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BACKGROUND: Cancer is one of the most common comorbidities in men living with HIV (MLWH). However, little is known about the 

MLWH subgroups with the highest cancer burden to which cancer prevention efforts should be targeted. Because Medicaid is the most 

important source of insurance for MLWH, we evaluated the excess cancer prevalence in MLWH on Medicaid relative to their non- HIV 

counterparts. METHODS: In this cross- sectional study using 2012 Medicaid Analytic eXtract data nationwide, we flagged the presence 

of HIV, 13 types of cancer, symptomatic HIV, and viral coinfections using codes from the International Classification of Diseases, Ninth 

Revision, Clinical Modification. The study population included individuals administratively noted to be of male sex (men), aged 18 to 

64 years, with (n = 82,495) or without (n = 7,302,523) HIV. We developed log- binomial models with cancer as the outcome stratified 

by symptomatic status, age, and race/ethnicity. RESULTS: Cancer prevalence was higher in MLWH than in men without HIV (adjusted 

prevalence ratio [APR], 1.84; 95% confidence interval [CI], 1.78- 1.90) and was higher among those with symptomatic HIV (APR, 2.74; 

95% CI, 2.52- 2.97) than among those with asymptomatic HIV (APR, 1.73; 95% CI, 1.67- 1.79). The highest APRs were observed for anal 

cancer in younger men, both in the symptomatic and asymptomatic groups: APR, 312.97; 95% CI, 210.27- 465.84, and APR, 482.26; 95% 

CI, 390.67- 595.32, respectively. In race/ethnicity strata, the highest APRs were among Hispanic men for anal cancer (APR, 198.53; 95% 

CI, 144.54- 272.68) and for lymphoma (APR, 9.10; 95% CI, 7.80- 10.63). CONCLUSIONS: Given the Medicaid program’s role in insuring 

MLWH, the current findings highlight the importance of the program’s efforts to promote healthy behaviors and vaccination against 

human papillomavirus in all children and adolescents and to provide individualized cancer screening for MLWH. Cancer 2022;0:1-9. © 

2022 American Cancer Society. 
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INTRODUCTION
Despite stabilization of the annual number of incident HIV cases, the prevalence of HIV in the United States has in-
creased dramatically, largely as a result of the introduction of highly active antiretroviral therapy and improved longevity 
in people living with HIV (PLWH).1 Recent estimates indicate that nearly 1.2 million adolescents and adults in the 
United States are living with HIV.2 Nonetheless, the life expectancy of PLWH has never returned to that of the general 
population,2 in great part because of the high comorbidity burden in PLWH.2,3

Among the most common comorbidities affecting PLWH are non– AIDS- defining cancers, such as lung, head and 
neck, and anal cancers, which are associated with significant morbidity and mortality.4- 8 A previous study demonstrated 
that non– AIDS- defining cancer was the leading non- AIDS cause of death in PLWH,9 responsible for 10- 17% of deaths 
in PLWH.10,11 Although the cancer burden in the United States is expected to increase as the population ages,12 it may 
affect PLWH more acutely because they are generally diagnosed with cancer 10 to 20 years earlier than people without 
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HIV.13,14 This is caused in part by premature aging,15 
compromised immune function, and a high prevalence 
of non- HIV cancer risk factors (eg, smoking and coinfec-
tion by oncogenic viruses, such as human papillomavirus 
[HPV]).16

HIV disproportionately affects persons of color, 
men who have sex with men, transgender women, those 
who inject drugs, and those with lower socioeconomic 
status.17 Medicaid is the most important source of health 
insurance for PLWH, providing coverage for 40% of 
PLWH in 2018.18 This large representation of PLWH in 
Medicaid underscores the importance of evaluating their 
health care needs, including their needs for cancer preven-
tion and control.

In this study, we measured the excess prevalence 
of various cancers in PLWH compared with the general 
population using 100% Medicaid data from all 50 states 
and the District of Columbia. We hypothesized that HIV 
status would be associated with excess cancer prevalence, 
especially in men with symptomatic HIV. We further hy-
pothesized that excess prevalence would vary across age 
and race/ethnicity subgroups of men living with HIV 
(MLWH) who were on Medicaid. We focused on indi-
viduals administratively noted to be male (which includes 
cisgender men and some transgender individuals) to pro-
vide a more in- depth analysis by anatomic cancer site, 
given differences in the prevalence of HPV- related condi-
tions (eg, anogenital warts and anal cancer) between men 
and women with HIV.19 We also focused on individuals 
in the 18- 64 age group, given the demographic makeup 
of the Medicaid population.

MATERIALS AND METHODS
In this cross- sectional study, we evaluated the excess preva-
lence of cancer in men with and without HIV using 100% 
Medicaid Analytic eXtract (MAX) files covering all 50 
states and the District of Columbia. Our study year was 
2012, which was the most recent year for which national 
MAX data were available at the time the study was initi-
ated. This study was approved by the Institutional Review 
Board (protocol 2017- 1817) and the Centers for Medicare 
& Medicaid Services (Data Use Agreement 2017- 51352).

Data Source
The MAX database consists of: 1) the Personal Summary 
file, which we used to retrieve individuals’ demographics 
and months of enrollment in Medicaid during the study 
year, as well as the US Census Divisions; and 2) claims 
files, including Inpatient and Other Therapy files for care 

received in inpatient and outpatient hospital and nonin-
stitutional care settings.

Study Population
Our study population included 7,385,018 men, as de-
fined by sex documented in their Medicaid record, 18- 64 
years of age, after excluding individuals who were iden-
tified in the following categories: 1) those with Kaposi 
sarcoma and non- Hodgkin lymphoma, given a potential 
overlap with the conditions we used to identify sympto-
matic MLWH (see Supporting Table 1); 2) individuals 
dually enrolled in Medicare and Medicaid because of po-
tentially incomplete claims data; 3) those who only had 
exclusively premium claims (or Recipient Indicator “2”, 
which had no valid diagnosis codes; and 4) those who had 
neither State Children’s Health Insurance Program enroll-
ment months nor Medicaid enrollment months (Recipient 
Indicator “9”).

Key Variables of Interest
By using the MAX files from each state, we created binary 
variables for HIV status and for 13 common cancers based 
on the presence of relevant International Classification of 
Diseases, Ninth Revision, Clinical Modification diagno-
sis codes listed in the Agency for Healthcare Research 
and Quality Software Tools, including the Clinical 
Classification Software20 (see Supporting Table 2). For 
each diagnosis, we required at least 1 occurrence in the 
Inpatient file or 2 more separate occurrences in the Other 
Therapy file, at least 30 days apart. The 13 cancer types 
included cancer of the head/neck, esophagus, stomach, 
colon, rectum, anus, liver and intrahepatic bile duct, pan-
creas, prostate, bronchus/lung, and other respiratory and 
intrathoracic organs as well as lymphoma and leukemia. 
The presence of cancer (all cancers combined and by 
type) was our outcome of interest, and HIV status was 
our main independent variable. Individuals with multiple 
cancers were included in each cancer site analysis.

Other independent variables included individuals’ 
age in 2012 (aged 18- 44 and 45- 64 years) and race/eth-
nicity (White, Black, Hispanic [including Hispanic or 
Latino and 1 or more race(s)], Asian, American Indian 
or Alaskan Native, Native Hawaiian or Other Pacific 
Islander, More than one race, and Unknown or missing). 
Given this categorization of the race/ethnicity variable, 
we assumed that all those not grouped in the Hispanic 
category were of non- Hispanic ethnicity. We dichoto-
mized age at 44 years based on the age distribution of 
the cancers with the highest excess prevalence— anal 
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cancer and lymphoma— in men with and without HIV 
(see Supporting Fig. 1A- C). We chose these categoriza-
tions of age given the limited sample size for men with 
HIV and cancer. In addition, our models accounted for 
the US Census Divisions (New England, Mid- Atlantic, 
East North Central, West North Central, South Atlantic, 
East South Central, West South Central, Mountain, and 
Pacific).21 Finally, to account for a greater opportunity to 
capture the diagnoses of interest in individuals with lon-
ger periods of enrollment in Medicaid, we included a con-
tinuous variable reflecting the total number of months of 
enrollment in Medicaid during 2012.

To leverage the richness of Medicaid claims data, we 
used all available claims data to further identify individ-
uals with HIV as either symptomatic or asymptomatic, 
in the presence or absence of diagnosis codes indicating 
the presence of opportunistic infections and AIDS- related 
symptoms, as a proxy for compromised immune status. 
We also flagged coinfections by hepatitis B (HBV) or hep-
atitis C virus (HCV) and/or HPV (for relevant diagnosis 
codes, see Supporting Table 1).

Statistical Analysis
We estimated prevalence ratios by HIV status using 
log- binomial models but resorted to log- Poisson regres-
sion models when the models failed to converge.22 We 
calculated the prevalence ratio for cancer overall and 
for specific cancers. In each model, HIV status was the 
main independent variable. Other independent variables 
included age, race/ethnicity, US Census Division, enroll-
ment months, and coinfection by HBV/HCV (in models 
for liver cancer) or HPV (in models for head/neck, rec-
tal, and anal cancers). When combining different cancer 
types, we accounted for coinfections by including a bi-
nary variable indicating the presence of HBV, HCV, and/
or HPV. We did not adjust for coinfections in the models 
for lymphoma.

We set our level of statistical significance at α < 
.05. However, given the large size of our study popu-
lation, we focused our attention on the clinical mean-
ingfulness of the findings and the varying magnitudes 
of adjusted prevalence ratios (APRs) across the compar-
ison groups.

To examine effect modifications, we stratified our 
analysis by HIV symptomatic status and, further, by age 
group and race/ethnicity, focusing on the most com-
mon cancers: rectal and anal cancers and lymphomas. 
To address the small numbers in our stratified analysis 
by race/ethnicity (see Supporting Table 3), we presented 
our data for non- Hispanic Whites, non- Hispanic Blacks, 

Hispanics, and All Others. The latter category aggregated 
data for all other race categories to allow for more stability 
in our models.

Finally, we note the following additional analyses: 
First, to ensure that we captured claims for all Medicaid 
beneficiaries, regardless of their enrollment in managed 
care, we conducted extensive analyses on the patterns 
of missingness of diagnosis codes in claims data. We 
excluded Medicaid/Medicare dually eligible individuals 
and those with Recipient Indicator “2” (recipient only 
had premium payment claims; ie, no health care service 
claims) or Recipient Indicator “9” (recipient was not en-
rolled in a State Children’s Health Insurance Program 
or Medicaid for any months during the study period). 
We included enrollment and claims data for all other 
Medicaid beneficiaries, including nonusers. Although 
we detected no systematic missingness for diagnosis 
codes among Medicaid beneficiaries who had claims or 
encounter data in our final study population, we note 
that managed care encounters may be less complete 
than fee- for- service claims.23 Second, we conducted 
sensitivity analysis to examine excess prevalence after 
including MLWH who had Kaposi sarcoma and certain 
AIDS- defining lymphomas in the symptomatic group. 
The results did not change in any meaningful way (data 
not shown).

We used SAS version 9.4 for UNIX (SAS Institute, 
Inc) for data processing and analysis and the ggplot2 
(package in R Studio, version 1.3.1093) environment to 
generate the forest plots for APRs.

RESULTS
Our study population included 82,495 MLWH and 
7,302,523 men without HIV. Table 1 details their dis-
tribution by demographics, coinfections, and type of 
cancer. Compared with men without HIV, a higher 
percentage of MLWH were in the 45- 64 age group 
(59.79% vs 29.84%), were non- Hispanic Black men 
(48.62% vs 19.36%), or presented with cancer (5.06% 
vs 1.32%). The age distribution for men with anal can-
cer, lymphoma, and all other cancers is provided in 
Supporting Figure 1A- C. For both anal cancer and lym-
phoma, the median age was younger among MLWH 
than among men without HIV (54 vs 45 years and 50 
vs 47 years, respectively). For all other types of cancer, 
however, the median age was comparable between the 2 
groups (56 vs 54 years, respectively).

Among men with HIV, 8.78% were identified 
with symptomatic HIV. Compared with MLWH in the 
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asymptomatic group, a larger percentage of MLWH 
in the symptomatic group were aged 18 to 44 years 
(45.18% vs 39.73%). However, with few exceptions 
(those with More than one race or with unknown/
missing race), the distribution by race/ethnicity was 
comparable between symptomatic and asymptomatic 
MLWH. With regard to cancer prevalence, however, a 
higher percentage of symptomatic than asymptomatic 
MLWH presented with cancer during 2012 (8.07% vs 
4.77%). In the 2 groups, lymphoma and rectal and anal 
cancers represented 59.83% and 63.61% of all cancers, 
respectively.

Figure 1 presents the age- adjusted and race/ethnic-
ity adjusted prevalence ratios (APRs) before stratifying 
by age and race/ethnicity. For both the symptomatic and 

asymptomatic groups combined and for all cancers, the 
APR was 1.84 (95% confidence interval [CI], 1.78- 1.90), 
indicating that the prevalence of cancer was nearly twice 
as high in MLWH than in men without HIV. However, 
the APR was markedly higher in symptomatic MLWH 
than in asymptomatic MLWH (APR, 2.74 [95% CI, 
2.52- 2.97] and 1.73 [95% CI, 1.67- 1.79], respectively). 
The highest APR was observed for anal cancer (APR, 
42.64 [95% CI, 34.15- 53.24] in symptomatic MLWH 
and 70.43 [95% CI, 63.77- 77.82] in asymptomatic 
MLWH), followed by lymphoma (APR, 14.56 [95% CI, 
12.71- 16.68] and 5.14 [95% CI, 4.76- 5.54] in symp-
tomatic and asymptomatic MLWH, respectively). Other 
cancers for which we observed excess prevalence included 
esophageal cancer (APR, 3.63; 95% CI, 2.36- 5.57) and 

TABLE 1. Distribution of the Study Population by HIV Symptomatic Status, Demographics, and Cancer Type

Variable of interest

No. (% of Total)

Men With HIV and 
Symptoms

Men With HIV but Without 
Symptoms Men With HIV Men Without HIV

Age, y
18- 44 3274 (45.18) 29,898 (39.73) 33,172 (40.21) 5,123,299 (70.16)
45- 64 3973 (54.82) 45,350 (60.27) 49,323 (59.79) 2,179,224 (29.84)

Race/Ethnicity
Non- Hispanic White 1382 (19.07) 17,591 (23.38) 18,973 (23.00) 3,013,360 (41.26)
Non- Hispanic Black 3736 (51.55) 36,373 (48.34) 40,109 (48.62) 1,413,808 (19.36)
Hispanic 1324 (18.27) 13,791 (18.33) 15,115 (18.32) 1,752,108 (23.99)
Asian 79 (1.09) 851 (1.13) 930 (1.13) 356,002 (4.88)
American Indian or 

Alaskan Native
27 (0.37) 368 (0.49) 395 (0.48) 89,728 (1.23)

Native Hawaiian or other 
Pacific Islander

26 (0.36) 247 (0.33) 273 (0.33) 66,780 (0.91)

More than one race 32 (0.44) 376 (0.50) 408 (0.49) 30,395 (0.42)
Unknown or missing 641 (8.85) 5651 (7.51) 6292 (7.63) 580,342 (7.95)

Total 7247 (100) 75,248 (100) 82,495 (100) 7,302,523 (100)
Coinfections

Hepatitis B virus 458 (6.32) 2561 (3.40) 3019 (3.66) 24,492 (0.34)
Hepatitis C virus 1400 (19.32) 12,004 (15.95) 13,404 (16.25) 108,895 (1.49)
Human papillomavirus 306 (4.22) 2738 (3.64) 3044 (3.69) 35,638 (0.49)

Cancer types
Head/neck 59 (0.81) 288 (0.38) 347 (0.42) 15,400 (0.21)
Esophagus 21 (0.29) 56 (0.07) 77 (0.09) 3804 (0.05)
Stomach 11 (0.15) 50 (0.07) 61 (0.07) 3661 (0.05)
Colon 29 (0.40) 221 (0.29) 250 (0.30) 13,342 (0.18)
Rectum 43 (0.59) 313 (0.42) 356 (0.43) 7752 (0.11)
Anus 98 (1.35) 1193 (1.59) 1291 (1.56) 908 (0.01)
Liver and intrahepatic 

bile duct
58 (0.80) 282 (0.37) 340 (0.41) 8352 (0.11)

Pancreas 11 (0.15) 58 (0.08) 69 (0.08) 3396 (0.05)
Bronchus/lung 94 (1.30) 388 (0.52) 482 (0.58) 19,320 (0.26)
Other respiratory and 

intrathoracic
** <11 23 (0.03) 1073 (0.01)

Prostate 42 (0.58) 424 (0.56) 466 (0.56) 18,164 (0.25)
Leukemia 32 (0.44) 114 (0.15) 146 (0.18) 8254 (0.11)
Lymphomaa 209 (2.88) 779 (1.04) 988 (1.20) 9460 (0.13)
All cancersb 585 (8.07) 3592 (4.77) 4177 (5.06) 96,096 (1.32)

aThese were non– AIDS- defining lymphomas only.
bIndividuals with more than one cancer were included in each cancer site analysis. Therefore the cells for All Cancers do not represent the sum of the cells for each 
cancer type.
Cell < 11 was masked in accordance with Centers for Medicare & Medicaid Services Privacy Rules.
**Cell was masked to prevent the reader from deriving the small cell in the corresponding row.
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leukemia (APR, 3.30; 95% CI, 2.33- 4.66) in the symp-
tomatic group only, and rectal cancer (APR, 3.52 [95% 
CI, 2.61- 4.75] and 2.40 [95% CI, 2.14- 2.70]) in the 

symptomatic and asymptomatic groups, respectively. For 
liver cancer, however, we noted comparable prevalence in 
the symptomatic group (APR, 1.09; 95% CI, 0.85- 1.40) 

FIGURE 1. Age- adjusted and race/ethnicity- adjusted prevalence ratios and 95% CIs are shown for various types of cancer stratified 
by HIV symptomatic status. The x- axis is on a logarithmic scale. For all adjusted prevalence ratios (APRs), the reference category is 
men without HIV. APRs for which the 95% confidence interval (CI) crosses 1.0 are not statistically significant at P < .05. Models were 
adjusted for age, race/ethnicity, US Census Divisions, months of enrollment in Medicaid during 2012, and coinfections for hepatitis 
B virus (HBV), hepatitis C virus (HCV), and human papillomavirus (HPV). Models for liver cancer were adjusted for HBV/HCV status, 
whereas models for head/neck, rectal, and anal cancers were adjusted for HPV status. Models for all other cancers and all cancers 
combined were adjusted for the presence of any coinfection (HBV/HCV and/or HPV). Models for lymphoma did not adjust for 
coinfections.
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and lower prevalence in the asymptomatic group (APR, 
0.70; 95% CI, 0.62- 0.79) after adjusting for HBV/HCV 
coinfections in the multivariable models.

The APRs stratified by age and symptomatic status 
presented in Table 2 showed a significant effect modi-
fication by age. For all cancers combined, the APR was 

TABLE 2. Adjusted Prevalence Ratios and 95% Confidence Intervals for Select Cancers by HIV Symptomatic 
Status and Age

Cancer Type

APR (95% CI)a

Symptomatic HIV Asymptomatic HIV
Symptomatic and 

Asymptomatic Combined

Younger age group: 18- 44 y
Anus 312.97 (210.27- 465.84) 482.26 (390.67- 595.32) 480.28 (390.27- 591.04)
Rectum 16.78 (9.67- 29.11) 11.55 (9.04- 14.77) 12.10 (9.63- 15.21)
Lymphoma 31.73 (25.64- 39.26) 13.85 (12.27- 15.63) 16.42 (14.75- 18.29)
All other cancers 4.98 (3.82- 6.48) 1.97 (1.70- 2.30) 2.30 (2.02- 2.63)
All cancers combined 13.28 (11.45- 15.42) 8.82 (8.23- 9.45) 9.38 (8.80- 10.01)

Older age group: 45- 64 y
Anus 24.08 (17.70- 32.76) 36.71 (32.66- 41.25) 36.18 (32.27- 40.57)
Rectum 2.57 (1.80- 3.68) 1.90 (1.67- 2.17) 1.95 (1.73- 2.21)
Lymphoma 6.82 (5.67- 8.21) 3.74 (3.41- 4.12) 4.29 (3.93- 4.67)
All other cancers 1.31 (1.16- 1.47) 0.81 (0.77- 0.85) 0.85 (0.81- 0.89)
All cancers combined 1.83 (1.66- 2.02) 1.24 (1.19- 1.29) 1.30 (1.25- 1.35)

Abbreviations: APR, adjusted prevalence ratio; CI, confidence interval.
aAPRs obtained from log- binomial models were stratified by symptomatic status and age. Models were adjusted for race/ethnicity, US Census Division, and months 
of enrollment in Medicaid during 2012. Models for head/neck, rectal, and anal cancers were adjusted for the presence of human papillomavirus status. Models 
for all other cancers and all cancers combined were adjusted for the presence of any coinfection (hepatitis B virus/hepatitis C virus and/or human papillomavirus). 
Models for lymphoma were not adjusted for coinfections.

TABLE 3. Age- Adjusted Prevalence Ratios and 95% Confidence Intervals for Select Cancers by HIV 
Symptomatic Status and Race/Ethnicity

Cancer Type

APR (95% CI)a

Symptomatic HIV Asymptomatic HIV
Symptomatic and 

Asymptomatic Combined

Non- Hispanic White
Anus 37.37 (26.31- 53.10) 54.92 (47.63- 63.33) 55.36 (48.17- 63.61)
Rectum 4.76 (2.88- 7.87) 2.89 (2.40- 3.48) 3.03 (2.54- 3.60)
Lymphoma 14.92 (11.22- 19.83) 5.27 (4.60- 6.05) 5.96 (5.26- 6.76)
All other cancers 1.76 (1.39- 2.23) 1.03 (0.94- 1.13) 1.09 (1.00- 1.19)
All cancers combined 3.11 (2.63- 3.69) 2.04 (1.92- 2.17) 2.13 (2.01- 2.26)

Non- Hispanic Black
Anus 44.02 (29.92- 64.77) 62.72 (51.10- 76.98) 63.65 (52.04- 77.86)
Rectum 3.35 (2.17- 5.16) 2.02 (1.67- 2.44) 2.13 (1.79- 2.54)
Lymphoma 12.05 (9.85- 14.75) 4.12 (3.65- 4.64) 4.92 (4.42- 5.48)
All other cancers 1.66 (1.42- 1.93) 0.89 (0.83- 0.96) 0.97 (0.91- 1.04)
All cancers combined 2.61 (2.32- 2.93) 1.47 (1.40- 1.56) 1.59 (1.51- 1.67)

Hispanic
Anus 87.38 (48.22- 158.35) 207.37 (149.91- 286.85) 198.53 (144.54- 272.68)
Rectum 4.05 (1.82- 9.02) 2.50 (1.82- 3.44) 2.63 (1.95- 3.55)
Lymphoma 26.03 (19.67- 34.45) 7.43 (6.24- 8.83) 9.10 (7.80- 10.63)
All other cancers 2.10 (1.62- 2.73) 0.88 (0.77- 1.01) 0.99 (0.88- 1.12)
All cancers combined 3.78 (3.13- 4.56) 2.06 (1.89- 2.25) 2.25 (2.07- 2.44)

All Others
Anus 28.97 (13.32- 62.99) 91.78 (70.75- 119.06) 87.32 (67.48- 112.99)
Rectum **b 2.23 (1.57- 3.18) 2.07 (1.47- 2.94)
Lymphoma 11.08 (6.90- 17.79) 6.34 (5.08- 7.91) 6.86 (5.59- 8.41)
All other cancers 1.05 (0.69- 1.60) 0.85 (0.73- 1.00) 0.87 (0.75- 1.02)
All cancers combined 1.78 (1.31- 2.42) 1.89 (1.70- 2.10) 1.89 (1.71- 2.08)

Abbreviations: APR, adjusted prevalence ratio; CI, confidence interval.
aAPRs obtained from log- binomial models were stratified by symptomatic status and race/ethnicity. All models were adjusted for age, US Census Division, and 
months of enrollment in Medicaid during 2012. Models for head/neck, rectal, and anal cancers were adjusted for human papillomavirus status. Models for all other 
cancers and all cancers combined were adjusted for the presence of any coinfection (hepatitis B virus/hepatitis C virus and/or human papillomavirus). Models for 
lymphoma were not adjusted for coinfections.
bThe number of cases was too small for Poisson models to converge or to yield robust APR.
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9.38 (95% CI, 8.80- 10.01) in the younger age group 
but 1.30 (95% CI, 1.25- 1.35) in the older age group, 
indicating that, compared with men without HIV, the 
prevalence of cancer was over 9 times greater in MLWH 
in the younger age group but 1.3 times higher in the 
older age group. In addition, the APR was considerably 
higher in the symptomatic group than in the asymp-
tomatic group (APR, 13.28 [95% CI, 11.45- 15.42] vs 
8.82 [95% CI, 8.23- 9.45], respectively, in the younger 
age group; and APR, 1.83 [95% CI, 1.66- 2.02] vs 1.24 
[95% CI, 1.19- 1.29], respectively, in the older age 
group).

Among specific cancers, the highest APR was for 
anal cancer in both age groups: It was nearly 500 in 
the younger age group (APR, 480.28; 95% CI, 390.27- 
591.04), which was markedly more than that observed 
in the older age group (APR, 36.18; 95% CI, 32.27- 
40.57). In addition, in the younger age group, the APR 
for anal cancer was higher in the asymptomatic group 
(APR, 482.26; 95% CI, 390.67- 595.32) than in the 
symptomatic group (APR, 312.97; 95% CI, 210.27- 
465.84), but it was somewhat lower for rectal cancer in 
the asymptomatic group (APR, 11.55; 95% CI, 9.04- 
14.77) than in the symptomatic group (APR, 16.78; 
95% CI, 9.67- 29.11). For lymphoma, the APR was 
16.42 (95% CI, 14.75- 18.29) and 4.29 (95% CI, 3.93- 
4.67) in the younger and older age groups, respectively. 
In both age groups, the APR for lymphoma was con-
siderably higher in the symptomatic group than in the 
asymptomatic group.

Table 3 presents the age- adjusted APRs for select 
cancers by HIV symptomatic status and race/ethnicity. 
For all cancers and for the symptomatic and asymptom-
atic groups combined, the highest and lowest APRs were 
observed among Hispanic men (APR, 2.25; 95% CI, 
2.07- 2.44) and non- Hispanic Black men (APR, 1.59; 
95% CI, 1.51- 1.67). In addition, with a few exceptions 
(eg, for anal cancer), we observed higher APRs in the 
symptomatic group than in the asymptomatic group. 
Among those in the All Others category, the APRs were 
similar in the symptomatic groups (APR, 1.78; 95% CI, 
1.31- 2.42) and the asymptomatic groups (APR, 1.89; 
95% CI, 1.70- 2.10).

For cancer- specific APRs, we noted considerable 
variations in the APRs across race/ethnicity categories 
and by symptomatic status. For both the symptom-
atic and asymptomatic groups combined, the highest 
APRs for anal cancer and for lymphoma were observed 
among Hispanic men (APR, 198.53 [95% CI, 144.54- 
272.68] and 9.10 [95% CI, 7.80- 10.63], respectively). 

Conversely, the lowest APRs for anal cancer and for 
lymphoma were observed in non- Hispanic White 
men (APR, 55.36; 95% CI, 48.17- 63.61) and non- 
Hispanic Black men (APR, 4.92; 95% CI, 4.42- 5.48), 
respectively.

DISCUSSION
Using national Medicaid data, we observed an excess 
prevalence of cancer among MLWH, particularly for 
anal cancer, rectal cancer, and lymphoma. Overall, can-
cer prevalence was nearly twice as high in MLWH than 
in men without HIV enrolled on Medicaid. However, 
the excess prevalence was markedly higher in younger 
MLWH than in older MLWH, attesting to the younger 
ages at cancer diagnosis in people with HIV.13 Consistent 
with previous studies, the prevalence of anal cancer was 
higher among MLWH compared with their non- HIV 
counterparts, and this association was stronger in the 
younger age group13,14 (nearly 500 times higher in the 
younger age group vs 36 times higher in the older age 
group). These findings suggest that the burden of anal 
cancer is of much greater magnitude than previously 
described in PLWH, although most prior studies have 
reported hazard or risk ratios rather than prevalence ra-
tios, as we do in this study.14,24,25

Our findings also showed variations in excess can-
cer prevalence by HIV symptomatic status and across 
cancer sites. MLWH experienced higher cancer prev-
alence than men without HIV for most cancer types, 
whether they were in the symptomatic or asymptomatic 
groups. With the exception of anal cancer, however, 
the magnitude of APRs was considerably smaller in 
asymptomatic MLWH than in symptomatic MLWH, 
attesting to the higher cancer burden in symptomatic 
MLWH.

To our knowledge, this is the first national study 
to examine excess cancer prevalence in MLWH enrolled 
on Medicaid by symptomatic status. In the absence of 
conditions like opportunistic infections, asymptomatic 
HIV status suggests viral suppression and a relatively 
healthy immune system. Although it has been demon-
strated that viral suppression contributes to cancer pre-
vention,26 the lower APRs in the asymptomatic group 
in our study should be interpreted with caution because 
these findings pertain to Medicaid beneficiaries and 
not to the general population. Because Medicaid is a 
safety- net program, individuals who seek to enroll in 
Medicaid not only have low incomes but also present 
with complex mental and physical health care needs 
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and/or the diagnosis of a catastrophic illness, such as 
cancer. Hence, we hypothesize that, rather than a de-
creased risk of developing cancer, the lower cancer prev-
alence in asymptomatic MLWH for most cancers likely 
reflects that men in this group may not have the com-
plex health care needs that would prompt them to en-
roll in Medicaid, except when they are diagnosed with 
certain cancers. To test this hypothesis, future studies 
should compare the co- occurrence of mental and physi-
cal chronic conditions in MLWH enrolled on Medicaid 
by symptomatic status.

This is also the first study, to our knowledge, using 
nationwide Medicaid data to study excess prevalence for 
cancers other than those associated with HPV. Because 
there are additional risk factors (eg, smoking and non- 
HPV coinfections) that increase the risk of cancer in 
PLWH,27,28 our findings highlight the importance of in-
dividualized education and cancer screening, depending 
on the risk factors present in each individual with HIV,29 
as well as a proactive stance by the Medicaid program to 
promote HPV vaccination in all children and adolescents. 
Because screening for anal cancer remains controversial 
and because the current study is cross- sectional (rather 
than prospective) in nature, we are unable to recommend 
screening for anal cancer. For lymphoma, although there 
is no screening, improved access to health care allows for 
timely evaluation of symptoms, diagnostic evaluation, 
and treatment initiation.

Our findings should be interpreted in light of the 
following limitations. First, given our use of administra-
tive data, the demographic variables (age, race/ethnicity, 
and sex) are as documented in the administrative records. 
Hence, we assumed that the sex variable in the Medicaid 
database was the individual’s sex assigned at birth, thus 
our study population primarily included individuals as-
signed male sex at birth. Second, we did not have any 
reliable measures in claims data on behavioral health and 
risk factors, including smoking, alcohol consumption, 
or sexual behaviors. Given the very large magnitude in 
many of our APRs, however, it is unlikely that including 
these risk factors in our models would have completely 
explained the observed associations. Third, our method 
to identify the presence of cancer in Medicaid beneficia-
ries relied exclusively on diagnosis codes in claims data. 
Absent additional data from cancer registries, we were 
unable to ascertain cancer incident/prevalent status or age 
at cancer diagnosis. Finally, we note that these results re-
flect data from 2012. Since then, Medicaid enrollment in-
creased substantially as a result of the Medicaid expansion 
in 2014, then declined in the years from 2017 to 2019,30 

and increased again in fiscal year 2021.31 Going forward, 
it will be important to examine whether these changes 
have had any effect on the patterns of cancer burden in 
Medicaid- insured MLWH observed in the current study. 
Regardless, a major component of today’s Medicaid pop-
ulation consists of people with low incomes defined by 
pre- expansion eligibility criteria and people with slightly 
higher income levels in the expanded eligibility group. In 
the absence of substantial secular trends, it is reasonable 
to assume that the patterns reported herein will remain 
in the Medicaid population and that our findings are still 
highly relevant today. We also suggest the need for sub-
sequent work in the development of targeted prevention 
measures.

In conclusion, cancer is a significant source of mor-
bidity and mortality among PLWH, and the burden of 
cancer will likely increase in the future as this population 
ages. Medicaid plays a key role in insuring PLWH, a role 
that has only increased since the passage of the Affordable 
Care Act and postpandemic. Our findings call for a pro-
active stance by Medicaid to adopt a multipronged ap-
proach, to not only improve HIV- specific care but also to 
promote individualized cancer screening and more wide-
spread HPV vaccination in children and adolescents.
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