registries to delay the release of data until complete surveillance is
confirmed, more recent cancer registry data are not available in the HACM Study. Only 1 of
the registries included in the HACM Study had data from 2008, and rates estimated from
this registry alone would be based on sparse and unrepresentative data; thus, we selected
2007 as our last year of analysis.

Statistical Analysis
The cancer registries in the HACM Study provided data on all incident cancers occurring in
each registry area. Through the linkage, we identified persons with ADCs reported to the
cancer registries who also had AIDS reported to the HIV/AIDS registries. Because we
focused on ADCs, all individuals who matched to the HIV/AIDS registry had AIDS by
definition. For each cancer of interest, we calculated the number of cases with and without
AIDS in strata of calendar year, age group (0–19, 20–29, 30–39, 40–49, 50–59, 60–69, 70–
79, and ≥80 years), race, and sex.

Because the sensitivity of the match between HACM HIV/AIDS and cancer registries is
imperfect, the number of cancer cases with AIDS is an underestimate. We estimated
sensitivity to correct for this underestimation. In the calendar period before the AIDS
epidemic (1975–1979), zero KS cases occurred among 20- to 29-year-olds in data from the
US Surveillance, Epidemiology, and End Results (SEER) program.13 Based on these results,
we expected 100% of KS cases occurring in 20- to 29-year-olds during the HIV epidemic to
have AIDS. However, among 20- to 29-year-olds in the HACM Study, only 81.1% of KS
cases during 1980–2007 matched to HIV/AIDS registries. Therefore, we estimated the
sensitivity of our match to be 81.1%. For each cancer, we corrected for imperfect sensitivity
by dividing the number of cases with AIDS by 0.811 in each cell defined by the preceding
demographic characteristics. We then subtracted the corrected number of cases with AIDS
from the total number of cases in that cell to estimate the corrected number of cases without
AIDS.

To calculate cancer incidence rates for persons with AIDS, we used the corrected number of
cases with AIDS and divided by the person-time among persons with AIDS (total, 2.07
million person-years), based on HIV/AIDS registry data, in cells defined by sex, age group,
race, calendar year, and HIV transmission risk group (men who have sex with men [MSM],

Shiels et al. Page 3

JAMA. Author manuscript; available in PMC 2014 January 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



injection drug users [IDUs], MSM/IDUs, heterosexual contact, and other). For each person
with AIDS, person-time began at the latter of the date of AIDS diagnosis or the start of
AIDS and cancer registry coverage (beginning date of the linked data) and ended at the
earliest of date of death, end of registry coverage, or December 31, 2007.

We note that it is difficult to define cancer incidence rates in persons with AIDS when the
ADC is the AIDS-defining event. However, it is appropriate to include cancers that occurred
as AIDS-defining conditions and those that occurred subsequently in persons with AIDS in
our calculations because both fractions contribute to the cancer burden. We treated the
cancer counts and person-time in exactly the same manner both in calculating rates and, as
described later in this section, in assessing the AIDS population to whom we applied the
rates, so our estimated counts of cancers in persons with AIDS are not biased by the
inclusion of cancers occurring at AIDS onset.

For estimating incidence rates for persons without AIDS, the corrected number of cases
without AIDS was divided by the person-time among persons without AIDS, in cells of sex,
age group, race, and calendar year (total, 2.17 billion person-years). Person-time without
AIDS was estimated by subtracting the person-time in persons with AIDS from person-time
in the general population in the cancer registry areas (obtained from the US Census).14

Person-time in the general population was estimated annually from the first year of AIDS
and cancer registry coverage to the last year of registry coverage or 2007.

To quantify the number of persons living with AIDS in the United States during 1980–2007,
we used data from the CDC HIV/AIDS surveillance system.15 AIDS cases have been
reported to the CDC by 50 US states and the District of Columbia since the onset of the
epidemic. The CDC estimated the number of persons diagnosed and living with AIDS at the
end of each calendar year, with statistical adjustments made for reporting delays and cases
with missing risk factor information.16,17 To quantify the number of persons living without
AIDS, we subtracted annual CDC AIDS estimates from US Census estimates14 for the US
population during 1980–2007.

To estimate cancer counts in persons with AIDS in the United States, we then applied cancer
incidence rates in persons with AIDS to CDC counts of persons with AIDS, stratified by
sex, age group, race, calendar year, and HIV transmission risk group. Likewise, to estimate
cancer counts in persons without AIDS, we applied cancer incidence rates in persons
without AIDS to counts of persons without AIDS in the United States, stratified by sex, age
group, race, and calendar year. We estimated the proportion of cancers in the United States
occurring in persons with AIDS by dividing the cases with AIDS by the total number of
cases. Cancer incidence rates were estimated separately for each cancer type, and 1 person
could contribute cases to the overall US count for more than 1 ADC. For example, the
estimated US total for KS includes both persons who only had KS and persons who had both
KS and another ADC, but these 2 groups are not distinguished. Of the 42 891 persons with
AIDS who had an ADC in the HACM Study, 5.7% had more than 1 type of ADC during
follow-up.

Our approach shows that the proportion of total US cases with AIDS is influenced by 3 main
components: cancer incidence rates in persons with AIDS, cancer incidence rates in persons
without AIDS, and the proportion of the US population with AIDS (ie, AIDS prevalence).
We tabulated these components across calendar periods, age groups, and sex to illustrate
how their variation was associated with the proportion of cancer cases with AIDS. Calendar
periods were based on the availability of antiretroviral therapies: 1980–1989 (largely no
therapy), 1990–1995 (monotherapy and combination therapy), 1996–2000 (early HAART),
and 2001–2007 (late HAART). AIDS prevalence was estimated in strata by dividing the
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total number of person-years with AIDS from CDC surveillance data15 by the total number
of person-years in the United States from US Census data.14

Cancer incidence rates for persons with and without AIDS were standardized to the 2000 US
population by sex, age group, and race, based on US Census estimates.14 For persons with
AIDS, we excluded the period immediately after AIDS onset (0–3 months) in the rates
presented. Because ADCs are AIDS-defining events, cases occurring at AIDS onset can lead
to artificially high incidence rates, which would overestimate relative risks in persons with
AIDS compared with the general population.12 Also, cancers may be reported to cancer
registries after a short delay; thus, cancers that are AIDS-defining events may appear to
follow the AIDS diagnosis by a few months. Further, persons with HIV may undergo
increased medical surveillance at the time of AIDS diagnosis, which leads to an increased
number of prevalent cancers diagnosed during this period. The exclusion of the AIDS onset
period from incidence rate calculations is similar to an approach used previously.12,18

Nonetheless, as noted earlier in this section, the cases at AIDS onset were appropriately
included in calculating total cancer counts.

In a subanalysis, the evaluation of KS, DLBCL, and CNS lymphoma was restricted to those
diagnosed in 2001–2007, with the proportion of cancer cases with AIDS being compared
across age groups (BL and cervical cancer were not included). The purpose of this analysis
was to assess whether the same age patterns observed in our overall analysis were similar to
those in the most recent calendar period, as the number of older persons with HIV is
increasing.

We calculated Poisson-based confidence intervals (CIs) for incidence rates and cancer
counts in persons with AIDS. We used Poisson process theory to obtain variances of the
estimated number of cancers in persons without AIDS, the total number of cancers, and the
proportions. All CIs were 2-sided with an a priori significance level of P<.05. For
comparison of differences between calendar periods, age groups, and sexes, we calculated χ2

P values for differences in proportions using asymptotic normal theory. Analyses were
performed using SAS version 9.1 (SAS Institute, Cary, North Carolina).

RESULTS
In the United States during 1980–2007, there were an estimated 85 922 cases of KS (95%
CI, 84 917–86 927), 383 095 cases of DLBCL (95% CI, 380 621–385 568), 17 780 cases of
BL (95% CI, 17 340–18 220), 28 259 cases of CNS lymphoma (95% CI, 27 840–28 678),
and 386 166 cases of cervical cancer (95% CI, 382 777–389 554). The estimated proportions
of total US cases of ADCs that occurred among persons with AIDS were 79.0% (95% CI,
78.6%–79.4%) for KS, 5.5% (95% CI, 5.3%–5.6%) for DLBCL, 19.4% (95% CI, 17.8%–
21.1%) for BL, 26.2% (95% CI, 25.2%–27.1%) for CNS lymphoma, and 0.41% (95% CI,
0.36%–0.46%) for cervical cancer.

Across calendar years, the estimated proportion of US KS cases with AIDS rose steeply
from 0.83% (95% CI, 0.02%–1.7%) in 1980 to 89.0% (95% CI, 88.6%–89.3%) during
1990–1995 (P<.001), before declining to 67.0% (95% CI, 64.5%–69.4%; P<.001 [compared
with 1990–1995]) in the most recent calendar period (TABLE 1, FIGURE 1, and FIGURE
2). As shown in Table 1, the peak in the proportion of KS cases with AIDS was caused by
the high KS incidence rate in persons with AIDS during 1990–1995 (incidence, 1100 per
100 000 person-years), and the 8-fold increase in AIDS prevalence that occurred between
1980–1989 and 1990–1995. Despite a continued rise in AIDS prevalence, the subsequent
decline in the proportion of KS cases with AIDS was driven by a drop in KS incidence
among persons with AIDS (incidence, 83.0 per 100 000 person-years in 2001–2007).
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DLBCL, BL, and CNS lymphoma demonstrated similar patterns, peaking in 1990–1995
with 9.5% (95% CI, 9.2%–9.8%; P<.001 [compared with 1980–1989]), 27.4% (95% CI,
25.0%–29.7%; P<.001 [compared with 1980–1989]), and 47.2% (95% CI, 45.7%–48.7%;
P<.001 [compared with 1980–1989]) of cases occurring among persons with AIDS,
respectively (Table 1, Figure 1, and Figure 2). An additional factor contributing to the
pattern for NHLs was the increase over time in the incidence among persons without AIDS.
The proportion of cervical cancer cases with AIDS remained low across calendar years
(Figure 1 and Figure 2) but increased over time from 0.11% (95% CI, 0.08%–0.13%) in
1980–1989 to 0.69% (95% CI, 0.49%–0.89%) in 2001–2007 (P<.001 for 1980–1989
compared with 2001–2007), likely resulting in part from rising AIDS prevalence.

Across age groups, individuals 60 years and older had the lowest proportions with AIDS for
each malignancy (all P values <.001 [compared with 30-to 59-year-olds]) (TABLE 2,
FIGURE 3, and FIGURE 4). This pattern was due to the low prevalence of AIDS among
older persons in the United States (0.02% averaged across calendar years), rising cancer
rates with age in persons without AIDS, and decreasing rates with age in persons with AIDS
for some cancers (ie, KS, BL, and CNS lymphoma). Similarly higher proportions of cases
with AIDS occurred among 0- to 29-year-olds and 30- to 59-year-olds for KS (94.6% [95%
CI, 93.9%–95.4%] and 94.5% [95% CI, 94.2%–94.9%], respectively; P=.81), and CNS
lymphoma (56.4% [95% CI, 52.6%–60.2%] and 51.5% [95% CI, 49.8%–53.1%]),
respectively; P= .02). Although AIDS prevalence in 0- to 29-year-olds is low (0.01%), the
incidence of KS and CNS lymphoma was higher among persons with AIDS in this age
group, and close to zero in persons without AIDS, resulting in a proportion with AIDS
similar to that in 30- to 59-year-olds, who had a higher AIDS prevalence (0.15%).

For DLBCL and BL, the highest proportion with AIDS occurred in 30-to 59-year-olds
(15.7% [95% CI, 15.3%–16.2%; P<.001 compared with 0- to 29-year-olds and with ≥60-
year-olds] and 40.3% [95% CI, 37.0%–43.5%, respectively; P<.001 compared with 0- to 29-
year-olds and with ≥60-year-olds]). Although the proportion of cervical cancers with AIDS
was higher in younger than older females (P<.001 for ≥60-year-olds vs 30- to 59-year-olds),
this proportion was low even among 0-to 29-year-olds and 30- to 59-year-olds (0.80% [95%
CI, 0.38%–1.2%] and 0.56% [95% CI, 0.49%–0.62%], respectively).

When we restricted our analysis to 2001–2007, we observed age patterns similar to those of
the overall analysis. The proportion of cases with AIDS was similar among 0- to 29-year-
olds and 30-to 59-year-olds for KS (87.4% [95% CI, 81.6%–93.1%] and 85.5% [95% CI,
82.9%–88.2%], respectively; P=.57) and CNS lymphoma (30.7% [95% CI, 17.0%–44.3%]
and 29.2% [95% CI, 24.5%–33.9%], respectively; P = .84). For DLBCL, the proportion of
cases with AIDS was greater among 30- to 59-year-olds (12.5% [95% CI, 11.4%–13.6%])
than 0- to 29-year-olds (6.1% [95% CI, 3.4%–8.7%]; P<.001). Despite a temporal increase
in AIDS prevalence among those 60 years and older (1980–1989: 0.0008%; 2001–2007:
0.05%), we did not observe a corresponding increase in the proportion of malignancies with
AIDS in this age group: eg, for KS, 6.5% (95% CI, 2.1%–11.0%) with AIDS in 2001–2007;
DLBCL, 0.42% (95% CI, 0.26%–0.57%); and CNS lymphoma, 0.79% (95% CI, 0.0%–
1.7%).

Stratified by sex (TABLE 3), the proportion of malignancies with AIDS was higher in males
than females for KS (84.2% [95% CI, 83.9%–84.6%] vs 17.0% [95% CI, 15.6%–18.3%];
P<.001), DLBCL (9.4% [95% CI, 9.2%–9.7%] vs 0.93% [95% CI, 0.84%–1.0%]; P<.001),
BL (24.4% [95% CI, 22.3%–26.5%] vs 5.3% [95% CI, 3.9%–6.8%]; P<.001), and CNS
lymphoma (40.3% [95% CI, 39.0%–41.6%] vs 5.4% [95% CI, 4.7%–6.2%]; P<.001). These
differences were largely driven by US AIDS prevalence, which was nearly 4 times higher in
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males than females (0.11% vs 0.03%, respectively). Further, for each malignancy, the
incidence in persons with AIDS was much higher among males than females.

COMMENT
Despite an average prevalence of AIDS in the United States of only 0.07% during 1980–
2007, the HIV epidemic has contributed substantially to the total number of certain
malignancies. We quantified the proportion of KS, DLBCL, BL, CNS lymphoma, and
cervical cancer cases that occurred among persons with AIDS in the United States during
this time period. By far, AIDS has had the largest influence on US counts of KS,
contributing 79% of all cases. Six percent of DLBCL cases, 19% of BL cases, and 26% of
CNS lymphomas also occurred among persons with AIDS. The AIDS epidemic has had less
effect on cervical cancer, with 0.4% of cases occurring among women with AIDS.

Changes in the AIDS epidemic over time have substantially influenced US national trends
for KS and AIDS-defining subtypes of NHL. The proportion of cases of these cancers with
AIDS peaked during 1990–1995, when incidence of KS and NHL among HIV-infected
persons was quite high. Subsequent declines in the proportion with AIDS were associated
with large decreases in cancer incidence rates among persons with AIDS, likely due to the
introduction of HAART in 1996.4,5 Among HIV-infected individuals, HAART use resulted
in substantial declines in the risk of death and AIDS events, including ADCs.1,5,19 HAART
improves immune function and control of the oncogenic viruses that cause KS (ie, KS-
associated herpesvirus), AIDS-defining NHLs (Epstein-Barr virus for CNS lymphoma and a
large fraction of DLBCLs), and cervical cancer (human papillomavirus).20

Our results confirm findings of previous studies that have partially attributed general
population trends in the rates of KS, NHL overall, and CNS lymphoma to the HIV
epidemic.7–9 It is interesting to note, however, that the long-term temporal increase in
overall NHL rates in the US general population8,21 is only partly explained by the HIV
epidemic. For example, a rise in cases of the AIDS-defining NHL subtypes is still seen even
when cases in persons with AIDS are removed (Table 1 and Figure 1). The rise in overall
NHL incidence over time among HIV-uninfected persons remains unexplained.

Age patterns in the United States for KS, CNS lymphoma, and BL are also influenced by
cases with AIDS. Strongly bimodal age patterns for KS and CNS lymphoma have been
observed previously.7,9 For these 2 malignancies, our results clarify that the age peaks
among 30- to 39-year-olds are primarily associated with AIDS, while the age peaks among
70- to 79-year-olds include almost no AIDS cases (Figure 3 and Figure 4). Older-age, non-
AIDS KS cases include the “classic” variant, initially described in men of Mediterranean
descent, and the iatrogenic variant among persons receiving immunosuppressive
medication.22

CNS lymphoma may represent separate disease entities in HIV-infected persons and in
elderly individuals, in that the tumors arising in HIV-infected persons are almost always
positive for Epstein-Barr virus, while cases in elderly individuals are frequently negative for
Epstein-Barr virus.23,24 Consistent with this etiologic heterogeneity, US rates for CNS
lymphoma dropped steeply in 20- to 59-year-olds after 1995, likely reflecting decreasing
rates in HIV-infected persons, while rates among those 60 years and older continued to
increase.9

The age-specific incidence pattern of BL has recently been described as trimodal.25 Our
analysis suggests that the middle-age peak is largely composed of cases with AIDS, whereas
the age peaks in children/adolescents and older adults include few cases with AIDS (Figure
3 and Figure 4).
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Despite the aging of the AIDS population over time, age patterns in the most recent time
period (2001–2007) were similar to those in the overall cohort; ie, the proportion of cases of
KS, DLBCL, and CNS lymphoma with AIDS remains high in younger age groups and very
low in older age groups. The very low proportion of ADC cases with AIDS in the older age
groups is associated with relatively low AIDS prevalence in persons 60 years and older,
even in more recent years (0.08% in 20076,14) and also reflects the large number of ADC
cases that occur in persons without AIDS in this age group.

Although women with AIDS experience elevated cervical cancer risk,1,19 their contribution
to the total numbers of cervical cancer in the United States has been modest. Among females
without AIDS, cervical cancer incidence was higher than the incidence of the other cancers
we evaluated. Further, AIDS prevalence in females was 4-fold lower than in males, resulting
in a low proportion of US cervical cancer cases with AIDS. However, the number of
cervical cancer cases with AIDS (as well as the proportion) has increased over time, due to
the increasing prevalence of AIDS among US females.

A strength of our analyses was the availability of HACM Study and CDC surveillance data.
The HACM Study encompasses a large representative sample of US AIDS cases,1 and rates
from this study were applied to CDC data for the entire US AIDS population. A limitation is
the imperfect sensitivity of the data match in the HACM Study to identify cancer cases with
AIDS. We applied a uniform correction across cancers to adjust for an estimated 81%
sensitivity. Results were very similar when we used alternative assumptions (no correction
or assuming 70% sensitivity), with the exception of KS, where we estimated that only 62.0%
would have AIDS, assuming no correction (eTable).

An additional limitation was our inability to quantify the proportion of all US NHL cases
with AIDS. DLBCL, BL, and CNS lymphoma are classified as ADCs; therefore, by
definition, an HIV-infected individual with 1 of these NHLs has AIDS and would be
captured as an AIDS case by an HIV/AIDS registry. In contrast, non–AIDS-defining NHL
subtypes can occur in HIV-infected persons without AIDS. Because US registry data are
more limited for persons with HIV who have not developed AIDS,26,27 we were unable to
calculate reliable rates for this group or apply the rates to national population estimates.
Limited availability of data on persons with HIV prior to AIDS also precluded us from
including other cancers that are not considered AIDS-defining, such as anal cancer, in this
analysis. Of note, the burden of non–AIDS-defining cancers occurring in the US AIDS
population has increased over time.28

From a clinical perspective, persons with HIV diagnosed late after infection receive delayed
HIV treatment and are more likely to develop AIDS compared with HIV-infected persons
diagnosed shortly after infection. In the United States, an estimated 21% of HIV-infected
persons are undiagnosed,29 and 54% of HIV-infected individuals have CD4 cell counts less
than 350/μL at first presentation for care,30 a level below the currently recommended
threshold for HAART initiation.31,32 Currently, the CDC recommends routine HIV
screening in all health care settings for persons aged 13 to 64 years, unless prevalence of
undiagnosed HIV infection in patients has been documented to be less than 0.1%.33

Improvements in early HIV detection may increase the number of persons in treatment and
thereby reduce risk of AIDS (including ADCs). Further, early HIV diagnoses would
improve prevention of cervical cancer by allowing clinicians to target HIV-infected women
for more frequent Pap testing.34 In addition to having a role in preventing ADCs, HIV
testing is important for all persons diagnosed with an ADC, particularly KS or NHL, given
the high prevalence of HIV infection in persons with these cancers. Knowledge of a cancer
patient’s HIV status provides an opportunity for clinicians to offer anti-retroviral treatment
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and prophylaxis for opportunistic infections.10 For NHL, knowledge of HIV status is also
important for selection of the appropriate chemotherapy regimen.35–37

In conclusion, our study quantified the association between the HIV epidemic and US
counts of KS, DLBCL, BL, CNS lymphoma, and cervical cancer. The proportion of cancer
cases with AIDS has been especially high among young adults and males. These results
highlight the importance of prevention of ADCs in HIV-infected persons and the need for
HIV testing for individuals diagnosed with ADCs.
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Figure 1.
Number of AIDS-defining Cancer Cases in the United States in Persons With and Without
AIDS by Calendar Year
Estimated counts of each malignancy that occurred among persons with and without AIDS
in the United States by calendar year during 1980–2007.
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Figure 2.
Proportion of US AIDS-defining Cancer Cases With AIDS by Calendar Year
Estimated proportion of cases of each malignancy that occurred among persons with AIDS
in the United States by calendar year during 1980–2007. Error bars indicate 95% confidence
intervals.
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Figure 3.
Number of AIDS-defining Cancer Cases in the United States in Persons With and Without
AIDS, by Age Group
Estimated counts of each malignancy that occurred among persons with and without AIDS
in the United States by age group.
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Figure 4.
Proportion of US AIDS-defining Cancer Cases With AIDS by Age Group
Estimated proportion of cases of each malignancy that occurred among persons with AIDS
in the United States by age group. Error bars indicate 95% confidence intervals.
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