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Background: Viral suppression is a primary marker of HIV treat-
ment success. Persons with HIV are at increased risk for AIDS-
defining cancer (ADC) and several types of non–AIDS-defining
cancer (NADC), some of which are caused by oncogenic viruses.

Objective: To determine whether viral suppression is associ-
ated with decreased cancer risk.

Design: Prospective cohort.

Setting: Department of Veterans Affairs.

Participants: HIV-positive veterans (n = 42 441) and demo-
graphically matched uninfected veterans (n = 104 712) from
1999 to 2015.

Measurements: Standardized cancer incidence rates and Pois-
son regression rate ratios (RRs; HIV-positive vs. uninfected per-
sons) by viral suppression status (unsuppressed: person-time
with HIV RNA levels ≥500 copies/mL; early suppression: initial 2
years with HIV RNA levels <500 copies/mL; long-term suppres-
sion: person-time after early suppression with HIV RNA levels
<500 copies/mL).

Results: Cancer incidence for HIV-positive versus uninfected
persons was highest for unsuppressed persons (RR, 2.35 [95%
CI, 2.19 to 2.51]), lower among persons with early suppression

(RR, 1.99 [CI, 1.87 to 2.12]), and lowest among persons with
long-term suppression (RR, 1.52 [CI, 1.44 to 1.61]). This trend
was strongest for ADC (unsuppressed: RR, 22.73 [CI, 19.01 to
27.19]; early suppression: RR, 9.48 [CI, 7.78 to 11.55]; long-term
suppression: RR, 2.22 [CI, 1.69 to 2.93]), much weaker for NADC
caused by viruses (unsuppressed: RR, 3.82 [CI, 3.24 to 4.49];
early suppression: RR, 3.42 [CI, 2.95 to 3.97]; long-term suppres-
sion: RR, 3.17 [CI, 2.78 to 3.62]), and absent for NADC not
caused by viruses.

Limitation: Lower viral suppression thresholds, duration of
long-term suppression, and effects of CD4+ and CD8+ T-cell
counts were not thoroughly evaluated.

Conclusion: Antiretroviral therapy resulting in long-term viral
suppression may contribute to cancer prevention, to a greater
degree for ADC than for NADC. Patients with long-term viral
suppression still had excess cancer risk.
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Antiretroviral therapy (ART) has been associated
with reduced AIDS-related and non–AIDS-related

morbidity and mortality in persons living with HIV/AIDS
(1–3). Nevertheless, HIV-infected (HIV-positive) persons
have higher incidence than the general population of
many comorbid conditions (4), including AIDS-defining
cancer (ADC; that is, Kaposi sarcoma, non-Hodgkin
lymphoma, and invasive cervical cancer) (5–9) and sev-
eral types of non–AIDS-defining cancer (NADC) (5–7,
9–14). Oncogenic viruses cause ADC and most types of
NADC that are more common among HIV-positive per-
sons. These viruses include Kaposi sarcoma–associated
herpesvirus, Epstein–Barr virus (non-Hodgkin and Hodg-
kin lymphoma), human papillomavirus (invasive cervical
cancer, anal squamous cell carcinoma [SCC], genital SCC,
and some types of oral cavity and pharynx SCC), and hep-
atitis B and C viruses (hepatocellular carcinoma) (12). Im-
munodeficiency induced by HIV and elevated prevalence
of traditional cancer risk factors, such as smoking and on-
cogenic virus co-infections, contribute to this increased
risk (4, 12, 15–19). Furthermore, HIV viral replication may
directly contribute to cancer risk through HIV-induced in-
flammation or immune senescence (12, 18, 20) or pro-
oncogenic effects of secreted HIV-encoded proteins (18).

The benefits of ART include suppressed HIV viral
load (as measured by plasma HIV RNA [21]), improved
immune function (as measured by increasing CD4+

T-cell count), and reduced inflammation (18). Random-
ized controlled trials that examined the effects of con-
tinuous versus interrupted ART (22) and immediate ver-
sus deferred ART initiation (23) on cancer risk were
limited by low statistical power due to few cancer out-
comes. Observational studies that examined associa-
tions between various cumulative measures of viral sup-
pression and cancer risk have mostly focused on 1 or a
few specific cancer types or were limited by few out-
comes (24–31), and none specifically focused on the
effect of sustained viral suppression.

In a large cohort with ample statistical power, we
examined whether long-term viral suppression (as mea-
sured by sustained periods with low levels of HIV RNA)
was associated with reduced cancer risk among HIV-
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positive persons during the modern ART era. We com-
pared cancer risk among HIV-positive persons, stratified
by viral suppression status, with that among demograph-
ically similar uninfected persons using the incidence rate
ratio (RR), a measure of relative risk. We hypothesized that
HIV-positive persons with long-term viral suppression
would have lower cancer incidence than HIV-positive per-
sons without such suppression, and thus, the RR compar-
ing HIV-positive versus uninfected persons would be
greater in unsuppressed HIV-positive persons than in
those with long-term suppression.

METHODS
The VACS (Veterans Aging Cohort Study) is a co-

hort derived from national Department of Veterans Af-
fairs (VA) databases (including data on demographics,
vital status, inpatient and outpatient encounters, phar-
macy, and laboratory results) (32). VACS enrolls HIV-
positive veterans when they begin HIV care in the VA
and matches them to 2 uninfected veterans under VA
care at that time by age, sex, race/ethnicity, and clinical
site. The matched uninfected veterans are assigned the
same entry date as the HIV-positive veteran. Institu-
tional review boards at the VA Connecticut Healthcare
System and Yale University approved the VACS.

We linked VACS with the VA Central Cancer Regis-
try and the VA Corporate Data Warehouse oncology
registry, 2 national databases of patients with cancer
who were diagnosed or treated in the VA. We mapped
topography and morphology codes from the Interna-
tional Classification of Diseases for Oncology, Third Edi-
tion (33), from these databases to specific cancer types,
consistent with SEER (Surveillance, Epidemiology, and
End Results) recoding algorithms (34). We classified can-
cer types into the following groupings: all cancer, ADC,
NADC caused by oncogenic viruses (virus NADC), NADC
not caused by oncogenic viruses (nonvirus NADC), and
poorly specified cancer (Supplement Table 1, available at
Annals.org). We used morphology and detailed topogra-
phy to divide oral cavity and pharynx, anal, liver, vagina,
vulva, and penis cancer into virus NADC versus nonvirus
NADC (for example, SCC of the anus is a virus NADC,
whereas other morphologic types of anal cancer are non-
virus NADC) (Supplement Table 1).

For each HIV-positive person, we classified each
day of observation into 1 of 3 HIV viral suppression
categories: unsuppressed, early suppression, and long-
term suppression. In the VA, HIV-positive persons have
an average of 3 laboratory tests for HIV RNA per year.
We used midpoint estimation for HIV RNA levels be-
tween test results. We extended each result backward
either to the midpoint of the interval between the pre-
vious and index test results or to 180 days (about 6
months), whichever was reached first, and forward ei-
ther to the midpoint of the interval between the index
and subsequent test results or to 180 days, whichever
was first (Supplement Figure 1, available at Annals.org)
(35). We classified observation time not covered by
these extensions, which occurred when more than 360
days elapsed between laboratory results, as “unknown.”

Finally, we extended each person's first laboratory result
for HIV RNA backward 180 days and last result forward
180 days.

We defined viral suppression as an HIV RNA level
less than 500 copies/mL. We classified observation time
when HIV RNA levels were 500 copies/mL or greater as
unsuppressed. We defined early suppression as the initial
period up to 2 years (720 days) of continuous suppressed
observation time. We classified subsequent observation
time of continuous suppression after the initial 720 days
as long-term suppression. We allowed 1 blip with an HIV
RNA level up to 1000 copies/mL during a period of early
or long-term suppression. When an HIV-positive person
became unsuppressed after a period of early or long-
term suppression and subsequently became suppressed
again, the latter suppressed observation time was classi-
fied as early suppression during the initial period up to
720 days (that is, the clock was reset to 0 after each un-
suppressed episode). Thus, viral suppression status for a
given patient varied with time, and observation time
could be distributed among each of the viral suppression
categories.

We defined baseline as the date of first HIV RNA
laboratory test for HIV-positive persons and VACS entry
date for uninfected persons. However, we started ob-
servation time at the later of 180 days after baseline (to
exclude prevalent cancer cases) or 1 October 1999
(when all covariate information was consistently avail-
able). We defined exit date as the earliest of date of
diagnosis for the specific cancer group (the first diag-
nosis of a cancer type classified in the group) or type
being analyzed, date of death, date of loss to follow-up
(last VA visit plus 180 days), or 30 September 2015.
Although our earliest possible start of observation was
1 October 1999, we calculated viral suppression status
starting with an HIV-positive person's earliest labora-
tory test for HIV RNA. For example, a patient who was
virally suppressed continuously from 1 January 1997
would enter observation time on 1 October 1999 in
long-term suppression.

Statistical Analysis
For each cancer group or type, we used the direct

method to calculate incidence rates (IRs) standardized
by age, sex, race/ethnicity, and calendar period for each
HIV-positive viral suppression group and for uninfected
persons (36). We derived standardization weights from
the person-time distribution of the entire VACS by age
(5-year groups), sex, race/ethnicity (non-Hispanic white,
non-Hispanic black, Hispanic, other, or unknown), and cal-
endar period (1999 to 2003, 2004 to 2007, 2008 to 2011,
or 2012 to 2015). We classified age and calendar period
at each day of observation (37).

We used Poisson regression to calculate an RR for
each HIV-positive viral suppression group versus unin-
fected persons, adjusted for time-updated age, sex,
race/ethnicity, time-updated calendar period, and cer-
tain cancer risk factors (smoking [38], alcohol use dis-
order or dependence, hepatitis C virus infection, and
diabetes [39]) (Supplement Table 2, available at Annals
.org). We used multiple imputation to impute values for

ORIGINAL RESEARCH HIV Long-Term Viral Suppression and Cancer Risk

2 Annals of Internal Medicine Annals.org

Downloaded From: http://annals.org/ by Jules Levin on 06/12/2018

http://www.annals.org
http://www.annals.org
http://www.annals.org
http://www.annals.org
http://www.annals.org


patients with unknown race, hepatitis C virus status, or
smoking status (Part 1 of the Supplement, available at
Annals.org). We used models with a log-link function
offset by the natural log of observation time (measured
in days). Using the model deviance, we checked for but
did not find overdispersion. We included linear and
quadratic continuous age terms in the models. To cal-
culate statistical significance of viral suppression IR
trends (P for trend), we used a model with viral sup-
pression or HIV status parameterized as a single ordinal
variable (unsuppressed, early suppression, long-term
suppression, or uninfected), with a binary term for HIV
status that effectively removed the uninfected category
from the ordinal variable.

In sensitivity analyses, we explored viral suppres-
sion thresholds of 50 versus 500 copies/mL; cut points
between early and long-term suppression of 1 versus 2
years; stratification by calendar period; and stratifica-
tion by baseline nadir CD4+ cell count, baseline CD4+–
CD8+ cell count ratio, and time-updated CD4+ cell
count (lagged by 180 days to guard against reverse
causality) (Part 2 of the Supplement). We used mid-
point estimation to estimate CD4+ cell counts between
laboratory test results.

We used SAS, version 9.4 (SAS Institute), for statis-
tical analyses. We defined statistical significance as P
less than 0.05 (2-sided).

Role of the Funding Source
This study was funded by the National Institutes of

Health, which had no role in data collection, analysis, or
interpretation.

RESULTS
Among 42 441 HIV-positive persons, 3821 devel-

oped 4169 cases of cancer (616 ADC, 817 virus NADC,
2683 nonvirus NADC, and 53 poorly specified). Among
104 712 uninfected persons, 7163 developed 7879
cases of cancer (223 ADC, 715 virus NADC, 6850 non-
virus NADC, and 91 poorly specified). The median an-
alytic observation time was 7.4 years for HIV-positive
persons and 10.1 years for uninfected persons. Of the
343 150 person-years contributed by HIV-positive per-
sons, 22% were classified as unsuppressed, 27% as
early suppression, 37% as long-term suppression, and
14% as unknown, with a median of 20 HIV RNA mea-
surements (interquartile range, 8 to 38 measurements)
per person from baseline. Uninfected persons contrib-
uted 988 403 person-years.

More than half of HIV-positive persons (62%)
achieved long-term viral suppression at some point
during follow-up (median duration, 3.0 years [inter-
quartile range, 1.1 to 6.1 years]). Uninfected and HIV-
positive persons had similar distributions of age, sex
(predominantly male), race/ethnicity, smoking status,
and alcohol use disorder or dependence status (Table).
Persons with HIV had a higher prevalence of chronic
hepatitis C virus infection (22% vs. 10%) and lower
prevalence of diabetes (21% vs. 34%).

We present results for each cancer group and for
each cancer type with at least 30 cases in HIV-positive

persons. For nonvirus NADC, however, we present re-
sults only for cancer types with at least 30 cases and at
least 1 category of HIV-positive viral suppression with
significantly decreased or increased cancer risk.

All Cancer
For all cancer, we saw a graded decrease in cancer

risk from HIV-positive persons in the unsuppressed
state to those with early suppression to those with long-
term suppression. The IR decreased from 1748 cases
per 100 000 person-years in unsuppressed persons, to
1475 cases per 100 000 person-years in those with
early suppression, to 1155 cases per 100 000 person-
years in those with long-term suppression, compared with
742 cases per 100 000 person-years among uninfected
persons (Figure 1). The RR comparing HIV-positive versus

Table. Baseline Characteristics of Patients Who
Contributed Observation Time*

Characteristic HIV-Positive
Persons
(n � 42 441)

Uninfected
Persons
(n � 104 712)

Age
20–29 y 2577 (6) 5441 (5)
30–39 y 8171 (19) 18 767 (18)
40–49 y 15 992 (38) 39 169 (37)
50–59 y 10 861 (26) 27 524 (26)
60–69 y 4027 (9) 10 822 (10)
≥70 y 813 (2) 2989 (3)

Sex
Female 1043 (2) 2904 (3)
Male 41 398 (98) 101 808 (97)

Race/ethnicity
Non-Hispanic white 15 730 (37) 41 428 (40)
Non-Hispanic black 21 673 (51) 49 795 (48)
Hispanic 3406 (8) 8995 (9)
Other 603 (1) 1691 (2)
Unknown 1029 (2) 2803 (3)

Smoking status
Never 10 853 (26) 29 756 (28)
Ever 28 556 (67) 69 593 (66)
Unknown 3032 (7) 5363 (5)

Alcohol use
disorder/dependence

No 27 643 (65) 68 763 (66)
Yes 14 798 (35) 35 949 (34)

HCV status†
HCV negative 27 068 (64) 64 550 (62)
Chronic HCV 9343 (22) 10 689 (10)
HCV exposure 2789 (7) 3301 (3)
Never tested in the VA 3241 (8) 26 172 (25)

Diabetes
No 33 622 (79) 69 197 (66)
Yes 8819 (21) 35 515 (34)

HCV = hepatitis C virus; VA = Department of Veterans Affairs.
* Values are numbers (percentages).
† HCV negative indicates negative HCV antibody test result(s) only,
chronic HCV indicates positive HCV RNA test result(s), HCV exposure
indicates positive HCV antibody test result(s) but no positive HCV RNA
test result(s), and never tested in the VA indicates no HCV laboratory
test results available from the VA (some of these patients may have
been tested for HCV outside the VA).
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uninfected persons (adjusted for demographics and can-
cer risk factors) was highest for unsuppressed persons
(RR, 2.35 [95% CI, 2.19 to 2.51]), then those with early
suppression (RR, 1.99 [CI, 1.87 to 2.12]), then those with
long-term suppression (RR, 1.52 [CI, 1.44 to 1.61]). Of
note, the RR remained elevated in persons with long-term
suppression.

ADC
Viral suppression IRs decreased sharply for ADC

from 474 cases per 100 000 person-years in unsup-
pressed persons, to 211 cases per 100 000 person-
years in those with early suppression, to 56 cases per
100 000 person-years in those with long-term suppres-
sion, compared with 22 cases per 100 000 person-
years among uninfected persons (Figure 1). The RR
comparing HIV-positive versus uninfected persons was
highest for unsuppressed persons (RR, 22.73 [CI, 19.01
to 27.19]), then those with early suppression (RR, 9.48
[CI, 7.78 to 11.55]), then those with long-term suppres-
sion (RR, 2.22 [CI, 1.69 to 2.93]). Even among persons
with long-term suppression, the RR remained elevated.
With a 100% risk reduction defined as reduction to the
uninfected RR reference level of 1.00, long-term sup-
pression was associated with a 94% reduction in
excess ADC risk [(22.73 � 2.22)/(22.73 � 1.00)]; 65% of
this reduction [(22.73 � 9.48)/(22.73 � 2.22)] occurred
during early suppression. Patterns were similar for the 2
main ADCs, non-Hodgkin lymphoma and Kaposi sar-
coma (Figure 2).

Virus NADC
Viral suppression IRs decreased weakly for virus

NADC from 320 cases per 100 000 person-years in un-

suppressed persons, to 280 cases per 100 000 person-
years in those with early suppression, to 253 cases per
100 000 person-years in those with long-term suppres-
sion, compared with 70 cases per 100 000 person-
years among uninfected persons (Figure 1). The RR
comparing HIV-positive versus uninfected persons
was highest for unsuppressed persons (RR, 3.82 [CI,
3.24 to 4.49]), then those with early suppression (RR,
3.42 [CI, 2.95 to 3.97]), then those with long-term sup-
pression (RR, 3.17 [CI, 2.78 to 3.62]). Even among per-
sons with long-term suppression, the RR remained
substantially elevated. Long-term suppression was as-
sociated with a 23% reduction in excess risk for virus
NADC [(3.82 � 3.17)/(3.82 � 1.00)]; 62% of this reduc-
tion [(3.82 � 3.42)/(3.82 � 3.17)] occurred during early
suppression. The only cancer type to exhibit a signifi-
cant decreasing trend in viral suppression IRs was anal
SCC (P for trend = 0.014) (Figure 3). However, the RR
remained markedly elevated in patients with long-term
suppression (RR, 34.70 [CI, 22.63 to 53.20]).

Nonvirus NADC
For nonvirus NADC, the IR remained essentially the

same in unsuppressed persons (989 cases per 100 000
person-years) and those with early suppression (980
cases per 100 000 person-years) and then decreased
to 863 cases per 100 000 person-years in those with
long-term suppression, compared with 653 cases per
100 000 person-years among uninfected persons (Fig-
ure 1). After adjustment for demographics and cancer
risk factors, the RRs comparing HIV-positive versus un-
infected persons did not show a trend, with RRs of 1.40
(CI, 1.28 to 1.53) for unsuppressed patients, 1.53 (CI,

Figure 1. Numbers of cancer cases, IRs (per 100 000 person-years), multivariate Poisson regression RRs with 95% CIs by HIV
viral suppression status, and P values for HIV-positive IR viral suppression trend, for cancer groups.

Cancer Group
All cancer
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
ADC
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
Virus NADC
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
Nonvirus NADC
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected

Cases, n

1023
1149
1401
7038

340
183
66

223

201
239
339
715

526
771

1086
6217

P for Trend

<0.001

<0.001

0.048

0.098

IR

1748
1475
1155
742

474
211
56
22

320
280
253
70

989
980
863
653

0 1 2 4 8 16 32

RR (95% CI)

IRs were standardized by age, sex, race/ethnicity, and calendar period, and RRs were adjusted for time-updated age, sex, race/ethnicity, time-
updated calendar period, smoking, alcohol use disorder or dependence, hepatitis C virus infection, and diabetes. The end point for a given patient
was the first diagnosis of a cancer type classified in the group. For example, if a person had both non-Hodgkin lymphoma and Kaposi sarcoma, only
the first of the 2 diagnoses would contribute to the ADC analysis. ADC = AIDS-defining cancer; IR = standardized incidence rate; nonvirus
NADC = non–virus-related non–AIDS-defining cancer; RR = adjusted incidence rate ratio; virus NADC = virus-related non–AIDS-defining cancer.
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1.42 to 1.65) for patients with early suppression, and
1.32 (CI, 1.24 to 1.41) for those with long-term suppres-
sion. Although RRs were substantially lower for non-
virus NADC than for ADC or virus NADC, the RRs for
nonvirus NADC were elevated, even among patients
with long-term suppression.

Viral suppression IRs decreased from unsup-
pressed patients to those with early suppression to
those with long-term suppression for lung cancer (P for
trend = 0.003), larynx cancer (P for trend = 0.007), mel-
anoma of the skin (P for trend = 0.008), and leukemia
(P for trend < 0.001) (Figure 4). Risk was not signifi-
cantly elevated among persons with long-term sup-
pression for the latter 3 cancer types. Prostate cancer
was the only type with an increasing trend in viral sup-
pression IRs (P for trend < 0.001). The prostate cancer
RR was 0.79 (CI, 0.65 to 0.95) for unsuppressed persons
but was elevated for those with early suppression (RR,
1.18 [CI, 1.03 to 1.35]) and long-term suppression (RR,
1.22 [CI, 1.10 to 1.35]).

Sensitivity Analyses
Viral suppression IR trends were similar using viral

suppression thresholds of 50 versus 500 copies/mL
(Supplement Figure 2, available at Annals.org) and us-
ing cut points for early versus long-term suppression of
1 versus 2 years (Supplement Figure 3, available at
Annals.org). Trends did not meaningfully differ by cal-
endar period, except for ADC, for which the trend was
weaker in 1999 to 2003 than in later periods (Supple-
ment Tables 3 and 4, available at Annals.org). In mod-
els for all cancer stratified by baseline nadir CD4+ cell
count, viral suppression IRs decreased from unsup-
pressed patients to those with early suppression to
those with long-term suppression in all strata (Supple-

ment Figure 4, available at Annals.org). In models for
all cancer stratified by baseline CD4+–CD8+ cell count
ratio, viral suppression IRs decreased within the lower 2
categories of CD4+–CD8+ cell count ratio (P for trend <
0.001) but not within the highest category of 1.0 or
greater (Supplement Figure 5, available at Annals.org),
which included only 8% of all HIV-positive patients with
cancer. In models stratified by time-updated CD4+ cell
count, viral suppression IRs decreased within each
CD4+ cell count stratum for all cancer and ADC but not
for virus NADC or nonvirus NADC (Supplement Figure
6, available at Annals.org). Furthermore, RRs increased
with decreasing CD4+ cell count.

DISCUSSION
In a large cohort of HIV-positive and demographi-

cally similar uninfected patients, we comprehensively
examined whether long-term viral suppression, the pri-
mary objective of ART in HIV-positive persons, was as-
sociated with decreased cancer risk. We observed
strong trends of decreasing risk across our 3 viral sup-
pression groups (unsuppressed, early suppression, and
long-term suppression) for all cancer and ADC, a much
weaker trend for virus NADC, and no trend for nonvirus
NADC.

Long-term suppression was associated with a re-
duction in excess risk of more than 90% for ADC but
only 23% for virus NADC. For both of these cancer
groups, about three fifths of the risk reduction occurred
during early suppression. For ADC, virus NADC, and
nonvirus NADC, even long-term suppression did not
reduce cancer risk to that among uninfected persons,
which indicates ongoing deleterious effects of HIV in-

Figure 2. Numbers of cancer cases, IRs (per 100 000 person-years), multivariate Poisson regression RRs with 95% CIs by HIV
viral suppression status, and P values for HIV-positive IR viral suppression trend, for ADC.

Cancer Group or Type
ADC
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
Non-Hodgkin lymphoma
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
Kaposi sarcoma
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected

Cases, n

340
183
66

223

180
125
51

221

170
61
14
1

P for Trend

<0.001

<0.001

<0.001

IR

474
211
56
22

265
145
42
22

215
66
13
0

0 5 50 500 5000

RR (95% CI)

IRs were standardized by age, sex, race/ethnicity, and calendar period, and RRs were adjusted for time-updated age, sex, race/ethnicity, time-
updated calendar period, smoking, alcohol use disorder or dependence, hepatitis C virus infection, and diabetes. For ADC, the end point for a
given patient was the first diagnosis of a cancer type classified as ADC, but for an individual cancer type, the end point was the first diagnosis of that
cancer type. For example, if a person had both non-Hodgkin lymphoma and Kaposi sarcoma, only the first of the 2 diagnoses would contribute to
the ADC analysis, but each diagnosis would contribute to the analysis of non-Hodgkin lymphoma or Kaposi sarcoma, respectively. Because <30
HIV-positive patients had invasive cervical cancer (n = 1), it was not included in the figure but was included in the ADC analysis. ADC = AIDS-
defining cancer; IR = standardized incidence rate; RR = adjusted incidence rate ratio.
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fection in the presence of long-term ART, such as HIV-
induced inflammation or immune senescence (12, 18,
20). Nevertheless, our findings suggest that early, sus-
tained ART, which results in long-term viral suppres-
sion, prevents cancer, with a marked reduction in ADC
risk and a meaningful (but much less pronounced) re-
duction in virus NADC risk.

Nonvirus NADC is a heterogeneous group of can-
cer types. Although we did not observe an overall trend
in viral suppression IRs, we did observe trends for lar-
ynx cancer, lung cancer, melanoma, and leukemia.
Thus, long-term suppression may contribute to preven-
tion of these specific cancer types as well.

In the SMART (Strategies for Management of Anti-
retroviral Therapy) trial (71 cancer cases) (Supplement
Table 5, available at Annals.org), continuous ART ver-
sus treatment interruption was associated with a signif-
icantly decreased risk for ADC, but not NADC (22). In
the START (Strategic Timing of Antiretroviral Treat-
ment) trial (52 cancer cases), among persons with CD4+

counts greater than 0.500 × 109 cells/L, immediate ver-
sus deferred ART initiation was associated with signifi-
cantly decreased risk for all cancer, infection-related
cancer (mostly ADC), and Kaposi sarcoma (23, 40).
Consistent with our results, previous observational
studies found various cumulative measures of viral sup-

pression to be associated with risk for ADC (24), non-
Hodgkin lymphoma (24–26), Kaposi sarcoma (27), and
anal cancer (28–30), but not liver cancer (30, 31). Incon-
sistent with our results, some studies found associations
for Hodgkin lymphoma (30), but not for non-Hodgkin
lymphoma (29), Kaposi sarcoma (29), or lung cancer
(29). However, our results are not strictly comparable to
those of previous observational studies because of dif-
ferent measures of viral suppression and different
multivariate adjustment covariates.

We aimed to determine the relationship between
sustained viral suppression and cancer risk regardless
of biological mechanism, but such a mechanism is of
considerable interest. An independent inverse associa-
tion between CD4+ cell count and ADC risk is well-
established (12). Evidence also suggests weaker, sub-
tler inverse associations between CD4+ cell count and
specific NADC types, especially those caused by vi-
ruses (12, 18). Furthermore, because CD4+ cell count is
correlated with long-term levels of HIV RNA (41, 42), it
might confound and likely mediates the association be-
tween viral suppression status and cancer risk. When
we stratified by CD4+ cell count, viral suppression IRs
still decreased from unsuppressed patients to those
with early suppression to those with long-term suppres-
sion for all cancer and ADC within each CD4+ cell count

Figure 3. Numbers of cancer cases, IRs (per 100 000 person-years), multivariate Poisson regression RRs with 95% CIs by HIV
viral suppression status, and P values for HIV-positive IR viral suppression trend, for virus NADC.

Cancer Group or Type
Virus NADC
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
HPV oral cavity/pharynx SCC
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
Anal SCC
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
Liver hepatocellular carcinoma
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
Hodgkin lymphoma
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected

Cases, n

201
239
339
715

20
27
39

214

82
87

121
26

65
92

140
434

29
37
35
33

P for Trend

0.048

0.87

0.014

0.97

0.25

IR

320
280
253
70

34
32
30
21

119
98
88
3

123
113
103
43

32
40
26
3

0 1 2 4 8 16 64

RR (95% CI)
32

IRs were standardized by age, sex, race/ethnicity, and calendar period, and RRs were adjusted for time-updated age, sex, race/ethnicity, time-
updated calendar period, smoking, alcohol use disorder or dependence, hepatitis C virus infection, and diabetes. For virus NADC, the end point
for a given patient was the first diagnosis of a cancer type classified as virus NADC, but for an individual cancer type, the end point was the first
diagnosis of that cancer type. For example, if a person had both Hodgkin lymphoma and anal SCC, only the first of the 2 diagnoses would
contribute to the virus NADC analysis, but each diagnosis would contribute to the analysis of Hodgkin lymphoma or anal SCC, respectively. Because
<30 HIV-positive patients had penis SCC (n = 17), it was not included in the figure but was included in the virus NADC analysis. No HIV-positive
patients had vagina SCC or vulva SCC. HPV = human papillomavirus; IR = standardized incidence rate; RR = adjusted incidence rate ratio; SCC =
squamous cell carcinoma; virus NADC = virus-related non–AIDS-defining cancer.
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Figure 4. Numbers of cancer cases, IRs (per 100 000 person-years), multivariate Poisson regression RRs with 95% CIs by HIV
viral suppression status, and P values for HIV-positive IR viral suppression trend, for nonvirus NADC.

Cancer Group or Type
Nonvirus NADC
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
Nonvirus HPV oral cavity/pharynx SCC
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
Pancreas
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
Larynx
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
Lung
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
Melanoma skin
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
Prostate
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
Other lymphatic/hematopoietic tissue
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
Myeloma
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected
Leukemia
   HIV-positive unsuppressed
   HIV-positive early suppression
   HIV-positive long-term suppression
   Uninfected

Cases, n

526
771

1086
6217

26
36
43

201

17
16
40

176

27
36
23

210

168
234
298

1307

18
16
26

129

110
233
406

2530

10
7

15
91

10
17
14

122

24
14
16

135

P for Trend

0.098

0.93

0.96

0.007

0.003

0.008

<0.001

0.145

0.109

<0.001

IR

989
980
863
653

47
42
35
20

62
22
28
17

53
43
17
21

337
285
223
128

25
17
16
13

206
296
318
267

29
7

12
9

11
20
9

12

44
17
11
13

0 1 2 4 8

RR (95% CI)

IRs were standardized by age, sex, race/ethnicity, and calendar period, and RRs were adjusted for time-updated age, sex, race/ethnicity, time-
updated calendar period, smoking, alcohol use disorder or dependence, hepatitis C virus infection, and diabetes. For nonvirus NADC, the end 
point for a given patient was the first diagnosis of a cancer type classified as nonvirus NADC, but for an individual cancer type, the end point was 
the first diagnosis of that cancer type. For example, if a person had both lung cancer and prostate cancer, only the first of the 2 diagnoses would 
contribute to the virus NADC analysis, but each diagnosis would contribute to the analysis of lung cancer or prostate cancer, respectively. The 
following cancer types with <30 diagnoses among HIV-positive patients were not included in the figure but were included in the nonvirus NADC 
analysis: oral cavity and pharynx non-SCC (n = 9); small intestine (n = 4); anal nonSCC (n = 5); liver nonhepatocellular carcinoma (n = 12); biliary tract 
(n = 16); retroperitoneum and peritoneum, nonmesothelioma (n = 1); other digestive organs (n = 3); nose, nasal cavity, and middle ear (n = 12); 
pleura (n = 2); trachea, mediastinum, and other respiratory organs (n = 1); bone and joint (n = 2); soft issue, including heart (n = 21); nonepithelial 
skin (n = 9); female breast (n = 10); male breast (n = 5); testis (n = 10); other male genital organs (n = 4); other urinary organs (n = 6); eye and orbit 
(n = 3); brain and nervous system (n = 9); thyroid (n = 25); other endocrine, including thymus (n = 1); and mesothelioma (n = 4). The following cancer 
types did not have any HIV-positive viral suppression categories with significantly elevated cancer risk and were not included in the figure, but were 
included in the nonvirus NADC analysis: esophagus (n = 51), stomach (n = 32), colorectal (n = 155), urinary bladder (n = 62), and kidney and renal 
pelvis (n = 115). No HIV-positive patients had corpus or uterine cancer, ovarian cancer, vagina nonSCC, vulva nonSCC, cancer of other female 
genital organs, or penis nonSCC. We used sex-specific weights to calculate prostate cancer IRs. HPV = human papillomavirus; IR = standardized 
incidence rate; nonvirus NADC = non–virus-related non–AIDS-defining cancer; RR = adjusted incidence rate ratio; SCC = squamous cell carcinoma.
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stratum, but not for virus NADC. However, these results
are difficult to interpret because statistical power is re-
duced within strata and because distinguishing between
confounding and mediation is challenging. Beneficial ef-
fects of viral suppression on cancer risk over and above its
effect on CD4+ cell count could include reduced (if not
ideal) levels of inflammation, lessened immune senes-
cence (12, 18, 20), or decreased presence of pro-
oncogenic HIV-encoded proteins (18, 43–50).

Prostate cancer is commonly diagnosed in an asymp-
tomatic phase by prostate-specific antigen screening and
was the only cancer type with higher incidence in virally
suppressed than unsuppressed persons. Prior meta-
analyses, which included studies from the pre-ART era,
reported a 30% decreased risk for prostate cancer in
HIV-positive men compared with the general popula-
tion (13, 51), consistent with our finding of a 20% de-
creased risk among unsuppressed versus uninfected
men. Because persons with a short life expectancy and
many comorbid conditions, such as HIV-positive pa-
tients in the pre-ART era, may be less likely to be
screened, this decreased risk might be due to a lower
rate of screening among HIV-positive men (13, 52–55).
With the advent of ART and the resultant dramatic in-
crease in life expectancy among virally suppressed per-
sons, screening rates may have increased in this group,
explaining our results. However, 1 study found that
screening differences could not explain the lower risk
for prostate cancer in HIV-positive than uninfected men
during the ART era (53).

A major strength of this investigation was the use of
a large national cohort of HIV-positive and demograph-
ically similar uninfected persons followed over 16 years
in the modern ART era, which gave us sufficient cancer
events to comprehensively explore the relationship be-
tween viral suppression and cancer risk. A limitation
was the estimation of time-updated levels of HIV RNA,
which required assumptions about how these levels
change between laboratory result dates. Furthermore,
because VA sites adopted progressively more sensitive
assays for HIV RNA over time, we had to define viral
suppression using a high threshold (500 copies/mL) to
encompass the entire 1999–2015 period in our analy-
sis. Our investigation assessed the relationship be-
tween current viral suppression status and cancer risk
and thus did not account for each patient's entire his-
tory of viral suppression status. Prior studies used vari-
ous cumulative measures of viral suppression but did
not take uninterrupted suppression into account. Selec-
tion bias is also possible due to exclusion of HIV-
positive observation time with unknown viral suppres-
sion status. Because the VACS cohort is predominantly
male, we were underpowered to generalize our results
to women; in particular, we observed only 1 case of
invasive cervical cancer. Finally, despite the large num-
ber of statistical tests, we did not adjust for multiple
comparisons.

Using a large cohort of HIV-positive veterans, we
classified observation time by viral suppression status
and calculated cancer risk compared with demograph-
ically similar uninfected veterans. Cancer risk was high-

est in the unsuppressed state, lower in early suppres-
sion, lower still in long-term suppression, and lowest in
uninfected patients for all cancer, ADC, virus NADC,
and several cancer types. Our findings suggest that
early, sustained ART, which results in long-term viral
suppression, may contribute to cancer prevention, with
a marked risk reduction for ADC, a much more modest
reduction for virus NADC, and possible reductions for
certain types of nonvirus NADC. However, excess can-
cer risk remained among patients with long-term sup-
pression. Future research should extend our sensitivity
analyses to examine in more detail viral suppression
thresholds less than 500 copies/mL, whether cancer
risk continues to decrease with longer durations of
long-term suppression, and the role of CD4+ cell count
and CD4+–CD8+ cell count ratio.
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