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Background: Combination antiretroviral therapy (cART) may reduce cancer risk among
people with HIV (PWH), but cancer-specific associations are incompletely understood.

Methods: We linked HIV and cancer registries in Texas to a national prescription
claims database. cART use was quantified as the proportion of days covered (PDC). Cox
proportional hazards models assessed associations of cancer risk with cART usage,
adjusting for demographic characteristics, AIDS status, and time since HIV report.

Results: We evaluated 63694 PWH followed for 276804 person-years. The median
cART PDC was 21.4% (interquartile range: 0.0–59.8%). cART use was associated with
reduced risk of Kaposi sarcoma [adjusted hazard ratio (aHR) 0.48, 95% confidence
interval (CI) 0.34–0.68 relative to unexposed status] and non-Hodgkin lymphoma
(aHR 0.41, 95%CI 0.31–0.53), liver cancer (aHR 0.61, 95%CI 0.39–0.96), anal cancer
(aHR 0.65, 95%CI 0.46–0.92), and amiscellaneous group of ‘other’ cancers (aHR 0.80,
95% CI 0.66–0.98). In contrast, cART-exposed status was not associated with risk for
cervical, lung, colorectal, prostate or breast cancers.

Conclusion: In a large HIV cohort incorporating data from prescription claims, cART
was associated with greatly reduced risks of Kaposi sarcoma and non-Hodgkin
lymphoma, and to a lesser degree, reduced risks of liver and anal cancers. These
associations likely reflect the beneficial effects of HIV suppression and improved
immune control of oncogenic viruses. Efforts to increase cART use and adherence
may further decrease cancer incidence among PWH.
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Introduction

Combination antiretroviral therapy (cART) enables long-
term suppression of HIV, improves immunity, and
extends life expectancy of people with HIV (PWH)
[1]. Incidence of Kaposi sarcoma and non-Hodgkin
lymphoma (NHL), which are common AIDS-defining
cancers among PWH caused by viruses, declined
dramatically in the cART era [2–4]. Incidence rates of
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other virus-associated cancers (e.g. anal and liver cancers
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also elevated among PWH, have similarly declined over
time [5].

HIV viral suppression and immune reconstitution
through cART are central to cancer prevention among
PWH and may account for declines in cancer incidence.
Observational studies and randomized trials have
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demonstrated that early uninterrupted cART reduces the
risk of virus-related cancers, although associations with
virus-unrelated cancers have been mixed [6–13].
However, prior investigations have been limited by short
follow-up or a small number of cancer cases, which has
hindered analyses of specific cancer sites. Few large
studies encompassing a diverse population of PWH,
reflecting real-world patterns of access to medical care
and adherence to cART, have addressed this question
[7,10–12].

In this study, we evaluated the risk of specific virus-related
and virus-unrelated cancers associated with cART use
among PWH. As state HIV registries do not routinely
collect treatment information, we augmented a large
observational cohort of PWH within the HIV/AIDS
Cancer Match Study with a data linkage to longitudinal
prescription claims [5,14]. Our study cohort is comprised
of an ethnically diverse population of PWH residing in
Texas who engaged in care through public or private
insurance.
Methods

Study cohort
The study used linked HIV surveillance and cancer
registry data from the HIV/AIDS Cancer Match
(HACM) Study in Texas [5] and data from Symphony
Health, ICON plc, an aggregator of Medicaid, Medicare,
and private insurance claims. The Symphony Health
Integrated Dataverse covers over 93% of prescriptions
dispensed in the United States [14]. We identified all
individuals in Symphony Health who had an Interna-
tional Classification of Disease 9 or 10 diagnosis code for
HIV infection (042; B20) or an HIVantiretroviral (ARV)
medication prescription between 1 January 2008 and 31
May 2019. Population-based HIV data from the Texas
HIV registry included PWH resident in Texas and alive
on 1 January 2008 as well as new HIV cases diagnosed
during 2008–2015.

We constructed a cohort of PWH in Texas by linking
these two data sources based on privacy-preserving hash
algorithms of encrypted personal identifiers. The Synoma
encryption engine, which utilizes the SHA-256 hash
algorithm recommended by the US National Security
Agency, was provided to Texas HIV registry staff who
used it locally to create anonymized tokens (i.e. hashed
text strings) for PWH in their registry. Similarly,
Symphony Health only possessed tokenized information
shared by providers across the United States. These two
sets of tokens were then matched using a deterministic
linkage. No personally identifying information on PWH
was exchanged or disclosed during the linkage process. As
shown in Supplemental Figure 1, http://links.lww.com/
QAD/D24, we excluded individuals for whom the
matches appeared invalid and individuals with an HIV
report date after December 2015. We further restricted
the analytic cohort to PWH who matched to at least one
prescription claim of any type.

Exposure and outcome assessment
We used US HIV treatment guidelines to identify cART
regimens as those combinations considered first-line
treatments or appropriate regimens for treatment
optimization (Supplemental Tables 1 and 2, http://
links.lww.com/QAD/D24) [15]. The start date for each
antiretroviral medication was the prescription fill date for
the claim. The stop date was calculated as the start date
plus the days’ supply plus a 7-day grace period. If the first
day of a calendar month fell between antiretroviral drug
start and stop dates, then the entire month was considered
exposed to the antiretroviral drug. cART exposure was
then defined on a monthly scale for intervals of
concomitant antiretroviral drug use, based on the above
cART definition.

We made two assumptions about antiretroviral drug use.
First, we assumed that antiretroviral drugs were taken as
prescribed, that is, the dispensed prescription was taken
for the numbers of days prescribed, antiretroviral drugs
were not obtained from outside sources, and gaps
between refills represented time that a person ran out
of supply or discontinued the drug. Second, we ignored
‘carry-over’ of oversupply from prior or duplicate
prescriptions. If multiple antiretroviral drugs in the same
class were prescribed concurrently, we assumed that the
person took the minimum combination consistent with
the cART definition. Months meeting the criteria of the
cART algorithm were considered ‘exposed’. Months
with antiretroviral drug claims that did not meet the
criteria for cART (i.e. incomplete regimens) and months
with prescriptions only for nonantiretroviral drug
medications were considered ‘unexposed’. Months with
no prescriptions of any type were considered to have
‘unknown’ exposure status (i.e. possible gap in claims
data).

Invasive cancer diagnoses were ascertained through
linkage to the Texas cancer registry [5]. Cancers were
coded using the International Classification of Diseases
for Oncology third edition [16], and we present results for
the following cancer sites: Kaposi sarcoma, NHL, cervix,
anus, liver, Hodgkin lymphoma, lung, female breast,
prostate, and colorectum.

Statistical analysis
The start of each person’s follow-up was the latest of HIV
report date; 1 January 2008; first prescription claim of any
type; or age 18 years. Follow-up ended at the earliest of
age at death, last date of complete Texas cancer registry
data (31 December 2015), or 6months after the person’s
last prescription’s stop date.
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We quantified overall prescription usage bymeasuring the
proportion of days covered (PDC) by any medication, as
the sum of months covered by prescriptions of any type
divided by the number of months between the first and
last claims during the study period [17]. We similarly
measured cART PDC as the sum of cART-exposed
months divided by the number of months between first
and last prescription claims of any type [17]. Months with
unknown cART exposure are included in the PDC
denominator. Any-drug PDC measures utilization of
prescription medication coverage. cART PDC is a
measure of utilization of cART, assuming that the claims
accurately capture PWH medication coverage. We also
calculated the ratio of cART PDC to any-drug PDC,
which reflects the proportion of months with known
medication status that a person was on cART. A ratio of
cART PDC to any-drug PDC equal to 1 would indicate
full adherence, while a ratio less than 0.5, for example,
would indicate poor adherence (i.e. use of cART <50%
of the time covered by prescription claims) or that the
person obtained cART medications from an outside
source not covered by Symphony Health claims.

We used the above definitions of cARTexposure in our
analyses of cancer risk, except that a person was
considered ‘exposed’ for every month starting with the
first month that their antiretroviral medications met the
criteria of the cART algorithm, regardless of subsequent
prescription claims. This approach was necessary in the
cancer risk analyses because of substantial gaps in the
pharmacy claims data that we observed in our descriptive
assessment (see Results section). This alternative classifi-
cation of cART exposure assumes that the patient and
clinician intended to use cART and that any gaps
represented short lapses and/or incomplete capture of
prescriptions in the claims data (it is analogous to an
intent-to-treat analysis). We used Cox regression models
to estimate adjusted hazard ratios (aHRs) and 95%
confidence intervals (CIs) for the associations between
this time-varying cARTexposure variable and incidence
of the specified cancers, adjusted for demographic and
HIV risk factors.

Statistical analyses were performed using SAS version 9.4
(SAS Institute, North Carolina, USA). The Texas
Department of State Health Services Institutional
Review Board approved the study protocol and granted
a waiver of informed consent.
Results

We conducted a linkage of 104 049 PWH in the Texas
HIV registry with 2 500 178 eligible patients in the
Symphony Health database, yielding 71 047 matches.
After exclusions and restricting follow-up to 2008–2015,
the analytic cohort comprised 63 694 PWH with at least
one prescription claim (61.2% of PWH in Texas,
Supplemental Figure 1, http://links.lww.com/QAD/
D24).

Most PWH who matched to prescription claims had
more than one payer type (85%). Of the 13 244 361
prescription claims among included PWH, 48.1% were
covered by private insurance, 31.1% by Medicare, 16.9%
by Medicaid, and 4% through direct cash payment to
pharmacies. Non-Hispanic white individuals and MSM
were overrepresented among matches (Supplemental
Table 3, http://links.lww.com/QAD/D24). Median
HIV report date among matches was 2007.

The cohort of 63 694 PWH was followed during 2008–
2015 for 276 804 person-years (Table 1). Median follow-
up was 6.3 years (interquartile range: 4.5–6.9). Most
follow-up time accrued among the MSM HIV transmis-
sion group (61.1%), non-Hispanic Black and (39.4%)
non-Hispanic White (34.3%) individuals, and PWH ages
30–49 years at cohort entry (56.3%). Overall, 32 415
(50.9%) PWH were diagnosed with AIDS before or
during the follow-up period (59.6% of follow-up time
was after an AIDS diagnosis). Of the total follow-up time,
93 300 person-years (33.7%) were cART-exposed, 64 594
(23.3%) were unexposed, and 118 910 (43.0%) had
unknown exposure. Thus, of the total follow-up time
with known cART status, 59.1% was cART-exposed.

Half of individuals had prescription claims covering at
least 60% of their follow-up time [median any-drug PDC:
59.5%; interquartile range (IQR): 22.5–91.6%], and half
had cART claims covering at least 21% of their follow-up
time (median cART PDC: 21.4%; IQR: 0.0–59.8%).
Prescriptions for cARTwere present for a median of 55%
of months with known medication status (cART: any-
drug PDC ratio, median 54.5%; IQR 0.0–87.5%).
Among people with at least 1month of cARTexposure,
the median proportion of follow-up covered by cART
was 42.2% (IQR: 17.6–73.9%) and the median cART :
any-drug PDC ratio was 74.3% (IQR: 45.5–92.9%).

During follow-up, 2137 PWH were diagnosed with
cancer, including 1570 cancers at the 10 sites of interest.
The most common cancers were NHL (N¼ 388), Kaposi
sarcoma (N¼ 244), lung cancer (N¼ 192) and anal
cancer (N¼ 187). As described above in the Methods, we
analyzed cancer risk using an alternative time-dependent
variable for cART exposure that assumed that a person
was exposed to cART in all months after an initial cART-
exposed month. Using this approach (Table 2), cART
exposure was associated with significantly reduced risks
for Kaposi sarcoma (aHR 0.48, 95% CI 0.34–0.68,
compared to unexposed follow-up time), NHL
(aHR 0.41, 95% CI 0.31–0.53), liver cancer (aHR
0.61, 95%CI 0.39–0.96), anal cancer (aHR 0.65, 95%CI
0.46–0.92), and the miscellaneous group of ‘other’
cancers (aHR 0.80, 95% CI 0.66–0.98). In contrast,
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Table 1. Baseline characteristics of 63694 people with HIV in Texas linked to prescription claims and followed from 2008 to 2015.

Characteristic N % Person-years of follow-up %

Total 63694 100.0 276804 100.0
Sex-HIV transmission risk group
MSM (including MSM who inject drugs) 38891 61.1 171928 62.1
Male PWID (excluding MSM) 2940 4.6 12852 4.6
Male heterosexual 2956 4.6 12836 4.6
Male other/unknown 5666 8.9 22061 8.0
Female PWID 2204 3.5 10061 3.6
Female heterosexual 6968 10.9 31317 11.3
Female other/unknown 4069 6.4 15749 5.7

Race/ethnicity
Non-Hispanic White 21858 34.3 103840 37.5
Non-Hispanic Black 25124 39.4 104876 37.9
Hispanic 15521 24.4 63469 22.9
Other/unknown 1191 1.9 4619 1.7

Age at entry (years)
18–29 12267 19.3 43702 15.8
30–49 35883 56.3 165157 59.7
50–64 14101 22.1 62310 22.5
65þ 1443 2.3 5635 2.0

Time from HIV report to entry (years)
<0.25 22476 35.3 67334 24.3
0.25 to < 1 2557 4.0 12027 4.3
1 to <3 6169 9.7 31017 11.2
3 to <8 16254 25.5 86982 31.4
8þ 16238 25.5 79444 28.7

MSM, men who have sex with men; PWID, people who inject drugs.
cART-exposed status was not associated with risk for
cervical, lung, colorectal, prostate or breast cancers.
Finally, there was reduced cancer risk associated with
unknown cART exposure status for Kaposi Sarcoma,
NHL, lung cancer, anal cancer and ‘other’ cancers.
Discussion

We examined real-world cARTuse among 63 694 PWH
in Texas in relation to the risk of developing common
virus-related and virus-unrelated cancers. In our analysis,
cARTexposure was associated with an approximate 50–
60% reduction in the risks for Kaposi sarcoma and NHL,
two of the most common cancers in PWH. Risk was also
approximately 30–40% lower with cART use for two
other virus-related cancers, namely, liver and anal cancers.
There was a 20% reduction in the risk of ‘other’ cancers,
but this was a miscellaneous group, and none of the other
specified cancers showed a decrease with cART use.

Although we identified strong protective associations
between cARTuse and risk of virus-related cancers, our
study faced challenges in complete ascertainment of
antiretroviral prescriptions. Data from prescription
claims may underestimate medication adherence, as has
been described in other studies [18]. First, a substantial
fraction of follow-up time was classified as having
unknown cARTexposure status, because there were gaps
in prescription claims for any medication. It is likely that
cART regimens were obtained during some of this time
from sources not captured in our data, as Symphony
Health does not collect prescription information from the
Texas HIV Medication Program, which distributes
antiretroviral drugs for qualifying low-income uninsured
and under-insured PWH [19]. In 2015, approximately
one in five PWH in Texas were HIVMedication Program
clients [20], the majority of whom (>70%) had
undetectable viral loads [19].

Second, we assigned cART exposure status based on
claims indicating receipt of approved regimens, and some
individuals whom we classified as unexposed appeared
to be using less effective combinations. Specifically,
among 64 594 person-years that we classified as cART-
unexposed, 7.6% had claims for a single antiretroviral
drug or an incomplete or unrecommended regimen
(see Supplemental Table 4, http://links.lww.com/QAD/
D24). A third issue is that many PWH started follow-up
several years after their HIV infection was diagnosed
and reported. Therefore, a formal evaluation of cancer
risk in relation to the duration of cARTuse was precluded
by the lack of prescription claims for the period prior to
the start of follow-up. Combined, these effects likely
resulted in some exposure misclassification (i.e. catego-
rizing periods of cART exposure as unexposed or
unknown status), which would have biased associations
between cARTand cancer risk toward the null, and made
it impossible for us to assess the precise time course over
which effective HIV treatment would begin to affect
cancer risk.
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Table 2. Associations of combination antiretroviral therapy use with cancer risk among people with HIV in Texas.

Cancer type and
cART exposure status

Cancers
(N)

Hazard ratio,
unadjusteda

Lower
95%CI

Upper
95%CI

Hazard ratio,
adjusteda

Lower
95% CI

Upper
95% CI

Kaposi sarcoma 244
Unexposed 71 Reference Reference
Exposed 56 0.54 0.38 0.77 0.48 0.34 0.68
Unknown 117 0.73 0.54 0.99 0.70 0.52 0.95

Non-Hodgkin lymphoma 388
Unexposed 140 Reference Reference
Exposed 87 0.43 0.33 0.56 0.41 0.31 0.53
Unknown 161 0.65 0.52 0.82 0.63 0.50 0.79

Cervix 32
Unexposed 10 Reference
Exposed 9 0.86 0.35 2.13 0.84 0.34 2.08
Unknown 13 0.82 0.36 1.89 0.84 0.37 1.93

Hodgkin lymphoma 97
Unexposed 24 Reference Reference
Exposed 37 1.06 0.64 1.77 0.99 0.59 1.65
Unknown 36 0.83 0.49 1.41 0.79 0.47 1.34

Lung 192
Unexposed 71 Reference Reference
Exposed 75 0.76 0.55 1.05 0.78 0.56 1.08
Unknown 46 0.57 0.39 0.82 0.58 0.40 0.84

Colon and Rectum 122
Unexposed 38 Reference Reference
Exposed 45 0.84 0.54 1.29 0.83 0.54 1.28
Unknown 39 0.80 0.51 1.25 0.79 0.51 1.25

Liver 117
Unexposed 42 Reference Reference
Exposed 36 0.62 0.40 0.97 0.61 0.39 0.96
Unknown 39 0.77 0.50 1.20 0.73 0.47 1.14

Prostate 130
Unexposed 47 Reference Reference
Exposed 46 0.66 0.44 0.99 0.70 0.47 1.05
Unknown 37 0.72 0.47 1.11 0.70 0.45 1.08

Anus 187
Unexposed 64 Reference Reference
Exposed 63 0.70 0.49 0.99 0.65 0.46 0.92
Unknown 60 0.61 0.43 0.87 0.65 0.46 0.93

Breast 61
Unexposed 20 Reference Reference – –
Exposed 20 0.93 0.50 1.73 0.93 0.50 1.73
Unknown 21 0.69 0.37 1.28 0.70 0.38 1.30

Other 570
Unexposed 189 Reference Reference
Exposed 213 0.79 0.65 0.97 0.80 0.66 0.98
Unknown 168 0.65 0.53 0.80 0.65 0.53 0.81

cART, combination antiretroviral therapy, CI, confidence interval. Estimates that are statistically significant (P<0.05) are underlined.
aCox regression models use age as the time scale. The adjusted models are adjusted for sex-HIV transmission risk group, race/ethnicity, time-
updated AIDS status, and years since HIV report at study entry (linear). The ‘exposed’ status in the time-dependent cART exposure variable captures
current or prior exposure to cART, that is, a person is considered exposed in a given month of follow-up if prescription claims indicate exposure to
cART in that month or any prior months.
Cancer risk is elevated among PWH [5], partly because of
loss of immunologic control of oncogenic viruses,
including Kaposi sarcoma-associated herpesvirus (etio-
logically relevant for Kaposi sarcoma), Epstein–Barr virus
(NHL and Hodgkin lymphoma), human papillomavirus
(cervical and anal cancers), and hepatitis B and C viruses
(liver cancer). Risks of some of these cancers increase with
higher HIV viral load and/or lower CD4þ count [12].
Anal cancer risk increases among PWH with prolonged
high-level HIV replication and low CD4þ counts
(especially after a lag of several years) [12], highlighting
the importance of long-term immunosuppression
[12,21]. Prior investigations have demonstrated that
cART and sustained HIV viral suppression are associated
with decreased risk of virus-associated cancers, including
Kaposi sarcoma, NHL, and cervical cancer [7,12,13]. In a
randomized controlled trial of sustained cART versus
intermittent treatment guided by CD4þ counts, the
sustained cART group had lower rates of Kaposi sarcoma,
NHL, andHodgkin lymphoma [6]. Similarly, the reduced
risks that we observed for Kaposi sarcoma and NHL with
cART use plausibly reflect the effects of improved
immune function. These reduced risks may also partly
reflect other benefits of regular access to medical care.

We did not confirm the previously reported association
between cART and decreased cervical cancer risk [12],
and the protective effect for Kaposi sarcoma was more
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modest than seen in Silverberg et al. [7] which may reflect
exposure misclassification in our study, our lack of data on
the timing of initiation and full duration of cART, or (for
cervical cancer) the small number of cancer outcomes.
Furthermore, half of the individuals in our study had
prevalent HIV relative to the start of follow-up (i.e.
diagnosed pre-2008) andmost of the remaining individuals
had incident HIV prior to the 2015 update in treatment
guidelines to initiate cART earlier in the course of HIV
disease irrespective of CD4þ counts [22,23]. Together,
these individuals would have received cART under the
historical guidelines to initiate treatment at CD4þ counts
less than 350, when risk of certain cancers is higher and
benefits of treatment may be attenuated.

cARTadherence is recommended to manage HIV disease
and prevent transmission, yet PWH face a variety of
psychosocial, medical, financial, and provider-related
barriers to care. In prior studies using insurance claims,
approximately 40% of PWH in the United States, and
49% of PWH in Texas with Medicaid, had suboptimal
cART adherence (defined as PDC <80%) [24,25].
Furthermore, only 57% of PWH in the United States
achieved viral suppression in 2019 [26]. In our study, the
median proportion of follow-up time on cART was
21.4%; this proportion increased to 54.5% when we
considered only follow-up time with known exposure
status, but this still represents only modest adherence.
Real-world studies show that adherence is lower among
people taking multitablet regimens [27]. Only 32% of
people in our study who used cARTwere ever on single-
tablet regimens (data not shown), which could also partly
explain the modest adherence.

Our study linked the Texas HIV registry, a collaborating
site in the HACM Study, to a database with high coverage
(>93%) of US prescription claims [5,14]. Strengths of our
study include its diverse group of participants from both
private and public insurance plans, large sample size (more
than 63 000 PWH) and duration of follow-up (median
76months), which are advantages compared with prior
studies [7,10,11]. We used the prescription data to
quantify cARTexposure based on recent HIV treatment
guidelines [15]. Moreover, we incorporated data from the
Texas cancer registry for population-based ascertainment
of cancer. Our observational results are derived from real-
word claims data and thus are generalizable to PWH
receiving routine care in the United States. In addition,
we analyzed associations for 10 cancer types.

In conclusion, in a large HIV cohort incorporating data
from prescription claims, we found that cART use was
associated with greatly reduced risks of Kaposi sarcoma
and non-Hodgkin lymphoma, and to a lesser degree,
reduced risks of liver and anal cancers. These associations
likely reflect the beneficial effects of HIV suppression and
improved immune control of oncogenic viruses. Despite
major declines in cancer risk among PWH over the past
20 years, risk remains elevated compared with the general
population [5]. More widespread cART use with
sustained adherence offers an important opportunity to
further reduce cancer incidence among PWH.
Acknowledgements

The authors gratefully acknowledge the support and
assistance provided by individuals at the Texas HIV/AIDS
and cancer registries. We also thank David Quach at
ICON for data linkage and programming services.

The views expressed in this article are those of the authors
and should not be interpreted to reflect the views or official
policies of the National Cancer Institute, Centers for
Disease Control and Prevention or the Department of
Health and Human Services, Texas Department of State
Health Services, or their contractors, nor does themention
of trade names, commercial practices, or organizations
imply endorsement by the US Government. This research
was supported in part by the Intramural Research Program
of the National Cancer Institute.

The Texas cancer registry was supported by the
cooperative agreement funded by the Centers for Disease
Control and Prevention, National Program of Cancer
Registries (5 NU58DP006308-04-00).

Conflicts of interest
There are no conflicts of interest.
References

1. Samji H, Cescon A, Hogg RS, Modur SP, Althoff KN, Buchacz K,
et al., North American AIDS Cohort Collaboration on Research
andDesign (NA-ACCORD) of IeDEA.Closing the gap: increases
in life expectancy among treated HIV-positive individuals in
the United States and Canada. PLoS One 2013; 8:e81355.

2. Shiels MS, Cole SR,Wegner S, Armenian H, Chmiel JS, Ganesan
A, et al. Effect of HAART on incident cancer and noncancer
AIDS events among male HIV seroconverters. J Acquir Immune
Defic Syndr 2008; 48:485–490.

3. Franceschi S, Lise M, Clifford GM, Rickenbach M, Levi F,
Maspoli M, et al., Swiss HIV Cohort Study. Changing patterns
of cancer incidence in the early- and late-HAART periods: the
Swiss HIV Cohort Study. Br J Cancer 2010; 103:416–422.

4. Pipkin S, Scheer S, Okeigwe I, Schwarcz S, Harris DH, Hessol
NA. The effect of HAART and calendar period on Kaposi’s
sarcoma and non-Hodgkin lymphoma: results of a match
between an AIDS and cancer registry.AIDS 2011; 25:463–471.

5. Hernandez-Ramirez RU, Shiels MS, Dubrow R, Engels EA.
Cancer risk in HIV-infected people in the USA from 1996 to
2012: a population-based, registry-linkage study. Lancet HIV
2017; 4:e495–e504.

6. Silverberg MJ, Neuhaus J, Bower M, Gey D, Hatzakis A, Henry
K, et al. Risk of cancers during interrupted antiretroviral
therapy in the SMART study. AIDS 2007; 21:1957–1963.

7. SilverbergMJ, LeydenW,Hernandez-Ramirez RU,Qin L, Lin H,
Justice AC, et al. Timing of antiretroviral therapy initiation and
risk of cancer among persons living with human immunodefi-
ciency virus. Clin Infect Dis 2021; 72:1900–1909.



Antiretroviral therapy and cancer risk Horner et al. 385
8. Borges AH, Neuhaus J, Babiker AG, Henry K, Jain MK, Palfree-
man A, et al., INSIGHT START Study Group. Immediate anti-
retroviral therapy reduces risk of infection-related cancer
during earlyHIV infection.Clin Infect Dis 2016; 63:1668–1676.

9. Borges AH, Neuhaus J, Sharma S, Neaton JD, Henry K, Ana-
gnostou O, et al., INSIGHT SMART, START Study Groups. The
effect of interrupted/deferred antiretroviral therapy on disease
risk: a SMART and START combined analysis. J Infect Dis 2019;
219:254–263.

10. Yanik EL, Napravnik S, Cole SR, Achenbach CJ, Gopal S,Olshan
A, et al. Incidence and timing of cancer in HIV-infected
individuals following initiation of combination antiretroviral
therapy. Clin Infect Dis 2013; 57:756–764.

11. Chao C, Leyden WA, Xu L, Horberg MA, Klein D, Towner WJ,
et al. Exposure to antiretroviral therapy and risk of cancer in
HIV-infected persons. AIDS 2012; 26:2223–2231.

12. Guiguet M, Boue F, Cadranel J, Lang JM, Rosenthal E, Costa-
gliola D, Clinical EpidemiologyGroup of the FHDH-ANRS CO4
cohort. Effect of immunodeficiency, HIV viral load, and anti-
retroviral therapy on the risk of individual malignancies
(FHDH-ANRS CO4): a prospective cohort study. Lancet Oncol
2009; 10:1152–1159.

13. Park LS, Tate JP, Sigel K, Brown ST, Crothers K, Gibert C, et al.
Association of viral suppression with lower AIDS-defining
and non-AIDS-defining cancer incidence in HIV-infected
veterans: a prospective cohort study. Ann Intern Med 2018;
169:87–96.

14. Symphony Health, an ICON plc Company. Fact sheet. Key
IDVj statistics. Available at: https://symphonyhealth.prahs.
com/insights/idv-fact-sheet. [Accessed 15 November 2021]

15. Panel on Antiretroviral Guidelines for Adults and Adolescents.
Guidelines for the Use of Antiretroviral Agents in Adults and
Adolescents with HIV. Department of Health and Human
Services. Available at: https://clinicalinfo.hiv.gov/en/guidelines.
[Accessed 11 April 2021]

16. Fritz A, Percy C, Jack A, editors. International classification of
diseases for oncology, 3rd ed. Geneva: World Health Organiza-
tion. 2000.

17. Canfield SL, Zuckerman A, Anguiano RH, Jolly JA, DeClercq J,
Wascher M, et al. Navigating the wild west of medication
adherence reporting in specialty pharmacy. J Manag Care Spec
Pharm 2019; 25:1073–1077.
18. Glassberg MB, Trygstad T, Wei D, Robinson T, Farley JF.
Accuracy of prescription claims data in identifying truly
nonadherent patients. J Manag Care Spec Pharm 2019;
25:1349–1356.

19. National ADAP Monitoring Project: 2015 Annual Report,
National Alliance of State and Territorial AIDS Directors (NAS-
TAD), May 2015. Available at: https://www.nastad.org/PartBA-
DAPreport. [Accessed 16 November 2021]

20. Texas HIV Annual Report. Texas Department of State Health
Services. December 2016. Available at: https://www.dshs.texas.
gov/ConsumerandExternalAffairs/legislative/2016Reports/
2015TexasHIVAnnualReport.pdf. [Accessed 30 May 2022]

21. Hernandez-Ramirez RU, Qin L, Lin H, Leyden W, Neugebauer
RS, Althoff KN, et al., North American AIDS Cohort Collabora-
tion on Research and Design of the International Epidemiologic
Databases to Evaluate AIDS. Association of immunosuppres-
sion and human immunodeficiency virus (HIV) viremia with
anal cancer risk in persons living with HIV in the United States
and Canada. Clin Infect Dis 2020; 70:1176–1185.

22. Gibert CL. Treatment guidelines for the use of antiretroviral
agents in HIV-infected adults and adolescents: an update. Fed
Pract 2016; 33 (Suppl 3):31S–36S.

23. The INSIGHT START Study Group. Lundgren JD, Babiker AG,
Gordin F, Emery S, Grund B, et al. Initiation of antiretroviral
therapy in early asymptomatic HIV infection. N Engl J Med
2015; 373:795–807.

24. McComseyGA, Lingohr-SmithM, Rogers R, Lin J, Donga P.Real-
world adherence to antiretroviral therapy amongHIV-1 patients
across the United States. Adv Ther 2021; 38:4961–4974.

25. Benson C, Wang X, Dunn KJ, Li N, Mesana L, Lai J, et al.
Antiretroviral adherence, drug resistance, and the impact of
social determinants of health in HIV-1 patients in the US. AIDS
Behav 2020; 24:3562–3573.

26. CDC. Monitoring selected national HIV prevention and care
objectives by using HIV surveillance data–—United States and 6
dependent areas, 2019. HIV Surveillance Supplemental Report
2021; 26 (No. 2). Available at: http://www.cdc.gov/hiv/library/
reports/hiv-surveillance.html. [Accessed 1 May 2021]

27. Kangethe A, PolsonM, Lord TC, Evangelatos T, Oglesby A. Real-
world health plan data analysis: key trends in medication
adherence and overall costs in patients with HIV. J Manag
Care Spec Pharm 2019; 25:88–93.

https://symphonyhealth.prahs.com/insights/idv-fact-sheet
https://symphonyhealth.prahs.com/insights/idv-fact-sheet
https://clinicalinfo.hiv.gov/en/guidelines
https://www.nastad.org/PartBADAPreport
https://www.nastad.org/PartBADAPreport
https://www.dshs.texas.gov/ConsumerandExternalAffairs/legislative/2016Reports/2015TexasHIVAnnualReport.pdf
https://www.dshs.texas.gov/ConsumerandExternalAffairs/legislative/2016Reports/2015TexasHIVAnnualReport.pdf
https://www.dshs.texas.gov/ConsumerandExternalAffairs/legislative/2016Reports/2015TexasHIVAnnualReport.pdf
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html

	Temporal changes in the relative frequency of K103N variants in plasma�RNA
	Temporal changes in the relative frequency of K103N variants in plasma�RNA
	Temporal changes in the relative frequency of K103N variants in plasma�RNA
	Temporal changes in the relative frequency of K103N variants in plasma�RNA
	Temporal changes in the relative frequency of K103N variants in plasma�RNA
	Temporal changes in the relative frequency of K103N variants in plasma�RNA

	Temporal changes in the relative frequency of K103N variants in plasma�RNA
	Temporal changes in the relative frequency of K103N variants in plasma�RNA
	Temporal changes in the relative frequency of K103N variants in plasma�RNA
	Temporal changes in the relative frequency of K103N variants in plasma�RNA



