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Abstract

Objectives: We estimated years of life lost (YLLSs) to all causes of death and years of life lost
to cancer among persons living with human immunodeficiency virus (HIV; PLWH) in the United
States (US).

Design: Linked HIV and cancer registry data from the HIV/AIDS Cancer Match Study were
used to identify incident cancers and deaths among PLWH in 11 regions of the US during 2006—
2015.

Methods: Mean YLL (MYLL) to all causes of death and MYLL to cancer during 2006—

2015 were derived from the restricted mean survival estimated from Cox proportional hazards
regression models. MYLLs were then upweighted to the national population of PLWH to obtain
all-cause total years of life lost (TYLL) and cancer-related TYLL in the US during 2006-2015.

Results: Among 466,234 PLWH in the study population, 25,772 (5.5%) developed cancer

during 2006-2015. Nationally, an estimated 134,986 years of life were lost to cancer of all

types during 20062015 among PLWH, representing 9.6% of TYLL to all causes. Non-Hodgkin
lymphoma (NHL), Kaposi sarcoma (KS), anal cancer, and lung cancer were the four largest cancer
contributors (45% of TYLL to cancer). The largest fraction of TYLL occurred among Black
PLWH, men who have sex with men, and PLWH aged 40-59 years old.

Conclusion: PLWH have higher mortality rates after developing cancer. NHL, KS, and anal and
lung cancers were large contributors to years of life lost to cancer in the U.S. population of PLWH,
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highlighting opportunities to reduce cancer mortality through improved access to antiretroviral
treatment, prevention, and screening.
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Introduction

Methods

Persons living with human immunodeficiency virus (HIV; PLWH) have an elevated risk

of certain cancers compared to the general population, largely due to immunosuppression
and co-infection with oncogenic viruses such as Kaposi sarcoma-associated herpesvirus,
hepatitis C virus, and human papillomavirus.l14] In the US, since the introduction of
combination antiretroviral therapy (ART), which suppresses HIV replication and improves
immune function, life expectancy of PLWH has been significantly prolonged.[5] PLWH are
aging, and cancer rates and the number and types of cancers that occur among PLWH are
changing over time.[6]

Cancer-specific mortality is also higher among PLWH compared to cancer patients without
HIV.L7. 8] There are various possible explanations, including suppressed immune function,
but also screening and treatment disparities between cancer patients with and without HIV.
[7.9-18] Though cancer-attributable mortality rates have declined over time, cancer has
caused a growing fraction of deaths among US PLWH in the ART era, with 17.1% of deaths
in 2011-2015 attributable to cancer.[2°]

To further illustrate the impact of cancer mortality among PLWH, we used years of

life lost (YLL) due to cancer, an informative metric for assessing deaths due to cancer
among PLWH.[20] YL estimates can help in allocating resources and designing prevention
programs for PLWH to maximize the number of life years gained.[21: 221 |n this study, we
used data from the National Cancer Institute’s HIV/AIDS Cancer Match (HACM) Study
and national HIV surveillance data to estimate YLL due to cancer among all PLWH in the
United States from 2006 to 2015, as well as by population subgroups and for select cancer
sites.

Data sources

HIV/AIDS Cancer Match Study—Data on HIV and cancer during 2006-2015 were
obtained from the HACM Study, a record linkage study of population-based HIV and cancer
registries in 11 U.S. regions (https://www.hivmatch.cancer.gov/sites.html). The included
population-based cancer registries and year ranges covered were Colorado (2006-2015),
Connecticut (2006-2015), Washington, D.C. (2007-2015), Georgia (2006-2012), Louisiana
(2006-2015), Maryland (2008-2012), Michigan (2006-2015), New Jersey (2006-2012),
New York (2006-2012), North Carolina (2006-2014), Puerto Rico (2006-2012), and Texas
(2006-2015).
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Invasive cancer sites were defined using a modified version of SEER site recodes.[23] YLL
were estimated for all cancers combined and separately for common cancer types (Kaposi
sarcoma, non-Hodgkin lymphoma, cervix, lung and bronchus, anal, Hodgkin lymphoma,
liver, breast, prostate, colon and rectum, other). The analysis was restricted to individuals
older than 20 years during follow-up due to the low number of HIV and cancer cases among
persons younger than 20 years old.

The US national HIV population—Data on the number of PLWH and the number of
incident HIV cases each year in the US was obtained from the Centers for Disease Control
and Prevention’s (CDC) National HIV Surveillance System and the National Center for
HIV/AIDS, Viral Hepatitis, STD, and TB Prevention’s AtlasPlus.[24 25]

Statistical analysis

To estimate the total years of life lost (TYLL) among the national population of PLWH
between 2006 and 2015, we first estimated the mean years of life lost (MYLL) due to cancer
per PLWH in the HACM Study, and then weighted the estimated MYLL to the US national
PLWH population.[26. 27]

MYLL to cancer—We estimated MYLL due to cancer per PLWH as the difference in
survival, also known as restricted mean survival time, between two scenarios. We compared
the observed restricted mean survival time in the cohort with a hypothetical scenario

in which individuals did not develop cancer.[26-28] Calculation of MYLL was done in

three steps: estimation of the survival models, prediction of survival curves, followed by
integration and subtraction.

1. Edtimation of the survival models: We fit Cox regression models with calendar

year as the time scale to estimate the impact of cancer on survival. Follow-up for each
person started on the latest of three dates: (1) registry start date, (2) the earliest of HIV
report or AIDS diagnosis date, and (3) age 20. Follow-up ended at death or at the end

of registry coverage. To facilitate weighting of MYLL from the HACM Study to the US
national population of PLWH, we generated 10 mutually exclusive cohorts in the HACM
Study based on year of HIV diagnoses: the first cohort (2006) included PLWH who were
diagnosed during or prior to the end of year 2006; cohorts of later years (2007-2015) were
limited to persons newly diagnosed with HIV in each of those years. Covariates included
age at the beginning of follow-up (in categories 20-29, 30-39, 40-49, 50-59, and >60 years
old), a variable that combined sex and risk group (men who have sex with men [MSM],
male persons who inject drugs [PWID], all other males, female PWID, all other females),
race/ethnicity (non-Hispanic White [i.e., White], non-Hispanic Black [i.e., Black], Hispanic,
other/unknown/multiple), registry, and a time-varying dichotomous variable for cancer status
(0 vs. 1). Cancers were included up to five years prior to the start of follow-up, as the
mortality associated with cancer usually occurs within five years after cancer diagnoses.[1°]
For the 2006 cohort only, the Cox model also included a time-varying categorical variable
for time since HIV diagnosis (<2, 2-6, 7-10, 11-18, and >18 years).
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2. Prediction: For each PLWH we predicted two survival curves with coefficients
estimated from the Cox models—curve-a and curve- for the person’s observed follow-up
time. Curve-a was computed using the estimated baseline hazard and the individual’s
covariate values; curve-p was similarly estimated, except here the value for cancer status
was set to zero for everyone in the cohort. For those who never developed cancer during
follow-up, the two curves were the same.

3. Integration and subtraction: For each cohort (i.e., years 2006—2015), the area under
the averaged survival curve-a’s, Sa was estimated by integrating the averaged survival
probabilities at each event-time over the follow-up period. The area under the averaged
curve-f’s, Sj, was estimated similarly. For each cohort, the difference between Sg and Sa
(shadowed area ABC in Figure 1) was the MYLL due to cancer among PLWH in that
cohort, restricted to its follow-up period.

MYLL due to cancer per person were estimated overall, for each cancer type, and in age,
race/ethnicity, and sex/risk subgroups using the HACM study. When estimating MYLL for
each type of cancer, individuals were additionally censored at first cancer diagnosis of any
other cancer type. MYLL due to cancer among population subgroups (by race/ethnicity
[White, Black, and Hispanic], risk groups [MSM/PWID/Other], age groups [20-39, 40-59,
and 60+ years old]) were estimated similarly in stratified analyses. For MYLL to cancer
by age group, time-updated age was additionally included as an entry and exit criteria in
the Cox regression models. For some of the more recent cohorts in stratified analyses, data
were sparse, and Cox regression among subgroups required collapsing of some covariate
categories. In those cases, we did sensitivity analyses. Examples for sensitivity analyses
included the following: treating age as a continuous variable; re-categorizing race/ethnicity
(for stratified analyses by risk group) as White, Black, Hispanic/Other; re-categorizing risk
group (for stratified analyses by race) as MSM, all PWID, and all others; and removing the
registry variable as a covariate.

All-cause MYLL and proportion of MYLL that was due to cancer—We estimated
the all-cause MYLL for each cohort, represented by the total area above the averaged
curve-a’s in Figure 1 (area ACD). We then estimated the proportion of all-cause MYLL that
was due to cancer for each cohort by dividing the shadowed area in Figure 1 (area ABC)

by all-cause MYLL (area ACD). All-cause MYLL and the proportion of it that was due to
cancer were estimated overall, for each race/ethnicity, and for sex/risk group.

TYLL due to cancer nationally from 2006 to 2015—MYLL estimates from the
HACM Study were then multiplied by US national level estimates of the total HIV+
population sizes to compute the total years of life lost (TYLL) due to cancer among PLWH
in the US between January 2006 and December 2015, accounting for PLWH’s HIV status
(incident or prevalent) and differential follow-up time. The exact computation was based on

2015
TYLL = MYLL2006 * N(prevalent and incident hiv in 2006) + Zi =2007 MYLLi

* N(incident hivin yeari)

)]
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From 2008 on, all states had implemented name-based HIV infection reporting, allowing
for national reporting of HIV diagnoses and prevalence.[?9] For 2006 and 2007, 37 and 40
states’ data were available, respectively. The total number of prevalent and incident PLWH
in the US in 2006 and 2007 were estimated by first calculating the fraction of national
PLWH in these states in 2008, and then multiplying the partial estimates from 2006 and
2007 by the inverse of these ratios to upweight them to represent the whole US PLWH
population.

We also estimated all-cause TYLL from 2006 to 2015 and calculated the national proportion
of all-cause TYLL that was due to cancer, both overall and by race and sex/risk group.

We used Stata 16 to run the analyses.[30]

Results

During 2006-2015, there were 25,772 cancers and 62,232 deaths among 466,234 PLWH
in the HACM Study. Seventy-four percent of PLWH in HACM were male and 26% were
female (Table 1). At beginning of follow-up, 43% of PLWH were 20-39-years-old, 52%
were 40-59-years-old, and 5% were older than 60 years. Forty-six percent were Black, 23%
were White, and 27% were Hispanic. Thirty-eight percent were MSM and 20% were PWID.

Hazard ratios (HRs) for the risk of death across characteristics among PLWH in each of

the 10 cohorts are presented (see Table, Supplemental Digital Content 1). Risk of death was
higher among PWID (vs. MSM), Black PLWH (vs. White PLWH), older age groups (vs.
20-29-year-olds) and among those with a cancer diagnosis (vs. no cancer). Having a cancer
diagnosis was associated with increased risk of death across cohorts. For example, in the
2006 cohort, a prior cancer diagnosis was associated with HR=6.7 (95% ClI: 6.3 t0 6.9).

MYLL due to cancer and all-cause MYLL in the HACM Study during 2006-2015

The MYLL due to cancer per PLWH in the HACM Study for each cohort, overall, and in
subgroups are presented (see Table, Supplemental Digital Content 2). MYLL due to cancer
was greater for earlier cohorts due to longer follow up. MYLL increased with age. By risk
group, MYLL due to cancer was highest among PWID. By race/ethnicity, MYLL due to
cancer was highest among White PLWH for all cohorts except cohort 2006, in which Black
PLWH had the highest MYLL. MYLL due to any cancer was 41.3 days for the 2006 cohort,
30% of which were due to AIDS-defining cancers. Sensitivity analyses after recoding
covariates in some recent cohorts with sparse data resulted in nearly no change of MYLL
estimates (results not shown). The all-cause MYLL per PLWH, by race/ethnicity, and by
sex/risk group in the HACM Study for each cohort are presented (see Table, Supplemental
Digital Content 3). For cohort 2006 (10-year follow-up), which included prevalent and
incident PLWH in 2006, 386 days were lost due to cancer per White PLWH, 491 days were
lost due to cancer per Black PLWH, and 377 days were lost due to cancer per Hispanic/other
racial/ethnic group PLWH.
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TYLL due to cancer and all-cause TYLL in the US during 2006—-2015

Among PLWH in the US during 2006-2015, an estimated 135,000 TYLL were lost due

to cancer, with 32% of the TYLL due to AIDS-defining cancers and 68% to non-AlDS-
defining cancers (Table 2, Figure, Supplemental Digital Content 4). There were an estimated
23,400 YLL due to cancer among PLWH between 20-39 years of age (17%), 91,200

among PLWH aged 40-59 (68%), and 20,400 among PLWH aged 60 or older (15%). By
race/ethnicity, an estimated 72,600 YLL due to cancer occurred among Black PLWH (54%),
followed by 37,200 among White PLWH (28%) and 21,700 among Hispanic PLWH (16%).
By risk group, an estimated 73,400 YLL due to cancer occurred among MSM (54%), 14,600
among PWID (11%), and 46,900 among all other risk groups (35%).

By cancer type, 27,700 YLL were due to NHL (21% of TYLL due to cancer), 12,800 YLL
were due to KS (10%), 9,700 YLL due to anal cancer (7%), and 9,000 YLL due to lung
cancer (7%) (Table 2, Figure, Supplemental Digital Content 5). The remaining cancer types
accounted for 55% of TYLL due to cancer.

Among PLWH in the US during 2006-2015, an estimated 1,443,500 YLL due to any cause
occurred, compared to a scenario where no deaths occurred (Table 3). Cancer contributed
9.6% of the all-cause TYLL. By race/ethnicity, cancer contributed 10.6% of the TYLL
among White PLWH, 9.0% among Black PLWH, and 8.7% among Hispanics/other PLWH
(Table 3, Figure S3). By risk group, cancer contributed 11.6% of the TYLL among MSM,
7.1% among PWID, and 9.4% among all other PLWH (Table 3, Figure, Supplemental
Digital Content 6).

Discussion

We found that in the US, 135,000 years of life were lost due to cancer among PLWH

during 2006-2015. Cancer contributed 9.6% of the TYLL lost from any cause. NHL and
KS, the two most common AIDS-defining cancers among PLWH, were responsible for 30%
of TYLL due to cancer, followed by anal cancer and lung cancers, which contributed an
additional 14% of TYLL to cancer. The greatest proportion of YLL due to cancer occurred
among 40-59-year-olds, Black PLWH, and MSM.

Consistent with previous research focused on cancer mortality, NHL and lung cancer were
big contributors of TYLL due to cancer among PLWH in the U.S.I7- 311 |n addition, we
also found anal cancer to be a big contributor of TYLL (bigger than lung cancer). This

is likely due to the average age that these cancers were diagnosed: 43 years old for anal
cancer as opposed to 54 years old for lung cancer. Although KS was not found to be

as big a contributor to deaths among PLWH in previous studies, KS contributed 10% of
TYLL due to cancer during 2006-2015 in our study.[32 It is important to note that KS

is strongly associated with immune suppression among PLWH, with rates highest among
PLWH who have not received effective antiretroviral therapy to treat HIV. Therefore, the
strong association between a KS diagnosis and death may be partly explained by the
immune suppression rather than by KS itself.

AIDS. Author manuscript; available in PMC 2023 July 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

LUO etal.

Page 7

PLWH have elevated incidence of many cancer types, especially those with viral causes.[4]
Cancer risk has declined in the ART era for several virus-related cancers and lung cancer.[4]
Recent findings from large trials further confirmed that early diagnosis of HIV infection and
an earlier initiation of ART can reduce incidence of multiple major cancers among PLWH.
[32] Sustained low plasma HIV viral load was associated with reduction in anal cancer
incidence among PLWH.[33. 341 KS and NHL are essentially preventable with ART. These
deaths and YLL could be eliminated if established treatment guidelines were followed,
including timely HIV diagnosis and referral to care.[3% 361 HPV vaccination is expected

to reduce risk of HPV-related cancers.[37] Cigarette smoking is the predominant risk factor
for lung cancer, and smoking prevalence is elevated among PLWH.[38] Smoking cessation
should be emphasized in this population, and more information is needed on the possible
utility of lung cancer screening with low-dose CT scans in this population.[3]

TYLL due to cancer depends on the number of PLWH with cancer and the survival
experience after cancer diagnosis of PLWH. MYLL to cancer were highest among the oldest
age group, as cancer incidence and mortality generally increases with age; however, given
that the largest fraction of PLWH was in the 40-59 age group (60%), PLWH in this age
group had the highest TYLL to cancer. Mortality associated with cancer is highest within 5
years of cancer diagnosis. Our study focused on measuring TYLL over a defined calendar
period and captured almost all cancer-related deaths, especially for people who entered
early. However, our results underestimate YLL due to cancer over a lifetime, as we were
unable to follow every PLWH in the study from HIV report to death.

We found the largest proportions of TYLL to cancer occurred among Black PLWH (54%)
and among MSM (54%), reflecting the high population fractions of PLWH that were Black
(50%) and that were MSM (56%). Cancer incidence and mortality rates among PLWH have
been reported to vary by racial/ethnic group and risk group. For example, NHL and anal
cancer rates were higher among White PLWH than among Black PLWH, and White PLWH
had a lower percentage of excess cancer cases for lung cancer compared Black PLWH.[3]
Non-White PLWH have higher mortality rates compared to White PLWH for both NHL
and anal cancer.[’l Lung cancer mortality was similar between non-White and White PLWH.
[71 By risk group, MSM have higher anal and KS cancer rates.[34 391 PWID have higher
lung cancer rates, due to higher smoking prevalence.[40] We were unable to examine the
intersection of race/ethnicity and risk group in this analysis due to sparse numbers in some
categories. These differences highlight the need to better understand disparities in cancer
incidence and mortality rates among PLWH by racial/ethnic group and by risk group.

This study has several strengths. The HACM Study is the largest study of cancer risk

among PLWH in the world, and our approach of up-weighting to the US HIV population
allowed for nationally-representative estimates. HACM comprises over half of PLWH in the
US, and its large sample size allowed us to estimate MYLL and TYLL due to cancer in
racial/ethnic and HIV risk groups. Our approach accommodated time-dependent variables
and was statistically powerful because it relies on semi-parametric modeling using data from
the entire curve rather than single time points.
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One limitation was that follow-up time ended in 2015. Thus, the interpretation of our YLL
estimates is limited to 2006-2015. In addition, sparse data for some cancer types in cohorts
with shorter follow-up did not allow us to reliably generate estimates of YLL due to specific
cancer types. However, given that the national number of PLWH in year 2006 (around
1,000,000 in 2006 in the US) significantly outweighs the size of subsequent yearly national
incident HIV population (around 50,000), and the declining trend in restricted MYLL for
shorter follow-ups, we expect the impact of sparse data on our estimates of TYLL for some
cancer types in more recent cohorts to be minimal. In addition, individual-level information
on HIV strains, HIV treatment and adherence, and behaviors are not available in our dataset.

In conclusion, between 2006 and 2015, nearly 135,000 years of life were lost due to cancer
among PLWH in the United States. Though rates of certain cancers have declined among
PLWH during the ART era, cancer risk remains elevated among PLWH, and more progress
in cancer prevention and early detection is needed to prevent future YLL due to cancer in
this population.
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Figure 1. [llustration of calculation of MYLL for cohort year i
Shaded area is mean years of life lost per person with HIV for cohort 7

Note. The curve AC represents the averaged survival experience of individuals as occurred.
The curve AB represents the averaged survival experience of individuals who were cancer
free during follow-up. The area ABC represents the mean years of life lost to cancer per
person between January 1, year 7and December 31, 2015.

AIDS. Author manuscript; available in PMC 2023 July 15.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

LUO etal. Page 13

Table 1.

HACM population characteristics, all cohorts, January 2006 —December 2015.

Characteristics Total %
Number of subjects 466,234  100.00%
Age at study entry

20-29 82,006 17.59%

30-39 118,461 25.41%

40-49 160,868  34.50%

50-59 81,132 17.40%

60+ 23,767 5.10%

Race/ethnicity
Non-Hispanic white 115,810  24.84%
Non-Hispanic black 214,138  45.93%
Hispanic 126,602  27.15%
Other 9,684 2.08%
Risk group/sex

MSM, non-PWID 176,691  37.90%

Male PWID 68,763 14.75%

All other male 98,224 21.07%

Female PWID 24,545 5.26%

All other females 98,011 21.02%

Diagnosed with cancer during follow-up

Any first cancer 25,772 5.53%

Kaposi sarcoma 3,011 0.65%

Non-Hodgkin lymphoma 5,155 1.11%

Cervix uteri 574 0.12%

Lung and bronchus 2,257 0.48%

Anal 1,600 0.34%

Hodgkin lymphoma 1,160 0.25%

Liver 1,125 0.24%

Breast 946 0.20%

Prostate 2,155 0.46%

Colon and rectum 1,131 0.24%

Other 6,658 1.43%

No cancer 440,462 94.47%

Note: MSM: men who have sex with men. PWID: persons who inject drugs.
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Table 2.

Total years of life lost (TYLL) to cancer by subgroups, and by cancer types in the total U.S. population of
people living with HIV between 2006 and 2015

Subgroup TYLL tocancer % of TYLL to any cancer

Overall 135,000 100.0%

Age 20-39 23,400 17.3%
40-59 91,200 67.5%

60+ 20,400 15.1%

Race Non-Hispanic white 37,200 27.5%
Non-Hispanic black 72,600 53.8%

Hispanic 21,700 16.1%

Risk group MSM, non-PWID 73,400 54.4%
PWID 14,600 10.8%

All other 46,900 34.7%

Cancer type  AIDS-defined cancer

Non-Hodgkin lymphoma 27,800 20.5%
Kaposi sarcoma 12,800 9.5%
Cervix Uteri 2,600 1.9%

Non-AlIDS-defined cancer

Anal 9,700 7.2%

Lung and bronchus 9,000 6.6%

Colon and rectum 6,000 4.4%
Hodgkin Lymphoma 5,000 3.7%
Liver 4,500 3.3%

Breast 3,800 2.8%

Prostate 2,600 1.9%

Other 35,000 25.9%

Note: TYLL: total years of life lost. MSM: men who have sex with men. PWID: persons who inject drugs.
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Total all-cause years of life lost, and its proportion that was lost to cancer by subgroups in the total U.S.

population of people living with HIV between 2006 and 2015

Group TYLL toany cause (column %)

TYLL to cancer

Proportion of TYLL to

any cause that were
lost to cancer (row %)

Overall 1,443,500 (100%) 135,000 9.6%
Race Non-Hispanic white 351,700 (24.4%) 37,200 10.6%
Non-Hispanic black 809,200 (56.1%) 72,600 9.0%

Hispanic 24,900 (17.3%) 21,700 8.7%

Risk group MSM, non-PWID 634,700 (47.4%) 73,400 11.6%
PWID 204,700 (15.3%) 14,600 7.1%

All other 498,700 (37.3%) 46,900 9.4%

Note: TYLL: total years of life lost. MSM: men who have sex with men. PWID: persons who inject drugs.
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