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Abstract

We compared the demographic and disease characteristics of HIV-positive (HIV+) and HIV-negative (HIV—) individuals with a
diagnosis of cancer in South Carolina. HIV-positive patients with cancer were reflective of the HIV+ caseload in South Carolina,
with HIV+- patients with cancer more likely to be male (odds ratio [OR]: 2.78: 95% confidence interval [Cl]: 2.33-3.32), black (OR:
7.68; 95% Cl: 6.52-9.06), and younger at cancer diagnosis (OR: 0.92; 95% CI: 0.91-0.92). Controlling for year of birth, HIV+
patients with cancer did not receive cancer diagnoses at a younger age than HIV— controls. HIV-positive individuals did not have
more advanced tumor stages or grades at cancer diagnosis; however, after controlling for other factors, HIV+ individuals were
still more likely to be deceased at follow-up (OR: 2.64; 95% CI: 2.20-3.17) when compared to HIV— controls. Future studies

should use survival analysis methods to identify the characteristics that shorten survival among HIV+ patients with cancer.
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Introduction

HIV infection has evolved from an acute, highly lethal disease
to a chronic condition requiring continued treatment and man-
agement. With appropriate access and adherence to improved
antiviral therapies, the average life expectancy of HIV-positive
(HIV+) individuals approaches that of HIV-negative (HIV—)
age-matched controls.'* As patients live longer, leading causes
of death are changing from AIDS-defining opportunistic infec-
tions to common comorbid conditions seen in the general pop-
ulation, including metabolic, vascular, and malignant diseases.
Prior to the development of highly active antiretroviral
therapies (ART), several malignancies, or AIDS-defining
malignancies (ADMs), associated with immune system sup-
pression were common among HIV-infected individuals; these
included non-Hodgkin lymphoma, Kaposi sarcoma, and inva-
sive cervical cancer.” However, in the post-ART era, due to
improved immune function and longer life expectancies while
on ART, the incidence and mortality rates of Kaposi sarcoma
and non-Hodgkin lymphoma have declined dramatically.*
Since the introduction of ART, non-ADMs (NADMs) have
notably increased in the HIV+ population, with the rates of

several NADMs now higher among HIV+ individuals than in
the general population. Although findings vary across studies,
these includ Hodgkin lymphoma, melanoma, liver, lung, oro-
pharyngeal, and colorectal cancers.*®’

Currently, NADMs account for more than 50% of cancer
diagnoses in patients with AIDS, and rates will likely continue
to rise.®” Theoretically, increased incidence rates of these
malignancies in the HIV/AIDS population could be related to
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immune suppression, high rates of coinfections with other
sexually transmitted infections (eg, hepatitis B and C and onco-
genic human papillomavirus), toxicities associated with antire-
troviral drugs, chronic inflammation due to persistent
infections, higher rates of alcohol and cigarette consumption,
or the aging process, which may be accelerated among individ-
uals with HIV."!%"

The Southeastern United States has experienced the greatest
increase in the incidence of AIDS since the 1990s.'* Southern
states accounted for the majority of incident cases of HIV in
2012 (51%), and this trend continues.'> South Carolina specif-
ically has some of the highest incidence and prevalence rates of
HIV.'® Racial disparities in HIV are common nationwide,'”
and in South Carolina, 70% of new diagnoses occur among
African Americans.'®

In addition to high incidence/prevalence rates of HIV/AIDS,
South Carolina consistently has high cancer incidence rates,
with distinct racial disparities driven by the burden of cancer
in African Americans.'>?° In 2015, an estimated 25 550 cancer
cases for all sites were diagnosed, with annual incidence rates
from 2007 to 2011 at 544.6 cases/100 000 among males and
402.9 cases/100 000 among females.?! South Carolina faces
other notable health problems, including disparities in access
to care, high poverty and unemployment, low life expectancy,
high rural and minority populations, and high rates of morbid-
ities and mortalities.'***

Despite the high rates of HIV/AIDS and cancer in the
southeast, limited research has examined the interaction
between to HIV, cancer, clinical characteristics, and demo-
graphic factors. Understanding this relationship is crucial for
targeting resources and improving cancer screening, preven-
tion, and treatment strategies. This research is especially
important as the HIV/AIDS population continues to age and
becomes at higher risk for developing various malignancies.
Therefore, the purpose of this article is to identify the char-
acteristics associated with HIV+ patients with cancer. Spe-
cifically, we hypothesize that HIV+ patients with cancer will
be more likely to occur in younger and minority individuals.
Clinically, we hypothesize that HIV+ patients with cancer
will have a higher tumor grade and later stage at cancer diag-
nosis and poorer survival when compared to HIV— patients
with cancer.

Methods

We linked all HIV+ cases reported to the South Carolina
enhanced HIV/AIDS Reporting System (eHARS) to the South
Carolina Central Cancer Registry (SCCCR) to identify all
HIV+ patients with cancer in South Carolina. HIV— cancer
controls were selected from SCCCR via computer probabilistic
matching by SCCCR at a ratio of 1:5 matched on cancer site
and year of cancer diagnosis. Linkages were performed by the
data custodians based on Social Security number and other
personally identifying variables, of which none were available
to our investigative team. Inclusion criteria were age >15 years
at cancer diagnosis; diagnosed with their first primary tumor

between January 1, 1996, and December 31, 2010; and having a
malignant tumor.

Characteristics associated with an individual’s first cancer
diagnosis in both HIV— and HIV+ individuals (HIV or AIDS
diagnosis at or before date of cancer diagnosis) were of interest.
Rather than approximating the HIV+ seroconversion date
using an individual’s CD4" T-cell count at HIV diagnosis, this
study used a more conservative classification based on the HIV
or AIDS diagnosis date. Individuals who received an HIV or
AIDS diagnosis prior to the date of cancer diagnosis or up to 1
year after their cancer diagnosis were classified as HIV+.
HIV+ individuals who received an HIV or AIDS diagnosis
more than 1 year after their cancer diagnosis (0.88% of sample)
and individuals listed as being HIV+ but with no HIV diag-
nosis dates available (0.34% of sample) were excluded from
the analysis.

Age at cancer diagnosis, tumor characteristics (ie, grade and
stage), gender, race, date of cancer diagnosis, vital status, and
vital status at follow-up were obtained from the SCCCR. The
SCCCR is gold certified by the North American Association of
Central Cancer Registries and holds national recognition for
data timeliness, completeness, and accuracy.23 The dates of
HIV/AIDS diagnoses for HIV+4 cases were obtained from
eHARS. The eHARS is maintained by the South Carolina
Department of Health and Environmental Control HIV Surveil-
lance Division. The eHARS quality exceeds the Centers for
Disease Control and Prevention minimum standards on time-
liness and completeness of reporting, with 95% of cases being
reported within 6 months of diagnosis and 98% of all cases
reported to eHARS.*

Statistical Analysis

Using morphology and histology codes, cancers were classified
by tumor site. Cancer sites with less than 5 cases (3.48% of
sample) and those classified as “miscellaneous” were excluded
from the analysis (3.31% of sample). Cancers were further
collapsed into ADMs and non-ADMs.

Differences in gender, race, vital status, age at cancer diag-
nosis, tumor grade, and tumor stage between HIV+ patients
with cancer and HIV— cancer controls were compared through
x” tests. Prior to analysis, age at cancer diagnosis was categor-
ized according to the National Cancer Institute’s standards (age
16-34, 35-44, 45-54, 55-64, 65-74, 75-85, and 85+ years).
Race was collapsed into 3 groups due to low numbers in certain
minority groups: white, black, or “other.” Tumor stage, a mea-
sure of disease extent that describes how far the cancer has
progressed from its site of origin, was collapsed into 4 groups
based on the Surveillance, Epidemiology, and End Results
Program (SEER) summary stage at diagnosis: localized,
regional, distant, and not applicable/unstaged. Tumor grade, a
measure of how closely tumor cells resemble the parent tissue,
was collapsed into 3 categories due to the small number of
graded tumors: grade 1/grade 2 (well- or moderately differen-
tiated), grade 3/4 (poorly differentiated or undifferentiated),
and grade not applicable.
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An unconditional logistic regression analysis, rather than
conditional, was performed because HIV+ and HIV— patients
with cancer were statistically different across every variable
assessed, including cancer type, one of the matching variables.
In the logistic regression model, all variables were categorized
or collapsed as described for the y* tests; however, age at
cancer diagnosis was included as continuous variable. Individ-
uals of “other” race were excluded from the logistic regression
model due to small numbers (n = 82). Univariable logistic
regression analyses were performed to identify the demo-
graphic and clinical characteristics that were associated with
the outcome variable based on a P value of .05. Significant
covariates in the univariable models were included in the final
multivariable logistic regression model.

Age at cancer diagnosis, race, vital status, sex, tumor grade,
and tumor stage were found to be significant in univariable
regression analyses with HIV status as the outcome variable
and were all included in the final multivariable logistic regres-
sion analysis. Adjusted odds ratios (ORs) and 95% confidence
intervals (CI) were obtained through the multivariable logistic
regression model.

To determine whether HIV-infected individuals received
cancer diagnoses at a younger age as a function of their disease
status (rather than HIV population being intrinsically younger),
a linear regression analysis was conducted with HIV status,
year of birth, and an interaction term with year of cancer diag-
nosis as the outcome variable.

SAS v9.3 (SAS Institute) was used for all analyses. The
institutional review board of the University of Georgia and the
Data Oversight Committees of eHARS and SCCCR approved
this study.

Results

From 1996 to 2010, there were 1292 individuals living with
both HIV and cancer in South Carolina (based on linked data)
and 6448 matched HIV— cancer controls. After applying the
exclusion criteria explained in the Methods section, 1133
HIV+ patients with cancer and 5,988 HIV— cancer controls
remained in the sample for final analyses. From 1996 to 2010,
the number of HIV+ patients with cancer has gradually
increased (Figure 1).

The distribution of cancer sites and vital status are displayed
in Table 1. The most common primary cancer sites in the HIV+
cases were non-Hodgkin lymphoma (27.5%); lung and
bronchus (17.7%); Kaposi sarcoma (8.7%); prostate (6.0%);
anus, anal canal, and anorectum (5.5%); Hodgkin lymphoma
(4.5%); female breast (4.2%); and colon and rectum (4.1%).
White and African American HIV+ individuals with ADMs
and NADMs were both significantly more likely to be died at
follow-up when compared to HIV— controls.

The distribution of patient demographics and clinical char-
acteristics are displayed in Table 2. Comparing HIV+ and
HIV— patients with cancer using x* tests, HIV+ patients with
cancer were significantly more likely to be younger, male, and
black. Clinically, HIV+ patients with cancer were significantly
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Figure 1. HIV-positive patients with cancer counts by year in South
Carolina.

more likely to be deceased at follow-up and have more
advanced stage tumors at cancer diagnosis when compared to
HIV— controls. Tumor grade was significantly different
between HIV+ cases and HIV— controls; however, a large
proportion of individuals had tumor grades classified as “not
recorded” or “unavailable.”

Adjusted ORs using HIV status as the outcome variable
were generated with a multivariable logistic regression model
(Table 3) and confirmed the patterns observed in Table 2.
Demographically, HIV+ patients with cancer were signifi-
cantly more likely to be black (OR: 7.68; 95% CI: 6.52-
9.06), male (OR: 2.78 95% CI: 2.33-3.32), and have a younger
age at cancer diagnosis (OR: 0.92; 95% CI: 0.91-0.92) when
compared to HIV— cancer controls. Clinically, HIV+ cases
were not significantly more likely to have a higher cancer grade
or stage at cancer diagnosis; however, after controlling for
other factors, HIV+ individuals were still more likely to be
deceased at follow-up (OR: 2.64; 95% CI: 2.20-3.17) when
compared to HIV— controls with cancer.

In the final linear regression analyses, using year of cancer
diagnosis as the outcome variable, HIV status and year of birth
were both significant predictors (P < .0001) and were both
negatively correlated (HIV+ individuals and those born more
recently were more likely to be younger at cancer diagnosis).
When the interaction term was added to the model, however,
year of birth was the only variable significantly related to the
outcome variable (age at cancer diagnosis).

Discussion

This study aimed to identify the patient demographic factors
and clinical characteristics that are associated with HIV+
patients with cancer. Understanding this relationship can help
guide future research and help improve cancer screening, pre-
vention, and treatment strategies among the HIV/AIDS
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Table I. Cases of AIDS-Defining and Non-AlDS-Defining Malignancies among HIV-Positive Cases and HIV-Negative Controls in South Carolina
from 1996 to 2010, Stratified by Race.?

All Races (N = 7121) White (n = 4984) Black (n = 2055)

Overall (100%), HIV+, HIV—, HIV+, HIV—, HIV+, HIV—,
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
AIDS-defining malignancies 1873 (100) 435 (23) 1438 (77) 153 (8) 1178 (63) 276 (15) 242 (13)
Non-Hodgkin lymphoma 1582 (84) 311(71) 1271 (88) 118(77) 1073 (91) 191 (69) 187 (77)
Cervical 190 (10) 25 (6) 165 (11) 3(2) 104 (9) 20 (7) 54 (22)
Kaposi sarcoma 101 (5) 99 (23) 2 (0) 32 (21) I (0) 65 (24) 1 (0)
Vital status—dead 1011 (54) 293 (67) 718 (50) 105 (69) 578 (49) 186 (67) 132 (55)
Non-AIDS defining malignancies 5248 (100) 698 (13) 4550 (87) 188 (4) 3465 (66) 505 (10) 1032 (20)
Lung and bronchus 1265 (24) 200 (29) 1065 (23) 48 (26) 820 (24) 152 (30) 240 (23)
Prostate 488 (9) 68 (10) 420 (9) 8 (4) 278 (8) 58 (1) 130 (13)
Melanoma of the skin 393 (7) 10 (1) 383 (8) 10 (5) 375 (11) 0 (0) 3 (0)
Anus, anal canal, and anorectum 382 (7) 62 (9) 320 (7) 30 (16) 266 (8) 32 (6) 51 (5)
Colon and rectum 344 (7) 47 (7) 297 (7) 10 (5) 212 (6) 37 (7) 84 (8)
Oral cavity and pharynx 320 (6) 36 (5) 284 (6) 6 (3) 187 (5) 30 (6) 94 (9)
Breast (female only) 291 (6) 38 (5) 253 (6) 6 (3) 195 (6) 31 (6) 56 (5)
Liver and intrahepatic bile duct 281 (5) 41 (6) 240 (5) 10 (5) 177 (5) 31 (6) 54 (5)
Hodgkin lymphoma 276 (5) 51 (7) 225 (5) 24 (13) 171 (5) 27 (5) 50 (5)
Brain and other nervous system 238 (5) 12 (2) 226 (5) 4(2) 202 (6) 8 (16) 21 (2)
Larynx 176 (3) 26 (4) 150 (3) 6 (3) 95 (3) 20 (4) 55 (5)
Female genital system (excluding cervix) 152 (3) 22 (3) 130 (3) 5(03) 98 (3) 17 (3) 32 (3)
Stomach and small intestine 126 (2) 12 (2) 114 (3) 5@3) 63 (2) 7(1) 50 (5)
Kidney and renal pelvis 93 (2) 13 (2) 80 (3) () 57 (2) 12 (2) 22 (2)
Myeloma 76 (1) 8 (1) 68 (1) 2(1) 42 (1) 6 (1) 26 (3)
Leukemia 75 (1) 14 (2) 6l (1) 4(2) 49 (1) 9(2) HNQ))]
Esophagus 65 (1) 10 (1) 55 (1) 0 (0) 33 () 9(2) 22 (2)
Penile 64 (2) 9 (1) 55 (1) 0 (0) 42 () 9(2) 12 (1)
Pancreas 59 (1) 9 (1) 50 (1) 2(I) 38 (1) 7(1) HNQ))
Thyroid 45 (1) 6 (1) 39 (1) 4(2) 34 (1) 2 (0) 4 (0)
Testicular 39 (1) 4(1) 35 (1) 3(2) 31 (1) 1 (0) 4 (0)
Vital status—dead 2937 (56) 453 (65) 2484 (55) 107 (57) 1846 (53) 344 (68) 620 (60)
Overall 7121 1133 5988 341 4643 781 1274
N =7121.

population as they continue to age and become at greater risk
of developing NADMs.

In our study population, 62% of the HIV+ patients with
cancer were diagnosed with an NADM, which supports current
observed trends in the literature documenting that NADMs
account for more than 50% of cancers among patients with
HIV/AIDS.*®° Due to increased life expectancy and better
immunologic functioning from improved antiviral therapies,
HIV+ individuals are less likely to be diagnosed with classic
AlIDS-associated opportunistic infections and are more likely
to acquire NADMs and other common comorbid conditions
seen in the general population.

Focusing first on demographic characteristics, as expected,
HIV+ patients with cancer were more likely to occur in younger,
black, and male individuals. Although little research has been
conducted on HIV+ patients with cancer in South Carolina, these
results were expected as they align with the HIV epidemic in
South Carolina, in which 71% of all HIV+ cases are black,
70% are male, and 80% are below the age of 49.%° Independent
of HIV, these results are also consistent with trends in cancer
rates; due to biological and lifestyle factors, men have higher

incidence and mortality rates across all cancer sites, excluding
gender-specific cancers (ie, cervical, breast, vaginal).”® Among
men, black individuals have higher incidence and mortality rates
for all major types of cancer when compared to non-Hispanic
white men.?’

While previous research suggests that HIV+ individuals
receive cancer diagnoses at younger ages than the general pop-
ulation due to the aging process, which may be accelerated in
this population,'®!® we believe that this observation may be
due to a function of the HIV epidemic (as HIV+ individuals are
younger than the general population). To test this hypothesis,
and to control for the possible cohort effect, a linear regression
analysis was conducted with year of cancer diagnosis as the
outcome variable. As the interaction term in this model (HIV
status by year of birth) was not significant, this suggests that
HIV+ individuals receive cancer diagnoses at a younger age
because they come from a younger cohort. Controlling for year
of birth, future studies should explore this hypothesis.

Clinically, HIV+ patients with cancer were not more likely
to have a higher grade or stage tumors at cancer diagnosis when
compared to HIV— cancer controls. However, after controlling
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Table 2. Demographic and Tumor Characteristics of HIV+ Cases
and HIV— Controls in South Carolina from 1996 to 2010.?

All Malignancies (N = 7121)

HIV+, HIV—,
n (%) n (%) %2
Age at cancer diagnosis (years)
16-34 135 (12) 280 (5)
35-44 348 (31) 412(7) <.00I
45-54 372 (33) 895 (I5)
55-64 204 (18) 1357 (23)
65-74 62 (6) 1562 (26)
75-84 12 (1) 1138 (19)
85+ 0 (0) 344 (6)
Sex
Male 851 (75) 3294 (55) <.00l
Race
White 341 (30) 4643 (78) <.00l
Black 781 (69) 1274 (21)
Other® (1 71 (1)
Grade®
Grade |/grade 2 223 (20) 1423 (24) <.001
Grade 3/grade 4 1262 (15) 1093 (18)
Grade N/A 741 (65) 3472 (58)
Vital status
Dead 746 (66) 3202 (54) <.00l
SEER summary stage at diagnosis®
Localized 368 (33) 2356 (39)
Regional 209 (19) 1257 (21) <.001
Distant 396 (35) 1576 (26)
Unstaged or N/A 160 (14) 799 (13)

N=7I21.

®Includes all races besides black and white.

°A measure of how closely tumor cells resemble the parent tissue (grade |:
best prognosis, grade 4: worst prognosis).

dSurveillance, Epidemiology, and End Results Program (SEER) Summary Stage
describes how far the cancer has progressed from its site of origin.

for these variables and other demographic characteristics,
HIV+ patients with cancer were still over 2 times more likely
to be deceased at follow-up when compared to HIV— cancer
controls. As SEER regularly updates its vital status at follow-
up with data from the National Center for Health Statistics,
which records all death certificates at the national level, it is
unlikely that this result is due to differential misclassification.
Additionally, as all cancers were accurately matched on year of
cancer diagnosis, it is likely that this result is representative of a
true effect. To explain this difference in mortality, future stud-
ies should use survival analysis methods with additional clin-
ical and tumor characteristics to identify the factors that are
associated with survival of HIV+ patients with cancer.

Strengths and Limitations

South Carolina is one of a few states to successfully implement
and integrate multiple statewide surveillance systems, which
allowed for the creation of the HIV/cancer data set used in this
study. The SCCCR and eHARS data sets utilized in this study

Table 3. Multivariable Logistic Regression Results Using Patient
Demographic and Tumor Characteristics to Predict HIV+ Status, Using
Black and White HIV+ patients with cancer and HIV— Cancer Controls.?

95% Confidence

Odds Ratio Interval
Continuous variables
Age at cancer diagnosis per 0.92 0.91-0.92
| year increase
Categorical variables
Race
White Reference -
Black 7.68 6.52-9.06
Vital status
Alive Reference -
Dead 2.64 2.20-3.17
Sex
Female Reference -
Male 2.78 2.33-3.32
Grade®
Grade 1/2 Reference -
Grade 3/4 0.8l 0.63-1.05
Grade N/A 1.06 0.86-1.30
SEER stage®
Localized Reference -
Regional 0.79 0.64-0.99
Distant 1.08 0.88-1.34
NA/Unstaged 0.86 0.66-1.13

excluding race “other”: n = 7039.

PA measure of how closely tumor cells resemble the parent tissue (grade |:
best prognosis, grade 4: worst prognosis).

“Describes how far the cancer has progressed from its site of origin.

have over 15 years of experience in surveillance and data col-
lection, and these rich data sources have never been examined
in unison to evaluate the burden of certain malignancies among
South Carolina residents with and without HIV. This article is
significant as it utilizes this new resource to comprehensively
examine the epidemiology of HIV and malignancy in South
Carolina. While HIV— cancer controls were matched for year
of cancer diagnosis, as expected, some malignancy types did
not occur in large enough numbers in the general population to
allow for perfect matching, creating some imbalances in malig-
nancy groups which could have affected our results. Although
these registries exceed national standards, they were not cre-
ated for research purposes, and it is possible that some cancer
or HIV diagnoses went unreported or that the records could be
incomplete for some individuals. Given the nature of the cancer
registry and HIV surveillance system, the problem of nonre-
porting of data could not be addressed. However, most vari-
ables used in this analysis required data by the respective
databases (or by South Carolina state law), and data quality
controls are employed by both agencies. Unfortunately, for this
analysis, we did not have access to HIV treatment information
for the HIV+- patients with cancer included in the study. Future
studies should assess the impact ART treatment could have on
the clinical characteristics of HIV+ patients with cancer at
diagnosis.
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Conclusion

This study compared patient demographic factors and clinical
characteristics of HIV+ and HIV— patients with cancer in South
Carolina in order to better characterize HIV+ cancer with cancer
for future screening, prevention, and research efforts. Reflective of
the current distribution of demographic factors among HIV+- indi-
viduals, we found that HIV+ patients with cancer were more
likely to occur in younger, male, and black individuals when com-
pared to HIV— cancer controls. Despite no significant differences
in tumor stage or grade at diagnosis, HIV+ patients with cancer
were significantly more likely to be died at follow-up. With
follow-up conducted with national surveillance data, and with
cases matched by diagnosis year, it is likely that this result repre-
sents a true effect. Future studies should use survival analysis
methods with additional clinical and tumor characteristics to better
identify the characteristics that put HIV-+ patients with cancer at
increased risk.
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