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Abstract

Human immunodeficiency virus (HIV) leads to progressive immunosuppression and has been linked to increased cancer risk
since the beginning of the HIV epidemic in the United States
(1–5). Despite decreases in the incidence of certain virally
associated cancers such as Kaposi sarcoma (KS) and nonHodgkin lymphoma (NHL) after the widespread introduction of
highly active antiretroviral therapy (HAART) in 1996 (6–8), more
recent data (post-2010) indicate that HIV-related immunosuppression remains a risk factor for numerous cancers in people
living with HIV or AIDS (PLWHA) (9–11). A small number of intriguing exceptions have been identified, suggesting that there
may be a subset of tumors that occur less frequently in PLWHA.
This unique set of cancers includes three common, solid organ
tumors that are often targets of screening in the United States:

breast, prostate, and colorectal cancers (12–19). Rates of these
three cancers in PLWHA are approximately half those observed
in the general US population (20).
Because these tumors are often screen-detected, observed
cancer deficits have been hypothesized to result from lower uptake of screening tests such as mammography or prostatespecific antigen (PSA) in PLWHA compared with the general
population (13). Lower screening rates could result in less frequent early tumor detection, leading to decreased rates of localstage tumors relative to a population receiving screening (ie,
screening effect). However, this scenario would not lead to
lower cancer rates for larger tumors, which are generally clinically detected. In fact, in the absence of frequent screening, a
higher proportion of cancers are likely to be diagnosed at
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Background: Although people living with HIV or AIDS (PLWHA) are at higher risk for many cancers, breast, prostate, and
colorectal cancer rates are lower in this patient population. Because these tumors are often screen-detected, these inverse
associations could be driven by HIV-related differences in utilization of cancer screening.
Methods: We ascertained incident breast, prostate, and colorectal cancer in PLWHA using data from the HIV/AIDS Cancer
Match Study (1996–2012). Comparisons with general population cancer rates were made using standardized incidence ratios
(SIRs), overall and stratified by tumor stage/size, breast cancer estrogen receptor status, and colorectal site. We also
examined the potential effect of study design and unmeasured confounding on inverse standardized incidence ratios.
Results: Compared with the general population, PLWHA had lower rates of invasive breast (SIR ¼ 0.63, 95% confidence
interval [CI] ¼ 0.58 to 0.68), prostate (SIR ¼ 0.48, 95% CI ¼ 0.46 to 0.51), proximal colon (SIR ¼ 0.67, 95% CI ¼ 0.59 to 0.75), distal
colon (SIR ¼ 0.51, 95% CI ¼ 0.43 to 0.59), and rectal cancers (SIR ¼ 0.69, 95% CI ¼ 0.61 to 0.77). Reduced risk persisted across
tumor stage/size for prostate and colorectal cancers. Although distant-stage breast cancer rates were not reduced (SIR ¼ 0.94,
95% CI ¼ 0.73 to 1.20), HIV-infected women had lower rates of large (>5 cm) breast tumors (SIR ¼ 0.65, 95% CI ¼ 0.50 to 0.83).
The magnitude of these inverse standardized incidence ratios could not plausibly be attributed to case underascertainment,
out-migration, or unmeasured confounding.
Conclusions: Breast, prostate, and colorectal cancer rates are markedly lower among PLWHA, including rates of distantstage/large tumors that are not generally screen-detected. This set of inverse HIV-cancer associations is therefore unlikely to
be due primarily to differential screening and may instead represent biological relationships requiring future investigation.
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advanced stages, which could result in an elevation in risk for
distant-stage disease.
To test whether such a screening effect, rather than underlying biology, could be the primary explanation for the observed
HIV-related deficits in these three common tumors, we examined cancer rates in PLWHA stratified by tumor stage and size at
diagnosis. We also assessed whether inverse associations could
be driven by artifacts induced by our data linkage study design,
including underascertainment of HIV-positive cancer cases,
out-migration of PLWHA from registry areas, and unmeasured
confounding.

Methods
Data Source
We utilized data from the HIV/AIDS Cancer Match (HACM)
Study, a linkage of nine US population-based cancer and HIV
registries (https://hivmatch.cancer.gov/) (8). Among PLWHA, we
used cancer registry data to ascertain incident cases of breast,
prostate, and colorectal cancers beginning at four months following the earlier of HIV report or AIDS diagnosis date and continuing until death or end of cancer registry follow-up. Cases
were captured during years when HIV infection and an AIDS diagnosis were both reportable conditions and cancer registries
had complete case ascertainment. Included registries (by year)
were: Colorado (1996–2007), Connecticut (2005–2010), Georgia
(2004–2012), Maryland (2008–2012), Michigan (1996–2010), New
Jersey (1996–2012), New York (2001–2012), Puerto Rico (2003–
2012), and Texas (1999–2009). This study was approved by institutional review boards at the National Cancer Institute and
participating registries as required.

Case Ascertainment
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Prostate cancers were identified using the International
Classification of Diseases for Oncology, version 3 (ICD-O3), topography code C619. The Surveillance, Epidemiology, and End
Result (SEER) cancer site–specific factor-1 variable was available
between 2004 and 2012 to classify female breast cancers (ICDO3 C500-509) as estrogen receptor (ER) positive or negative.
Colorectal cancers were evaluated by site: proximal colon (ICDO3 C180-84), distal colon (ICD-O3 C185-87), and rectum (ICD-O3
C199, C209). Rectal tumors with squamous histology (ICD-O-3
histology codes 8050-8084, 8094, 8123, 8124, 8215) were excluded, as these may be misclassified anal cancers (21). We considered only the first primary, nonrecurrent cancer of each type
(breast, prostate, colorectal). Each registry provided tumor stage
data, and all but Colorado also provided tumor size data for
breast and colorectal tumors from 2004 onward. Data on tumor
size was missing for a proportion of these breast (14%) and colorectal cancers (proximal colon: 21%, distal colon: 26%, rectum:
35%).

calculated the overall standardized incidence ratio for each cancer type, as well as standardized incidence ratios stratified by
attained age (0–39, 40–49, 50–59, 60–69, 70þ years), race/ethnicity (non-Hispanic whites, non-Hispanic blacks, Hispanics), HIV
risk group (men who have sex with men [MSM], injection drug
users [IDUs], and male and female heterosexuals), history of an
AIDS diagnosis, and calendar year (1996–2000, 2001–2005,
2006þ). Ninety-five percent confidence intervals around each
standardized incidence ratio estimate and P values testing
whether the standardized incidence ratio was different than the
null value of 1.0 were calculated using the exact method in SAS
version 9.3 (SAS Institute, Inc.). P values of less than .05 (alpha
error rate ¼ 5%) were considered statistically significant. All statistical tests were two-sided.
To evaluate whether observed associations were consistent
with a screening effect, we calculated standardized incidence
ratios stratified by tumor stage for all cancers (SEER summary
stage: local, regional, and distant), as well as standardized incidence ratios stratified by tumor size (small: <2 cm, medium: 2–
4.9 cm, large: >5 cm) for breast and colorectal cancer. Because
smaller, local-stage tumors are often detected through screening, inverse standardized incidence ratios observed only in that
stratum, and not among larger, distant-stage tumors that are
more likely to be clinically detected, would be consistent with a
screening effect. We further compared standardized incidence
ratios for invasive breast cancer, which can be detected through
screening or after symptomatic presentation, with standardized
incidence ratios for noninvasive ductal carcinoma in situ (DCIS),
a diagnosis that is exclusively screen-detected.

Implications of Study Design
We next examined whether imperfect follow-up ascertainment
or failure to capture case HIV status within the HACM registry
linkages (22) could serve as alternative explanations for inverse
associations. A proportion of PLWHA with longer-term followup (>10 years) may have moved out of the registry catchment
area, potentially resulting in an excess number of person-years
being part of the expected cancer count calculation, which
could artificially lower standardized incidence ratios. We
recalculated overall standardized incidence ratios by cancer
type after decreasing the person-years for PLWHA by 10% starting 10 years after HIV report or AIDS diagnosis date. In addition,
prior reports have noted imperfect sensitivity of the HACM registry linkages, with approximately 82% of HIV-infected cancer
patients successfully linking to their respective HIV registry (ie,
18% of HIV-infected cases misclassified at HIV-uninfected) (23).
This imperfect sensitivity could artificially decrease the estimated standardized incidence ratios by decreasing observed
HIV-infected case counts. We recalculated standardized incidence ratios after increasing the observed case counts in
PLWHA by 22% (ie, dividing by 82% sensitivity [1/0.82 ¼ 1.22]).

Potential Confounding
Statistical Analysis
To determine whether cancer rates in PLWHA differed from the
general population, we calculated standardized incidence ratios
(SIRs), defined as the ratio of observed cases in PLWHA to the
expected cancer counts. The expected counts were determined
using cancer rates from the general population of the registry
regions, standardized to the characteristics of the HIV population by age, sex, race/ethnicity, calendar year, and registry. We

Finally, we considered the possibility that lower cancer risk
could be due to unmeasured confounding. We estimated potential combinations of risk factor prevalence in PLWHA, risk factor
prevalence in the general population, and the relative risk (RR)
between a given risk factor and cancer that would be required
to induce inverse standardized incidence ratios of the magnitude we observed, given the baseline assumption that the “true”
association was null (SIR ¼ 1.0). To do this, we applied the

1.01 (0.68 to 1.45)
0.23 (0.01 to 1.28)
0.42 (0.01 to 2.36)
0.40 (0.33 to 0.47)
0.81 (0.39 to 1.50)
0.71 (0.34 to 1.31)
1.02 (0.71 to 1.42)
30 (4.4)
1 (<1)
1 (<1)
87 (5.7)
10 (3.7)
10 (5.8)
35 (12.9)

True SIR
½ð1  AÞ þ ðRR  AÞ
¼
Observed SIR
½ð1  BÞ þ ðRR  BÞ

No. (%)

Unknown stage

following formula, where “A” denotes the prevalence of the hypothetical risk factor in the general population; “B” denotes the
prevalence of the risk factor in HIV-infected individuals; and
“RR” represents the relative risk between the risk factor and
cancer (4).

SIR (95% CI)
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0.94 (0.73 to 1.20)
0.74 (0.48 to 1.05)
1.10 (0.68 to 1.68)
0.55 (0.42 to 0.71)
0.69 (0.54 to 0.88)
0.51 (0.37 to 0.70)
0.74 (0.56 to 0.97)
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*Percentage of overall cancer diagnoses by stage. CI ¼ confidence interval; PLWHA ¼ people living with HIV or AIDS; SIR ¼ standardized incidence ratio.

68 (9.9)
24 (7.9)
21 (12.8)
61 (4.0)
67 (24.9)
40 (23.1)
55 (20.3)
0.61 (0.54 to 0.69)
0.55 (0.45 to 0.65)
0.71 (0.55 to 0.89)
0.40 (0.33 to 0.47)
0.62 (0.50 to 0.75)
0.50 (0.38 to 0.64)
0.60 (0.47 to 0.75)
254 (36.9)
114 (37.4)
69 (42.1)
132 (8.7)
97 (36.1)
61 (35.3)
75 (27.7)
0.58 (0.52 to 0.64)
0.54 (0.46 to 0.63)
0.59 (0.47 to 0.75)
0.49 (0.46 to 0.52)
0.69 (0.56 to 0.85)
0.49 (0.37 to 0.62)
0.66 (0.54 to 0.80)
336 (48.8)*
166 (54.4)
73 (44.5)
1242 (81.6)
95 (35.3)
62 (35.8)
106 (39.1)
688
305
164
1522
269
173
271
Invasive breast cancer
Estrogen receptor positive
Estrogen receptor negative
Prostate cancer
Proximal colon cancer
Distal colon cancer
Rectal cancer

0.63 (0.58 to 0.68)
0.55 (0.49 to 0.61)
0.68 (0.58 to 0.79)
0.48 (0.46 to 0.51)
0.67 (0.59 to 0.75)
0.51 (0.43 to 0.59)
0.69 (0.61 to 0.77)

SIR (95% CI)
No.
Cancer diagnosis

SIR (95% CI)

No. (%)

SIR (95% CI)

No. (%)

SIR (95% CI)

No. (%)

Distant stage
Regional stage
Local stage
Overall

During approximately 3.1 million person-years of follow-up in
PLWHA, we observed: 688 invasive breast cancers in women (incidence rate [IR] ¼ 77.0/100 000), 1522 prostate cancers in men
(IR ¼ 49.34/100 000), and 713 colorectal cancers (269 proximal colon IR ¼ 8.7/100 000; 173 distal colon IR ¼ 5.6/100 000, 271 rectum
IR ¼ 8.8/100 000). These observed counts represented statistically significantly lower cancer rates than would be expected
for persons in the general population from these nine HACM
registry regions (Table 1). HIV-infected women were nearly 40%
less likely to be diagnosed with invasive breast cancer (SIR ¼
0.63, 95% CI ¼ 0.58 to 0.68, P < .001), an inverse association that
persisted for both ER-positive (SIR ¼ 0.55, 95% CI ¼ 0.49 to 0.61, P
< .001) and -negative (SIR ¼ 0.68, 95% CI ¼ 0.58 to 0.79, P < .001)
tumors. HIV-infected men were more than 50% less likely to be
diagnosed with prostate cancer (SIR ¼ 0.48, 95% CI ¼ 0.46 to 0.51,
P < .001). The risk of colorectal cancer was also reduced in
PLWHA compared with the general population (proximal colon
SIR ¼ 0.67, 95% CI ¼ 0.59 to 0.75, P < .001; distal colon SIR ¼ 0.51,
95% CI ¼ 0.43 to 0.59, P < .001; rectum SIR ¼ 0.69, 95% CI ¼ 0.61
to 0.77, P < .001).
Cancer rates remained lower in PLWHA when considering
stratification by stage for prostate (SIR range ¼ 0.40–0.55), proximal colon (SIR range ¼ 0.62–0.69), distal colon (SIR range ¼ 0.49–
0.51), and rectal tumors (SIR range ¼ 0.60–0.74). Lower risk also
persisted for small (<2 cm), medium (2–4.9 cm), and large (>5
cm) tumors of the distal colon (SIR range ¼ 0.46–0.67) and rectum (SIR range ¼ 0.62–0.75), as well as medium and large tumors
of the proximal colon (SIR range ¼ 0.63–0.73) (Table 2). Data on
tumor size were not available for prostate cancer.
Lower breast cancer risk in HIV-infected women was observed for in situ breast tumors (SIR ¼ 0.59, 95% CI ¼ 0.50 to 0.68)
and invasive local- (SIR ¼ 0.58, 95% CI ¼ 0.52 to 0.64) and regional-stage tumors (SIR ¼ 0.61, 95% CI ¼ 0.54 to 0.69). Lower
risk was not observed for distant-stage disease (SIR ¼ 0.94, 95%
CI ¼ 0.73 to 1.20). However, large breast tumors (>5 cm) did occur less frequently in HIV-infected women (SIR ¼ 0.65, 95% CI ¼
0.50 to 0.83). In addition, we observed a consistent pattern of inverse standardized incidence ratios for breast cancer across demographic strata, including lower breast cancer rates among
HIV-infected women younger than age 40 years (SIR ¼ 0.73, 95%
CI ¼ 0.59 to 0.92), a group unlikely to be screened (Table 3).
Both HIV-infected patients with a prior AIDS diagnosis and
HIV-only patients had lower rates of breast, prostate, and colorectal cancers compared with the general population. Those
with a prior AIDS diagnosis had statistically significantly lower
risks for cancers of the prostate and rectum (P  .01) compared
with HIV-only patients. Breast, proximal colon, and distal colon
cancer rates did not statistically significantly differ between
HIV-only patients and those with a prior AIDS diagnosis (P ¼
.74, P ¼ .39, and P ¼ .56, respectively).
Figure 1 illustrates the effect of accounting for potential data
artifacts inherent to the registry linkage design. Neither

Table 1. SIRs and 95% CIs comparing observed cancers in PLWHA to expected counts from the US general population, according to cancer diagnosis and stage

Results
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Table 2. SIRs and 95% CIs comparing observed cancers in PLWHA to expected counts from the general US population, according to cancer diagnosis and tumor size
Overall

Small tumors <2 cm

Medium tumors 2–4.9 cm

Large tumors >5 cm

Cancer diagnosis

No.

SIR (95% CI)

No. (%)

SIR (95% CI)

No. (%)

SIR (95% CI)

No. (%)

SIR (95% CI)

Invasive breast cancer
Proximal colon cancer
Distal colon cancer
Rectal cancer

688
269
173
271

0.63 (0.58 to 0.68)
0.67 (0.59 to 0.75)
0.51 (0.43 to 0.59)
0.69 (0.61 to 0.77)

256 (37.2)*
26 (9.7)
25 (14.5)
41 (15.1)

0.56 (0.49 to 0.63)
0.72 (0.47 to 1.06)
0.67 (0.43 to 0.99)
0.67 (0.48 to 0.91)

176 (25.6)
79 (29.4)
42 (24.3)
60 (22.1)

0.61 (0.52 to 0.70)
0.73 (0.58 to 0.91)
0.46 (0.33 to 0.62)
0.75 (0.57 to 0.97)

64 (9.3)
79 (29.4)
41 (23.7)
43 (15.9)

0.65 (0.50 to 0.83)
0.63 (0.50 to 0.78)
0.51 (0.36 to 0.69)
0.62 (0.45 to 0.83)

*Percentages of overall cancer diagnoses by tumor size calculated among cases from 2004 onward, when tumor size data were available from all registries except
Colorado (breast: 574, proximal colon: 232, distal colon: 145, rectum: 223). Missing tumor size data by diagnosis: breast (14%), prostate (100%), proximal colon (21%), distal colon (26%), rectum (35%). CI ¼ confidence interval; PLWHA ¼ people living with HIV or AIDS; SIR ¼ standardized incidence ratio.

decreasing follow-up time in the denominator to account for
potential out-migration of long-term HIV survivors nor increasing the proportion of cancer cases that are HIV-infected to allow
for imperfect sensitivity of the linkage between HIV and cancer
registries altered our conclusions. Even standardized incidence
ratios corresponding to the most conservative scenario (applying both corrections) represented lower cancer rates in PLWHA:
invasive breast (SIR ¼ 0.77, 95% CI ¼ 0.71 to 0.82), prostate (SIR ¼
0.60, 95% CI ¼ 0.58 to 0.63), proximal colon (SIR ¼ 0.83, 95% CI ¼
0.75 to 0.93), distal colon (SIR ¼ 0.63, 95% CI ¼ 0.55 to 0.72), and
rectum (SIR ¼ 0.86, 95% CI ¼ 0.77 to 0.95).
Figure 2 illustrates the characteristics of potentially unmeasured confounders that would be required to artificially induce
inverse standardized incidence ratios of the magnitude we
report if the underlying association were truly null (SIR ¼ 1.0).
For example, to bias a null association down to a standardized
incidence ratio of 0.50, a risk factor would have to double prostate cancer risk (risk ratio [RR] along x-axis ¼ 2.0) (Figure 2A), be
nearly absent in HIV-infected men (5% prevalence line), and be
present in nearly all men in the general population (90% prevalence along y-axis). The characteristics of an unmeasured confounder explaining standardized incidence ratios of 0.70 are
also presented (Figure 2B). Across most of the risk factor prevalence spectrum illustrated, a harmful confounder could only induce a false association if it more than doubled cancer rates (eg,
RR ¼ 2.5, PLWHA prevalence ¼ 15%, general population prevalence ¼ 50%).
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Discussion
PLWHA in the United States have markedly lower breast, prostate, and colorectal cancer rates compared with the general
population. This lower risk was present for both small, localstage tumors that are primarily screen-detected and larger
tumors that are likely clinically detected. This argues against
screening behavior as the sole explanation for this unique set of
inverse HIV-cancer relationships. Correcting for both uncaptured out-migration and imperfect sensitivity of our data linkages did not account for these inverse associations. Finally, the
magnitude of the effect estimates we observed could not plausibly be explained by unmeasured confounding. In combination,
these observations lead us to conclude that lower risk for these
specific cancers in PLWHA is not a data artifact but may instead
represent an underlying biological relationship requiring further study.
This set of cancers is unique in that each is a target of cancer
screening—the 2016 US Preventive Services Task Force (USPSTF)
guidelines recommend mammography for early detection of

invasive breast cancers and colon-/sigmoidoscopy for the detection and removal of pre-invasive lesions in the colon and rectum. In contrast, as of 2012, USPSTF guidelines discourage
widespread PSA testing due to concerns of overdiagnosis of
prostate cancer (ie, diagnosing indolent tumors that would
never progress to invasive, life-threatening disease) (24–26).
Although there is evidence that mammography may overdiagnose a proportion of breast cancers (27,28), mammography is
still recommended because early detection of invasive breast
tumors has resulted in declines in breast cancer mortality
(29,30). Given the close link between screening and diagnosis for
these common cancers, cancer deficits among PLWHA are often
hypothesized to be attributable to lower screening rates in the
HIV population (ie, lack of screening resulting in lower detection
rates). The largely consistent inverse standardized incidence
ratios that we report across both cancers likely to be screendetected (local-stage), as well as those not likely to be identified
through screening (distant-stage), do not support this
hypothesis.
The lower rates observed in HIV-infected women for localstage but not distant-stage breast cancer did raise the possibility
of a screening effect, namely that lower screening uptake in
HIV-infected women could be a potential explanation. However,
HIV-infected women exhibited substantial breast cancer deficits
for regional tumors, which are not generally screen-detected.
Additionally, if breast cancer incidence were truly similar by
HIV status (ie, SIR ¼ 1), but simply diagnosed later in women living with HIV due to a lack of screening, at least a fraction of
local-stage tumors that were purportedly missed early should
have appeared later as an increased risk in HIV-infected women
of distant-stage disease—this was not observed in our data.
In addition to the early detection of invasive disease (secondary prevention), colorectal cancer screening is also a means
of primary prevention—colon-/sigmoidoscopy identifies and
removes precancerous lesions, decreasing cancer incidence
rather than simply shifting stage at diagnosis. Accordingly,
rates of colorectal cancer in US adults age 50 years and older,
the target group for screening, have declined over the past two
decades across disease stage (31). The question of whether rates
of cancer screening differ in PLWHA compared with the general
US population is not completely understood. Survey data suggest that HIV-infected women are less likely to be current with
breast cancer screening (32). However, data from colon-/sigmoidoscopy surveys are conflicting—certain evidence points to
lower screening rates in PLWHA, whereas other data suggest
that frequent gastrointestinal symptoms in PLWHA may have
the opposite effect, increasing the likelihood of clinical contact
and subsequent receipt of screening (33,34). If the documented

0.73 (0.59 to 0.92)
0.63 (0.55 to 0.70)
0.63 (0.55 to 0.71)
0.57 (0.45 to 0.71)
0.54 (0.33 to 0.84)

0.60 (0.49 to 0.73)
0.65 (0.59 to 0.71)
0.59 (0.50 to 0.70)

–
–
–
0.50 (0.42 to 0.58)
0.71 (0.63 to 0.79)

0.66 (0.58 to 0.75)
0.61 (0.55 to 0.67)

0.75 (0.53 to 1.03)
0.69 (0.60 to 0.80)
0.60 (0.54 to 0.65)

82 (11.9)
277 (40.3)
232 (33.7)
77 (11.2)
20 (2.9)

105 (15.3)
442 (64.2)
141 (20.5)

*
–
–
156 (22.7)
334 (48.5)
198 (28.8)

251 (36.5)
437 (63.5)

37 (5.4)
188 (27.3)
463 (67.3)

33 (2.2)
350 (23.0)
1139 (74.8)

454 (29.8)
1068 (70.2)

644 (42.3)
314 (20.6)
181 (11.9)
–
–
383 (25.2)

317 (20.8)
954 (62.7)
251 (16.5)

8 (<1%)
173 (11.4)
627 (41.2)
550 (36.1)
164 (10.8)

1522

No. (%)

0.34 (0.23 to 0.48)
0.48 (0.43 to 0.53)
0.49 (0.46 to 0.52)

0.54 (0.49 to 0.59)
0.46 (0.43 to 0.49)

0.54 (0.50 to 0.59)
0.34 (0.30 to 0.38)
0.55 (0.47 to 0.63)
–
–

0.43 (0.39 to 0.48
0.51 (0.48 to 0.54)
0.45 (0.39 to 0.51)

1.57 (0.68 to 3.08)
0.52 (0.45 to 0.61)
0.44 (0.41 to 0.48)
0.49 (0.45 to 0.54)
0.56 (0.48 to 0.65)

0.48 (0.46 to 0.51)

SIR (95% CI)

Prostate cancer

7 (2.6)
67 (24.9)
195 (72.5)

87 (32.3)
182 (67.7)

67 (24.9)
35 (13.0)
27 (10.0)
21 (7.8)
45 (16.7)
74 (27.5)

61 (22.7)
145 (53.9)
63 (23.4)

10 (3.7)
50 (18.6)
95 (35.3)
76 (28.3)
38 (14.1)

269

No. (%)

0.43 (0.17 to 0.89)
0.65 (0.50 to 0.82)
0.69 (0.60 to 0.79)

0.74 (0.60 to 0.92)
0.64 (0.55 to 0.74)

0.53 (0.41 to 0.67)
0.44 (0.31 to 0.62)
0.88 (0.58 to 1.28)
0.80 (0.49 to 1.2)
1.04 (0.76 to 1.39)

0.68 (0.52 to 0.87)
0.62 (0.53 to 0.73)
0.79 (0.61 to 1.01)

0.56 (0.27 to 1.03)
0.56 (0.42 to 0.74)
0.61 (0.49 to 0.74)
0.80 (0.63 to 1.00)
0.86 (0.61 to 1.19)

0.67 (0.59 to 0.75)

SIR (95% CI)

Proximal colon cancer

5 (2.9)
49 (28.3)
119 (68.8)

55 (31.8)
118 (68.2)

44 (25.4)
30 (17.3)
23 (13.2)
19 (11.0)
16 (9.2)
41 (23.7)

32 (18.5)
95 (54.9)
46 (26.6)

8 (4.6)
38 (22.0)
68 (39.3)
39 (22.5)
20 (11.6)

173

No. (%)

0.34 (0.11 to 0.80)
0.53 (0.39 to 0.70)
0.51 (0.42 to 0.61)

0.56 (0.42 to 0.73)
0.48 (0.40 to 0.58)

0.39 (0.29 to 0.53)
0.42 (0.28 to 0.60)
0.87 (0.55 to 1.31)
0.87 (0.52 to 1.35)
0.47 (0.27 to 0.77)

0.39 (0.27 to 0.56)
0.54 (0.43 to 0.66)
0.55 (0.40 to 0.73)

0.59 (0.25 to 1.16)
0.48 (0.34 to 0.66)
0.46 (0.36 to 0.59)
0.51 (0.37 to 0.70)
0.73 (0.44 to 1.12)

0.51 (0.43 to 0.59)

SIR (95% CI)

Distal colon cancer

17 (6.3)
58 (21.4)
196 (72.3)

68 (25.1)
203 (74.9)

75 (27.7)
49 (18.1)
29 (10.7)
17 (6.3)
39 (14.4)
62 (22.9)

77 (28.4)
142 (52.4)
52 (19.2)

31 (11.4)
80 (29.5)
100 (36.9)
43 (15.9)
17 (6.3)

271

No. (%)

1.03 (0.60 to 1.65)
0.57 (0.43 to 0.73)
0.71 (0.61 to 0.82)

0.59 (0.46 to 0.75)
0.73 (0.63 to 0.83)

0.53 (0.42 to 0.66)
0.59 (0.44 to 0.79)
0.97 (0.65 to 1.40)
0.78 (0.45 to 1.25)
1.17 (0.83 to 1.60)

0.72 (0.57 to 0.90)
0.74 (0.63 to 0.88)
0.54 (0.40 to 0.71)

1.69 (1.15 to 2.40)
0.78 (0.62 to 0.97)
0.59 (0.48 to 0.71)
0.55 (0.40 to 0.74)
0.68 (0.40 to 1.09)

0.69 (0.61 to 0.77)

SIR (95% CI)

Rectal cancer
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§The proportion of cases not classified into one of the HIV risk groups noted above is listed as other.

‡HIV risk group defined as follows: het. ¼ heterosexual; IUD ¼ injection drug user; MSM ¼ men who have sex with men.

¼ people living with HIV or AIDS; SIR ¼ standardized incidence ratio.
†Cases were restricted to adults reporting white, black, or Hispanic race/ethnicity.

*Breast cancer calculations were restricted to females; prostate cancer calculations were restricted to males. CI ¼ confidence interval; het. ¼ heterosexual; IUD ¼ injection drug user; MSM ¼ men who have sex with men; PLWHA

0.63 (0.58 to 0.68)

688

Total cases
Age, y
0–39
40–49
50–59
60–69
70þ
Race†
White
Black
Hispanic
Risk group‡
MSM
Male IDU
Male het.
Female IDU
Female het.
Other, %§
Clinical diagnosis
HIV only
AIDS
Year
1996–2000
2001–2005
2006þ

SIR (95% CI)

No. (%)

Demographics

Invasive breast cancer

Table 3. SIRs and 95% CIs comparing observed cancers in PLWHA to expected count from the general US population, according to cancer diagnosis and demographics
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Original SIR

Linkage sensitivity correction
Both corrections

Out-migration correction
1.25
*All SIRs <1 with P < .05
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Figure 1. Effect of potential data artifacts inherent to registry linkage study design on observed standardized incidence ratios. SIR ¼ standardized incidence ratio.
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Figure 2. Risk factor characteristics needed for an unmeasured confounder to induce standardized incidence ratios of the magnitude reported: (A) SIR ¼ 0.50;
(B) SIR ¼ 0.70. SIR ¼ standardized incidence ratio.

declines in colorectal cancer in the US general population are
due to higher uptake of screening (31), the hypothesis that
PLWHA receive less screening would result in comparatively

higher colorectal cancer rates, which is inconsistent with our
findings. It is likely that both the frequency of clinical contact
and factors related to health care access play important, and
possibly opposing, roles in determining screening uptake in
PLWHA. Cancer screening recommendations should be evidence-based and carefully balance the benefits and harms of
screening—the data presented here are not adequate to make
recommendations specific to PLWHA. Current screening guidelines for PLWHA recommend clinical attention and regular testing similar to the general US population (35).
HIV and cancer registries do not collect data on important
cancer risk factors, which is a limitation, but we demonstrated
that theoretical HIV-related differences in the distribution of
unmeasured confounders were unlikely to induce biased standardized incidence ratios of the magnitude we observed. For example, well-known risk factors for breast cancer (eg, parity and
age at first birth) are associated with changes in cancer risk of
no greater than 50% (RR  1.5) (36,37). Our calculations
(Figure 2B) indicated that a truly null association between HIV
and cancer risk could only be biased to a standardized incidence
ratio of 0.70 if such a risk factor were nearly absent (<5% prevalence) in PLWHA but ubiquitous (80% prevalence) in the general population—a highly unlikely scenario. A risk factor
distributed more evenly across the population (eg, PLWHA ¼
20%, general population ¼ 40%) would have to increase cancer
risk approximately fivefold to induce a false association. Even
established risk factor–cancer associations (eg, family history
and colorectal cancer) do not fit this profile; a fourfold increase
in colorectal cancer incidence has only been observed for those
with multiple affected relatives (38), a trait unlikely to be either
common enough in the population or related to HIV in a way
that could explain our observations.
HIV-infected patients with a prior AIDS diagnosis (ie, history
of severe immunosuppression) had marginally lower risks for
cancers of the prostate, proximal colon, and rectum compared
with individuals with HIV only, but we did not have detailed
CD4 T-cell counts to explore this association further. In a previous HACM analysis, the lowest prostate cancer risk was
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explanations for the lower rates of these tumors in PLWHA did
not alter our conclusions, suggesting that the lower risk potentially represents an underlying biological relationship.
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