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Abstract

Objective(s): HIV-infected people have increased cancer risk. Lymphoma survivors have an 

increased risk of certain second primary cancers in the general population, but second cancer risk 

among HIV-infected people is poorly understood. Herein, we characterized the risk of cancers 

following lymphoid malignancies among HIV-infected people.

Design: Population-based linkage of HIV and cancer registries.

Methods: We used data from the US HIV/AIDS Cancer Match Study (1996–2015) and evaluated 

the risk of first nonlymphoid malignancy in Cox regression models, with first lymphoid 

malignancy diagnosis as a time-dependent variable.

Results: Among 531 460 HIV-infected people included in our study, 6513 first lymphoid and 18 

944 first nonlymphoid malignancies were diagnosed. Risk of nonlymphoid cancer following a 

lymphoid malignancy was increased overall [adjusted hazard ratio (aHR) = 2.7; 95% confidence 

interval (CI) = 2.3–3.2], and specifically for cancers of the oral cavity (aHR = 2.6; 95% CI = 1.2–

5.5), colon (2.4; 1.1–5.0), rectum (3.6; 1.9–6.7), anus (3.6; 2.5–5.1), liver (2.0; 1.2–3.5), lung (1.6; 

1.1–2.4), vagina/vulva (6.1; 2.3–16.3), and central nervous system (5.0; 1.6–15.6), Kaposi sarcoma 

(4.6; 3.4–6.2), and myeloid malignancies (9.7; 6.1–15.4). After additional adjustment for prior 

AIDS diagnosis and time since HIV diagnosis, aHRs were attenuated overall (aHR = 1.7; 95% CI 

= 1.5–2.0) and remained significant for cancers of the rectum, anus, and vagina/vulva, Kaposi 

sarcoma, and myeloid malignancies.
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Conclusion: HIV-infected people with lymphoid malignancies have an increased risk of 

subsequent non-lymphoid cancers. As risks remained significant after adjustment for time since 

HIV diagnosis and prior AIDS diagnosis, it suggests that immunosuppression may explain some, 

but not all, of these risks.
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Introduction

Individuals infected with HIV have an increased cancer risk because of immunosuppression, 

co-infections with oncogenic viruses, such as human papillomavirus (HPV) or hepatitis 

viruses, and high prevalence of behaviors, such as smoking and alcohol intake that are 

associated with cancer risk [1]. Among HIV-infected people, risk is increased for ‘AIDS-

defining’ cancers, which include Kaposi sarcoma, certain subtypes of non-Hodgkin 

lymphomas (NHLs), and cervical cancer, as well as some non-AIDS-defining cancers, such 

as cancers of the anus, liver, and lung, and Hodgkin lymphomas [1].

Effective combined antiretroviral therapy (cART) and treatment for lymphoid malignancies, 

especially AIDS-related lymphomas, have improved the survival of HIV-infected people 

leading to aging of this population [2,3]. As cancer risk increases with age, HIV-infected 

people by virtue of living longer may be diagnosed with multiple cancers over their lifetime. 

A recent study compared cancer risk among 22 623 people diagnosed with HIV/ AIDS in 

San Francisco to cancers occurring in the general population residing in geographic areas 

covered by nine cancer registries participating in the Surveillance, Epidemiology, and End 

Results (SEER) program [4]. The authors found an increased risk of not only first primary 

cancers but also second primary cancers, such as Kaposi sarcoma, anal cancer, liver cancer, 

Hodgkin lymphoma, and NHL following any first primary cancer. These findings are 

consistent with the known associations of HIV with these cancers. However, comparison of 

cancer risk following a first primary malignancy among HIV-infected people with that 

expected in the general population may not indicate a shared mechanism of carcinogenesis 

between multiple primary malignancies as the risk will be elevated for cancers associated 

with HIV infection.

Lymphoid malignancies, such as NHLs are some of the most common cancers that occur 

among HIV-infected people [1,5]. In the general population, the risk of second primary 

cancers is increased after lymphoid malignancies because of cancer therapy, underlying 

immune dysfunction, or shared risk factors (e.g. viral infections, such as HIV) [6]. However, 

the spectrum of cancers seen in HIV-infected people differs from that seen in the general 

population because of a background of HIV-induced immunosuppression [1]. Hence, cancer 

risk following lymphoid malignancies among HIV-infected people may not be comparable 

with that observed in the general population. Moreover, it is important to study cancer risk 

restricted to a population of HIV-infected people, thus controlling for the presence of HIV 

infection, to gain insights into common cause for multiple primary cancers.
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The HIV/AIDS Cancer Match (HACM) Study is the largest study of cancers among HIV-

infected people in the United States, and provides a unique opportunity to study cancer risk 

among more than 500 000 HIV-infected people [1]. Utilizing this data source, we 

characterized the cancer risk and patterns of second primary cancers following lymphoid 

malignancies among HIV-infected people to understand if HIV-infected people who develop 

a first primary lymphoid malignancy have an increased risk for particular subsequent 

cancers, and to identify cancers, which may share common etiologic factors with lymphoid 

malignancies.

Methods

Study design and participants

HIV/AIDS and cancers are both reportable diseases in the United States, and states maintain 

separate registries that collect data on these diseases via active and passive surveillance. HIV 

registries collect information on each person with HIV infection, including demographics, 

risk factors for HIV acquisition, dates of HIV and AIDS diagnoses and reports, AIDS-

defining conditions, and date of death. Cancer registries collect data on each cancer case, 

including demographics; cancer diagnosis, site, and morphology; and death. The HACM 

Study is an ongoing study that links US population-based HIV and cancer registries (see 

Table 1 footnote) [1]. The study was approved by institutional review boards at participating 

registries as required and received exemption from review at the US National Institutes of 

Health.

All invasive (malignant) incident cancers among HIV-infected people were ascertained from 

the linked cancer registries. First primary lymphoid malignancies following HIV/AIDS 

diagnosis were identified using the International Classification of Diseases for Oncology, 

version 3 (ICD-O-3) morphology codes and the InterLymph hierarchical classification of 

lymphoid neoplasms for epidemiologic research based on the WHO classification [7]. 

Secondary analyses distinguished AIDS-defining [diffuse large B-cell lymphoma (DLBCL), 

Burkitt lymphoma, primary central nervous system (CNS) lymphoma, B-cell lymphomas 

not otherwise specified, unclassified lymphomas] and non-AIDS-defining lymphoid 

malignancies (other types of NHL, Hodgkin lymphoma, and plasma cell neoplasms; 

Supplemental Table 1, http://links.lww.com/QAD/B709). We classified B-cell NHLs, not 

otherwise specified and unclassified NHLs as AIDS-defining lymphoid malignancies as they 

are likely to be DLBCLs, which is the most common lymphoid malignancy to occur among 

HIV-infected people [5]. We ascertained first nonlymphoid malignancies according to ICD-

O-3 topography and morphology codes [8]. We could not analyze risk of keratinocytic skin 

cancers (squamous and basal cell carcinomas) as they are not captured by the cancer 

registries. We analyzed cancer risk overall, and for specific cancers with at least 100 

observed cases. All other cancer types with less than 100 observed cases were combined to 

form the ‘Miscellaneous’ category. As rectal squamous cell carcinomas (SCCs) is a distinct 

clinical entity from rectal non-SCCs, and human papillomavirus (HPV)-16 could play a role 

in its cause [9], we analyzed risk separately for rectal SCCs and non-SCCs.
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Statistical analyses

Follow-up for cancer ascertainment began 3 months after either the start of registry coverage 

or HIV report date, whichever was later. When AIDS diagnosis date was earlier than the 

HIV report date, ascertainment began 3 months after AIDS diagnosis. Individuals in the 

study were censored at the time of death or end of cancer registry coverage, whichever was 

earlier. Including individuals with cancers diagnosed before the time of HIV report date/

AIDS diagnosis date may introduce a selection bias because of left truncation in the 

analysis. Only individuals who develop a first cancer and have a favorable prognosis may 

survive long enough to be included in the study. Cancers that were diagnosed at the time of 

HIV diagnosis date maybe cancers that prompted HIV testing, and hence are not 

representative of cancers that are detected during follow-up of HIV-infected people. By 

allowing this 3-month lag time before the beginning of cancer ascertainment, prevalent 

cancer detected prior to, or at the time of HIV/AIDS diagnosis or reporting were excluded 

from our analysis. When a lymphoid malignancy was the reason for AIDS diagnosis and 

entry in the cohort, such people were considered to have prevalent cancers and excluded 

from analysis.

First, to describe lymphoma risk factors in our study population, we analyzed risk of any 

first primary lymphoid malignancy among HIV-infected people. We performed Cox 

proportional hazards regression using age as the time scale and included in the model a 

priori variables for sex/risk group [men who have sex with men (MSM), male injection drug 

user (IDU), MSM/IDU, male other/unknown, female IDU, female other unknown], race/

ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, other/multiple/unknown), 

calendar year of cohort entry, and prior AIDS diagnosis and time since HIV diagnosis as 

time-dependent covariates. We present the adjusted hazard ratios (aHRs) and their 

corresponding 95% confidence intervals (CIs). The follow-up for this analysis was 

terminated at the earliest of first lymphoid malignancy diagnosis or censoring date (as 

described above).

We then assessed the risk of first nonlymphoid cancers following a lymphoid malignancy 

using Cox proportional hazards regression model with age as the time scale. We used 

lymphoid malignancy diagnosis as a time-dependent variable and terminated the follow-up 

at the earliest of first nonlymphoid malignancy diagnosis or censoring date. Initial models 

(Model 1) were adjusted for sex/risk group, race/ethnicity, and calendar year of cohort entry 

with age as the time scale. We additionally adjusted for prior AIDS diagnosis and time since 

HIV diagnosis as time-dependent variables (Model 2), the former representing the onset of 

pronounced immunosuppression. The proportional hazards assumption was tested by 

introducing an interaction term of the exposure variable with log of follow-up time in the 

Cox models and P less than 0.05 for the interaction term was considered a violation of the 

assumption.

We conducted additional analyses for cancers where there were at least five second primary 

cancers. To assess potential differences in cancer risk associated with different types of 

lymphoid malignancies, we analyzed cancer risk separately following first AIDS-defining or 

non-AIDS-defining lymphoid malignancies, and following first NHLs, Hodgkin lymphoma, 

or plasma cell neoplasm. Extensive radiologic/laboratory investigations shortly after 
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lymphoid malignancy diagnosis may lead to detection of incidental cancers. Furthermore, a 

lymphoid malignancy in an HIV-infected person may indicate deteriorated immune function 

around the time of diagnosis. We, therefore, assessed cancer risk according to whether 

cancers were diagnosed 6 months or less or more than 6 months after the lymphoid 

malignancy diagnosis and evaluated the effect of adjusting for AIDS diagnosis and time 

since HIV diagnosis. We also evaluated cancer risk according to the stage at nonlymphoid 

cancer diagnosis. As CD4+ count data were not complete in our study, we conducted an 

exploratory analysis wherein we evaluated CD4+ counts within 6 months before and after a 

lymphoid malignancy diagnosis and classified first primary cancers as lymphoid malignancy 

with CD4+ cell counts 200 cells/μl or less, CD4+ cell counts greater than 200 cells/μl, and 

CD4+ cell counts missing. We then analyzed risk of subsequent nonlymphoid malignancies 

as described above. We did all statistical analyses with SAS (version 9.3; SAS Institute, 

Cary, North Carolina, USA).

Results

We included 531 460 HIV-infected people in our study. Most participants were less than 50 

years of age at the start of follow-up (83.7%), men (72.4%), most commonly MSM (35.1%), 

and non-Hispanic black (50.0%) (Table 1). During the follow-up, 6513 first lymphoid 

malignancies were diagnosed. Most lymphoid malignancies were AIDS-defining (N = 4542; 

69.7%), most commonly DLBCLs (N = 2461; 37.8%) (Supplemental Table 1, http://

links.lww.com/QAD/B709). The remaining 1971 lymphoid malignancies constituted non-

AIDS-defining NHLs (N = 576; 8.8%), Hodgkin lymphomas (N = 1,130; 17.3%), and 

plasma cell neoplasms (N = 265;4.1%). Risk of any first lymphoid malignancy was 

increased among MSM, non-Hispanic whites, participants with prior AIDS diagnoses, those 

who entered the cohort between 1996 and 2000, and within 5 years of HIV diagnosis (Table 

1).

Compared with HIV-infected people without lymphoid malignancy, those who had any 

lymphoid malignancy diagnosis had an increased risk of subsequent nonlymphoid cancer 

(aHR = 2.7; 95% CI = 2.3–3.2) (Table 2, Supplemental Table 2, http://links.lww.com/QAD/

B709). In minimally adjusted models (Model 1), risk was specifically increased for cancers 

of the oral cavity (aHR = 2.6; 95% CI = 1.2–5.5), colon (aHR = 2.4; 95% CI = 1.1–5.0), 

rectum (aHR = 3.6; 95% CI = 1.9–6.7), anus (aHR = 3.6; 95% CI = 2.5–5.1), liver (aHR = 

2.0; 95% CI = 1.2–3.5), lung (aHR = 1.6; 95% CI = 1.1–2.4), vagina/vulva (aHR = 6.1; 95% 

CI = 2.3–16.3), and central nervous system (CNS; aHR = 5.0; 95% CI = 1.6–15.6), Kaposi 

sarcoma (aHR = 4.6; 95% CI = 3.4–6.2), myeloid malignancies (aHR = 9.7; 95% CI = 6.1–

15.4), and miscellaneous cancers (aHR = 3.4; 95% CI = 2.1–5.3). Risk for both rectal SCC 

(N = 163; aHR = 5.5; 95% CI = 2.3–13.5) and non-SCC (N = 386; aHR = 2.7; 95% CI = 

1.1–6.5) was elevated following any lymphoid malignancy.

After adjusting for prior AIDS diagnosis and time since HIV diagnosis (Model 2), the aHRs 

were attenuated overall (aHR = 1.7; 95% CI = 1.5–2.0) and for each cancer, and they were 

no longer significant for cancers of the oral cavity (aHR = 1.9; 95% CI = 0.9–4.0), colon 

(aHR = 2.0; 95% CI = 1.0–4.3), rectal non-SCC (aHR = 2.0; 95% CI = 0.8–4.9), liver (aHR 

= 1.7; 95% CI = 1.0–3.0), lung (aHR = 1.2; 95% CI = 0.8–1.8), and CNS (aHR = 3.2; 95% 
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CI = 1.0–10.2) (Table 2, Supplemental Table 2, http://links.lww.com/QAD/B709). Notably, 

the aHRs attenuated by more than 50% for Kaposi sarcoma (from aHR = 4.6 to aHR = 2.0).

Risk estimates presented for cancer risk following different types of lymphoid malignancies 

were derived from Model 2. Overall cancer risk was increased following both AIDS-

defining (aHR = 1.7; 95% CI = 1.5–2.0) and non-AIDS-defining lymphoid malignancies 

(aHR = 2.0; 95% CI = 1.6–2.5) (Table 3). Risk of oral cavity, colon, anus, and miscellaneous 

cancers, Kaposi sarcoma, and myeloid malignancies was significantly increased after an 

AIDS-defining lymphoid malignancy, whereas risk of rectal, anus, and female breast 

cancers, and myeloid malignancies was significantly increased after non-AIDS-defining 

lymphoid malignancies. Cancer risk was also elevated following any first NHL (aHR = 1.8; 

95% CI = 1.6–2.1), Hodgkin lymphoma (aHR = 1.9; 95% CI = 1.4–2.5), or plasma cell 

neoplasm (aHR = 2.1; 95% CI = 1.2–3.5) (Supplemental Table 3, http://

links.lww.com/QAD/B709). Specifically, risk of oral cavity, colon, kidney, and 

miscellaneous cancers, and Kaposi sarcoma was increased following any NHL, whereas risk 

of rectal cancer was increased following Hodgkin lymphoma. Risk of anal cancer and 

myeloid malignancies was increased following both NHL and Hodgkin lymphoma. Specific 

cancer risk following plasma cell neoplasms could not be evaluated because of small number 

of second primary cancers.

Cancer risk overall was increased at both 6 or less or more than 6 months after lymphoid 

malignancy (Table 4). The median time from the diagnosis of first lymphoid malignancy to 

the first nonlymphoid malignancy was 90 days (interquartile range, 31–122 days) for cancer 

diagnosed at 6 months or less after lymphoid malignancy, and 3.8 years (interquartile range, 

1.8–5.9 years) for cancers diagnosed at more than 6 months after lymphoid malignancy. 

Adjustment for prior AIDS diagnosis and time since HIV diagnosis resulted in greater 

attenuation in the aHRs for cancers occurring 6 months or less after lymphoid malignancy 

diagnosis (Model 1, aHR = 7.3; Model 2, aHR = 2.7) compared with more than 6 months 

after lymphoid malignancy diagnosis (Model 1, aHR = 1.8; Model 2, aHR = 1.5). Risk was 

particularly increased for cancers of the colon, rectum (non-SCC), anus, lung, kidney, and 

miscellaneous sites, and Kaposi sarcoma 6 months or less after lymphoid malignancy 

diagnosis, and these risks were attenuated in fully adjusted models. In contrast, risk was 

increased for cancers of the oral cavity, rectum (SCC), anus, liver, and miscellaneous sites, 

and myeloid malignancies more than 6 months after lymphoid malignancy diagnosis and 

was not attenuated in fully adjusted models.

In analyses by nonlymphoid cancer stage at diagnosis, risks were significant for localized/

stage I cancers but not regional/distant/stage II–IV cancers for rectum (aHR = 4.4), liver 

(aHR = 3.6), and lung cancers (aHR = 3.0) (Supplemental Table 4, http://

links.lww.com/QAD/B709). Among 6513 HIV-infected people who developed a lymphoid 

malignancy, 2117 (32.5%) had missing CD4+ cell count data (Supplemental Table 5, http://

links.lww.com/QAD/B709). Risk of any nonlymphoid malignancy was higher among people 

who developed a lymphoid malignancy compared with those who did not, irrespective of 

whether the CD4+cell count was 200 cells/ml or less (aHR = 2.7), greater than 200 cells/μl 

(aHR = 2.0), or missing (aHR = 2.6) at the time of lymphoid malignancy diagnosis 

(Supplemental Table 6, http://links.lww.com/QAD/B709). Evaluation of cancer risk 
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following lymphoid malignancy with CD4+ cell count 200 or less vs. greater than 200 cells/

μl was limited because of small numbers; a notable exception was increased risk of Kaposi 

sarcoma (aHR = 3.2; 95% CI = 1.2–8.2).

Discussion

In an analysis of data from a large registry-based linkage study, we found that HIV-infected 

people who develop lymphoid malignancies have an increased risk of subsequent 

nonlymphoid cancers, specifically cancers of the oral cavity, colon, rectum, anus, liver, lung, 

vagina/vulva, CNS, Kaposi sarcoma, and myeloid malignancies. Attenuation of the strength 

of these associations after adjustment for AIDS diagnosis and time since HIV diagnosis 

indicates a common role for immunosuppression in the cause of some of these cancers. The 

lack of attenuation of risk estimates at more than 6 months after lymphoid malignancy for 

some cancers implicates presence of shared risk factors other than immunosuppression or 

the effect of treatment for lymphoid malignancies. Healthcare providers involved in medical 

care of HIV-infected people should be aware of the possibility of second primary cancer 

diagnosis following a diagnosis of lymphoid malignancy and restoration of immune function 

and maintaining virologic control with cART should continue to remain a priority in the 

clinical management of HIV infection.

HIV-infected people have an increased risk of virus-related cancers, such as those caused by 

HPV (anogenital cancers), hepatitis viruses (liver cancer), Epstein-Barr virus (EBV) (some 

lymphomas), and human herpesvirus 8 (Kaposi sarcoma) [10,11]. In our study, risk of 

infection-related cancers, such as anal, liver, and vaginal/vulvar cancers, and Kaposi 

sarcoma were increased following lymphoid malignancies. Rectal SCC is a distinct clinical 

entity from anal SCC and HPV-16 may play an etiologic role in the development of this 

cancer, which explains the strong risk of rectal SCC following lymphoid malignancies [12]. 

Risk of rectal SCC, anus, and liver cancer was increased at more than 6 months after 

lymphoid malignancy. Chemotherapy for treating lymphoid neoplasms may enhance viral 

replication and promote carcinogenesis. For example, chronic hepatitis B and C viral 

reactivation and hepatitis flares have been reported in patients with lymphoid malignancies 

receiving rituximab-containing regimens [13–15] and immunosuppressive drugs are known 

to increase risk of HPV-related cancers among solid organ transplant recipients [16].

Immunosuppression induced by HIV infection plays an important role in cancer 

development, particularly lymphoid malignancies, and some of them (such as DLBCL, 

Burkitt lymphoma, and primary CNS lymphoma) signify the onset of AIDS [17]. Thus, the 

occurrence of lymphoid malignancies indicates worsened immune status of the person and 

increases the risk of cancers associated with immunosuppression [17]. Furthermore, 

treatment for lymphoid malignancies, such as DLBCL include multidrug chemotherapeutic 

regimens, which may lead to immunosuppression and increase subsequent cancer risk. 

Notably, in our study, the risk of Kaposi sarcoma, an AIDS-defining cancer, was highly 

increased following an AIDS-defining lymphoid malignancy, and within the first 6 months 

of the lymphoid malignancy diagnosis. Attenuation in the aHRs after adjusting for markers 

of immunosuppression within this time frame suggest that immunosuppression may play a 

greater role in increasing cancer risk within the first 6 months after lymphoid malignancy 
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diagnosis. Risk of Kaposi sarcoma was also increased following lymphoid malignancy 

associated with low CD4+ cell count.

Increased risk of cancers only within 6 months after lymphoid malignancy diagnosis may 

indicate surveillance bias. HIV-infected people diagnosed with lymphoid malignancies may 

undergo extensive investigation with radiological methods like PET scans that may lead to 

diagnosis of incidental cancers. Risk of lung cancer was increased only for localized/stage I 

cancers and within 6 months after lymphoid malignancy suggesting a possibility of 

enhanced surveillance leading to detection of incidental cancers. Smoking is a risk factor for 

oral cavity cancer, lung cancer, and possibly some NHLs [18,19]. This common risk factor 

may explain increased risk of oral cavity and lung cancers following lymphoid malignancies. 

People diagnosed with lymphoid malignancies are likely to receive intense chemotherapy 

with alkylating agents and topoisomerase II inhibitors, which are known to cause DNA 

damage and increase the risk for myeloid malignancies [9,20–22]. Increased risk of myeloid 

malignancies following DLBCL in the general population has been reported previously, 

which may explain a similar observation in our cohort of HIV-infected people [6].

A strength of our study was leveraging the data linkage between HIV and cancer registries, 

which allowed us to systematically ascertain second cancer risk among more than 500 000 

HIV-infected people, which were representative of the US HIV population. Cancer registries 

have high-quality control for their cancer ascertainment, which improved the validity of our 

cancer outcomes. Our study did have some limitations that are inherent in the analyses of 

large registry-based data. We lacked information on HIV viral load or cARTuse, which are 

important markers of immune status. Though we analyzed data on CD4+ count, it was 

missing in a large proportion of cases. Instead, we relied on AIDS diagnosis and time since 

HIV diagnosis, which may lead to residual confounding. Prior AIDS diagnosis is an 

indicator of ever having profound immunosuppression, while time since HIV diagnosis may 

to some extent capture entry into care and cARTuse (as lymphoid malignancy risk decreased 

with greater duration). These variables are not perfect indicators of the magnitude of 

immunosuppression, particularly in the cARTera where more than 80% of people in medical 

care had achieved viral suppression [23]. We also lacked data on important cancer risk 

factors, such as viral coinfections and smoking, which precluded us from assessing their role 

in increasing risk of some cancers. As we began cancer risk assessment at 3 months 

following cohort entry, we may have missed some cancer cases. It is also possible that 

people may have moved out of the cancer registry catchment area and developed cancers 

that we may have missed. Ann Arbor stage and grade of lymphomas affect cancer prognosis 

and may affect risk of subsequent cancers. However, we did not have data on the stage of 

lymphomas. Analyzing cancer risk according to different grades of lymphomas was not 

possible because of small number of lymphoid malignancies in our cohort. Treatment for 

lymphoid malignancies can affect cancer risk by causing immunosuppression or DNA 

damage. However, we did not have data on treatment and could not evaluate its effect on 

subsequent cancer risk. Finally, we had a small number of certain second primary cancers, 

which affected the precision of our estimates.

Immunosuppression plays a major role in increasing cancer risk, including second primary 

cancers, among HIV-infected people. The diagnosis of a lymphoid malignancy may indicate 
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worsening immune status and clinicians managing HIV-infected people should be aware of 

the possibility of a subsequent cancer diagnosis. Therefore, restoration of immune function 

with cART should continue to remain the primary focus in the clinical management of HIV-

infected people. Treatment for lymphoid malignancies may increase the risk of subsequent 

myeloid malignancies. As some cancers may have longer latency periods, there should be 

increased focus on primary prevention measures, such as HPV and hepatitis B vaccination, 

and smoking cessation. Screening for cervical, anal, and liver cancers may lead to 

identification of cancers at an earlier stage, but the benefits need to be weighed with risks 

associated with overdiagnosis and treatment-related adverse effects.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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