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Abstract

Background—Non-AIDS-defining cancers increasingly contribute to mortality among human
immunodeficiency virus (HIV)-infected individuals. However, few studies have compared cancer
prognosis by HIV status with adjustment for risk factors.

Methods—We conducted a cohort study of HIV-infected and HIV-uninfected adults in Kaiser
Permanente California during 1996-2011, following subjects diagnosed with Hodgkin lymphoma
(HL) or anal, prostate, colorectal, or lung cancers. We used Kaplan-Meier curves and Cox
regression to assess cancer-related mortality within five years, comparing HIV-infected with HIV-
uninfected subjects. Adjusted models included age, race/ethnicity, sex, cancer stage, cancer
treatment, and smoking.

Results—Among HIV-infected and HIV-uninfected subjects, there were 68 and 51 cases of HL,
120 and 28 of anal cancer, 150 and 2050 of prostate cancer, 53 and 646 of colorectal cancer, and
80 and 507 of lung cancer, respectively. Five-year cancer-related survival was reduced for HIV-
infected compared with HIV-uninfected subjects, reaching statistical significance for lung cancer
(10% vs. 19%, P=0.002) but not HL (83% vs. 89%, P=0.40) or anal (64% vs. 74%, P=0.38),
prostate (86% vs. 92%, P=0.074), or colorectal cancers (49% vs. 58%, P=0.55). Adjusted results
were similar, with lung cancer (hazard ratio [HR] 1.3, 95% confidence interval [CI]: 1.0-1.7) and
prostate cancer (HR 2.1, 95% CI: 1.1-4.1) reaching significance.
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Conclusions—Cancer-related mortality was higher among HIV-infected compared with HIV-
uninfected individuals for prostate and lung cancers, but not HL, anal cancer, or colorectal cancer.

Impact—Our findings emphasize the need for a focus on prevention, early detection, and
adequate treatment of cancer among HIV-infected individuals.

Keywords

cancer; prognosis; human immunodeficiency virus (HIV); immunodeficiency; anal cancer; lung
cancer; colorectal cancer; Hodgkin lymphoma; prostate cancer

INTRODUCTION

Advances in combination antiretroviral therapy (ART) have precipitated a steep decline in
AIDS-defining cancers among human immunodeficiency virus (HIV)-infected individuals in
developed countries. (1) However, as life expectancy for this population has increased, non-
AIDS-defining cancers (NADC)(2-5) increasingly contribute to morbidity and mortality.
Incidence of many NADC:s is higher among HIV-infected compared with HIV-uninfected
individuals, particularly for cancers associated with viral infections, such as anal cancer and
Hodgkin lymphoma (HL), or cancers associated with smoking, such as lung cancer. (2,3,5-
7) Although several studies have described survival after NADC diagnosis in cohorts of
HIV-infected individuals in the combination ART era, (8-12) few have directly compared
cancer survival between HIV-infected and HIV-uninfected individuals with adjustment for
risk factors.

Of studies comparing cancer prognosis by HIV status, HIV infection has been associated
with increased mortality from multiple NADCs, including HL (13-15) and lung,
(13,14,16,17) colorectal, (13,14) anal, (14,18) and prostate (14) cancers. However, while
mortality from AIDS and other causes may result in reduced survival for HIV-infected
individuals, few studies have examined cancer-specific mortality (16); furthermore, several
were conducted among individuals living with AIDS, (13,14) who are at particularly high
risk of death from non-cancer causes. Despite differences by HIV status in mortality risk
factors, such as smoking (19,20) and cancer treatment (21,22), few studies have had
available data or adequate sample size to adjust for these factors in analyses of individual
cancers. (16,17) Finally, cancers may be diagnosed at a more advanced stage or earlier age
among HIV-infected individuals; (23,24) although most studies of cancer prognosis have
adjusted for age at diagnosis, few have adjusted for stage in analyses of individual cancers.
(16,17)

In this study, we evaluated the association of HIV infection with age and cancer stage at
diagnosis and initial cancer treatment among HIV-infected and HIV-uninfected individuals
diagnosed with NADCs within the same healthcare system, focusing on cancers that are
commonly observed among HIV-infected individuals. We then assessed the role of HIV
infection in cancer-related mortality after adjustment for age and cancer stage at diagnosis,
cancer treatment, smoking, and other mortality risk factors.
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MATERIALS AND METHODS
Study Design, Setting, and Population

The study population of HIV-infected and HIV-uninfected subjects with cancer diagnoses
was ascertained from a previously described cohort. (25) Briefly, the source cohort consisted
of 24,768 HIV-infected and 257,600 demographically matched HIV-uninfected individuals
within Kaiser Permanente (KP) Northern and Southern California (KPNC and KPSC,
respectively), identified and followed from 1996 through 2011. HIV-infected subjects were
identified using HIV registries including all known cases of HIV/AIDS since the early 1980s
for KPNC and 2000 for KPSC, with HIV-infected status confirmed by review of medical
charts or medical center case lists. Individuals not included in the registries were considered
HIV-uninfected. HIV-uninfected subjects were frequency-matched 10:1 to HIV-infected
subjects on year and age at start of follow-up (five-year age groups), sex, and medical
center.

For the present study, subjects with incident diagnoses of HL or anal, prostate, colorectal, or
lung cancers were selected from the source cohort. We focused on these cancers because
they are the most commonly diagnosed NADCs among HIV-infected KP members; (25)
there were insufficient cases to analyze cancers that are less prevalent in this population,
such as melanoma, oral cancer, or liver cancer. For each cancer of interest, individuals were
selected at the time of their first cancer diagnosis during the study period. Individuals with
any of the five cancer diagnoses in the two years prior to study entry were considered
prevalent cases and excluded. Analyses of age, stage at diagnosis, and treatment included all
cases diagnosed during 1996—2011. For survival analyses, subjects were followed from
cancer diagnosis until the earliest of cancer-related death, death from other causes, five years
past the cancer diagnosis, or December 31, 2010 (the latest date for which data were
available on cause of death).

The institutional review boards at KPNC and KPSC approved this study with a waiver of
written informed consent.

Data Sources

Cancer registries—Cancer diagnoses were ascertained from the KP cancer registries,
which are contributing sites to the Surveillance, Epidemiology, and End Results (SEER)
program registry. KP cancer registries use standardized methods for verifying and coding all
new reportable cancers to ensure accuracy and completeness for reporting to SEER-
affiliated regional registries. (26) Data were also extracted on tumor, nodes, metastasis
(TNM) stage, SEER summary stage, histologic type, and cancer treatments initiated within
six months after diagnosis.

HIV registries—The primary exposure of interest was HIV status, obtained from the KP
HIV registries. Other data obtained from the HIV registries included race/ethnicity, CD4
count, and HIV-transmission risk factor.

Electronic medical record (EMR)—The primary outcome of interest was cancer-related
death within five years after cancer diagnosis (International Classification of Disease codes,
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version 9: 140-239; ICD-10: C00-D489), obtained from the clinical and administrative
databases constituting KP’s EMR. Dates and causes of death were extracted from hospital
records, California death certificates, and Social Security Administration datasets, with
complete ascertainment of deaths regardless of KP membership status. Given the limitations
of death certificate data, our outcome included deaths from any cancer to account for the
potential misclassification of deaths attributed to another cancer site (e.g., death from
metastatic disease). This method has been used previously to account for the
underestimation of mortality that may occur when only site-specific cancer deaths are
analyzed. (27) Other data extracted from the EMR included age; race/ethnicity; health plan
enrollment periods; and clinical diagnoses of smoking/tobacco use (ICD-9: 305.1, V15,
V65, 649, internal social history codes). Subjects without a smoking diagnosis were
considered non-smokers.

Statistical Analysis

RESULTS

Variables considered in the analysis included age (<40, 40-49, 50-64, =65 years), race/
ethnicity (white, black/African American, Hispanic/Latino, Asian/Pacific Islander, other),
smoking (ever/never), TNM stage (Stage 1-1V), SEER summary stage (localized, regional,
distant), and cancer treatment (radiation, chemotherapy, surgery, or any treatment). Among
HIV-infected subjects, we considered HIV-transmission risk factor (men who have sex with
men [MSM], heterosexual sex, injection drug use, unknown) and CD4 count from the six
months prior to cancer diagnosis.

We compared demographic and clinical characteristics of HIV-infected and HIV-uninfected
cancer cases, using t-tests for continuous variables and chi-square or Fisher exact tests for
categorical variables. For analyses of anal and prostate cancers, TNM stage was categorized
as Stage I-111 vs. 1V to reflect the staging commonly used in clinical practice at KP. Surgery
is rarely used for treatment of HL and chemotherapy is not a standard treatment for prostate
cancer; thus, those treatments were not assessed for those cancer types. We compared five-
year survival by HIV status using Kaplan-Meier curves and log-rank tests. Subjects were
censored if they died from non-cancer-related causes; thus, the survival curves are
interpreted as the theoretical probability of dying from cancer-related causes if no subjects
died of non-cancer-related causes. Hazard ratios (HR) for cancer-related mortality were
obtained from Cox regression models comparing HIV-infected to HIV-uninfected subjects.
Demographics-adjusted models included variables for age, race/ethnicity, and sex, while
fully adjusted models additionally included TNM stage, cancer treatment type, and smoking.

Analyses were conducted in SAS 9.1 (Cary, NC). Statistical tests were two-sided and
statistical significance was defined as P<0.05.

Study Population

Among HIV-infected and HIV-uninfected subjects, there were 120 and 28 cases of anal
cancer, 150 and 2050 of prostate cancer, 53 and 646 of colorectal cancer, 80 and 507 of lung
cancer, and 68 and 51 of HL, respectively. Subjects were mostly men overall, with a higher
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proportion of men among HIV-infected compared with HIV-uninfected subjects with anal
cancer (P<0.001), and a lower proportion among HIV-infected subjects with colorectal
cancer (P=0.032; Table 1). The distribution of race/ethnicity differed by HIV status for
prostate cancer (P=0.003) and lung cancer (P=0.006), with a higher proportion of white
subjects among HIV-infected compared with HIV-uninfected individuals. Among HIV-
infected subjects, MSM was the most common HIV-transmission risk factor for all cancers,
reflecting the epidemic in California.

Age and Stage at Diagnosis by HIV Status

Compared with HIV-uninfected subjects, HIV-infected subjects were younger when
diagnosed with anal (52 vs. 56 years, P=0.019), colorectal (53 vs. 58 years, P=0.002), and
lung cancers (56 vs. 61 years, P<0.001), while age was similar by HIV status for prostate
cancer and HL (Table 1). TNM and SEER summary stage were similar by HIV status for
anal, colorectal, and lung cancers (Table 2). However, compared with HI\VV-uninfected
subjects, HIV-infected subjects with HL were more frequently diagnosed with Stage IV
disease (54% vs. 28%, P=0.007). For prostate cancer, HIV-infected subjects were more
frequently diagnosed with localized disease (89% vs. 83%, P=0.023), but there were no
differences in TNM stage by HIV status.

Cancer Treatment by HIV Status

The proportion receiving any cancer treatment within six months of diagnosis was lower for
HIV-infected compared with HIV-uninfected subjects with lung cancer (64% vs. 76%,
P=0.023), but similar by HIV status for all other cancers (Table 2). There were no
differences in cancer treatment type by HIV status for anal cancer. However, for prostate
cancer, HIV-infected subjects more frequently received radiation compared with HIV-
uninfected subjects (31% vs. 18%, P<0.001). Compared with HIV-uninfected subjects, HIV-
infected subjects less frequently received surgery for prostate cancer (25% vs. 42%,
P<0.001), colorectal cancer (70% vs. 86%, P=0.002), and lung cancer (16% vs. 28%,
P=0.027). For HL, HIV-infected subjects less frequently received radiation compared with
HIV-uninfected subjects (7% vs. 27%, P=0.003).

Cancer Mortality by HIV Status

The number of deaths from cancer-related and other causes is shown in Table 2. Compared
with HIV-uninfected subjects, five-year survival was reduced for HIV-infected subjects with
cancer, reaching statistical significance for lung cancer (10% vs. 19%, P=0.002), but not
anal cancer (64% vs. 74%, P=0.38), prostate cancer (86% vs. 92%, P=0.074), colorectal
cancer (49% vs. 58%, P=0.55), or HL (83% vs. 89%, P=0.40; Figure 1). After adjustment
for age, race/ethnicity, sex, TNM stage, cancer treatment type, and smoking, cancer-related
mortality was higher among HIV-infected compared with HIV-uninfected subjects for all
cancers, reaching statistical significance for prostate cancer (HR 2.1, 95% confidence
interval [C1]: 1.1-4.1) and lung cancer (HR 1.3, 95% CI: 1.0-1.7), but not anal cancer (HR
1.6, 95% CI: 0.4-6.6), colorectal cancer (HR 1.4, 95% CI: 0.8-2.7), or HL (HR 2.1, 95% ClI:
0.7-6.4; Table 3).
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Among individuals with lung cancer, the most common histologic subtype was
adenocarcinoma (40%), followed by squamous carcinoma (17%) and large cell carcinoma
(11%), with no difference in the distribution of histologic type by HIV status (P=0.76).
Among the 535 (92%) individuals with non-small cell carcinoma, five-year survival was
lower among HIV-infected compared with HIV-uninfected individuals (8.5% vs. 21%,
P=0.001). Five-year survival was similar among HIV-infected compared with HIV-
uninfected individuals with small-cell carcinoma (33% vs. 0%, P=0.95); however, there
were only 6 cases of this histologic type among HIV-infected individuals.

DISCUSSION

In this large cohort study, HIV-infected individuals were diagnosed at an earlier age for
anal, colorectal, and lung cancers, and a more advanced stage for HL, compared with HIV-
uninfected individuals from the same healthcare system. Five-year survival was lower for
HIV-infected compared with HIV-uninfected individuals for all NADCs examined, reaching
statistical significance for lung cancer. After adjustment for age, race/ethnicity, sex, stage,
cancer treatment, and smoking, HIV-infected individuals were at significantly higher risk of
cancer-related mortality after diagnosis with lung cancer or prostate cancer, but not HL, anal
cancer, or colorectal cancer.

Our study is consistent with prior studies finding reduced survival among HIV-infected
individuals diagnosed with lung and prostate cancers, (13,14,16,17) with several finding
increased mortality independent of disease stage at diagnosis. (16,17) Among injection drug
users, Shiels et al. found a nearly four-fold higher risk of death after diagnosis with lung
cancer among HIV-infected compared with HIV-uninfected individuals after adjustment for
SEER summary stage and smoking, although with 29 cases this did not reach statistical
significance. (16) Sigel et al. also found an association of HIV infection and non-small cell
lung cancer mortality after adjustment for SEER summary stage and competing risks of
death. (17) While Rengan et al. found no differences in non-small cell lung cancer survival
by HIV status in the same study population after adjustment for TNM stage, (28) HIV status
may have been misclassified in this study such that differences in survival were attenuated;
furthermore, Rengan et al. did not adjust for smoking, which is more prevalent among HIV-
infected individuals compared with the general population. (19,20) In our study, reduced
survival for lung and prostate cancers among HIV-infected individuals was not fully
explained by TNM stage, smoking, or the other risk factors evaluated, and survival curves
demonstrated higher cancer-related mortality for HIV-infected individuals for all NADCs
examined. These results suggest an independent effect of HIV infection on cancer survival.
The mechanisms for reduced survival after lung and prostate cancer diagnosis among HIV-
infected individuals may be similar to those that explain higher NADC incidence in this
population, including immunodeficiency, (29,30) chronic immune activation and
inflammation, (31,32) activation of proto-oncogenes, (33) inhibition of tumor suppressor
genes, (34) or endothelial abnormalities that enhance tumor development and progression.
(35)

While several studies have identified an earlier age at NADC diagnosis for HIV-infected
individuals compared with the general population, (36-39) few have accounted for
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differences in the underlying age distributions of these two populations. Shiels et al. adjusted
for age in a registry-based study, (39) while our study matched HIV-uninfected to HIV-
infected subjects on age. Similar to our study, Shiels et al. found that individuals with AIDS
were younger when diagnosed with anal and lung cancers compared with the general
population; these comparable results are reassuring, given that our studies used different
analytical approaches to remove the potential age bias. In addition to HIV-associated
mechanisms that increase incidence and progression of NADCs, earlier age at diagnosis
among HIV-infected individuals may be attributable to increased medical surveillance. In
this study population, we previously found higher rates of prostate-specific antigen testing,
and lower-stage prostate cancers at diagnosis as also presented here, among HIV-infected
compared with HIV-uninfected individuals, suggesting an effect of increased cancer
screening on the timing of cancer diagnosis among HIV-infected individuals. (40) However,
we found no differences in stage by HIV status for cancers detected at a younger age among
HIV-infected individuals, suggesting that earlier diagnosis may be attributable to a
biological effect rather than differences in screening.

We observed less treatment for HIV-infected individuals with lung cancer, as well as
differences in treatment type by HIV status for prostate cancer and HL. These findings are
consistent with previous studies finding less treatment among HIV-infected compared with
HIV-uninfected individuals with lung cancer, prostate cancer, and HL, with disparities
persisting in more recent years. (21,22) In a registry-based study, Suneja et al. found
treatment disparities by HIV status for HL, lung, prostate, and colorectal cancers, (21) while
we only identified an overall disparity for lung cancer. It may be that treatment disparities
by HIV status are explained in part by differences in access to cancer treatment, and were
thus less apparent in our study setting of equal access to care. The difference we observed in
treatment for lung cancer may be attributable to provider-level factors, such as perceiving
HIV-infected individuals as having lower cancer treatment efficacy or tolerability compared
with HIV-uninfected individuals. (21) In our study, adjustment for treatment attenuated the
elevated cancer mortality risk we observed among HIV-infected individuals with lung
cancer, suggesting that treatment disparities may play a role in reduced survival for this
cancer.

There are several limitations of our study. First, despite our large cohort, our statistical
power was limited. We observed relatively small numbers of HL diagnoses overall and anal
cancer diagnoses among HIV-uninfected subjects, which may explain the lack of statistical
significance observed for these cancers. Few observed deaths for most cancers may also
have limited our ability to detect differences in cancer mortality. Second, because treatment
data from the EMR were not comprehensive for all cancer cases and medical centers, we
relied on the cancer registries for cancer treatment data. These data may be subject to
misclassification and only document treatments initiated within six months after diagnosis.
Third, an analysis of cancer recurrence may have strengthened our findings, but these data
were not available. Fourth, because data were extracted from the EMR, risk factors such as
smoking could not be analyzed in detail. Fifth, diagnosis and surgery may have been more
likely to be misclassified for anal cancer than for other cancers because of the high
prevalence of precancerous or in situ disease and the use of local treatment for
microinvasive disease. Sixth, our survival analysis represented the theoretical scenario in
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which subjects only died of cancer-related causes; future studies with larger sample sizes
should consider approaches accounting for competing risks. However, in this analysis, most
deaths were cancer-related. Finally, our subjects were mostly men, limiting the
generalizability of our results to women.

Our study also has several strengths. First, cancers were identified from HIV-infected
individuals and an internal comparison group of HIVV-uninfected individuals from the same
healthcare system, in which differences in outcomes were unlikely to be attributable to
differential access to care. Second, matching HIV-uninfected to HIV-infected individuals on
age allowed us to compare age at diagnosis despite differences in the underlying age
distributions of these populations. Third, including data on TNM stage, a more clinically
relevant measure of cancer stage than SEER summary stage, we were able to determine that
reduced survival for HIV-infected individuals was independent of disease stage. Fourth, the
HIV and cancer registries and EMR allowed for near-perfect case ascertainment for HIV
infection, cancer, and mortality, with deaths ascertained regardless of KP membership
status. Finally, the KP membership mirrors the age, sex, and race/ethnicity distributions of
the California statewide population, (41,42) and the demographics of HIV-infected KP
members are comparable to those of reported AIDS cases in California. (43) Thus, our
results are likely to be generalizable to other individuals with access to healthcare.

In summary, compared with HIV-uninfected individuals in the same healthcare system,
HIV-infected individuals were diagnosed at a younger age for anal, colorectal, and lung
cancers, and at a more advanced stage for HL. After adjustment for age, sex, race/ethnicity,
TNM stage, cancer treatment, and smoking, cancer-related mortality was higher among
HIV-infected individuals for lung and prostate cancers. Our findings emphasize the need for
a focus on prevention, early detection, and adequate treatment of cancer among HIV-
infected individuals, and the evaluation of appropriate cancer screening strategies in this
population.
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Figure 1. Five-year survival after cancer diagnosis by HIV status, 1996-2010
Kaplan-Meier curves show the cumulative proportion alive in the five years after cancer

diagnosis by HIV status, with subjects censored if they died of non-cancer-related causes.
Overall, 3,342 HIV-infected and 2,911 HIV-uninfected individuals contributed to the plots.
Panels are as follows: (a) anal cancer, (b) prostate cancer, (c) colorectal cancer, (d) lung
cancer, and (e) Hodgkin lymphoma. P-values are from log-rank tests.
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