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Abstract

Cancer is a leading cause of death for people with HIV (PWH). The Veterans Healthcare System 

(VA) is the largest single institutional provider of HIV care in the United States. Cancer among 

Veterans with HIV is major issue and clinical research has expanded significantly during the 

antiretroviral therapy (ART) era providing numerous insights regarding cancer incidence, risk 

factors, prevention, treatment and outcomes for this unique group of patients. This work has been 

greatly facilitated by the availability of national VA data sources. Notably, patterns of cancer 

incidence have changed for Veterans with HIV during the ART era; non-AIDS defining 

malignancies now are the most common tumors. Despite better HIV control in the ART era, 

immunosuppression measured by low CD4 counts and HIV viremia have been associated with 

increased cancer risk. Cancer outcomes for Veterans with HIV may now be similar to uninfected 

Veterans, but information on outcomes and cancer treatment patterns remains limited, requiring 

further study to help inform prevention and treatment strategies.

1.1 Overview of HIV and Cancer

Cancer has been associated with HIV infection since the first days of the AIDS epidemic. 

Unexplained clusters of Kaposi Sarcoma (KS) cases among men who have sex with men in 

US metropolitan areas heralded the emergence of AIDS in the early 1980s.[1] In the pre-

antiretroviral therapy era the most prevalent cancers among people with HIV (PWH) were 

those associated with severe immunosuppression: KS, non-Hodgkin lymphoma, and invasive 

cervical cancer, a group of cancers commonly referred to as “AIDS-defining cancers” 

(ADC). With the introduction of combination antiretroviral therapy (ART) in the mid-1990s 

and subsequent improved immune function among US persons with HIV infection the 

pattern of cancer diagnoses changed: ADCs became less common and non-AIDS defining 

cancers (NADCs) have emerged as the primary sources of cancer morbidity and mortality 

among PWH [2].
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As AIDS-related morbidity declined, cancer has become a leading cause of death among 

PWH[3, 4]. However, several non-AIDS defining cancers are found more frequently among 

PWH than in the general population. Immunodeficiency and dysfunction induced by HIV, 

high prevalence of co-infections with oncogenic viruses, and elevated prevalence of 

traditional cancer risk factors, such as smoking and alcohol abuse/dependence all contribute 

risk[5]. Cancers associated with oncogenic coinfections including human papillomavirus-

related tumors (anal, cervical, genital, oropharynx), Kaposi sarcoma–associated herpesvirus, 

Epstein–Barr virus (non-Hodgkin and Hodgkin lymphoma), and hepatitis B and C viruses 

(hepatocellular carcinoma) are increased in PWH compared to uninfected persons[6, 7]. Of 

note, lung cancer, a tumor with no identified oncogenic virus has been particularly prevalent 

in PWH[8, 9]. Increased risk of lung cancer among PWH has been consistently found in 

epidemiologic studies and has been linked to higher smoking rates among PWH as well as 

immune dysfunction and injury from recurrent lung infections[9].

Although improved since the pre-ART-era, population-based studies have continued to find 

poorer survival after a diagnosis of cancer for PWH even after accounting for potential 

differences in cancer stage at diagnosis and treatment[11]. These differences have been 

attributed to disparities in cancer treatment for PWH, impaired tolerability of cancer 

therapies in PWH and increased cancer aggressiveness in the setting of HIV-related immune 

suppression and dysfunction. Cancer treatment disparities have been well documented 

among PWH and structural barriers to healthcare access that affect population groups with 

higher rates of HIV infection may affect cancer outcomes[12]. Additionally, national surveys 

of oncologists suggest that a substantial proportion modify their practices when treating 

patients with HIV[13]. Increased treatment complications due to HIV-related factors and 

potential drug interactions from antiretroviral therapy have been demonstrated for some 

cancer types[14]. Last, mechanistic studies and detailed epidemiologic analyses suggest that 

HIV-related factors may directly impact cancer aggressiveness, thereby promoting worse 

outcomes in this population[11, 15, 16].

2.1 Role of the VA in Cancer Care for Persons with HIV in the US

The Veterans Health Administration (VA) System is the largest single institutional provider 

of HIV care in the United States[17] with nearly 60,000 individuals with HIV infection and 

an estimated prevalence of 0.48% among those in care[18]. The majority of these individuals 

are between 50 and 65 years of age and have other significant risk factors for cancer 

including smoking and viral hepatitis. It is therefore not surprising that cancer is emerging as 

major source of morbidity and mortality for Veterans with HIV.

2.2 Cancer Research Among US Veterans with HIV

Studies involving cancer and HIV among Veterans have been increasing during the 

antiretroviral era (Figure 1). Large observational studies have been greatly facilitated by VA 

data systems. The VA has been a pioneer in the adoption of electronic medical records 

(EMR), implementing a comprehensive record system more than 20 years ago. Starting in 

2008 access to these data was streamlined by storage in a national relational Corporate Data 

Warehouse (CDW). This early incorporation of an EMR in the US VA system has also 
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allowed for robust clinical research regarding HIV complications. These information 

systems have facilitated development of new methods of observational and clinical research 

by capitalizing on efficiencies made possible by a fully mature national EMR[19]. In 

addition, as the US HIV cohort ages, the VA experience with cancer in Veterans with HIV 

can provide an important view of what can be expected for the overall US population of 

persons with HIV, as the HIV population within the VA system is older than the comparable 

general HIV population[26].

The Veterans Aging Cohort Study (VACS) has published the most research related to cancer 

and HIV among veterans. The single largest HIV cohort in North America, VACS is also 

one of the few that include demographically matched (and behaviorally similar) uninfected 

comparators. Beginning in September 1996, VACS has included 55,986 Veterans with HIV 

and 116,335 demographically matched uninfected comparators[20] and 20+ years of follow 

up. VACS collects data from multiple data sources inside and outside the VA and includes 

data from clinical notes and reports, inpatient and outpatient encounters, diagnostic and 

procedure codes, vital signs, pharmacy data, clinical laboratory data, and vital status. The 

VA Central Cancer Registry (providing detailed data on most, but not all, cancer cases 

diagnosed or treated at the VA since 1996[21]) has further enhanced VACS, adding data on 

more than 20,000 cancer cases within the cohort. These linkages with national VA cancer 

registry data have allowed for detailed evaluations of cancer risk, incidence and outcomes 

associated with both HIV infection and concomitant exposures such as behavioral factors, 

medications and comorbid illnesses. VACS also contributes data to the North American 

AIDS Cohort Collaboration on Research and Design (NA-ACCORD), comprising 25 

collaborating HIV epidemiologic databases, giving Veterans a substantial presence in 

nationally-representative HIV-related cancer research[22]. VACS also contributes data to 

other large collaborative studies including ART-CC and HIV-Causal.

Multiple other research groups within the VA system have also utilized both local and 

national data systems to evaluate cancer incidence, patterns of care and outcomes for 

Veterans with HIV. This combined body of work has provided greater insight into trends 

regarding cancer incidence among persons with HIV, information regarding HIV-related 

cancer risk factors, cancer prognostic factors associated with HIV infection, and unique 

issues related to cancer prevention and treatment in persons with HIV.

3.1 Insights on Cancer Epidemiology, Prevention and Treatment from VA 

HIV Research

The VA has provided unique insights into cancer epidemiology for PWH, both establishing 

cancer incidence in the ART-era and helping to confirm findings outside VA. A 2016 VACS 

analysis compared cancer incidence over four calendar periods during the ART-era (Figure 

2; 1997–2000, 2001–2004, 2005–2008 and 2009–2012) and found overall declines in cancer 

incidence with the largest decline among AIDS defining cancers (55%) but also with 

significant declines in non-AIDS defining cancers (20%) as well as non-virally associated 

cancers (15%)[23].
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Decreases in cancer incidence among PWH have been attributed to improvements in 

immune function with antiretroviral therapy as well as population-level changes in 

behavioral risk factors such as smoking[24]. Despite this, cancer risk for Veterans with HIV 

still appears to be greater than those without HIV, even after accounting for important 

confounders[25].

A number of unique HIV-related factors appear to account for some of the excess cancer risk 

in persons with HIV. Determination of these HIV-specific risk factors for cancer has also 

been a focus of VA research. Unlike many other national data sources, VA data sources have 

detailed information on numerous important cancer-related exposures as well as HIV-related 

biomarker data. HIV viral suppression has been investigated as a cancer risk factor; using 

data from 42,441 Veterans with HIV from the VACS cohort and 4,169 incident cancers, Park 

et al. found that Veterans who experienced periods without viral suppression were at the 

highest risk of incident cancer (risk ratio [RR] 2.35; 95% confidence interval [95% CI] 

2.19–2.51; compared to uninfected persons) and that even Veterans with long-term viral 

suppression still had higher cancer risk after adjustment than uninfected persons (RR 1.52; 

95% CI: 1.44–1.61). This relationship was strongest for AIDS-defining cancers and virally 

associated cancers[27]. Another study using national VA data investigated the association of 

the incidence of three of the most common virally associated non-AIDS malignancies (anal 

cancer, Hodgkin lymphoma and hepatocellular carcinoma) with cumulative HIV viremia as 

measured by HIV RNA copy-years. That analysis found that each log increase in cumulative 

HIV copy-years was associated with a greater risk of anal cancer and Hodgkin lymphoma 

but there was no association with hepatocellular carcinoma[28].

As mentioned above, survival for persons with HIV and cancer has been worse than in 

cancer patients without HIV in several population-based studies. As some of these 

differences may relate to structural barriers to appropriate health care in demographic groups 

with a higher prevalence of HIV, it might be expected that those with HIV receiving care in 

the VA would experience less disparity in outcomes. There has been limited published data 

regarding outcomes for PWH and cancer in the VA system. Nevertheless, three ART-era 

studies have demonstrated comparable survival outcomes and little treatment disparity by 

HIV status for anal cancer and lung cancer[29–31].

4.1 Studies of Specific Cancers Among Veterans With HIV

As VA national data sources have matured during the antiretroviral era where NADCs have 

become prominent, much of the focus on HIV and cancer research within the VA system has 

focused on these tumor types with some continued research on AIDS-defining cancers:

4.2 AIDS-Defining Cancers: Kaposi Sarcoma and Non-Hodgkin Lymphoma

During the ART-era non-Hodgkin lymphoma (NHL) has been one of the most prevalent 

cancers in the general population of PWH as well as among Veterans with HIV. Although 

NHL risk has been markedly increased for Veterans with HIV compared to those without 

HIV[32], consistent with general trends among PWH, incidence rates for NHL have 

declined for Veterans with HIV throughout the ART-era[23]. A recent NA-ACCORD 
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analysis (including data from VACS) evaluated immunologic risk factors for NHL in the 

ART-era and found that recent low CD4 count (as well as low nadir CD4, and cumulative 

exposure to low CD4) and prolonged HIV viremia were independent risk factors for NHL, 

but that risk factors differed across NHL subtypes. In addition, risk associated with 

cumulative HIV viremia measures were independent of CD4 count, suggesting 

lymphomagenesis mechanisms for PWH potentially relate to both immunosuppression and 

direct viral activity[33].

Kaposi Sarcoma (KS), another AIDS-defining tumor, has declined in incidence among 

Veterans with HIV with widespread ART use[23]. KS has received limited specific attention 

in large VA studies. One analysis of pre-ART era Veterans with HIV evaluated ultraviolet 

radiation (UVR) exposure and KS risk, and found that increasing UVR exposure was 

associated with greater KS risk[34]. The largest studies of KS using data from VACS have 

come from the NA-ACCORD collaboration.[35] In one of the largest studies of KS 

incidence in the ART-era, NA-ACCORD investigators estimated the effect of HIV-related 

immunologic biomarkers and ART-use on KS incidence and found that high cumulative HIV 

viremia and low recent CD4 counts were both strong KS risk factors, but that after adjusting 

for immunologic risk factors there was no independent effect of ART use on KS incidence. 

The investigators concluded that prompt control of HIV replication after HIV diagnosis was 

an important measure in preventing KS and that ART may not have a direct anti-KS effect. 

Although that analysis did not find an independent association with ART use and KS risk, a 

large analysis of national VA data investigated the role of different ART regimens on KS 

incidence, and found lower risk associated with the use of boosted protease inhibitor-based 

regimens[36].

4.3 Lung Cancer

Tobacco smoking and advancing age are the most potent lung cancer risk factors; High rates 

of smoking among Veterans with HIV have played a role in the large numbers of lung 

cancers and resultant morbidity and mortality in this group[37]. The independent 

contribution of HIV infection to lung cancer risk has been a frequent source of investigation 

in the ART-era. Although several early studies in non-Veteran populations found increased 

risk of lung cancer in persons with HIV compared to uninfected persons, these studies were 

often limited by small numbers of cancers or a lack of smoking data[38–41]. To address 

these limitations, a 2012 study using VACS data compared lung cancer incidence rates for 

lung cancer among 37,294 Veterans (457 incident lung cancer cases) with HIV to 75,750 

uninfected Veterans, finding a 60% increase in lung cancer risk associated with HIV 

infection after adjusting for smoking status and other potential confounders providing strong 

evidence for an independent association between HIV and lung cancer risk. Interestingly, 

that study found no significant difference between lung cancer histologic subgroups or 

cancer stage at diagnosis by HIV status[42].

To clarify the potential HIV-related factors potentially responsible for increased lung cancer 

risk among PWH a subsequent VACS study evaluated immunologic and infectious risk 

factors for lung cancer using data from 21,666 Veterans with HIV. This longitudinal study 

found that a low CD4/CD8 ratio, suggestive of chronic immune activation, and severe, 
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recurrent bacterial pneumonias were independent risk factors for incident lung cancer, 

consistent with findings in other large HIV cohorts[43–45].

Lung cancer outcomes for Veterans with HIV have been less well studied. Preliminary data 

has suggested that minimal treatment disparities for lung cancer by HIV status exist within 

the VA, differing from data in the non-VA HIV populations. Furthermore, a recent VA study 

on lung cancer surgery, the most common and effective therapy for early stage lung cancer, 

has suggested no difference in short-term mortality or major complications by HIV 

status[31].

Early detection of lung cancer has received increasing attention with the reporting of 

mortality benefits from the National Lung Screening Trial. The safety and efficacy of lung 

cancer screening with low dose CT has been evaluated using VA data; a multisite cohort 

study evaluated the risk of lung cancer screen positivity to determine if HIV infection might 

be associated with an excess of lung nodules potentially leading to false positive screening 

examinations with subsequent invasive evaluation. That analysis of CT scan findings in 

asymptomatic Veterans with and without HIV found that suspicious nodules were similarly 

prevalent in both groups, suggesting a lack of excess risk of false positive testing associated 

with HIV infection. However, Veterans with HIV in that study with CD4 counts less than 

200 cells/mm3 did have very high proportions of suspicious nodules, potentially raising 

screening risks in that group[46]. As a more comprehensive evaluation of lung cancer 

screening with low dose CT data regarding long-term survival for Veterans with HIV who 

smoke as well as the findings from the aforementioned studies regarding lung cancer risk 

and treatment outcomes have been incorporated into an existing, well-validated lung cancer 

natural history model to evaluate the harms and benefits of low dose screening in persons 

with HIV. The output from that model demonstrated that the benefits and harms associated 

with low dose CT lung cancer screening for heavy smokers with HIV were similar to 

uninfected persons and that screening was likely to be both safe and effective in Veterans 

with HIV[47].

4.4 Anal Cancer

Anal cancer, a rare malignancy in the general population, has been found at higher than 

expected rates among PWH. Using national data VA researchers confirmed this trend among 

Veterans with HIV, finding an incidence rate ratio of 14.9 (95% CI: 10.1–22.1)[48]. In the 

same study, low CD4 counts were associated with increased risk of anal cancer, consistent 

with findings observed for other cancer types. A different analysis of national VA data also 

found that high levels of HIV viral suppression were also associated with a 45% decrease in 

the odds of anal cancer[49].

Outcomes for Veterans with HIV and anal cancer have been comparable to uninfected 

Veterans; Chiao et al evaluated outcomes for 1,112 Veterans with anal cancer (175 PWH) 

and found no differences in treatment patterns or survival associated with HIV status. 

Independent predictors of survival in that study included age, sex, advanced cancer stage and 

increasing comorbidity burden[29]. A contemporary VA-based study of anal cancer 

treatment outcomes for Veterans with HIV assessed the association of pretreatment CD4 
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level and post-definitive chemoradiotherapy outcomes, finding increased hematologic 

toxicity, risk of recurrence and lower cancer-specific survival associated with lower CD4 

counts[50].

The efficacy of screening for anal cancer (most commonly with anal cytology and high 

resolution anoscopy with biopsy) among PWH has been inferred from cervical cancer 

screening and has been supported by several guidelines[51, 52]. Although a large 

multicenter randomized trial of treatment of high grade anal dysplastic lesions is ongoing, 

and is expected to provide pivotal guidance on the utility of screening, widespread 

implementation of anal dysplasia screening has already been undertaken[53]. 

Correspondingly, a single site study by a Florida VA center evaluated the results and 

acceptability of anal cancer screening in 162 Veterans and after finding high rates of positive 

screening tests concluded that these procedures could be feasible and well accepted in the 

context of VA HIV care[54].

4.5 Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is also increased in persons with HIV compared to 

uninfected persons and has been frequently studied in Veterans with HIV.[55] Data 

regarding whether HIV is an independent risk factor for HCC in the ART-era has been 

conflicting; two large early ART-era studies of Veterans did not find an independent 

association with HIV[56, 57] while a later analysis did find that HIV was associated with 

increased HCC incidence after adjustment (hazard ratio 4.65; 95% CI: 2.70–8.02)[58]. The 

later study was the only one stratified by level of fibrosis/cirrhosis and found that HIV was a 

powerful risk factor among those who did not have cirrhosis. Common risk factors for HCC 

among Veterans with HIV include chronic hepatitis C virus infection (HCV) and alcohol 

use, and less commonly chronic hepatitis B virus (HBV) infection and non-alcoholic fatty 

liver disease[59, 60]. The prevalence of both cirrhosis and HCC has been increasing among 

Veterans with HIV[61]. Regarding HIV-specific HCC risk factors, large VA studies have 

found lower CD4 counts to be associated with HCC risk[58]. Among Veterans with HIV and 

HCV coinfection, key additional risk factors for HCC appear to be diabetes and severity of 

liver fibrosis as measured by FIB-4 index values[62]. VA research has also suggested that 

patients with HCV/HIV coinfection may also develop HCC sooner after HCV infection than 

HCV monoinfected patients[63].

HIV may adversely affect HCC outcomes; although patients with HIV who receive HCC 

treatment may not have worse survival[63], several multicenter studies including 

participating VA sites have found that HIV infection worsens survival for HCC patients who 

receive no cancer therapy[63, 64].

4.6 Hodgkin Lymphoma

Lymphoma has been associated with HIV infection since the beginning of the AIDS 

epidemic, and is still a leading tumor arising in Veterans with HIV. Hodgkin lymphoma 

(HL), an NADC that has been associated with Epstein-Barr virus infection, has been the 

focus of several analyses using national VA data. Three studies including similar cohorts of 
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Veterans with HIV evaluated the risk of HL according to cumulative HIV exposure, as 

measured by HIV RNA copy-years, immunosuppression (CD4 count) and ART use; the 

studies found a dose-response increase in HL risk with each log increase in copy year, and 

also found that lower CD4 counts were also a risk factor for HL[28, 65, 66]. Long-term ART 

use was also protective for HL[66]. The 12-month period after ART initiation was the 

highest risk period for HL incidence in one study leading the authors to suggest that immune 

reconstitution may be related to HL risk[65].

4.7 Head and Neck Cancer

The incidence and outcomes for head and neck cancer for Veterans with HIV have not been 

extensively studied, likely due to a small number of cases; a 2016 analysis from the VACS 

cohort found only 7 HPV-related oral cavity cancer cases, 15 HPV-unrelated oral cavity 

cancers and 15 laryngeal cancers within their group of Veterans with HIV[23]. The authors 

of that study reported no change in head and neck cancer incidence trends over time, 

although it is likely that there was limited power to make this evaluation. Veteran data is 

contributed to the NA-ACCORD, which conducted a much larger study to estimate head and 

neck cancer risks associated with HIV; that analysis of 82,375 PWH still found a relatively 

small number of head and neck tumors (66 HPV-related, 182 HPV unrelated) but in 

comparison to general population rates the incidence associated with HIV was elevated 

(standardized incidence ratio [SIR] for HPV-related head and neck cancers: 3.2; 95% CI 

2.5–3.4; SIR for HPV-unrelated: 3.0; 95% CI: 2.5–4.1)[67].

Risk factors for Veterans with HIV for oropharyngeal cancers have been evaluated; Chew et 

al. analyzed a cohort of 40,996 Veterans with HIV evaluating the association of 

demographics, HIV disease factors, smoking and previous HPV-related disease on 

oropharynx cancer incidence. They found that older age and poorer viral suppression were 

independently associated with oropharyngeal cancer risk but that previous HPV-related 

disease was not a risk factor for these tumors. Oropharynx cancer patients also had lower 

CD4 counts at cancer diagnosis (although decline of CD4 at cancer diagnosis has often been 

associated with the presence of cancer in PWH raising concerns of reverse causality)[68].

We found no large contemporary evaluations of head and neck cancer outcomes for Veterans 

with HIV.

4.8 Prostate Cancer

Prostate cancer is the most common cancer diagnosed in the VA system (as well as the most 

prevalent cancer for Veterans with HIV[27]) and will likely be the most common 

malignancy for all men with HIV by 2030, but otherwise has received relatively little study 

among Veterans with HIV[69, 70]. Prostate cancer is notable for its unique risk profile 

among persons with HIV; most studies have found lower incidence of prostate cancer than 

expected among men with HIV[48, 71, 72]. The reasons for this lower risk are unclear; it 

has been suggested that lower rates of prostate cancer screening may occur in men with HIV, 

although preliminary data from the VACS cohort evaluating prostate specific antigen testing 
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and prostate cancer incidence among Veterans with and without HIV suggest that differential 

screening rates do not fully explain lower prostate cancer incidence[73].

We did not identify any large outcomes studies describing Veterans with HIV and prostate 

cancer, although one contemporary series from a single center described outcomes for 

external beam radiotherapy (EBRT) treatment of localized prostate cancer in Veterans with 

HIV. In that series of 15 patients the investigators found that EBRT was well tolerated, but 

was associated with a consistent CD4 decline[74].

5.1 Conclusions and Future Directions

Cancer is a growing source of morbidity and mortality in the aging US HIV population and 

is a significant issue for the VA health system, as the largest single institutional HIV care 

provider. National, regional and institutional VA data sources have allowed for much insight 

regarding cancer epidemiology and clinical management for Veterans with HIV, with 

significant focus on the non-AIDS defining malignancies that have become more prevalent 

in the antiretroviral era. More data is needed regarding the impact of cancer treatment and 

prevention in Veterans with HIV, given the unique clinical issues that affect this population. 

As several cancers have both increased incidence associated with HIV as well as HIV-

specific risk factors, early detection and treatment strategies that consider these differences 

may be worthwhile areas of study to address the emerging cancer burden among Veterans 

with HIV.
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Figure 1. 
Number of Pubmed Indexed Publications Related to HIV/Cancer Among Veterans by Year
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Figure 2. 
Incidence rates for specific cancers in the Veterans Aging Cohort Study by cancer type and 

HIV status during 1997–2000 and 2009–2012.
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