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Abstract
Objective—To evaluate the risk of cancers with and without a known infectious cause in HIV-
infected persons.

Design—Retrospective cohort study.

Methods—Adult HIV-infected and matched HIV-uninfected members of Kaiser Permanente
followed between 1996 and 2007 for incident AIDS-defining cancers (ADC), infection-related non-
AIDS-defining cancers (NADC) (anal squamous cell, vagina/vulva, Hodgkin’s lymphoma, penis,
liver, HPV-related oral cavity/pharynx, stomach) and infection-unrelated NADC (all other NADC).

Results—We identified 20,277 HIV-infected and 202,313 HIV-uninfected persons. HIV-infected
persons experienced 552 ADC, 221 infection-related NADC, and 388 infection-unrelated NADC.
HIV-uninfected persons experienced 179 ADC, 284 infection-related NADC, and 3,418 infection-
unrelated NADC. The rate ratio (RR) comparing HIV-infected and HIV-uninfected persons for ADC
was 37.7 (95% CI: 31.7–44.8), with decreases in the RR over time (p<0.001). The RR for infection-
related NADC was 9.2 (95% CI: 7.7–11.1), also with decreases in the RR over time (p<0.001). These
results were largely influenced by anal squamous cell cancer and Hodgkin’s lymphoma. The RR for
infection-unrelated NADC was 1.3 (95% CI: 1.2–1.4), with no change in the RR over time (p=0.44).
Among infection-unrelated NADC, other anal, skin, other head and neck, and lung cancer rates were
higher and prostate cancer rates lower in HIV-infected persons. Among all infection-unrelated
NADC, the RR decreased over time only for lung cancer (p=0.007).

Conclusions—HIV-infected persons are at particular risk for cancers with a known infectious
cause, although the higher risk has decreased in the antiretroviral therapy era. Cancers without a
known infectious cause are modestly increased in HIV-infected persons.
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INTRODUCTION
With effective combination antiretroviral therapy (ART) use, HIV-infected persons in
developed countries have experienced a precipitous decline in AIDS-defining cancers (ADC)
and opportunistic infections, but a rise in other chronic conditions associated with aging. In
the ART era, non-AIDS-defining cancers (NADC) are now more common than AIDS-defining
cancers [1–3]. Despite this change in the distribution of cancers, ADC and many NADC
continue to pose a higher risk for HIV-infected persons than for the general population [2,4].
NADC that are consistently found more commonly among HIV-infected persons include
Hodgkin’s lymphoma, skin, lung, anal squamous cell, and oral cavity/pharynx cancers, while
others including prostate and breast cancer appear to occur less frequently [5].

One reason for the continued higher risk of certain cancers among HIV-infected persons is the
higher prevalence of traditional cancer risk factors such as smoking [6–8], alcohol use [7,9],
and oncogenic virus coinfection, including human papillomavirus (HPV) or hepatitis B and C
[10–13]. At the same time, HIV infection and associated immunodeficiency may also
contribute to the higher risk. It is possible, for example, that the impaired immune system may
result in the general reduced immune surveillance for malignant cells [14]. Alternatively, an
impaired ability of the immune system to suppress oncogenic viruses may also result in a higher
risk of these cancers [12,15].

However, prior studies have been limited by small sample sizes, inclusion of AIDS cases only,
and a lack of HIV-uninfected controls. Here, we compared the incidence of cancers between
a large cohort of HIV-infected and matched HIV-uninfected persons from the same integrated
health care system, Kaiser Permanente (KP). This setting provides a unique perspective on this
topic since all subjects have comprehensive medical insurance coverage, and thus outcome
differences attributable to variations in access to care and preventive services are reduced. In
addition, the comprehensive HIV and cancer disease registries maintained at KP allow for high
quality outcome ascertainment.

An additional unique feature of this study is the exploration of the epidemiology of cancers
with and without a known infectious cause (referred to throughout as infection-related and
infection-unrelated NADC). Specifically, we hypothesized that infection-related NADC would
pose the highest risk for HIV-infected compared to HIV-uninfected persons. We further
postulated that the higher risk for infection-related NADC for HIV-infected persons may
decrease during the ART era with improving immune function in HIV-infected persons.

METHODS
Study design, setting and participants

We conducted a retrospective cohort study from 1996 to 2007 of adult HIV-infected and HIV-
uninfected persons within Kaiser Permanente Northern California (KPNC) and Kaiser
Permanente Southern California (KPSC), large integrated health care delivery systems
providing comprehensive medical services to more than six million health plan members,
representing roughly 30% of insured Californians [16].

The HIV-infected study population here consisted of persons ≥18 years of age with KP
membership after 1996 in KPNC and after 2000 in KPSC, corresponding to the earliest year
in the ART era with comprehensive coverage for the respective HIV registries. The start of
follow-up (i.e., index date) for HIV-infected patients was assigned as the earliest date after
1/1/96 (1/1/00 for KPSC) when a member was both ≥18 years of age and known to be HIV-
infected. Next, HIV-uninfected persons were selected from the pool of active health plan
members ≥18 years of age during index years observed for HIV-infected persons. HIV-
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uninfected persons were eligible for selection during all years when they were members, but
once selected as a control, were excluded from other index year selection pools. HIV-
uninfected persons were also excluded if they were ever included in the HIV registries through
2007. HIV-uninfected persons were then frequency-matched 10:1 by index year, age on
December 31 of the index year (5-year age groups), sex, and medical center. The start of follow-
up for HIV-uninfected patients was assigned as the earliest date after January 1 of the index
year they were selected when they were ≥18 years of age.

Data Sources
The KPNC HIV Registry includes all known cases of HIV infection since the early 1980’s and
the KPSC HIV registry includes cases identified since 2000. Confirmation of cases is done by
medical chart review and comparisons of case lists with HIV clinics. Data elements maintained
in the HIV registries include sex, race/ethnicity, HIV exposure risk (e.g., men who have sex
with men, injection drug use), dates of known HIV and AIDS diagnoses and dates of death.
We identified all incident cancers by linkage with the KPNC and KPSC cancer registries. The
KP cancer registries are contributing sites to the Surveillance, Epidemiology, and End Results
(SEER) program registry and KP registry’s data are of comparable accuracy and completeness
to that of SEER. All medical facilities in California are required by law to report all newly
diagnosed cases of cancer to the California Cancer Registry (CCR), through a network of 10
regional registries that together capture the cancer incidence experience of the entire state. All
registries follow SEER practices in verifying and coding incident cancers. SEER requirements
include categorization of histopathology, invasiveness, tumor size, extension, and lymph node
involvement.

Cancer endpoints
The primary endpoints examined were incident ADC and NADC. A subset of NADC with a
known infectious cause were further categorized as infection-related NADC [17–19]: these
were vagina, vulva, penis, squamous cell anal, and certain squamous cell oral cavity/pharynx
cancers defined by Chaturvedi et al. [19] which are all HPV-related; liver cancer which is
hepatitis B and C-related; stomach cancer which is Helicobacter pylori-related; and Hodgkin’s
lymphoma which is Epstein-Barr Virus-related. All other cancers were considered infection-
unrelated NADC. Individual infection-unrelated NADC analyzed separately included those
with four or more cases among HIV-infected persons. Persons with multiple cancers
contributed events to each applicable category.

Statistical methods
Subjects were followed from first enrollment after 1/1/96 until the earliest of a cancer diagnosis,
health plan disenrollment, death or 12/31/07. We first computed cancer incidence rates per
100,000 person-years. Next, rate ratios (RR) for the incidence of cancer in HIV-infected
compared with HIV-uninfected persons were obtained from Poisson regression models
adjusted for attained age, sex, race/ethnicity, and calendar year. Race/ethnicity for those with
missing information was imputed based on subjects age at index and census block group
characteristics including: median household income, % less than high school diploma, %
White, % Black, % Hispanic, and % Asian. Next, standard multiple imputation methods [20]
were used to obtain adjusted RRs. However, inferences were unchanged for all cancers
compared to models that did not include race/ethnicity (data not shown); thus, subsequent
analyses did not consider this factor.

Next, we examined linear changes over time in the incidence of cancers in both HIV-infected
and HIV-uninfected persons. These models included age, sex, a linear term for calendar period
(1996–99, 2000–03, 2004–07) and an HIV/calendar period interaction term. Finally, we
evaluated whether the RR for HIV infection status changed over time during 1996–99, 2000–
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03 and 2004–07. These models included age, sex, categorical variables for each calendar
period, and corresponding HIV/calendar period interaction terms. Changes of the RR for HIV
infection status over time was assessed by the likelihood ratio test.

Analyses were performed with SAS (Version 9.1, Cary, North Carolina, USA), using proc
GENMOD for Poisson regression, and proc MI and MIANALYZE for multiple imputation.
The institutional review boards at KP approved this study and provided waivers of informed
consent.

RESULTS
We identified 20,277 HIV-infected persons contributing 85,309 person-years (mean 4.2 years
per person) and 202,313 HIV-uninfected persons contributing 1,013,645 person-years (mean
5.0 years per person) (Table 1). The HIV-infected group was predominantly male (90%), White
(56%), and consisted mostly of men who have sex with men (74%), with a mean age at start
of follow-up of 41 years. HIV-uninfected persons in this study were identical to HIV-infected
persons for matching factors of age, sex and index year. The HIV-uninfected cohort had fewer
Blacks and Whites, but more Asians and Hispanics compared to the HIV-infected cohort among
those with known race/ethnicity. Figure 1 displays the similarly increasing mean age of HIV-
infected and HIV-uninfected persons during study follow-up. CD4+ T-cell counts also
increased over time for HIV-infected persons with a mean of 311 in 1996 and 529 in 2007.

Among HIV-infected persons, 552 had an ADC, 221 had an infection-related NADC, and 388
had an infection-unrelated NADC (Table 2). Thus, counting all ADC, which have viral
etiologies [17,18], and infection-related NADC, 67% of cancers in HIV-infected persons had
a known infectious cause. In contrast, among HIV-uninfected persons, 179 had an ADC, 284
had an infection-related NADC, and 3,418 had an infection-unrelated NADC, corresponding
to only 12% of cancers with a known infectious cause.

Crude rates for all cancers but breast and prostate cancer were higher among HIV-infected
persons compared with rates among HIV-uninfected persons (Table 2). Adjusted RRs
comparing HIV-infected with HIV-uninfected persons (reference) were 37.7 (p<0.001) for
ADC, 9.2 (p<0.001) for infection-related NADC, and 1.3 (p<0.001) for infection-unrelated
NADC (Table 2). Most individual infection-related NADC were significantly elevated in HIV-
infected persons, including anal squamous cell (RR=101.6, p<0.001), vagina/vulva (RR=19.5,
p<0.001), Hodgkin’s lymphoma (RR=19.4, p<0.001), penis (RR=5.8, p=0.006), liver (RR=2.7,
p<0.001), and HPV-related oral squamous cell cancers (RR=2.0, p=0.034). Stomach cancer
was the only individual infection-related NADC not associated with HIV infection. Infection-
unrelated NADC that were increased in HIV-infected persons were other anal (RR=35.3,
p<0.001), non-melanoma skin (RR=10.6, p<0.001), other head and neck (RR=2.7, p<0.001),
lung (RR=1.9, p<0.001), and melanoma (RR=1.5, p=0.006); HIV-infected persons also had a
lower rate of prostate cancer with an RR of 0.7 (p=0.002). Other infection-unrelated NADC
were not associated with HIV infection.

As shown in Figure 2, there was an 8% annual decline (p<0.001) in infection-related NADC
for HIV-infected persons compared to a 6% annual increase (p=0.007) for HIV-uninfected
persons (p<0.001 for difference by HIV status). These trends were similar to trends for ADC
rates, which declined 12% annually (p<0.001) for HIV-infected persons, and increased 5%
annually (p=0.091) for HIV-uninfected persons (p<0.001 for difference by HIV status) (data
not shown). Results for two individual infection-related NADC, anal squamous cell cancer and
Hodgkin’s lymphoma, are also shown in Figure 2. For anal squamous cell cancer, there was a
9% annual decline (p=0.002) for HIV-infected persons, and a 4% annual decline (p=0.68) for
HIV-uninfected persons (p=0.57 for difference by HIV status). The risk for Hodgkin’s
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lymphoma did not change over time for HIV-infected persons (3% annual decline; p=0.50),
but increased by 17% (p=0.035) among HIV-uninfected persons (p=0.032 for difference by
HIV status). Other infection-related NADC did not change significantly over time for HIV-
infected persons, and demonstrated similar trends to HIV-uninfected persons (data not shown).
Of note, there were borderline differences comparing annual changes in HIV-infected and HIV-
uninfected vagina/vulva cancer rates (−6% vs. 17%; p=0.087).

The crude rates for infection-unrelated NADC steeply increased over time for HIV-infected
and HIV-uninfected persons (Figure 2), which was explained by the advancing age of the cohort
(Figure 1). In adjusted models, infection-unrelated NADC rates did not change substantially
over time with a 3% annual increase (p=0.15) for HIV-infected persons and a 1% annual
increase (p=0.066) for HIV-uninfected persons (p=0.44 for difference by HIV status) (Figure
2). Trends in rates for all individual infection-unrelated NADC were similar by HIV infection
status, and none showed significant changes among HIV-infected persons (data not shown).
Of note were borderline differences comparing annual changes in HIV-infected and HIV-
uninfected colorectal cancer rates (9% vs. −1%; p=0.12) (data not shown).

We also evaluated whether the association of HIV infection status and cancer risk changed
over time (Table 3). The RR (i.e., HIV-infected vs. HIV-uninfected cancer rate) decreased for
ADC from 89.9 in 1996–99 to 22.5 in 2004–07 (p<0.001). The RR also decreased for infection-
related NADC from 16.9 in 1996–99 to 6.2 in 2004–07 (p<0.001). However the RR did not
change over time for infection-unrelated NADC (p=0.44). Among individual infection-related
NADC, the RR for anal squamous cell cancer decreased from 159.9 in 1996–99 to 94.0 in
2004–07, but differences over time were not statistically significant (p=0.83). Similarly, the
RR for Hodgkin’s lymphoma decreased from 43.3 in 1996–99 to 12.0 in 2004–07 (p=0.10).
Among infection-unrelated cancers, only lung cancer demonstrated statistically significant
differences over time with an RR of 3.9 in 1996–99 and 2.1 in 2004–07 (p=0.010).

DISCUSSION
We determined that infection-related cancers (ADC and infection-related NADC combined)
comprised almost 70% of all cancers in HIV-infected persons enrolled in an integrated
healthcare system in California compared to only 12% in HIV-uninfected persons of similar
age and sex. HIV-infected persons had a more than nine-fold increased risk of infection-related
NADC compared to HIV-uninfected persons, which was largely influenced by differences in
risk for anal squamous cell cancer and Hodgkin’s lymphoma. HIV-infected persons also had
a 30% increased risk of infection-unrelated NADC compared to HIV-uninfected persons,
including a higher risk of other anal, skin, other head and neck, and lung cancers, but lower
risk of prostate cancer. Infection-related NADC risk declined over time for HIV-infected
persons and increased for HIV-uninfected persons. In contrast, the overall infection-unrelated
NADC risk did not change over time for HIV-infected or HIV-uninfected persons.

The substantially greater risk for cancers with a known infectious cause in HIV-infected
persons compared with HIV-uninfected persons may be explained by higher virus co-infection
rates, as demonstrated by others for human herpesvirus-8, HPV and hepatitis B and C [10–
13]. However, general population prevalence for certain viruses, such as Epstein-Barr Virus
[21], are very high and cannot account entirely for the large difference observed here for
Hodgkin’s lymphoma. Alternatively, the greater risk for infection-related cancers observed in
HIV-infected persons, could be further explained by the fact that the suppressed immune
system in HIV-infected persons may reduce the ability to control infections and therefore
suppress the oncogenic viral process. This mechanism is supported by a large meta-analysis
by Grulich et al. [17] who compared cancers elevated in persons with HIV infection and organ
transplant recipients. These two very different populations have few shared risk factors for
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cancer except both populations have suppressed immune systems [17,22]. Most of the cancers
seen with higher frequency in both populations compared to general population rates had a
known infectious cause including ADC, as well as the same infection-related NADC we report
here. Others have demonstrated a higher risk of Hodgkin’s lymphoma [2,6,23–26], oral cavity/
pharynx [2,23], anal [26,27], liver [22] and penis [23] cancers with advanced
immunosuppression measured mainly by closer proximity to an AIDS diagnosis [2,23–25] or
low CD4+ T-cell counts [4,6,26,27]. One study, however, indicated a non-linear association
of Hodgkin’s lymphoma risk and CD4+ T-cell counts [28].

Further evidence of a strong link between immune function and infection-related cancer risk
is provided by our observation that the increased risk of both ADC and infection-related NADC
in HIV-infected persons compared to HIV-uninfected persons has narrowed in recent years.
This observation is consistent with improvements during the ART era in immune function
possibly leading to better control of co-infections [12,15]. In fact, a recent study demonstrated
that prolonged ART use predicts Hepatitis B virus clearance [29], although studies of the effect
of ART on other viruses were inconclusive, including Hepatitis C [30], anal HPV [31], cervical
HPV [32] and Epstein-Barr Virus [33]. Others have actually demonstrated increases in the
incidence of Hodgkin’s lymphoma [2,4], anal cancer [4,27,34], and liver [2] cancer during the
ART era, suggesting that these cancers may not be strongly associated with immune
reconstitution resulting from ART use. It is not clear why trends are somewhat different in our
study, since we observed no changes over time in HIV-infected persons for any cancer in
adjusted models, with the exception of declines in anal squamous cell cancer. One possible
explanation is that many prior studies compared rates between the pre-ART and ART eras,
while ours focused only in the ART era. Piketty et al. [27], for example, in the largest study
focusing on anal cancer, found an increasing trend for years 1992–2004, but no change for
years 1999–2004. It is also possible that trends may be different for certain subgroups. Our
cohort of predominantly HIV-infected White MSM, had very high anal squamous cell cancer
rates early in the ART era. Therefore, it is possible that improvements in immune function may
have a bigger impact in our population. Nevertheless, our findings need replication in other
settings.

We also report here our finding that the risk of infection-unrelated cancers is only marginally
increased in HIV-infected persons compared with HIV-uninfected persons. The meta-analysis
by Grulich et al. [17] demonstrated that other cancers not known to be associated with an
infection were also elevated in both immunosuppressed populations, that is HIV-infected
persons and transplant recipients, including lung and kidney cancers, multiple myeloma, and
leukemia. Others have linked infection-unrelated cancers and immunosuppression [2,23,24,
35,36], most commonly for lung cancer [2,23,35]. However, because the reported increased
risk for infection-unrelated cancers is not large, results are more likely to be attributed to
unmeasured confounding. Unfortunately, few cohorts have the necessary data for complete
adjusted analyses. A recent study of skin cancer suggested that the higher risk of melanoma
for HIV-infected persons was more likely due to confounding by sun exposure or perhaps
increased medical surveillance than due to immunosuppression [37]. However, there is some
indication that the excess risk of lung cancer in HIV-infected persons remains even after
accounting for cigarette use [35,38,39]. Thus, a general effect of immune function on some
infection-unrelated cancers is possible, but further research is warranted.

This study had certain limitations. First, we did not account for cancer risk factors such as
smoking or alcohol use. However, it is not likely that confounding by these and other factors
entirely explained the observed results for cancers with a known infectious cause, given the
large effect sizes. Infection-unrelated NADC, on the other hand, had much smaller effect sizes
and may in fact be explained by confounding factors. A related limitation was the ecologic
evaluation of changes in cancer risk over time. Although we did adjust for differences in age
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and sex over time, it is possible that changes in cancer risk factors confounded our results.
However, if this were the case, one would expect broader changes in cancer risk, rather than
declines only among infection-related cancers. Furthermore, there is no data to suggest that
HIV-infected persons have shown dramatic improvements in the prevalence of risk factors,
such as smoking, alcohol use or viral coinfection. Therefore, we believe results are more likely
attributable to improvements over time in immune function. Nevertheless, studies
incorporating individual-level data are needed to address these questions. Finally, we had
limited generalizability to women, the uninsured, and certain racial/ethnic minorities.

The major strength of our study is the selection and follow-up of large, well-characterized
populations of HIV-infected persons and matched HIV-uninfected persons from the same
health care system. Study results are likely to be highly generalizable to those with access to
healthcare since KP provides care to approximately 30% of all insured Californians in its most
populated areas, and data indicate members are very similar to the local surrounding and
statewide population with respect to age, sex and race/ethnicity, with only slight
underrepresentation of those in lower and higher income and education categories [16].
Furthermore, demographics of HIV-infected KP members are very similar to reported AIDS
cases in California [40]. Another strength is the high quality case ascertainment of HIV
infection status and cancer diagnoses. Finally, this analysis is unique in that we evaluated
differences in the epidemiology of cancers with and without a currently known infectious cause.

In summary, we found that almost 70% of cancers in HIV-infected persons have a currently
known infectious cause compared to only 12% in HIV-uninfected persons. These results have
implications for prevention of cancers in HIV-infected persons. First, we found little evidence
for the need for a different screening approach compared to general guidelines for breast,
prostate or colorectal cancer among HIV-infected persons. However, the higher risk of lung
cancer should be evaluated further including the possible association of this cancer with
immune function, and the need for greater smoking risk reduction. Prevention efforts in HIV-
infected persons, however, should continue to focus on infection-related cancers, including the
evaluation of more routine vaccinations for infections such as hepatitis B, and possibly the
extension of the recently approved HPV vaccine to adolescent boys. However, the HPV vaccine
has not been evaluated in HIV-infected persons, nor has it been evaluated for the prevention
of HPV-associated cancers other than cervical cancer. For anal squamous cell cancer, universal
screening guidelines for the detection of early lesions may also greatly benefit this population.
Finally, our study supports the concept of earlier initiation of ART [41,42], since the burden
of infection-related cancers may be reduced further with improved immune function.
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Figure 1. Changes in age and CD4+ T-cell counts over time for study participants
Mean age of HIV-infected and HIV-unfected persons for years 1996 to 2007. Mean CD4+ T-
cell counts over time also presented for HIV-infected persons. Numbers of HIV-infected and
HIV-uninfected persons each year are also presented.
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Figure 2. Calendar trends for cancers in HIV-infected and HIV-uninfected persons
Crude incidence rates for any infection-related NADC and any infection-unrelated NADC
presented for years 1996–99, 2000–03, and 2004–07. Also presented are individual cancers
that either showed statistically significant trends among HIV-infected persons, or differences
in trends comparing HIV-infected and HIV-uninfected persons. Annual % change in cancer
rates obtained from Poisson regression models adjusting for HIV status, age, sex, calendar
period (continuous) and HIV status/calendar period interaction. P-values are presented for
annual % change within groups, and for the comparison of HIV+ vs. HIV− annual % change.
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Table 1

Study population

HIV+ HIV−

N 20,277 202,313

Person-years 85,309 1,013,645

Mean years follow-up (sd) 4.2 (3.6) 5.0 (3.6)

Index year, n (%)

    1996–99 6,459 (31.9) 64,639 (32.0)

    2000–03 8,747 (43.1) 86,937 (43.0)

    2004–07 5,071 (25.0) 50,737 (25.1)

Mean age (sd) at index 40.9 (9.7) 40.6 (9.9)

Male, n (%) 18,342 (90.5) 182,991 (90.5)

    Race/ethnicity, n (% among known)

    Asian/Pacific Islander 726 (3.9) 15,292 (13.4)

    Black/African-American 3,483 (18.9) 13,316 (11.7)

    Hispanic/Latino 3,837 (20.8) 29,935 (26.3)

    Other 140 (0.8) 1,497 (1.3)

    White 10,254 (55.6) 53,842 (47.3)

n unknown (% of total) 1,837 (9.1) 88,431 (43.7)

HIV exposure risk, n (%)

    Men who have sex with men 11,222 (73.7) --

    Injection drug use1 1,179 (7.7) --

    Heterosexual 2,501 (16.4) --

    Other 330 (2.2) --

n unknown (% of total) 5,045 (24.9) --

Any ART use prior to index, n (%) 5,534 (27.3) --

CDC AIDS prior to index, n (%) 5,573 (27.5) --

Mean CD4 (sd) at index 388.9 (286.8) --

Mean HIV log RNA at index 4.8 (5.1) --

SD, standard deviation

1
With or without also reporting men who have sex with men

AIDS. Author manuscript; available in PMC 2010 November 13.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Silverberg et al. Page 13

Ta
bl

e 
2

In
fe

ct
io

n-
re

la
te

d 
an

d 
-u

nr
el

at
ed

 c
an

ce
r r

at
es

 b
y 

H
IV

 in
fe

ct
io

n 
st

at
us

H
IV

-in
fe

ct
ed

H
IV

-u
ni

nf
ec

te
d

C
as

es
R

at
e1

C
as

es
R

at
e1

R
R

 (9
5%

 C
I)

2
p

A
ny

 A
D

C
55

2
66

8.
7

17
9

17
.7

37
.7

 (3
1.

7–
44

.8
)

<0
.0

01

K
S

31
4

37
7.

3
6

0.
6

63
3.

6 
(2

80
.3

–1
43

2.
2)

<0
.0

01

N
H

L
25

5
30

2.
6

16
7

16
.5

18
.1

 (1
4.

8–
22

.1
)

<0
.0

01

In
va

si
ve

 C
er

vi
x

2
23

.9
6

6.
1

2.
9 

(0
.5

–1
6.

2)
0.

22
0

A
ny

 N
A

D
C

60
0

72
3.

9
36

78
36

9.
5

1.
9 

(1
.7

–2
.0

)
<0

.0
01

In
fe

ct
io

n-
re

la
te

d 
N

A
D

C
22

1
26

2.
6

28
4

28
.1

9.
2 

(7
.7

–1
1.

1)
<0

.0
01

A
na

l s
qu

am
ou

s c
el

l
11

0
13

0.
2

11
1.

1
10

1.
6 

(5
4.

3–
18

9.
9)

<0
.0

01

V
ag

in
a/

vu
lv

a
22

26
4.

9
12

12
.1

19
.5

 (9
.2

–4
1.

1)
<0

.0
01

H
od

gk
in

’s
 ly

m
ph

om
a

47
55

.4
29

2.
9

18
.7

 (1
1.

6–
30

.1
)

<0
.0

01

Pe
ni

s
4

5.
2

8
0.

9
5.

8 
(1

.7
–1

9.
8)

0.
00

6

Li
ve

r
22

25
.9

94
9.

3
3.

3 
(2

.1
–5

.4
)

<0
.0

01

H
PV

-r
el

at
ed

 o
ra

l s
qu

am
ou

s c
el

l3
11

13
.0

56
5.

5
2.

0 
(1

.1
–3

.9
)

0.
03

4

St
om

ac
h

5
5.

9
74

7.
3

0.
8 

(0
.3

–2
.0

)
0.

65
4

In
fe

ct
io

n-
un

re
la

te
d 

N
A

D
C

38
8

46
3.

5
34

18
34

3.
1

1.
3 

(1
.2

–1
.4

)
<0

.0
01

O
th

er
 a

na
l

32
37

.7
10

1.
0

35
.3

 (1
7.

1–
73

.0
)

<0
.0

01

N
on

-m
el

an
om

a 
sk

in
11

12
.9

12
1.

2
10

.6
 (4

.6
–2

4.
4)

<0
.0

01

O
th

er
 h

ea
d 

an
d 

ne
ck

31
36

.5
14

0
13

.9
2.

7 
(1

.8
–4

.1
)

<0
.0

01

Sa
rc

om
a

8
9.

4
45

4.
5

2.
1 

(1
.0

–4
.4

)
0.

06
4

Lu
ng

54
63

.6
34

2
33

.9
1.

9 
(1

.4
–2

.5
)

<0
.0

01

M
el

an
om

a
52

61
.4

35
9

35
.6

1.
5 

(1
.1

–2
.0

)
0.

00
6

Te
st

es
9

11
.8

62
6.

8
1.

7 
(0

.8
–3

.4
)

0.
16

2

K
id

ne
y

16
18

.8
12

6
12

.5
1.

5 
(0

.9
–2

.5
)

0.
15

2

H
em

at
ol

og
ic

4
17

20
.0

14
1

14
.0

1.
4 

(0
.8

–2
.3

)
0.

19
2

C
ol

or
ec

ta
l

41
48

.3
41

0
40

.7
1.

2 
(0

.9
–1

.6
)

0.
29

0

B
re

as
t

15
17

.7
20

1
19

.9
0.

9 
(0

.5
–1

.6
)

0.
73

4

B
ra

in
/C

N
S

4
4.

7
53

5.
2

0.
9 

(0
.3

–2
.4

)
0.

79
7

Pr
os

ta
te

74
97

.0
11

95
13

1.
9

0.
7 

(0
.5

–0
.9

)
0.

00
2

AIDS. Author manuscript; available in PMC 2010 November 13.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Silverberg et al. Page 14
C

I, 
co

nf
id

en
ce

 in
te

rv
al

; N
A

D
C

, n
on

-A
ID

S-
de

fin
in

g 
ca

nc
er

; R
R

, r
at

e 
ra

tio

1 cr
ud

e 
ra

te
 p

er
 1

00
,0

00
 p

er
so

n-
ye

ar
s

2 R
at

e 
ra

tio
s f

ro
m

 P
oi

ss
on

 re
gr

es
si

on
 m

od
el

s i
nc

lu
de

d 
te

rm
s f

or
 H

IV
 st

at
us

, a
ge

, s
ex

, c
al

en
da

r p
er

io
d,

 a
nd

 ra
ce

/e
th

ni
ci

ty
. S

ta
nd

ar
d 

m
ul

tip
le

 im
pu

ta
tio

n 
m

et
ho

ds
 w

er
e 

us
ed

 w
ith

 im
pu

ta
tio

n 
fo

r m
is

si
ng

 ra
ce

/
et

hn
ic

ity
.

3 U
si

ng
 d

ef
in

iti
on

 d
es

cr
ib

ed
 b

y 
C

ha
tu

rv
ed

i e
t a

l. 
[1

9]

4 M
ul

tip
le

 m
ye

lo
m

a 
an

d 
le

uk
em

ia

AIDS. Author manuscript; available in PMC 2010 November 13.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Silverberg et al. Page 15

Table 3

Adjusted rate ratios1 for HIV-infected versus HIV-infected cancer rate by calendar period

Rate ratio (95% confidence interval) for HIV+ vs. HIV−

1996–99 2000–03 2004–07 p2

Any ADC 89.9 (59.2–136.5) 39.5 (29.8–52.3) 22.5 (17.4–29.1) <0.001

NHL 34.4 (21.6–54.7) 22.6 (16.3–31.2) 11.3 (8.3–15.3) <0.001

Any NADC 2.6 (2.1–3.2) 2.0 (1.7–2.3) 1.9 (1.7–2.1) 0.042

Infection-related NADC3 16.9 (11.0–25.9) 12.2 (9.1–16.4) 6.2 (4.8–8.1) <0.001

Anal squamous cell 159.9 (38.0–672.5) 122.9 (49.1–307.8) 94.0 (33.2–266.3) 0.83

Hodgkin’s lymphoma 43.3 (12.1–155.4) 28.6 (11.8–68.9) 12.0 (6.4–22.8) 0.097

Liver 3.3 (0.9–11.7) 4.5 (1.7–11.4) 2.4 (1.3–4.3) 0.54

HPV-related oral squamous cell4 4.0 (0.8–19.8) 3.0 (1.2–7.2) 1.4 (0.4–4.7) 0.49

Infection-unrelated NADC3 1.4 (1.0–1.9) 1.3 (1.0–1.5) 1.5 (1.3–1.7) 0.44

Other head and neck 2.3 (0.9–6.0) 1.6 (0.7–3.5) 3.8 (2.2–6.3) 0.169

Lung 3.9 (2.1–7.1) 1.1 (0.6–1.9) 2.1 (1.4–3.2) 0.010

Melanoma 2.3 (1.2–4.5) 1.8 (1.1–2.9) 1.5 (1.0–2.4) 0.57

Kidney 0.7 (0.1–5.3) 1.7 (0.6–4.2) 1.7 (0.9–3.3) 0.66

Hematologic5 0.8 (0.1–6.0) 1.8 (0.8–4.0) 1.4 (0.7–2.8) 0.70

Colorectal 0.6 (0.2–1.8) 1.2 (0.7–2.0) 1.5 (1.0–2.2) 0.26

Breast 1.5 (0.4–4.9) 1.0 (0.4–2.4) 0.7 (0.3–1.6) 0.61

Prostate 0.3 (0.1–1.1) 0.8 (0.6–1.2) 0.8 (0.6–1.1) 0.26

NADC, non-AIDS-defining cancer

1
Rate ratios from Poisson regression models included terms for HIV status, age, sex, calendar period and HIV status/calendar period interaction

2
P-value tests overall difference in rate ratio over the three calendar periods.

3
Few events for certain cancers among either HIV+ or HIV− persons precluded the evaluation of calendar-era specific RRs including penis, vagina/

vulva, and stomach cancers among infection-related cancers and other anal, non-melanoma skin, sarcomas, and testes cancers among infection-
unrelated cancers

4
Using definition described by Chaturvedi et al. [19]

5
Multiple myeloma and leukemia
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