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Background. Antiretroviral therapy (ART) has reduced mortality among people living with human immunodeficiency virus
(HIV), but cancer remains an important cause of death. We characterized cancer-attributable mortality in the HIV population
during 2001-2015.

Methods. We used data from population-based HIV and cancer registries in the United States (US). Cox proportional haz-
ards regression models were used to estimate adjusted hazard ratios (HRs) associating cancer diagnoses with overall mortality.
Population-attributable fractions (PAFs) were calculated using these HRs and the proportion of deaths preceded by cancer. Cancer-
specific PAFs and cancer-attributable mortality rates were calculated for demographic subgroups, AIDS-defining cancers (Kaposi
sarcoma [KS], non-Hodgkin lymphoma [NHL], cervical cancer), and non-AIDS-defining cancers.

Results. Cancer-attributable mortality was 386.9 per 100 000 person-years, with 9.2% and 5.0% of deaths attributed to non-
AIDS-defining and AIDS-defining cancers, respectively. Leading cancer-attributable deaths were from NHL (3.5%), lung cancer
(2.4%), KS (1.3%), liver cancer (1.1%), and anal cancer (0.6%). Overall, cancer-attributable mortality declined from 484.0 per
100 000 person-years during 2001-2005 to 313.6 per 100 000 person-years during 2011-2015, while the PAF increased from
12.6% to 17.1%; the PAF for non-AIDS-defining cancers increased from 7.2% to 11.8% during 2011-2015. Cancer-attributable
mortality was highest among those aged >60 years (952.2 per 100 000 person-years), with 19.0% of deaths attributed to non-
AIDS-defining cancers.

Conclusions.  Although cancer-attributable mortality has declined over time, it remains high and represents a growing fraction
of deaths in the US HIV population. Mortality from non-AIDS-defining cancers may rise as the HIV population ages. ART access,

early cancer detection, and improved cancer treatment are priorities for reducing cancer-attributable mortality.
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Among people living with human immunodeficiency virus
(HIV; PLWH), the introduction of effective antiretroviral
therapy (ART) in 1996 has allowed for long-term suppression
of HIV, improved immunity, and extended life expectancy [1,
2]. Immunodeficiency and coinfection with oncogenic viruses
place PLWH at elevated risk of certain cancers [3-6]. ART has
substantially reduced the incidence of Kaposi sarcoma (KS)
and non-Hodgkin lymphoma (NHL), which are malignancies
caused by KS-associated herpesvirus and Epstein-Barr virus,
respectively, and considered acquired immunodeficiency syn-
drome (AIDS)-defining cancers [7-9]. Declines for non-AIDS-
defining cancers have been more modest, and the burden of
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these cancers has actually increased with growth and aging of
the HIV population [10].

Characterizing evolving patterns of mortality during the
current ART era is important for measuring progress toward
reducing the impact of cancer and other diseases in the HIV
population. With large declines in mortality rates, there have
been shifts in the causes of death among PLWH. The propor-
tion of deaths due to non-AIDS-related conditions, including
cancer, has increased, while deaths from AIDS-related causes
have decreased, though this latter category still comprises the
majority of deaths [11-14].

Prior epidemiologic studies have typically adjudicated causes
of death to estimate cause-specific mortality [13, 15-17].
However, a major challenge of this approach is assigning an
accurate cause of death when there is incomplete information
or multiple comorbidities. Alternatively, one can use attribut-
able risk methods to statistically apportion deaths from cancer.
This method uses only cancer diagnoses and their associations
with overall mortality in a population to estimate population-
attributable fractions (PAFs) of cancer-related deaths. Prior
studies that used the PAF approach focused on people with
AIDS in the HIV/AIDS Cancer Match Study or PLWH in care
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and on treatment in a consortium of North American cohort
studies [18, 19]. In addition to considering the PAF, which is
a proportional measure, it is important to calculate the rate of
mortality attributable to cancer. The cancer-attributable mor-
tality rate is useful for comparing patterns across populations or
calendar periods, while the PAF characterizes the relative im-
portance of cancer as a cause of death.

In the present study, we examine patterns of mortality attrib-
utable to cancer in the US HIV population. We consider cancer-
attributable mortality rates and PAFs in tandem, reflecting the
absolute and proportional contributions of cancer to mortality,
respectively. We use population-based registry data that capture
a large representative sample of PLWH across the HIV care con-
tinuum in the United States.

METHODS

The HIV/AIDS Cancer Match Study is a registry-based study
of PLWH in the United States (https://hivmatch.cancer.gov/).
HIV diagnoses are ascertained through routine public health
surveillance at the state or regional level. Cancer diagnoses
are ascertained through linkage to corresponding population-
based cancer registries. Vital status is provided from state and
national records at the time of linkage.

The current study population included PLWH (aged
>20 years) followed during 2001-2015 in 10 regions (see
Table 1 note). PLWH were followed from cohort entry (defined
as the latest of age 20, 1 January 2001, start of name-based HIV
registration, 5 years after the start of cancer registry coverage,
and earliest of HIV report date or AIDS diagnosis date) through
death or the end of cancer registry coverage. Therefore, the co-
hort includes both people diagnosed with HIV before 2001
who were alive during 2001-2015 and people newly diagnosed
during 2001-2015.

Because mortality due to cancer during follow-up can be due
to cancers that were diagnosed before follow-up (ie, prevalent)
or that arise during follow-up (ie, incident), it is important to
capture both from cancer registries. We chose a 5-year window
for ascertaining prevalent cancers because most deaths due
to cancer were expected to accrue within 5 years of diagnosis
and because choosing a longer window would move the start
of follow-up later for some regions and thus reduce our cohort
size. Cancers were coded according to a standard classification
scheme [20].

The PAF was calculated based on the following formula:
PAF =p, x [(HR - 1)/HR], where p is the proportion of deaths
preceded by cancer and HR is the hazard ratio for the associa-
tion between cancer diagnosis and overall mortality [21]. We
used Cox proportional hazards regression models to estimate
HRs for cancer overall and specific cancers, adjusted for sex,
race/ethnicity, HIV transmission risk group, attained calendar
year, and time-dependent AIDS status (see Table 2 note). Age

Table 1. Characteristics of People Living With Human Immunodeficiency
Virus from 10 States Followed for Mortality During 2001-2015

Characteristic Person-years of Follow-up %
Total 3577916 100.0
Attained year

2001-2005 914 865 25.6

2006-2010 1546 170 43.2

2011-2015 1116 882 31.2
Sex

Male 2603172 72.8

Female 974 744 272
Attained age, years

20-39 1081290 30.2

40-59 2 206 578 61.7

60+ 290 048 8.1
Race/ethnicity

Non-Hispanic white 902 172 25.2

Non-Hispanic black 1653 374 46.2

Hispanic 963 343 26.9

Other 59 027 1.6
HIV transmission risk

group

MSM 1296 006 36.2

PWID 672 450 18.8

MSM and PWID 163 791 4.6

Heterosexual 657 633 18.4

Other or unknown 788 036 22.0
AIDS status

AIDS 2205 479 61.6

HIV only 1372438 38.4

Participating registries, calendar years, and proportion of person-years of follow-up in-
clude: Colorado, 2003-2015 (3.9%); Connecticut, 2005-2010 (1.5%); District of Columbia,
2001-2015 (4.9%); Georgia, 2009-2012 (4.5%); Michigan, 2001-2010 (3.0%); New Jersey,
2001-2012 (9.9%); New York, 2001-2012 (36.5%); North Carolina, 2001-2014 (9.6%);
Puerto Rico, 2003-2012 (4.2%); and Texas, 2004-2015 (22.1%). A total of 521 623 people
living with human immunodeficiency virus were included in the study.

Abbreviations: HIV, human immunodeficiency virus; MSM, men who have sex with men;
PWID, people who inject drugs.

was used as the time scale. A cancer diagnosis was treated as a
time-dependent variable. The variance of the PAF was calcu-
lated using an influence function-based approach [18].

We calculated the cancer-attributable mortality rate as the
product of the PAF and overall mortality rate. Results are
presented for all cancer sites combined and for the 10 most
common cancers among PLWH (AIDS-defining cancers: KS,
NHL, and cervical; non-AIDS-defining cancers: anal, liver,
Hodgkin lymphoma, lung, breast, prostate, and colorectal) and
other remaining cancers combined. We also present results for
subgroups, defined by sex, race/ethnicity, HIV transmission
risk group, AIDS status, age, calendar year, and age group-spe-
cific patterns across calendar year.

In a sensitivity analysis, we examined the PAF related only
to incident cancers by excluding PLWH with prevalent can-
cers diagnosed before start of follow-up. To assess the extent
to which our use of a 5-year window for ascertaining preva-
lent cancers fully captured cancer-attributable mortality during
follow-up, we conducted a second sensitivity analysis in which
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Table 2. Cancer-attributable Mortality Among People Living With Human Immunodeficiency Virus from 10 States, 2001-2015, by Cancer Site

Cancer-
Number of Proportion of Deaths Preceded Adjusted Hazard Population-attributable attributable
Cancer Site Cancers by Cancer, p, (95% ClI) Ratio (95% CI) Fraction (95% Cl) Mortality Rate
All sites combined 31611 17.5% (17.3%-17.8%) 5.79 (5.69-5.89) 14.5% (13.6%-15.4%) 386.9
AlDS-defining cancers 12 315 6.5% (6.4%-6.7%) 4.28 (4.17-4.40) 5.0% (4.4%-5.6%) 134.1
Kaposi sarcoma 4485 1.9% (1.8%-2.0%) 2.99 (2.86-3.14) 1.3% (.9%-1.6%) 34.0
Non-Hodgkin lymphoma 7072 4.3% (4.1%-4.4%) 5.35 (5.18-5.52) 3.5% (3.0%-3.9%) 92.6
Cervical 758 4% (3%—-4%) 2.56 (2.31-2.85) 2% (1%—-4%) 5.9
Non-AIDS-defining cancers 19 296 11.0% (10.8%-11.2%) 6.21 (6.08-6.34) 9.2% (8.5%-9.9%) 245.7
Anus 1729 8% (.7%—.9%) 4.02 (3.74-4.31) 6% (.4%—.8%) 16.1
Liver 1331 11% (1.1%-1.2%) 19.0 (17.9-20.2) 1.1% (.8%-1.3%) 28.4
Hodgkin lymphoma 1420 6% (.5%—.6%) 3.47 (3.20-3.77) 4% (.2%—.6%) 1.3
Breast 1110 4% ((4%—-5%) 2.97 (2.70-3.27) 3% (.1%—-.4%) 78
Prostate 2252 5% (.5%-.6%) 1.21 (1.11-1.32) % (—.1%—.2%) 2.3
Lung 2878 2.5% (2.4%-2.6%) 16.3 (15.7-17.0) 2.4% (2.0%-2.7%) 63.0
Colorectal 1272 6% (.6%—.7%) 4.00 (3.69-4.34) 5% (.3%—.7%) 12.6
Other 7304 4.3% (4.2%-4.5%) 6.25 (6.06-6.45) 3.6% (3.2%-4.1%) 974

Abbreviation: Cl, confidence interval.

Mortality rates are per 100 000 person-years. Cox proportional hazards regression models use age as the time scale and are adjusted for sex, human immunodeficiency virus transmission
risk group, race/ethnicity, time-dependent AIDS status, and attained calendar year. The population-attributable fraction (PAF) is calculated as PAF = p, x [(HR - 1)/HRI, where p, is the propor
tion of deaths preceded by a cancer diagnosis and HR is the adjusted hazard ratio for the association between cancer diagnosis and overall mortality. The sum of cancerspecific population-

attributable fractions approximates the fractions for all sites combined and for AIDS-defining and non-AlDS-defining cancer categories, which were estimated using separate models.

we ascertained prevalent cancers diagnosed up to 10 years prior
to study entry. Analyses were conducted using SAS software,
Version 9.4 (SAS Institute Inc, Cary, NC).

RESULTS

The study cohort included 521 623 PLWH followed during 2001
2015 for 3 577 916 person-years (median follow-up, 6.8 years;
interquartile range [IQR], 3.6-11.5 years; Table 1). Substantial fol-
low-up time accrued during 2006-2010 (43.2%) and among men
(72.8%), non-Hispanic blacks (46.2%), and those aged 40-59 years
(61.7%). Follow-up time according to specified modes of trans-
mission was predominantly among men who have sex with men
(MSM; 36.2%), people who inject drugs (PWID; 18.8%), and het-
erosexual risk groups (18.4%). Overall, 61.6% of follow-up time
occurred after an AIDS diagnosis. Among PLWH, the propor-
tion of follow-up time within the 60+ age group doubled between
2001-2005 and 2011-2015 (5.0% to 10.9%), while the age distri-
bution within each age category remained stable over the calendar
period (Supplementary Table 1).

In total, 31 611 participants (6.1%) were diagnosed with
cancer (9497 prevalent and 22 114 incident cases). Of these can-
cers, 12 315 were AIDS-defining and 19 296 were non-AIDS-
defining. The most commonly diagnosed cancer types were
NHL (22.4%), KS (14.2%), and lung cancer (9.1%; Table 2).
Among prevalent cancers, the median time between diagnosis
and the start of follow-up was 0.8 years (IQR, 0.0-2.6 years;
Supplementary Table 2). For all prevalent cancers combined,
95% had 0 to 4.59 years of survival time from their cancer diag-
nosis until entering the cohort, and only 5% had a survival time
of 4.60 to 5 years (Supplementary Table 2).

There were 95 554 deaths during follow-up (mortality rate,
2671 per 100 000 person-years), and 17.5% of deaths were
preceded by cancer (p, = 0.175). The adjusted HR for cancer
and death was 5.79 (95% confidence interval [CI], 5.69-5.89),
resulting in a PAF of 14.5% (95% CI, 13.6%-15.4%). The cor-
responding cancer-attributable mortality rate was 386.9 per
100 000 person-years (Table 2).

Non-AIDS-defining cancers collectively contributed a larger
fraction of deaths than AIDS-defining cancers (PAFs, 9.2% vs
5.0%; cancer-attributable mortality rates, 245.7 vs 134.1 per
100 000 person-years; Table 2). Individual cancer sites that con-
tributed the most deaths were NHL (3.5%), lung cancer (2.4%),
KS (1.3%), liver cancer (1.1%), and anal cancer (0.6%).

As shown in Table 3, overall mortality among PLWH declined
from 3839 per 100 000 person-years during 2001-2005 to 1835
per 100 000 person-years during 2011-2015. Between 2001-
2005 and 2011-2015, the cancer-attributable mortality also de-
clined from 484.0 to 313.6 per 100 000 person-years, while the
PAF increased from 12.6% during 2001-2005 to 17.1% during
2011-2015 (Table 3). The composition of cancer-attributable
deaths shifted such that the proportion of deaths attributable to
non-AIDS-defining cancers increased from 7.2% during 2001-
2005 to 11.8% during 2011-2015 (Figure 1A), while the pro-
portion attributable to AIDS-defining cancers remained stable
(approximately 5%). Among the leading non-AIDS-defining
cancers, the PAF for liver, lung, and anal cancers each increased
by 0.6%, 0.5%, and 0.5%, respectively, between 2001-2005 and
2011-2015 (Supplementary Table 3). In contrast, the corre-
sponding cancer-attributable mortality rates declined across
calendar periods for AIDS-defining and non-AIDS-defining
cancer groups (Figure 1B).
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Table 3. Cancer-attributable Mortality Among People Living With Human Immunodeficiency Virus from 10 States, 2001-2015, by Population Subgroup

Proportion of Deaths Preceded by Cancer,

Adjusted Hazard

Population-attributable

Crude Mortality

Cancer
attributable

Characteristic p,(95% Cl) Ratio (95% Cl) Fraction (95% Cl) Rate Mortality Rate
Calendar period

2001-2005 156.1% (14.8%-15.5%) 5.99 (5.82-6.17) 12.6% (11.4%-13.8%) 3839 484.0

2006-2010 18.0% (17.6%-18.3%) 5.70 (5.55-5.85) 14.8% (13.4%-16.2%) 2582 382.3

2011-2015 20.7% (20.2%-21.3%) 5.68 (5.49-5.88) 171% (14.3%-19.9%) 1835 313.6
Sex

Male 18.5% (18.2%-18.8%) 5.79 (5.68-5.91) 15.3% (14.1%-16.4%) 2628 401.4

Female 15.1% (14.7%-15.6%) 5.76 (5.57-5.95) 12.5% (10.9%-14.1%) 2785 348.1
Age category, years

20-39 13.3% (12.8%-13.8%) 7.07 (6.77-739) 11.4% (8.9%-13.9%) 1671 1911

39-59 171% (16.8%—-17.4%) 6.01 (5.89-6.14) 14.2% (13.2%-15.3%) 2855 406.5

60+ 24.6% (23.9%-25.3%) 4.42 (4.25-4.59) 19.0% (16.9%-21.2%) 4999 952.2
Race/ethnicity

Non-Hispanic white 20.7% (20.1%-21.2%) 5.74 (5.564-5.94) 171% (14.7%-19.5%) 2152 3675

Non-Hispanic black 173% (17.0%-176%) 5.78 (5.64-5.92) 14.3% (13.1%-15.5%) 3016 431.7

Hispanic 15.5% (15.0%-15.9%) 5.93 (5.72-6.14) 12.9% (11.1%-14.6%) 2632 338.9

Other 177% (15.2%-20.2%) 5.78 (4.85-6.90) 14.6% (1.4%-279%) 1540 225.6
Risk group

MSM 22.5% (22.0%-23.1%) 6.12 (5.93-6.32) 18.9% (16.1%-21.6%) 1683 3173

PWID 14.1% (13.7%-14.5%) 5.86 (5.68-6.06) 11.7% (10.6%-12.8%) 4602 5375

MSM + PWID 14.9% (13.9%-15.9%) 5.73 (5.31-6.20) 12.3% (8.9%-15.7%) 3132 385.6

Heterosexual 171% (16.5%—-17.7%) 5.97 (5.73-6.23) 14.2% (11.9%-16.6%) 2432 345.9

Other/unknown 18.3% (17.8%-18.8%) 5.19 (5.01-5.38) 14.8% (12.7%-16.8%) 2750 406.4
AIDS status

AIDS 18.2% (17.9%-18.4%) 5.61 (5.51-5.71) 14.9% (14.0%-15.8%) 3556 530.8

Human immunodeficiency 13.6% (13.1%-14.2%) 9.04 (8.58-9.52) 12.1% (8.6%-15.6%) 1073 130.1

virus only

Mortality rates are per 100 000 person-years. Cox proportional hazards regression models use age as the time scale and are adjusted for sex, human immunodeficiency virus transmission

risk group, race/ethnicity, time-dependent AIDS status, and attained calendar year.

Abbreviations: Cl, confidence interval; MSM, men who have sex with men; PWID, people who inject drugs.

Across demographic groups (Table 3), the PAF was higher
among men (15.3%) than women (12.5%). The cancer-
attributable mortality rate and PAF increased across age
groups (Figure 1C, 1D). Among those aged >60 years, 19.0%
of deaths were attributed to cancer compared with 11.4%
among those aged 20-39 years, and the cancer-attributable
mortality rate was 5-fold higher (952.2 vs 191.1 per 100 000
person-years). The composition of cancer-attributable deaths
also shifted with age; the proportion of deaths attributable
to non-AIDS-defining cancers increased from 3.3% among
those aged 20-39 years to 16.4% among those aged >60 years,
while the proportion attributable to AIDS-defining cancers
declined (8.1% vs 2.3%; Figure 1C). The cancer-attributable
mortality rate for non-AIDS-defining cancers increased
with age from 27.0 per 100 000 person-years in those aged
20-49 years to 818.0 per 100 000 person-years in those aged
>60 years, while the cancer-attributable mortality rate for
AIDS-defining cancers remained stable (Figure 1D). Across
calendar periods, all age groups experienced an increase in
the PAF (Figure 2A) and substantial declines in the cancer-
attributable mortality rate (Figure 2B). The most pronounced
increase in the PAF occurred among those aged 40-59 years

for whom the PAF increased from 12.7% during 2001-2005
to 17.0% during 2011-2015. Between 2001-2005 and 2011-
2015, the cancer-attributable mortality rate declined by 55.6%
among those aged 20-39 years and by 40.4%-41.0% among
those aged 40-59 years and 60+ years.

Across racial/ethnic groups, the PAF was highest among
non-Hispanic whites (17.1%). Although the PAF was only
14.3% in non-Hispanic blacks, this group had the highest
cancer-attributable mortality rate (431.7 per 100 000 person-
years; Table 3). Across HIV risk groups (Table 3), the largest
PAF was among MSM (18.9%), and the PAFs were high for KS
(4.3%; 95% CI, 3.0%-5.7%) and anal cancer (1.4%; 95% CI,
.6%-2.4%). Although the PAF was only 11.7% among PWID,
this group had the highest cancer-attributable mortality rate
(537.5 per 100 000 person-years). Among PWID, the PAF
for liver cancer was also elevated (1.6%; 95% CI, 1.2%-2.0%)
and lung cancer contributed a large proportion of deaths
(2.5%; 95% CI, 1.9%-2.9%). Individuals with a prior AIDS
diagnosis experienced a larger PAF (14.9%) and cancer-
attributable mortality (530.8 per 100 000 person-years)
than those with HIV only (PAF = 12.1%; cancer-attributable
mortality = 130.1).
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Figure 1. PAF and attributable mortality rates for AIDS-defining and non—AIDS-defining cancers across calendar year periods (A, B) and age groups (C, D). Abbreviation:
PAF, population-attributable fraction.
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Figure 2. PAF (A) and attributable mortality rates (B) among age groups across calendar year period. Abbreviation: PAF, population-attributable fraction.

In a sensitivity analysis that excluded 9497 people with ~ per 100 000 person-years. PAFs for non-AIDS-defining
prevalent cancer, the overall PAF was 12.3% (95% CI, 11.4%-  cancers and AIDS-defining cancers were 8.2% and 3.9%,
13.2%) and the cancer-attributable mortality rate was 320.2 respectively.
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In a second sensitivity analysis that used a 10-year period
to ascertain prevalent cancer cases, we evaluated a cohort of
N =431 627 PLWH and 2.4 million person-years of follow-up.
Of these, 25 275 (5.9%) were diagnosed with cancer (10 623
prevalent cancers, including 7567 diagnosed 0-5 years and 3056
diagnosed 5-10 years before the start of follow-up, and 14 652
incident cases). There were 56 804 deaths during follow-up
(overall mortality rate, 2346.7 per 100 000 person-years), and
19.3% of deaths were preceded by cancer (p, = 0.193). The re-
sulting PAF was 15.7% and the cancer-attributable mortality
rate was 368.9 per 100 000 person-years. The patterns in the
results for calendar periods, AIDS-defining cancers, and non-
AIDS-defining cancers were similar to the primary analysis
(data not shown).

DISCUSSION

In the United States, improving access to ART since 1996 has
translated to major reductions in overall mortality in the HIV
population and, particularly, mortality related to AIDS. In turn,
the landscape of causes of deaths has shifted, with cancer re-
sponsible for a growing fraction of deaths. In our study, overall
mortality in the HIV population dropped from 3839 to 1835
per 100 000 person-years, a 52% decrease between 2001-2004
and 2011-2015, but the cancer-attributable mortality rate de-
clined by only 35% to 313.6 per 100 000 person-years. Cancer-
attributable mortality declined dramatically for AIDS-defining
cancers, from 199 to 90 per 100 000 person-years over this pe-
riod, while the declines in mortality attributable to non-AIDS-
defining cancers were more modest (278 to 217 per 100 000
person-years).

The cancer-attributable mortality rate is an important measure
for assessing the absolute impact of cancer and comparing across
populations. Solely considering the PAF, which is a proportional
measure, can be misleading because the denominator for the
fraction of deaths related to cancer is overall mortality. For ex-
ample, we found that the PAF increased from 12.6% to 17.1%
from 2001-2004 to 2011-2015, but this was because the decline
in cancer-attributable mortality was less than for overall mor-
tality. Likewise, it is important to note that cancer-attributable
mortality rates among PLWH are alarmingly high compared
with cancer mortality in the general US population, espe-
cially among young adults. During our most recent study pe-
riod (2011-2015), the cancer-attributable mortality rate among
PLWH who were aged 20-39 years was, remarkably, 12 times
that reported for the general population (118 vs 9.8 per 100 000
person-years) [22]. It was also elevated to a lesser extent among
PLWH who were aged 40-59 years (2.7 times higher, 322 vs 120
per 100 000 person-years in the general population) and PLWH
who were aged 60-69 years (1.7 times higher, 762 vs 429) [22].

The mortality attributable to specific cancer sites in our
study reflects the incidence of cancer in the HIV population

and the strength of the association with mortality. NHL and
KS were the most common cancers, despite decades-long de-
clines in incidence associated with widespread ART use [20,
23]. Consequently, NHL (PAE 4.3%) and KS (PAF, 1.9%) were
leading causes of cancer-attributable deaths. The incidence of
non-AIDS-defining cancers of the anus, liver, and lung has
declined less sharply over time and remains elevated among
PLHW [20, 24]. In addition, mortality associated with liver and
lung cancers is very high. As a result, lung (2.4%), liver (1.1%),
and anal cancers (0.6%) contributed substantially to mortality.

Cancer-attributable mortality rates increased steeply with age,
reflecting the increasing incidence of many non-AIDS-defining
cancers among older age groups. In the over-60 age group, we
observed that 1 in 5 deaths was attributed to cancer. The distri-
bution of deaths also shifted dramatically with advancing age,
showing an increase in the proportion of deaths attributable
to non-AIDS-defining cancers. Non-Hispanic whites had the
highest PAF (17.1%), but non-Hispanic blacks had the highest
rates of both overall and cancer-attributable mortality.

Across transmission risk groups, PWID had the highest
cancer-attributable mortality rate, likely reflecting the high
prevalence of cancer risk factors in this group and the resulting
distribution of cancer types. Approximately 80% of PLWH who
inject drugs are coinfected with hepatitis C virus (HCV), and
consequently liver cancer contributes a relatively large propor-
tion of deaths (1.6%) [25]. Lung cancer also represents a sub-
stantial fraction of deaths among PWID, reflecting the high
prevalence of smoking [26]. Similarly, among MSM, for whom
the prevalence of infections with human papillomavirus and
KS-associated herpesvirus is high, anal cancer (1.4%) and KS
(4.3%) comprise a relatively large fraction of deaths [27, 28].

The mortality patterns described here point to opportun-
ities for public health interventions to reduce cancer mortality
among PLWH. Early and sustained ART is important for pri-
mary prevention of KS and NHL. Improving uptake of HCV
screening among all asymptomatic adults without known liver
disease and HCV treatment are critical to reduce liver cancer
incidence, and primary prevention of lung cancer and other
cancers through smoking cessation is important [29, 30]. With
the proportion of PLWH aged >65 years expected to increase to
21% by 2030, early cancer detection through screening and im-
proved treatment access should be priorities [23]. PLWH have
worse cancer survival than those not living with HIV partly due
to advanced cancer stage at diagnosis [31-33]. Finally, dispar-
ities in cancer treatment among PLWH also contribute to poor
survival [34].

We used a statistical approach to estimate mortality attrib-
utable to cancer within the HIV population. This approach
avoids reliance on determination of causes of death, which can
be difficult (eg, based on information on death certificates).
For example, we were able to attribute deaths due to KS, NHL,
and cervical cancer that might otherwise be coded to AIDS on

Cancer Mortality in the HIV population « CID 2021:72 (1 May) « €229



death certificates. To address the challenge of misclassification
of cause of death in the HIV population, other studies have used
the CoDe protocol, which requires information from medical
charts and other sources to adjudicate causes of death [13,
15-17, 35]. Because comorbid conditions and risk factors are
not routinely collected by state registries, implementing CoDe
was not feasible in our study. Our statistical method appor-
tions deaths attributable to cancer on a population level. This
approach relies on the assumption that the observed associa-
tion between cancer and death is causal and free of unmeasured
confounding. We adjusted for demographic characteristics and
time-varying AIDS status, but CD4 cell counts and HIV viral
load were not sufficiently available to be used in modeling. We
also lacked data on other important cancer risk factors, such as
smoking. Nonetheless, the effect of residual confounding would
have to be quite large to substantially bias the PAF because, for
strong associations such as those we observed between cancer
and mortality, the term (HR - 1)/HR approaches 1, and the PAF
is very close to p, that is, the proportion of deaths preceded
by cancer.

Our estimates of the fraction of cancer-related deaths are
mostly lower than reported from large clinical HIV cohorts in
Europe and the United States [13, 17, 18]. Importantly, however,
the corresponding cancer mortality rates were similar. In the
French mortality survey, which reported the highest fraction of
cancer deaths among PLWH (36%), the cancer mortality rate
was similar to ours (320 per 100 000 person-years in France in
2010 vs 314 per 100 000 person-years in the United States in
2011-2015, respectively); in contrast, the overall mortality rate
was much lower than in our study (888 vs 1835 per 100 000
person-years) [17]. Thus, differences in overall mortality rates
contribute to variation in PAFs and similar proportional meas-
ures across studies.

Finally, it is unlikely that our PAF estimates are strongly
underestimated because the PAF cannot exceed the proportion
of deaths that were preceded by a cancer diagnosis (p ). We ob-
served p, = 17.5%, which is not much greater than the estimated
PAF of 14.5%. When we expanded the period of ascertainment
of prevalent cancers to 10 years before study entry, the PAF
increased to 15.7%. The increase was small in this sensitivity
analysis because there were relatively few additional prevalent
cancers identified and because individuals who live at least
5 years after a prevalent cancer diagnosis are less likely to die
from their cancer during follow-up.

Our study cohort was identified from population-based HIV
registries in 10 US regions and is thus broadly representative
of PLHW in the United States. The overall PAF and cancer-
attributable mortality in our study are higher than reported in
a consortium of HIV cohorts in North America [18], likely be-
cause we included people who are not linked to care and who
may have worse immune status. In addition, unlike in some
prior studies, our cohort included people who started follow-up

with a prior cancer diagnosis [18, 19]. This subgroup is impor-
tant because estimates that rely solely on incident cancer diag-
noses cannot capture the full burden of cancer-related deaths.
Indeed, in a sensitivity analysis in which we excluded people
with a prevalent cancer, the PAF was noticeably lower (12.3%).

In summary, our study provides new population-based esti-
mates of cancer-attributable mortality for PLWH in the United
States. Cancer-attributable mortality remains much higher in
the HIV population than the general population, and the frac-
tion of deaths due to cancer has been increasing over time.
Although NHL and KS are among the leading causes of cancer
deaths in the HIV population, the spectrum of cancer deaths is
shifting toward non-AIDS-defining sites, and mortality due to
non-AIDS-defining cancers will likely rise as the HIV popula-
tion ages. The evolving pattern of cancer deaths in the HIV pop-
ulation underscores the continued importance of ART access,
early cancer detection, and improved cancer treatment among
PLWH.
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