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Abstract

BACKGROUND: It is not known if immune dysfunction is associated with increased risk of 

death after cancer diagnosis in persons with HIV (PWH). AIDS-defining illness (ADI) can signal 

significant immunosuppression. Our objective was to determine differences in cancer stage and 

mortality rates in PWH with and without history of ADI.

METHODS: PWH with anal, oropharynx, cervical, lung cancer or Hodgkin lymphoma diagnoses 

from January 2000 to December 2009 in the North American AIDS Cohort Collaboration on 

Research and Design were included.

RESULTS: Among 81,865 PWH, 814 had diagnoses included in the study; 341 (39%) had a 

history of ADI at time of cancer diagnosis. For each cancer type, stage at diagnosis did not differ 

by ADI (p>0.05). Mortality and survival estimates for cervical cancer were limited by n=5 

diagnoses. aMRRs showed a 30–70% increase in mortality among those with ADI for all cancer 

diagnoses, though only lung cancer was statistically significant (ss). Survival after lung cancer 
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diagnosis was poorer in PWH with ADI vs. without (p=0.0001); the probability of survival was 

also poorer in those with ADI at, or prior to other cancers although not ss.

CONCLUSION: PWH with a history of ADI at lung cancer diagnosis had higher mortality and 

poorer survival after diagnosis compared to those without. Although not ss, the findings of 

increased mortality and decreased survival among those with ADI (vs. without) were consistent 

for all other cancers, suggesting the need for further investigations into the role of HIV-related 

immune suppression and cancer outcomes.

Keywords

HIV; AIDS; anal cancer; oropharynx cancer; cervical cancer; lung cancer; Hodgkin lymphoma; 
survival; mortality

INTRODUCTION

Although rates of certain AIDS-defining cancers, such as Kaposi sarcoma and non-Hodgkin 

lymphoma, have declined with the introduction of modern antiretroviral therapy (ART), 

rates of other cancers, such as anal, cervical, lung, oropharynx, and Hodgkin lymphoma, 

have remained elevated, or increased, among persons with HIV (PWH) in the modern ART 

era.1–3 Further, cancer is an increasingly common cause of death among PWH in the modern 

ART era in the United States (U.S.).4,5

AIDS-defining illnesses (ADI) are 26 diagnoses identified by the Centers for Disease 

Control and Prevention (CDC) that serve as an international guideline for diagnosis of 

AIDS.6 They are indicative of clinical progression, advanced HIV disease, and a higher 

degree of systemic immune dysfunction.7,8 In the modern ART era, ADIs occur both in 

those with low (<500 cells/μL) and high (≥500 cells/μL) CD4 cell counts, suggesting that 

ADIs may provide clinically meaningful indices of immune dysfunction that are not fully 

captured by CD4 count alone.9,10 Indeed, despite the effectiveness of ART in suppressing 

viral replication, immunologic abnormalities persist and levels of immune activation may 

remain elevated compared to people without HIV.11

It is hypothesized, but currently unknown, if immune suppression enables more aggressive 

malignancies, which may lead to an increased risk of diagnosis at a later cancer stage. Prior 

studies comparing PWH to those in the general population have reported a later stage at 

cancer diagnosis for colorectal, breast, and prostate cancer; the studies focused on lung 

cancer have produced conflicting results.12–17 Surveillance for cancer is an important factor 

when considering the stage at cancer diagnosis. Previous studies have shown those with less 

access to care and cancer screening are more likely to be diagnosed at a more distant stage 

of disease.18 Potential differences in access to care (and subsequently differential 

surveillance for cancer), as well as important differences in risk factors for cancer in PWH 

and the general population are present in these prior studies10–15.

Previous studies have reported poorer survival after cancer diagnosis in PWH compared with 

the general population, possibly due to 1) a later cancer stage at diagnosis and/or 2) greater 

immune dysfunction among PWH.17,19 ADIs have been associated with increased mortality 
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in PWH. In the Antiretroviral Therapy Cohort Collaboration (ART-CC), those with an ADI 

had a 3.45-fold increase in the rate of death compared to those without an ADI.20 Although 

ADIs are associated with increased mortality in PWH, it is unknown whether a history of an 

ADI at cancer diagnosis influences the mortality rate after cancer diagnosis.

The objective of this study was to compare cancer stage at diagnosis, mortality rates, and 

survival after cancer diagnosis amongst PWH with and without history of ADI who have 

successfully linked into HIV care. To our knowledge, there are no studies that report on 

differences in type-specific cancer stage at diagnosis amongst PWH by a history of severe 

immune suppression at cancer diagnosis.

METHODS

Study Population

The North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD) 

is a consortium of >20 clinical and interval HIV cohorts in the U.S. and Canada and has 

been described elsewhere21. Using standardized cohort-specific methods, each contributing 

cohort collects demographic, clinical, and laboratory data on HIV-infected individuals who 

successfully engaged in care (defined as ≥2 clinical visits within 12 months). At regularly 

scheduled intervals, the data are submitted to the NA-ACCORD central Data Management 

Core at the University of Washington, where they are harmonized after undergoing quality 

control procedures for accuracy. The data are then securely transferred to the Epidemiology/

Biostatistics Core for additional quality control procedures. Institutional Review Board 

approval for the human subject activities of the NA-ACCORD was obtained from each 

participating cohort and the Johns Hopkins University School of Medicine.

The study population for this analysis included PWH ≥18 years receiving HIV care in one of 

12 clinical cohorts in the NA-ACCORD (10 in the US and 2 in Canada) who had an incident 

cancer diagnosis between January 2000 and December 2009.

In supplemental analyses, the National Cancer Database (NCDB) was used as a comparison 

group for PWH with and without ADI. The NCDB is a nationwide, facility-based, 

comprehensive clinical surveillance oncology dataset established in 1989 that collects 

demographic and oncological patient data from over 1,500 hospital-based cancer registries 

in the US.22 Please see the Supplement for more information on the NCDB and the findings 

comparing mortality amongst PWH with and without a history of an ADI to that among 

individuals in the general population represented in the NCDB.

Outcomes: Cancer stage at diagnosis and death

We examined cancer stage at diagnosis for the following 5 types of incident cancer: anal, 

lung, cervical, oropharynx cancers, and Hodgkin lymphoma. We chose these cancers given 

their high incidence among PWH in the modern ART era.22 We analyzed only the first 

cancer diagnosis of any of the 5 cancer types if more than one type of cancer occurred. We 

did not exclude individuals with previous cancer diagnoses that did not match the five 

specific cancers included in this analysis. Cancer diagnoses in the NA-ACCORD were 

validated via a web-based standardized abstraction protocol that included manual review of 

Grover et al. Page 4

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



medical records and pathology reports or linkage to cancer registries to collect cancer site 

and staging information for each case. Data abstractors and reviewers were overseen by 

physicians and abstracted data on cancer site, diagnosis date, histopathology, grade, stage, 

and risk factors. Reviewers were provided detailed instructions and examples based on 

SEER cancer data collection instructions to determine the most accurate cancer diagnosis 

category and date. Further details of this process have been validated and previously 

described.23 NA-ACCORD data has TNM and summary stage available. For our analysis, 

we used summary stage when available. If summary stage was unavailable, we used TNM 

data to deduce summary stage using AJCC 7th edition.

All-cause mortality following type-specific cancer diagnosis was also an outcome of 

interest. Cohorts in the NA-ACCORD have previously demonstrated good ascertainment of 

deaths using active and passive methods.24 Deaths were ascertained using medical record 

abstraction and linkage to the National Death Index, the Social Security Death Index, as well 

as Canadian provincial death registries.

Exposure

NA-ACCORD participants were classified as having had a history of an ADI if one was 

diagnosed at, or prior to, cancer diagnosis. ADI was defined by the 26 diagnoses that 

designated a person as having high risk for immunosuppression and morbidity according to 

the expanded surveillance criteria established by the CDC in 1993, including invasive 

cervical cancer and tuberculosis, among other diagnoses.6 As cervical cancer is an ADI, 

those with a prior ADI at cervical cancer diagnosis were classified as having a prior ADI; 

those without a prior ADI at the time of cervical cancer diagnosis were classified as not 

having a history of ADI at cervical cancer diagnosis.

Covariates

Covariates were measured as close to cancer diagnosis as possible, within the window of 6 

months prior to 3 months after cancer diagnosis. Self-reported race was categorized as 

White, Black, or other/unknown. CD4 cell count was categorized as <200, 200–349, 350–

499, or ≥500 cells/μL. Viral suppression was defined as plasma HIV RNA ≤200 copies/μL. 

ART was defined as a combination of ART agents from ≥2 classes with an identified anchor 

agent that suggested the specific regimen class.25 Cigarette smoking was measured as ever 

having evidence of cigarette smoking while under observation in the NA-ACCORD (via 

medical record or data collected via substance surveys; multiple imputation was used for 

missing smoking status only among cohorts with at least 70% of participants having an 

observed smoking status. The analysis of covariates is disproportionately representative of 

the male sex due to unequal sample sizes. A subgroup analysis done noted differences in the 

prevalence rates of smoking and ADI, but it was not statistically significant.

Statistical Analysis

Person-time accrual began on the observed incident cancer diagnosis date. Each participant 

was followed until death date, date of loss to follow-up (defined as 18 months after the date 

of last HIV RNA or CD4 measurement), 31 December 2009, or the cohort-specific end of 

the observation window of validated cancer diagnosis (if it was prior to 31 December 2009).
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All analyses were stratified by cancer type. Among NA-ACCORD participants, the 

distribution of cancer stage at diagnosis was compared between PWH with and without an 

ADI for each cancer type via the chi-square test statistic. Kaplan-Meier (KM) curves with 

the log-rank test were used to compare overall survival between PWH with and without an 

ADI. We calculated crude mortality rates after cancer diagnosis by ADI status. Poisson 

regression models estimated crude (MRR) and adjusted (aMRR) mortality rate ratios and 

95% confidence intervals ([,]) for ADI status, controlling for cancer stage, age, sex, race, 

cigarette smoking, ART, and CD4 count. Age was the only time-varying variable; all other 

covariates were time-fixed at cancer diagnosis.

The analyses were conducted by the NA-ACCORD Epidemiology/Biostatistics Core. SAS 

software, version 9.4 (SAS Institute, Inc., Cary, North Carolina), was used to conduct 

analyses, and a p-value <0.05 guided statistical interpretation.

RESULTS

Among 81,865 PWH observed for cancer outcomes between 1 Jan 2000 and 31 Dec 2009, 

814 were diagnosed with the type-specific cancers of interest. These included cancers of the 

anus (162, 20%), lung (444, 55%), oropharynx (114, 14%), cervix (5, 0.6%), and Hodgkin 

lymphoma (89, 11%; Table 1). Due to the small number of cervical cancers (n=5), stage at 

cancer diagnosis was compared by ADI status, but mortality rates and survival after cervical 

cancer diagnosis were not estimated. Among the 162 anal cancer cases, 18 (11%) had a 

cancer diagnosis with another cancer type prior to anal cancer diagnosis; 8/114 (7%) 

oropharynx cancer cases, 7/89 (8%) Hodgkin lymphoma cases, and 36/444 (8%) lung cancer 

cases had a different cancer diagnosis prior to a first diagnosis with the type-specific cancer. 

After diagnosis with the type specific cancers of interest, 9/162 (6%) of participants with 

anal cancer, 8/114 (7%) of oropharynx cancers, 4/89 (4%) Hodgkin lymphoma cancers, and 

5/444 (1%) of lung cancer cases had subsequent cancer diagnosis. The median [interquartile 

range] follow-up time for each cancer type (from cancer diagnosis until death or censoring) 

was 7.2 [4.8, 9.0] years for anal, 9.0 [6.6, 9.0] years for cervical, 4.6 [2.2,7.1] years for lung, 

6.6 [3.6, 8.9] years for oropharynx, and 6.1 [3.8, 8.8] years for Hodgkin lymphoma.

Of the 814 PWH diagnosed with cancer, 96% were male, 97% resided in the U.S., and 85% 

were ever smokers. Eighty-four percent of participants were on ART at the time of cancer 

diagnosis. Median [IQR] CD4 count at cancer diagnosis was 328 [187, 515] cells/μL for 

anal cancer, 372 [160, 491] cells/μL for cervical cancer, 247 [102, 434] cells/μL for 

oropharynx cancer, 204 [112, 340] cells/μL for Hodgkin lymphoma, and 288 [158, 482] 

cells/μL for lung cancer. Median [IQR] time from ART initiation to cancer diagnosis was 5.3 

[3.3, 7.9] years for anal, 1.2 [0.3, 3.7] years for cervical, 4.8 [2.2, 7.3] years for oropharynx, 

4.6 [2.6, 7.1] years for lung cancer, and 3.7 [2.1, 5.5] years for Hodgkin lymphoma.

Thirty-nine percent of those with a cancer diagnosis had a history of ADI at cancer 

diagnosis. The most common ADIs at or prior to cancer diagnosis were as follows: anal 

cancer, pneumocystis carinii pneumonia (PCP) n=18 or 25% and tuberculosis n=14 or 20%; 

none of the 5 women with cervical cancer had an ADI prior to cervical cancer; OP, 

tuberculosis n=9 or 27% and PCP n=7 or 21%; Hodgkin lymphoma, PCP n=6 or 23%, 
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candidiasis n=4 or 15% and tuberculosis n=5 or 15%; and lung cancer, tuberculosis n=45 or 

24% and recurrent pneumonia n=45 or 24% as noted in Supplement Table S2.

The longest median [IQR] time from diagnosis of ADI to diagnosis of cancer was 5.2 [3.1, 

7.5] years for anal cancer, followed by 4.4 years for oropharynx [1.8, 8.0], 3.3 [0.9, 5.8] 

years for lung, and 2.8 [0.2, 4.5] years for Hodgkin lymphoma.

Cancer Stage at Diagnosis, by ADI

At diagnosis, the majority of lung (75%), oropharynx (69%), and Hodgkin lymphoma (65%) 

cases had either locally advanced or metastasized disease at diagnosis, whereas the majority 

of anal cancer cases were classified as Stage I (22%) or Stage II (46%). Of the five cervical 

cancer cases, 4 were Stage I and 1 was Stage III. The distribution of cancer stage at 

diagnosis did not differ significantly by history of ADI for any cancer type (all p-values > 

0.05; Figure 1). At diagnosis, the percentage with cancer in stage III-IV for those with vs. 

without prior ADI were 33% vs. 30% for anal cancers, 66% vs. 70% for oropharynx cancers, 

66% vs. 65% for Hodgkin cancers, and 73% vs. 77% for lung cancers.

Crude Mortality Rates After Cancer Diagnosis, by Stage and ADI at Cancer Diagnosis

For anal, lung, oropharynx cancer and Hodgkin lymphoma, we observed an increase in all-

cause mortality with increasing stage of cancer diagnosis (Figure 2a). PWH with a history of 

ADI at lung cancer diagnosis had a higher mortality than those without an ADI; mortality 

amongst PWH with anal, oropharynx cancer, and Hodgkin lymphoma diagnoses was similar 

with vs. without an ADI (Figure 2b).

Adjusted Mortality Rate Ratios for ADI

In crude analyses, we observed a higher mortality rate amongst PWH with an ADI (vs. 

without) after anal (MRR=1.6 [1.0, 2.7]), Hodgkin lymphoma (MRR=1.3 [0.6, 2.7]), and 

lung (MRR=1.6 [1.3, 2.0]) cancer diagnoses, but there was no difference in the mortality 

rates by ADI status for oropharynx cancer (MRR=1.0 [0.6, 1.8]) (Table 2). After accounting 

for confounders of the association between a history of ADI at cancer diagnosis and death, 

the association remained statically significant for lung cancer only (aMRR=1.6 [1.3, 2.1]), 

but the association was consistent for anal cancer (aMRR=1.5 [0.9, 2.8]), Hodgkin 

lymphoma (aMRR=1.3 (0.5, 3.3]). The adjusted estimate for oropharynx cancer showed an 

increased mortality rate in those with (vs. without) ADI (aMRR=1.7 [0.9, 3.3]) (Table 2)

Survival by ADI

Survival curves depicted an overall survival advantage among those without a history of ADI 

(vs. with a history of ADI) at anal and lung cancer diagnoses with supporting evidence from 

the log rank test of a statistical difference in survival for these cancers (Figure 3a and 3d). 

Although the log rank test did not demonstrate statistical evidence of a difference in survival 

by a history of ADI for oropharynx cancer and Hodgkin lymphoma, the survival curves 

show the probability of survival was greater in the first two year after oropharynx cancer and 

Hodgkin lymphoma diagnosis among those who had no history of ADI (Figure 3b and 3c).
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Comparison of Mortality after Type-specific Cancer Diagnosis among PWH with the 
General Population (supplemental analysis)

In Supplement Table S1, mortality rates (and 95% confidence intervals) after type-specific 

cancer diagnoses are presented among 1) the general population in NCDB, 2) PWH without 

a history of ADI at cancer diagnosis, and 3) PWH with a history of ADI at cancer diagnosis, 

by stage. Age-standardized mortality ratios (SMR) comparing PWH with and without a 

history of ADI vs. the general population show a dose-response relationship for all type-

specific cancers; the SMR for PWH with a history of ADI at oropharynx cancer diagnosis 

was not statistically significant (Supplement Figure S1).

DISCUSSION

Our study findings suggest no difference in cancer stage at diagnosis for anal, lung, cervical, 

oropharynx cancers, and Hodgkin lymphoma by ADI at, or prior to, cancer diagnosis. 

Holding cancer stage at diagnosis constant, there was a difference in the mortality rate after 

lung cancer diagnosis by ADI status, and a suggestion of a difference after anal cancer 

diagnosis with borderline statistical significance. Advanced immunosuppression, immune 

activation, and/or chronic inflammation at, or prior to, cancer diagnosis may be playing an 

independent role in survival after some type-specific cancer diagnoses.26–29

We believe our study is among the first to compare stage at diagnosis by ADI status amongst 

PWH. We hypothesized that those with a history of ADI at cancer diagnosis would be more 

likely to have an advanced stage at cancer diagnosis; however, we did not find a difference. 

Differential cancer surveillance by ADI status is possible, but we think it is likely minimized 

among our study population of adults who have all linked into care. This lack of a difference 

in stage by a history of ADI at cancer diagnosis is similar to studies that have found no 

difference in stage at cancer diagnosis by HIV status. A population-based study on lung 

cancer found similar proportions of cancer stages III and IV in patients with and without 

HIV.30 Similarly, other studies found no difference in cancer stage at diagnosis with anal 

cancer31 or cervical cancer32 by HIV status. An additional study found that stage was 

similar by HIV status for anal, colorectal, and lung cancers; however, compared to patients 

without HIV, PWH presented with more advanced stages of Hodgkin lymphoma.19 Finding 

no difference in cancer stage at diagnosis by a history of ADI status builds upon similar 

findings of no difference in stage by HIV status, but also reduces the impact of differences in 

stage at diagnosis on death.

Previous studies have suggested that HIV-induced immune suppression, chronic 

inflammation, and the virus itself may be contributing to the increased lung cancer incidence 

in PWH (after accounting for the competing risk of death and the higher prevalence of 

smoking in PWH).33–36 Immune dysfunction is thought to enable tumor growth and lead to 

a reduction in tumor surveillance.35,37 Immune dysfunction at, and prior to, cancer diagnosis 

is likely influencing the risk of death. Immunosuppressive agents used to treat cancer may 

compound HIV-related immune dysfunction. It is currently unknown how many PWH are 

not able to complete cancer treatments due to life-threatening complications of 

immunosuppressive treatments. Additional studies are needed to separate out the effects of 

HIV-related immune dysfunction on tumor biology vs. treatment incompletion on mortality 
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after cancer diagnosis, particularly for lung and anal cancer. Prospective studies comparing 

tumor biology between patients with or without ADI with complete cancer treatment 

information and cancer risk factor information will be critical to answer this question. With 

NA-ACCORD adding cancer treatment information in future data collection, we plan to 

study rates of cancer treatment completion in patients with or without ADI. Furthermore, 

studying impact of ADIs on outcomes of cancer will provide further evidence to support 

“treat all” strategy for HIV globally. Also, for patients diagnosed in pre “treat all” era, it 

would provide support for more aggressive cancer screening strategies for these patients.

There are several strengths to our study, the two most important being the careful validation 

of cancer cases that included collection of staging information at diagnosis, and a sample 

size to investigate survival after cancer diagnosis. Another strength includes the previously-

demonstrated demographic similarities between adults in the NA-ACCORD and people 

living with HIV according to CDC surveillance data.38 The distribution of demographic 

characteristics among NA-ACCORD participants is also similar to a nationally 

representative sample of PWH who are in care (described by the Medical Monitoring 

Project, for comparison, see www.naaccord.org).

An important limitation to our study is that we were unable to account for the role of cancer 

treatment (and completion of treatment) on mortality; cancer treatment data collection is 

currently underway in the NA-ACCORD. Additionally, we did not investigate cause-specific 

mortality after cancer diagnosis. It should be noted, however, that the predominant causes of 

death amongst PWH with access to ART beyond AIDS-related deaths are also predominant 

causes of death in the general population (namely, cardiovascular disease and cancer).39–43 

Residual confounding by smoking status is likely, and smokeless tobacco use was not 

available. Cancer screening data were also not available in the NA-ACCORD. Finally, ADIs 

are a heterogeneous mix of infections and diseases that do not signal a single type of 

immune dysfunction; however, ADIs are a good marker of a history of severe immune 

dysfunction and are often associated with an increased risk of age-related comorbidities 

amongst PWH.9,10,35,44

In conclusion, there is no difference by a history of ADI in stage at diagnosis for anal, lung, 

cervical, oropharynx cancers and Hodgkin lymphoma amongst PWH. However, there was 

increased mortality and reduced survival amongst PWH with a history of ADI (vs. those 

without) for lung, anal, oropharynx, and Hodgkin lymphoma, although not all of the 

estimates were statistically significant. Higher mortality and reduced survival after cancer 

diagnosis among those with an ADI may suggest a more aggressive biology of disease in 

patients with more severe immune dysfunction or inability to receive complete cancer 

treatment; further studies of the cumulative immune dysfunction during the natural and 

treated histories of HIV and comorbidity outcomes, such as cancer stage and mortality after 

cancer diagnosis, are needed with complete cancer treatment information. In the current 

“treat all” era, it is possible that the proportion of PWH who have an ADI at, or prior to, 

cancer diagnosis may decrease; monitoring of the effect of the “treat all” era on cancer 

outcomes and mortality after diagnosis is needed.
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Figure 1: Stage at cancer diagnosis for anal, cervical, oropharynx cancers, Hodgkin lymphoma, 
and lung cancer, by AIDS-defining illness status at cancer diagnosis in the NA-ACCORD
OP=oropharynx cancer

As cervical cancer is an ADI, those with a prior ADI at cervical cancer diagnosis were 

classified as having a prior ADI; those without a prior ADI at the time of cancer diagnosis 

are classified as not having a prior ADI.
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Figure 2: Crude mortality rates, stratified by a) stage at cancer diagnosis, and b) AIDS-defining 
illness (ADI) at, or prior to, cancer diagnosis in the NA-ACCORD
a) Crude mortality rates and 95% confidence intervals, by stage at cancer diagnosis

Hodgkin= Hodgkin lymphoma
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b) Crude mortality rates and 95% confidence intervals, by AIDS-defining illness (ADI) at, or 

prior to, cancer diagnosis
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Figure 3: Kaplan Meier survival estimates and log rank test for a difference in survival after 
type-specific cancer diagnosis, by history of ADI at cancer diagnosis in the NA-ACCORD
a) Anal cancer (p=0.08)

b) Oropharynx cancer (p=0.92)

c) Hodgkin lymphoma (p=0.45)

d) Lung cancer (p=0.0001)
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Table 1:

Characteristics of HIV-infected adults at cancer diagnosis in the NA-ACCORD, by cancer type

Anal cancer Oropharynx cancer Hodgkin Lymphoma Lung cancer

Characteristics at cancer
diagnosis

N= 162 N= 114 N= 89 N= 444

n % n % n % n %

History of AIDS-defining illness 71 44% 33 29% 26 29% 186 42%

Age in years, median (IQR) 50 (45–56) 54 (49–59) 48 (43–55) 57 (52–64)

Male 159 98% 113 99% 87 98% 425 96%

Race

    White 106 65% 58 51% 42 47% 219 49%

    Black 46 28% 53 46% 43 48% 211 48%

    Other/Unknown 10 6% 3 3% 4 4% 14 3%

Patients from USA 149 92% 110 96% 88 99% 435 98%

Cigarette smoking

    Observed never smoker 11 7% 3 3% 8 9% 3 1%

    Observed ever smoker 50 31% 15 13% 19 21% 66 15%

    Imputed never smoker 3 2% 1 1% 6 7% 2 0%

    Imputed ever smoker 7 4% 3 3% 5 6% 9 2%

    Missing 91 56% 92 81% 51 57% 364 82%

CD4 count (cells/μL), median (IQR) 328 (187–515) 247 (102–434) 204 (112–340) 288 (158–482)

HIV RNA (copies/mL)

    Undetectable (<200) 51 31% 21 18% 28 31% 98 22%

    Detectable (≥200) 51 31% 44 39% 38 43% 138 31%

    Missing 60 37% 49 43% 23 26% 208 47%

ART use 153 94% 87 76% 75 84% 366 82%

Cancer Stage

    I 36 22% 22 19% 10 11% 84 19%

    II 74 46% 13 11% 21 24% 26 6%

    III 41 25% 16 14% 14 16% 126 28%

    IV 11 7% 63 55% 44 49% 208 47%

Deaths 58 36% 62 54% 33 37% 330 74%

CD4 count, HIV RNA, and ART use was measured as closest to cancer diagnosis as possible, within the window of 6 months prior to, to 3 months 
after, cancer diagnosis.

History of AIDS-defining illness was measured as an AIDS-defining illness diagnosed at, or prior to, cancer diagnosis.
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Table 2:

Crude mortality rates (MR) and crude (MRR) and adjusted mortality rate ratios (aMRR) after type-specific 

cancer diagnosis, by AIDS defining illness at, or prior to, cancer diagnosis, NA-ACCORD

# of deaths PY MR per
1000 PY

95% CI MRR 95% CI aMRR 95% CI

Anal cancer (N=162)

AIDS-defining illness

    No 30 261 115.2 80.52 , 164.71 1.0 1.0 --

    Yes 28 152 183.7 126.86 , 266.10 1.6 1.0 , 2.7 1.5 0.9 , 2.8

Oropharynx cancer (N=114)

AIDS-defining illness

    No 45 191 235.4 175.72 , 315.22 1.0 1.0 --

    Yes 17 70 241.8 150.33 , 389.00 1.0 0.6 , 1.8 1.7 0.9 , 3.3

Hodgkin Lymphoma (N=89)

AIDS-defining illness

    No 22 175 125.5 82.63 , 190.60 1.0 1.0 --

    Yes 11 66 166.9 92.44 , 301.41 1.3 0.6 , 2.7 1.3 0.5 , 3.3

Lung cancer (N=444)

AIDS Defining Illness

    No 186 284 654.0 566.46 , 755.09 1.0 1.0 --

    Yes 144 137 1054.2 895.32 , 1241.21 1.6 1.3 , 2.0 1.6 1.3 , 2.0

Bold signals statistical significance.

History of AIDS = having an AIDS-defining illness at, or prior to, cancer diagnosis.

Models are adjusted for age, sex, race, cigarette smoking, CD4 T-lymphocyte count, ART initiation year, and cancer stage.

Ever and never smokers include those who are observed and imputed to be ever and never smokers.

CD4 count, HIV RNA, ART use, and VACS Index was measured as closest to cancer diagnosis as possible, within the window of 6 months prior to, 
to 3 months after, cancer diagnosis.

ART initiation year was categorized as no initiation, prior to 2000, 2000–2004, and 2005–2009.
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