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ABSTRACT
Objective: Non-AIDS-defining cancers (NADCs) have
emerged as significant contributors to cancer mortality
and morbidity among persons living with HIV (PLWH).
Because NADCs are also associated with many social
and behavioural risk factors that underlie HIV,
determining the extent to which each of these factors
contributes to NADC risk is difficult. We examined
cancer incidence and mortality among persons with a
history of incarceration, because distributions of other
cancer risk factors are likely similar between prisoners
living with HIV and non-infected prisoners.
Design: Registry-based retrospective cohort study.
Participants: Cohort of 22 422 persons incarcerated
in Georgia, USA, prisons on 30 June 1991, and still
alive in 1998.
Outcome measures: Cancer incidence and mortality
were assessed between 1998 and 2009, using cancer
and death registry data matched to prison
administrative records. Age, race and sex-adjusted
standardised mortality and incidence ratios, relative to
the general population, were calculated for AIDS-
defining cancers, viral-associated NADCs and non-
infection-associated NADCs, stratified by HIV status.
Results: There were no significant differences in
cancer mortality relative to the general population in
the cohort, regardless of HIV status. In contrast,
cancer incidence was elevated among the PLWH.
Furthermore, incidence of viral-associated NADCs was
significantly higher among PLWH versus those without
HIV infection (standardised incidence ratio=6.1, 95%
CI 3.0 to 11.7, p<0.001).
Conclusions: Among PLWH with a history of
incarceration, cancer incidence was elevated relative to
the general population, likely related to increased
prevalence of oncogenic viral co-infections. Cancer
prevention and screening programmes within prisons
may help to reduce the cancer burden in this high-risk
population.

INTRODUCTION
In contrast to declining trends in incidence
for the two major AIDS-defining cancers

(ADCs; Kaposi sarcoma and non-Hodgkin
lymphoma), rates for some non-ADCs
(NADCs) remain elevated or have increased
over time for persons living with HIV
(PLWH) despite widespread access since
1996 to highly active antiretroviral therapy
(HAART).1 Although the causes of temporal
increases for some NADCs are complex and
multifactorial, an increased prevalence of
lifestyle-related risk factors (eg, tobacco
exposure) and the role of prolonged moder-
ate levels of immune suppression among
PLWH versus uninfected persons likely con-
tribute to increased rates of NADCs.2–4

Studying cancer among prisoners with and
without HIV offers an opportunity to assess
the extent to which the heightened risk for
malignancies is due to HIV infection itself
versus the social and behavioural factors that
underlie HIV infection. Regardless of HIV
status, incarcerated persons often experi-
ence substance abuse, poverty and poor
access to medical care prior to incarcer-
ation.5–7 Thus, among inmates, the distribu-
tion of important cancer risk factors may be
similar between PLWH and non-infected
persons.

Strengths and limitations of this study

▪ Persons living with HIV and HIV-uninfected
members of the cohort both experienced a
history of incarceration and likely have a similar
distribution of cancer risk factors.

▪ The study design and long follow-up period
emphasise long-term consequences of viral
infection and exposure to alcohol and tobacco.

▪ Underestimation of associations with HIV infec-
tion is possible as we could not ascertain if
those who tested HIV negative on prison entry
later seroconverted to HIV.
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Numerous studies have found twofold to threefold ele-
vated risk for NADCs among PLWH relative to the
general population.8–10 A meta-analysis suggests that the
cancer burden differs among those with and without
HIV, with the former having excesses of
infection-associated malignancies, notably Hodgkin
lymphoma (Epstein-Barr virus, EBV), anal cancer
(human papillomavirus, HPV), and liver cancer (hepa-
titis B and C viruses, HBV and HCV).8–11 Lung cancer
rates are also higher among PLWH.12 The reasons why
the distribution of NADCs differs between PLWH and
non-infected individuals are unclear, though some
hypotheses exist. The increased prevalence of smoking
among PLWH13 does not fully account for the observed
elevated lung cancer incidence.12 14 Persistent lung
injury from pneumonias, prolonged immunosuppres-
sion, oxidative stress and HAART toxicity may contribute
to lung tumorigenesis.10–12 Higher prevalence of
co-infection with oncogenic viruses in some subgroups of
HIV patients likely plays a role. For example, persistent
anal HPV infections are high among men living with HIV
who have sex with men, contributing to the observed
increase in invasive anal cancer in this population.15

Similarly, liver cancer rates are elevated among PLWH
with a history of injection drug use due to a high preva-
lence of chronic HBV and HCV infections. EBV is nearly
ubiquitous among all US adults; however, among PLWH,
Hodgkin lymphoma is a common NADC, perhaps due to
changes in the immune system mediated by HAART.10 16

We previously conducted a retrospective cohort study
of all-cause mortality in 23 510 incarcerated men and
women in the state of Georgia (GA) on 30 June 1991 by
linking prison records with the National Death Index
(NDI) in 2006.17 The study was recently updated to
include deaths through 2010 and found 5% of the popu-
lation were HIV infected and overall cancer was a close
second to heart disease as a leading cause of death
among all prisoners regardless of HIV status.6

The primary goal of the current study was to link the
GA prisoner cohort from our previous study to the GA
Comprehensive Cancer Registry (GCCR) database in
order to ascertain cancer incidence data and to deter-
mine and compare cancer incidence patterns in PLWH
and non-infected cohort members in the HAART era.
Specifically, we sought to (1) characterise the distribution
of incident cancers and cancer deaths among PLWH and
uninfected cohort members; (2) compare the distribu-
tion of site-specific cancers in this cohort with the general
GA population using standardised incidence ratios (SIRs)
and standardised mortality ratios (SMRs); and (3)
compare cancer incidence and mortality rates between
the PLWH in the cohort and uninfected cohort members.

METHODS
Study population
As described in our prior studies,6 17 the initial cohort
consisted of all persons incarcerated in GA prisons on

30 June 1991. Administrative records containing demo-
graphic data and incarceration history were obtained
from the GA Department of Corrections (GDC)
Planning and Strategic Management Section and linked
with the NDI through 31 December 2010.6 Participants
could be either in prison, in the general population or
alternating between both during the observational
period.17 For the current analysis, we only considered
those participants in the cohort who were alive on 1
January 1998. Between 30 June 1991 and 31 December
1997, a total of 1088 people died and 22 422 remained
alive. Although we had mortality information on the
cohort since 1991, cancer incidence data were not avail-
able until 1998, which was well into the HAART era. We
defined cause of death as the primary cause of death on
the death certificate. We also removed from our analytic
population 68 persons who did not identify as being
‘black’ or ‘white’ because we could not generate
expected cancer or death counts for them. Therefore,
follow-up for study outcomes in the current analysis
began on 1 January 1998 and included 22 354 people
who were followed until 31 December 2010, cancer inci-
dence or death.
The GDC administrative records contain the result of

every HIV test performed during any prison stay. Using
data from these records, participants were classified into
two categories: ever HIV infected or no record of HIV
positivity (hereafter referred to as HIV negative). The
latter category includes those with missing HIV test
results. Decedents were also classified as being persons
who had lived with HIV for the entire study period if
HIV was listed as the underlying or as a contributory
cause of death on the death certificate. ADC assumes an
HIV-infected status; when discussing these cancers in the
HIV-negative population, we mean cancers of the same
type as those that qualify as ADC.

Statistical analysis
The first aim was to characterise cancer incidence and
mortality during 1998–2009 in the cohort of persons in
prison on 30 June 1991. To ascertain incident cancer,
administrative data on the cohort from the GDC were
matched with the GCCR using probabilistic matching
algorithms. Invasive cancers were categorised using the
International Classification of Diseases for Oncology,
third edition (ICD-O-3) codes,18 and only the first
cancers were considered. Mortality was assessed through
probabilistic matching with GCCR, and, for those with
no matches in GCCR, a successive probabilistic matching
with the NDI. Mortality data included the date of death
and the ICD-9 or ICD-10 codes for the underlying and
contributing causes of death.19 20

We first calculated the number of person-years of
follow-up for the cohort, for PLWH and HIV-negative
individuals. We also determined the frequency distribu-
tions of descriptive cohort characteristics including age
in 1998, race, sex, educational level, pre-prison employ-
ment status, number of prison releases, vital status and
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cause of death, which were then stratified by HIV status.
Finally, we calculated frequency distributions of stage at
diagnosis for incident cancers, by HIV status and cancer
type. SEER Summary Staging 1977 was used to stage
cancers diagnosed between 1998 and 2000, SEER
Summary Staging 2000 for cancers diagnosed between
2001 and 2003, and Collaborative Stage Derived Stage
2000 for cancers diagnosed in 2004 and later.
We used Pearson’s χ2 test to assess associations of cat-

egorical variables and Student’s t test for continuous
variables.
The second aim was to compare the GA prisoner

cohort to the GA general population with regard to
cancer incidence and mortality. SMRs and SIRs (mea-
sures of risk relative to the general population) were cal-
culated for all cancer types: ADCs (Kaposi sarcoma,
non-Hodgkin lymphoma and cervical cancer),
infection-associated NADC and non-infection-associated
NADC. Infection-associated NADCs included a subset of
NADCs with a known infectious cause: HPV-related anal
and oropharyngeal cancer, HBV-related and/or
HCV-related liver cancer and EBV-related Hodgkin
lymphoma.9 21 All other cancers were considered not to
be infection-related NADCs. SMRs were adjusted for age
(in 5-year intervals), race, sex and year of death.
Underlying population mortality rates in GA were deter-
mined using SEER*Stat software (http://seer.cancer.
gov/seerstat) and were used to calculate expected death
counts. SIRs were also adjusted for age (in 5-year inter-
vals), race, sex and year of diagnosis. Underlying popula-
tion cancer incidence rates (IRs) in GA were
determined with SEER*Stat and were used to calculate
expected count of incident cases. We only considered
population rates as recorded in GA SEER registries
(Atlanta Metropolitan and Rural GA in 1998 and 1999,
and Atlanta Metro, Rural GA, and Greater GA from
2000 to 2009). In order to account for out-migration of
the cohort from GA, we scaled the number of expected
cases to the proportion of the cohort remaining in GA
each year.
The third aim was to conduct an internal comparison

of cancer incidence and mortality by HIV status. SMRs
and SIRs were stratified by HIV status and corresponding
95% CIs were calculated using the Poisson distribution.
Both SIRs and SMRs were considered to be statistically
significant if their 95% CIs did not include the null
value of 1.0. SIRs and SMRs and their 95% CIs were cal-
culated using exact methods.22 23 All analyses were con-
ducted on de-identified data using SAS V.9.3 (Cary,
North Carolina, USA). p Values <0.05 were considered
statistically significant.

RESULTS
Demographics
Demographic characteristics by HIV status are presented
in table 1. Among 22 354 persons in the cohort remain-
ing alive on 1 January 1998, there were 848 (3.8%) who

were classified as PLWH and 21 506 as HIV negative.
Incarcerated PLWH were more likely to be younger,
black, female, less educated and have more releases
during the study period. Among PLWH, 37.0% died
during the observation period versus 11.4% among
HIV-negative people (p<0.0001). HIV infection and car-
diovascular disease were the leading cause of death for
PLWH and those HIV negative, respectively.

Characterising cancer within the prison cohort during
1998–2009
Cancer incidence among study participants are pre-
sented by HIV status and cancer site (table 2). The
incidence of all cancers combined (per 100 000 person-
years) was higher (IR=560.8, 95% CI 419.5 to 735.4)
among PLWH versus HIV-negative individuals
(IR=303.5, 95% CI 283.0 to 325.1; table 2). IRs for all
ADCs, liver and anal cancer, and Hodgkin’s lymphoma
were higher among PLWH versus negative participants.
Lung cancer was the most common incident NADC for
PLWH and HIV-negative people. Rates of prostate
cancer were higher among the HIV negative, a finding
that has been previously observed.24 25 The IR per
100 000 person-years of lung cancer among PLWH
(91.6, 95% CI 42.5 to 173.9) exceeded that among the
HIV-negative group (74.9, 95% CI 65.0 to 85.9) but the
95% CIs for the estimates overlapped (table 2). Stage at
diagnosis of incident cancers (see online supplemen-
tary tables I–III) did not differ significantly by HIV
status.
Study participants living with HIV experienced few

cancer deaths (N=12; table 3). Lung cancer was the
most common cause of cancer death among this group
(N=5; table 3). There was a single infection-associated
NADC death: one participant died of hepatocellular car-
cinoma. Among HIV-negative participants, there were
481 cancer-related deaths. Lung (N=195), colorectal
(N=43) and hepatocellular cancer (N=28) predomi-
nated. Mortality rates for all causes of cancer deaths
(table 3) did not differ significantly by HIV status.

Comparing the prisoner cohort to the GA general
population: an external comparison
Among PLWH in the cohort, SIRs (a measure of relative
risk, adjusted to the general population) were signifi-
cantly greater than 1.0 for all cancers combined and for
ADC, viral-associated NADC and lung cancer (table 4).
Only the SIR for lung cancer (1.5, 95% CI 1.3 to 1.7)
was significantly higher than 1.0 for HIV-negative
individuals.
All-cancer mortality was elevated for both prisoner

groups (compared with the general population),
although the SMR was only statistically significant for
HIV-negative individuals (SMRs for both groups=1.2;
table 5). The SMR for non-infection-related NADCs in
PLWH was 1.4, but the 95% CI was wide and included
1.0. No ADC deaths were observed among PLWH during
the study period. HIV-negative individuals had
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significantly higher all-cause mortality and cancer mor-
tality, except from ADC, as compared with the reference
population.

An indirect, internal comparison of cancer incidence and
mortality ratios by HIV status
SIRs (table 4) for all cancers combined (2.3, 95% CI 1.7
to 3.0) and viral-associated NADCs (6.1, 95% CI 3.0 to
11.7) were both significantly elevated (p<0.001 for each)
among PLWH versus negative individuals. CIs for the
SIRs for non-viral associated ADCs between the PLWH
and HIV negative overlapped.
Table 5 illustrates that all-cause mortality was higher

among PLWH versus negative participants (SMR=4.3,

95% CI 3.8 to 4.9, p<0.001). However, the SMRs for all
cancers, and cancers by type, did not significantly differ.

DISCUSSION
In this exploratory pilot study of a cohort incarcerated
two decades ago, we found that incident cancers were
common among both PLWH and non-infected members
of the cohort imprisoned on 30 June 1991. During the
HAART era, rates of viral-associated NADCs were about
six times higher than expected among PLWH relative to
the general population, highlighting a higher preva-
lence of oncogenic viral co-infections and perhaps
poorer overall health status. Regarding cancer mortality,

Table 1 Selected demographic characteristics of 22 354 inmates incarcerated in a Georgia state prison on 30 June 1991

and followed from 1 January 1998 until 31 December 2010, USA

HIV infected

(N=848)*

HIV negative

(N=21 506)†

Characteristic N Per cent N Per cent p Value

Age in 1998 (years)

20–29 91 10.7 2547 11.8

30–39 439 51.8 9990 46.5

40–49 274 32.3 6273 29.2

≥50 44 5.2 2696 12.5

Mean (SD) 39 (9) 38 (7) <0.0001‡

Race/ethnicity <0.0001

Black, non-Hispanic 760 89.6 14 047 65.3

White, non-Hispanic 88 10.4 7459 34.7

Gender 0.038

Male 787 92.8 20 318 94.5

Female 61 7.2 1188 5.5

Education level in 1991 0.014§

Less than high school 516 60.9 12 388 57.6

High school or GED 201 23.7 6127 28.5

More than high school 94 11.1 2214 10.3

Unknown 37 4.4 777 3.6

Number of releases during observation period¶

0 415 48.9 12 469 58.0

1 277 32.7 6077 28.3

2 100 11.8 2086 9.7

3 44 5.2 669 3.1

≥4 12 1.4 205 1.0

Deceased at study end <0.0001

Yes 314 37.0 2457 11.4

No 534 63.0 19 049 88.6

Primary cause of death

HIV infection 221 70.4 0 0

Cardiovascular diseases 23 7.3 691 28.1

Cancer 12 3.8 481 19.6

Liver disease** 7 2.2 163 6.6

Homicide 6 1.9 142 5.8

Other 45 14.4 980 39.9

*Includes 792 who were HIV infected and 56 who had HIV infection as a cause of death.
†Includes 20 474 who were HIV negative, 15 who had an indeterminate result and 1017 unknown.
‡t test.
§Calculation excludes those with unknown education level. The p value including those with unknown status is 0.02.
¶Data available through 2 September 2010.
**Excludes liver cancer.
GED, general educational development.
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there were few cancer deaths among the PLWH in the
cohort hampering our ability to draw strong conclusions
regarding differences by HIV status among people with
a history of incarceration. Nonetheless, there was a sug-
gestion that liver cancer deaths may be elevated in this
population. Though we did not have data on the preva-
lence of HBV and HCV infection in this population, as
GA prisons do not conduct routine screening for these
viruses, previous studies of incarcerated populations

have found that seroprevalence of these infections is
high.26 27 Similar to studies of PLWH in the general
population, PLWH with a history of incarceration are at
elevated risk for some cancers, which warrants public
health interventions.
The pattern of incident cancers among PLWH in our

study differs somewhat from among PLWH observed pre-
viously. Similar to a large nationally representative study,
we found that non-Hodgkin lymphoma was the most

Table 2 Unadjusted cancer incidence, per 100 000 PY, by site and HIV status

HIV infected HIV negative

N Incidence per 100 000 PY (95% CI) N Incidence per 100 000 PY (95% CI)

All cancers 49 560.8 (419.5 to 735.4) 798 303.5 (283.0 to 325.1)

ADC 16 183.1 (108.4 to 291.0) 29 11.0 (7.5 to 15.6)

Non-Hodgkin lymphoma 13 148.8 (82.8 to 248.1) 28 10.6 (7.2 to 15.2)

Kaposi sarcoma 2 22.9 (3.8 to 75.6) 0 –

Cervix 1 11.4 (0.6 to 56.4) 1 0.4 (0.02 to 1.9)

Viral-related NADC 10 114.5 (58.1 to 204.0) 54 20.5 (15.6 to 26.6)

Liver 4 45.8 (14.6 to 110.4) 25 9.5 (6.3 to 13.8)

HPV-related oral* 1 11.4 (0.6 to 56.4) 18 6.8 (4.2 to 10.6)

Anal 2 22.9 (3.8 to 75.6) 2 0.8 (0.1 to 2.5)

Hodgkin lymphoma 3 34.3 (8.7 to 93.5) 8 3.0 (1.4 to 5.8)

Penis 0 – 1 0.4 (0.02 to 1.9)

Non-viral-related NADC 23 263.2 (170.9 to 388.8) 715 271.9 (252.5 to 292.4)

Lung and bronchus 8 91.6 (42.5 to 173.9) 197 74.9 (65.0 to 85.9)

Prostate 1 11.4 (0.6 to 56.4) 165 62.7 (53.7 to 72.9)

Colorectal 5 57.2 (21.0 to 126.9) 82 31.2 (25.0 to 38.5)

Kidney and renal pelvis 2 22.9 (3.8 to 75.6) 34 12.9 (9.1 to 17.9)

Stomach 1 11.4 (0.6 to 56.4) 18 6.8 (4.2 to 10.6)

Other 6 68.7 (27.8 to 142.8) 205 78.0 (67.8 to 89.2)

*Oropharynx, tonsil, tongue (squamous cell).
ADC, AIDS-defining cancer; NADC, non-ADC; PY, person-years.

Table 3 Unadjusted all-cause and cancer mortality rates, per 100 000 PY, by site and HIV status

HIV infected HIV negative

N Incidence per 100 000 PY (95% CI) N Incidence per 100 000 PY (95% CI)

All-cause mortality 314 3560.1 (3182.4 to 3970.7) 2457 926.5 (890.5 to 963.7)

All cancers 12 136.1 (73.7 to 231.3) 481 181.4 (165.7 to 198.2)

ADC 0 – 12 4.5 (2.5 to 7.7)

Non-Hodgkin lymphoma 0 – 12 4.5 (2.5 to 7.7)

Kaposi sarcoma 0 – 0 –

Cervix 0 – 0 –

Viral-related NADC 1 11.3 (0.6 to 55.9) 35 13.2 (9.3 to 18.2)

Liver 1 11.3 (0.6 to 55.9) 28 10.6 to 15.1)

HPV-related oral* 0 – 5 1.9 (0.7 to 4.2)

Anal 0 – 2 0.8 (0.1 to 2.5)

Hodgkin lymphoma 0 – 0 –

Penis 0 – 0 –

Non-viral-related NADC 11 124.7 (65.6 to 216.8) 434 163.7 (148.8 to 179.6)

Lung and bronchus 5 56.7 (20.8 to 125.7) 195 73.5 (63.7 to 84.4)

Prostate 0 – 21 7.9 (5.0 to 11.9)

Colorectal 2 22.7 (3.8 to 74.9) 43 16.2 (11.9 to 21.6)

Kidney and renal pelvis 0 – 15 5.7 (3.3 to 9.1)

Stomach 0 – 16 6.0 (3.6 to 9.6)

Other 4 45.4 (14.4 to 109.4) 124 46.8 to 55.6)

*Oropharynx, tonsil, tongue (squamous cell).ADC, AIDS-defining cancer; NADC, non-ADC; PY, person-years.
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Table 4 SIRs* in a prisoner cohort, by subtypes of cancers and HIV status

HIV infected HIV negative

Observed Expected SIR (95% CI) Observed Expected SIR (95% CI) SIR (95% CI) p Value†

All cancers 49 26 2.0 (1.5 to 2.6) 798 928 0.9 (0.8 to 0.9) 2.3 (1.7 to 3.0) <0.001

ADC 16 2 8.0 (4.6 to 13.0) 29 53 0.6 (0.4 to 0.8) 14.6 (7.8 to 26.8) <0.001

NADC 33 24 1.4 (0.9 to 1.9) 769 916 0.8 (0.8 to 0.9) 1.6 (1.1 to 2.3) 0.009

Viral-associated 10 2 6.3 (3.0 to 11.5) 54 53 1.0 (0.8 to 1.3) 6.1 (3.0 to 11.7) <0.001

Non-viral-associated 23 23 1.0 (0.6 to 1.5) 715 863 0.8 (0.8 to 0.9) 1.2 (0.8 to 1.8) 0.37

Lung and bronchus 8 3 2.7 (1.2 to 5.3) 197 134 1.5 (1.3 to 1.7) 1.8 (0.8 to 3.5) 0.12

Colorectal 5 3 1.7 (0.5 to 3.9) 82 98 0.8 (0.7 to 1.04) 2.0 (0.7 to 4.6) 0.16

95% CIs for SIR were estimated using exact methods based on the Poisson distribution. Exact methods were used to compare two SIRs (Brownlee,22 p. 184 and WHO23).
*SIRs adjusted for age (in 5-year intervals), race, sex and year of diagnosis.
†p Value is for SIR difference.
ADC, AIDS-defining cancer; NADC, non-ADC; SIR, standardised incidence ratio.

Table 5 SMRs* in a prisoner cohort, by subtypes of cancers and HIV status

HIV infected HIV negative

Observed Expected SMR (95% CI) Observed Expected SMR (95% CI) SMR (95% CI) p Value†

All causes 314 55 5.7 (5.1 to 6.4) 2457 1863 1.3 (1.3 to 1.4) 4.3 (3.8 to 4.9) <0.001

All cancers 12 10 1.2 (0.6 to 2.1) 481 394 1.2 (1.1 to 1.3) 1.0 (0.5 to 1.7) 0.99

ADC 0 0.3 – 12 13 0.9 (0.5 to 1.6) – –

NADC 12 10 1.2 (0.6 to 2.1) 469 381 1.2 (1.1 to 1.4) 1.1 (0.6 to 1.8) 0.81

Viral-associated 1 0.7 1.4 (0.04 to 8.0) 35 23 1.5 (1.1 to 2.1) 0.9 (0.05 to 4.9) 1.00

Non-viral-associated 11 9 1.2 (0.6 to 2.2) 434 358 1.2 (1.1 to 1.3) 1.01 (0.5 to 1.8) 0.94

Lung and bronchus 5 3 1.7 (0.5 to 3.9) 195 121 1.6 (1.4 to 1.9) 1.03 (0.4 to 2.3) 0.89

Colorectal 2 1 2.0 (0.2 to 7.2) 43 40 1.1 (0.8 to 1.5) 1.9 (0.3 to 6.5) 0.40

95% CIs for SMR were estimated using exact methods based on the Poisson distribution. Exact methods were used to compare two SMRs (Brownlee,22 p. 184 and WHO23).
*SMRs were adjusted for age (in 5-year intervals), race, sex and year of death.
†p Value is for SMR difference.
ADC, AIDS-defining cancer; NADC, non-ADC; SMR, standardised mortality ratio.
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common ADC.28 However, among PLWH with a history
of incarceration, we noted lung, colon and liver cancers
as the most common NADCs versus lung, anal and pros-
tate cancers in the general HIV population.1 3 Reasons
for fewer anal cancers diagnosed in the cohort are
unclear—whether participants have lower risk versus risk
undisclosed to their healthcare providers and thus less
frequent screening. The paucity of prostate cancers may
stem from this being a relatively young population.
Nonetheless, the elevated SIRs among PLWH in our
study for ADCs and NADCs (particularly viral-associated
NADCs) are important areas for prevention and future
research.
Relative to the general population, all-cause mortality,

but not cancer mortality, was significantly elevated
among PLWH versus HIV-negative participants with a
history of incarceration. Perhaps this reflects an even
playing field between PLWH and HIV-negative patients
with cancer with regard to mortality. Conversely, the
follow-up period may have been insufficient for incident
cancers to have progressed into fatal disease. It is also
possible that HIV-related mortality presented a compet-
ing risk for this group, thus attenuating the rate of
cancer mortality. Our analyses of cancer mortality were
likely underpowered due to the small number of
observed cancer deaths among PLWH with a history of
incarceration, although the point estimates for all
cancers combined (SMR=1.2) suggested an increased
risk of cancer death. Two recent studies suggest that
cancer treatment rates are lower among people with
HIV/AIDS, which likely contributes to this disparity.29 30

Elevated all-cause mortality among PLWH relative to the
general population may be due in part to inadequate
control of HIV-related disease, underscoring the need
for programmes that retain PLWH in the HIV care
system after release.31–33

Although most prison systems lack adequate resources
to expand cancer screening and prevention pro-
grammes, courts have ruled that they cannot have delib-
erate indifference to previously existing or newly
diagnosed medical conditions. HIV viral suppression—
which is associated with increased survival time and a
decreased risk of some ADCs and NADCs—should be a
focus for prisoners living with HIV.34 35 Additionally,
treatment and screening for HBV and HCV, which
decrease the risk of hepatocellular carcinoma, are
important components of correctional healthcare
systems. Finally, smoking is associated with a number of
cancers, and tobacco cessation reduces the risk of lung
and other tobacco-associated malignancies. A prison
record may hinder employment and thus health insur-
ance, resulting in decreased access to healthcare. Lack
of insurance36 37 and diminished lifetime earning
power,38 estimated 10–30% less among people with a
history of incarceration,39 40 may increase risk of several
cancer types as well as adversely impact treatment and
survival. In addition, exposure to known carcinogens is
high among prisoners: 65.7% and 85.4% are smokers

and alcohol users, respectively, and risk of cancer is
higher than age, gender, race, socioeconomic controls;
only when further adjusting for smoking does the risk of
cancer become equivalent to the non-incarcerated.41

This study has several strengths. Persons in the
HIV-infected and HIV-uninfected arms had some
characteristics in common, most notably incarceration.
PLWH were more likely to be black and less educated,
factors associated with poorer overall, HIV and cancer-
specific survival; on the other hand, they were younger
and more likely female, factors that are normally pro-
tective. Nonetheless, if they were not matched by socio-
economic status in 1991, releasees in both arms had to
contend with similar barriers to healthcare.
Additionally, by studying a cohort formed by taking a
cross-section of persons dwelling in prison, rather than
a cohort of releasees, we de-emphasise immediate
deaths, including cancer deaths. Instead, the method-
ology highlights long-term sequelae of exposure to
toxins such as alcohol and tobacco, and viruses such as
HBV and HCV.6

Our study also has limitations, such as possible ascer-
tainment bias. We did not have access to HIV status
apart from the prison records and death data. Some
persons classified as HIV negative based on prison entry
testing may have later seroconverted to HIV, therefore
underestimating observed associations with HIV infec-
tion. Causes of mortality were obtained from prisoners’
and releasees’ death certificates, which are filled out
either by physicians or county coroners. Unlike many
other states, GA does not mandate autopsy for deaths in
custody, which could potentially introduce misclassifica-
tion of cause of death, although any such misclassifica-
tion would be independent of HIV infection. We were
also unable to obtain information on smoking status,
HAART adherence, cancer treatment and markers of
HIV severity (eg, CD4 count, viral load). Finally, because
we defined our cohort based on incarceration in 1991
but began follow-up in 1998, survival bias may have
been introduced. All of these factors may reduce
generalisability.
In conclusion, this descriptive study found elevated

cancer incidence among PLWH with a history of incar-
ceration relative to the general population. These results
underscore the need for cancer prevention and control
programmes within prisons and to ensure releasees also
have access to a medical home with follow-up appoint-
ments and regular cancer screening. Longer study of
this cohort is warranted to assess whether an excess of
cancer mortality will eventually be observed and if that
will differ by HIV status. Expanding such registry linkage
studies to other states with larger incarcerated HIV
populations will further inform correctional and public
health policy in the USA.
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