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Abstract

An estimated 38 million people live with human immunodeficiency virus (HIV) worldwide

and are at excess risk for multiple cancer types. Elevated cancer risks in people living

with HIV (PLWH) are driven primarily by increased exposure to carcinogens, most nota-

bly oncogenic viruses acquired through shared transmission routes, plus acceleration of

viral carcinogenesis by HIV-related immunosuppression. In the era of widespread antire-

troviral therapy (ART), life expectancy of PLWH has increased, with cancer now a leading

cause of co-morbidity and death. Furthermore, the types of cancers occurring among

PLWH are shifting over time and vary in their relative burden in different parts of the

world. In this context, the International Agency for Research on Cancer (IARC) and the

US National Cancer Institute (NCI) convened a meeting in September 2022 of multina-

tional and multidisciplinary experts to focus on cancer in PLWH. This report summarizes

the proceedings, including a review of the state of the science of cancer descriptive epi-

demiology, etiology, molecular tumor characterization, primary and secondary preven-

tion, treatment disparities and survival in PLWH around the world. A consensus of key

research priorities and recommendations in these domains is also presented.

Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus; HPV, human papillomavirus; HSIL, high-grade squamous intraepithelial lesions; IARC, International Agency for

Research on Cancer; KS, Kaposi sarcoma; KSHV, Kaposi sarcoma herpesvirus; LDCT, low-dose computed tomography; NCI, National Cancer Institute; NHL, non-Hodgkin lymphoma; PD-L1,

programmed death-ligand 1; PLWH, people living with HIV; SSA, sub-Saharan Africa; WHO, World Health Organization.
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1 | INTRODUCTION

In 2021, there were an estimated 38 million people living with human

immunodeficiency virus (HIV, PLWH) worldwide, of whom 26 million

were living in sub-Saharan Africa (SSA) and 75% were accessing effec-

tive antiretroviral therapy (ART).1 Elevated rates of cancer have been

observed among PLWH since the beginning of the global HIV epi-

demic. For some cancer types, risk is closely related to HIV-induced

immunosuppression,2 along with an increased prevalence of co-infection

with other oncogenic viruses as well as other major cancer risk factors,

particularly, cigarette smoking. In 2009, the International Agency for

Research on Cancer (IARC) identified six cancer types for which there is

sufficient evidence that HIV is carcinogenic, and an additional five cancer

types for which there is limited evidence (Table 1).3 With the introduc-

tion and widespread utilization of ART for HIV infection, the rates of

some cancers have declined. However, PLWH are reaching older ages

globally, when the incidence of many cancers increases.

In the context of the evolving HIV epidemic and the importance

of cancer as a co-morbidity and leading cause of death among PLWH,

a workshop was organized in September 2022 by the International

Agency for Research on Cancer (IARC), in Lyon, France and the

National Cancer Institute (NCI) in Rockville, MD. This workshop

focused on the state of the science of cancer among PLWH, highlight-

ing the international cancer burden, etiology, tumor characteristics,

treatment and survival. Four cancers of special interest were Kaposi

sarcoma (KS), cervical, lung and anal cancer, given their major contri-

bution to the burden of cancer in PLWH and the potential for advanc-

ing their prevention and early detection. Here, we provide a summary

of the meeting proceedings and highlight priority research questions.

Clearly, primary prevention of HIV infection also remains a global pri-

ority, but this was not specifically addressed by this workshop.

2 | INTERNATIONAL PATTERNS
IN CANCER INCIDENCE

Cancer incidence and burden (ie, the number of new cases) among PLWH

is strongly influenced by the characteristics of the population living with

HIV (eg, demographics, co-infections, co-morbidities), availability of timely

ART and access to health care—all factors that differ across countries and

regions of the world, and over time. The types of cancer that occur at

higher rates among PLWH are largely consistent across countries and are

typically caused by oncogenic viruses.4-8 However, rates of KS, cervical

and conjunctival cancer remain much higher in sub-Saharan Africa (SSA)

than in Europe, Latin America and North America (Figure 1).9,10

Large studies of PLWH in many regions of the world have consis-

tently found that rates of KS have declined over time with the

introduction of ART, as KS is strongly associated with immunosup-

pression, and treatment with ART results in immune reconstitu-

tion.2,4,5,7,11,12 Rates of non-Hodgkin lymphoma (NHL), a

heterogeneous group of malignancies with varying associations with

immunosuppression, have also generally declined in the ART era in

Australia, Europe and the United States, but not in SSA.4,5,7,11,13,14

NHL trends among PLWH in SSA have been mixed, likely driven by a

combination of delayed access to ART that varied by country and

challenges in diagnosing NHL. Rates of human papillomavirus (HPV)-

related cancers among PLWH continue to be high in SSA but are

decreasing in Australia, Europe and the United States.4-6,8,14,15

Populations of PLWH accessing ART worldwide are aging, and

there is an increasing burden of a range of cancers among PLWH,

even in the setting of declining cancer incidence rates.16,17 Shifts

toward aging-associated cancers (eg, prostate, breast and colorectal

cancers) have already been observed in countries with early introduc-

tion of ART, and the impact of aging on cancer risk in countries with

younger populations of PLWH will become apparent in the coming

years.18

Large studies of PLWH followed over time are critical to quantify

cancer incidence and mortality trends, and to understand what is driv-

ing cancer risks and outcomes to identify means of prevention and

optimize treatment. Data linkages with records from data warehouses,

disease registries, cohort studies and serial cross-sectional studies

TABLE 1 Cancer sites for which HIV is considered by IARC in
2009 to be a carcinogen with “sufficient” or “limited” evidence.

Level of
evidence Cancer site Viral carcinogen

Sufficient evidence

Kaposi sarcoma Kaposi sarcoma herpesvirus (KSHV)

Anus Human papillomavirus (HPV)

Non-Hodgkin

lymphoma

Epstein-Barr virus (EBV), hepatitis C

virus, HTLV-1, KSHV

Hodgkin

lymphoma

EBV

Eye

(conjunctiva)

Unknown

Cervix HPV

Limited evidence

Vulva HPV

Penis HPV

Vagina HPV

Liver Hepatitis B and C viruses

Skin Unknown
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have been used thus far,19-23 but each approach has limitations. In

some parts of the world, cancer registration is incomplete or lack-

ing altogether, and health system limitations pose major barriers

to accurate and timely cancer diagnosis. Even in settings where

high-quality, population-based registries of cancer diagnoses are

available, data linkage studies are often restricted to those ele-

ments collected for surveillance purposes. Large observational

and clinical cohorts of PLWH have been established in many

countries;24,25 however, these cohorts often focus on collection

of HIV-specific information and lack clinical information on most

non-communicable co-morbidities.

3 | CANCER ETIOLOGY AND TUMOR
CHARACTERISTICS

Among PLWH, immunosuppression and loss of immune control of

oncogenic viruses play prominent roles in the etiology of cancer.

Immune abnormalities in PLWH do not always reverse with ART, and

prior severe immunosuppression, as evidenced by low nadir CD4

count or opportunistic infections, is an important cancer risk fac-

tor.26,27 During long-term HIV infection, T-cells exhibit chronic activa-

tion and can undergo terminal differentiation, which may contribute

to impaired immune function.28 A low CD4:CD8 T-cell ratio indicates

Not applicable
No data

ASIR per 100.000
0 to <2.5
2.5 to <5
5 to <10
10 to <20
≥20

HIV-attributable Cervical Cancer(A) 

Not applicable
No data

ASIR per 100.000
0 to <0.5
0.5 to <2
2 to <4
4 to <8
≥8

HIV-attributable Kaposi Sarcoma(B) 

F IGURE 1 Age-standardized incidence rates (ASIR) in 2020 by country of (A) HIV-attributable cervical cancer (reproduced from Ibrahim Khalil
et al.51 World Health Organization. International Journal of Cancer published by John Wiley & Sons Ltd on behalf of UICC) and (B) HIV-
attributable Kaposi sarcoma (reproduced from Ibrahim Khalil et al.100 World Health Organization. International Journal of Cancer published by
John Wiley & Sons Ltd on behalf of UICC), using the entire population (for KS) or the entire female population (for cervix) population as a
denominator. The designations used and the presentation of the material in this article do not imply the expression of any opinion whatsoever on
the part of WHO and the IARC about the legal status of any country, territory, city or area or of its authorities or concerning the delimitation of
its frontiers or boundaries. [Color figure can be viewed at wileyonlinelibrary.com]
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T-cell replicative senescence and is a risk factor for multiple cancer

types, including KS, NHL, anal, lung and colorectal.25

Many factors, including opportunistic infections and tobacco use,

contribute to chronic inflammation in PLWH.28 For example, gastroin-

testinal microbial translocation, which occurs even in PLWH on

virally-suppressive ART, is associated with elevated plasma levels of

biomarkers indicating activation of the innate immune system (eg, sol-

uble CD14) and inflammation (eg, C-reactive protein).29 Inflammation

is a risk factor for certain cancers (eg, lung cancer), and limited

data support its role in carcinogenesis specifically among PLWH

receiving ART.30 Treatment with lipid-lowering statins, which have

anti-inflammatory properties, are also associated with reduced risk of

liver cancer and NHL among PLWH.31

Even with ART, PLWH remain at elevated risk of developing cer-

tain diseases that are typically seen only at older ages, which has sug-

gested that they experience “accelerated aging.”32 For instance,

PLWH can develop end-organ damage and frailty at early ages, due to

multiple processes associated with HIV including co-infections,

chronic inflammation, oxidative stress, substance use (eg, tobacco)

and treatment toxicity.33 PLWH receiving ART also exhibit immune

senescence and clonal hematopoiesis, which are potential cancer risk

factors that are associated with aging in the general population.25,34

Whether accelerated aging contributes to the development of

cancer among PLWH is unknown. Although the average age at diag-

nosis for many cancer types appears to be younger among PLWH

than among people without HIV, much of this is an artifact of the

younger age distributions of the population of PLWH.35,36 Moreover,

the incidence of common age-related cancers (eg, colorectal, prostate

and breast) is not elevated among PLWH.36 Nonetheless, anal cancer

and lung cancer occur at slightly younger ages compared to cancers

diagnosed in people without HIV (an effect which could be driven by

earlier exposure to carcinogens).36

Analysis of tumor specimens can help elucidate the etiology and

clinical behavior of cancer among PLWH.37-40 Comprehensive molecular

profiling can identify known or unknown oncogenic viruses, other bio-

logic mechanisms and potential therapeutic targets, especially for those

cancers for which PLWH have markedly elevated risk or poor outcomes.

For example, emerging data suggest that a virus (possibly EBV)41 is etio-

logically implicated in conjunctival squamous cell carcinoma.

Furthermore, as large-scale “omic” technologies become more

accessible for characterization of the tumor microenvironment in

archival and small tumor samples, evaluation of tumors in PLWH

could facilitate diagnostic and therapeutic advances.42 For example,

expression of programmed death-ligand 1 (PD-L1), an immune check-

point molecule that can be targeted by currently approved immuno-

therapy drugs, is frequently present in diffuse large B-cell lymphomas

occurring in PLWH and is correlated with higher lymphoma-specific

mortality.43 Among PLWH, the presence of CD8+ T-cell infiltrates in

anal high-grade squamous intraepithelial lesions (HSIL) is associated

with resistance to ablation therapy.44 Breast, lung and anal cancers in

PLWH exhibit expression of PD-L1 or a high tumor mutational

burden,37,39 both of which support the effectiveness of immunotherapy.

It is also possible that within specific cancer types, biology may differ

across PLWH depending on factors related to HIV treatment and control

prior to cancer occurrence.

Studies of cancer etiology, including the role of oncogenic viruses,

are greatly facilitated by the ability to obtain representative samples

from blood and tissue repositories, such as the NCI-funded AIDS and

Cancer Specimen Resource, which has sites in the United States,

South Africa and Brazil (https://acsr1.com/). Strengthening pathology

core laboratories and expanding repositories in regions impacted by

HIV will provide substantial benefit to the diagnosis and clinical man-

agement of cancer as well as enhance infrastructure to support

research on HIV and cancer.

4 | CERVICAL CANCER

HIV-related immunodeficiency increases risk of cervical HPV persis-

tence, progression to precancer and (in unscreened populations) cervi-

cal cancer.45,46 These risks can be partially reduced by ART.47 It is

therefore predicted that the high age-standardized cervical cancer inci-

dence observed in largely unscreened women with HIV in SSA48 should

decline with wider and earlier access to ART.49,50 Currently however,

cervical cancer burden in women with HIV in SSA remains high,9,51 per-

haps partly due to sub-optimal ART use to date. Furthermore, because

ART also increases life expectancy, even if age-standardized incidence

rates decrease, the absolute numbers of women with HIV diagnosed

with cervical cancer in SSA could still increase further, unless effective

public health measures are implemented.

Prophylactic HPV vaccination programs have the potential to sub-

stantially reduce future cervical cancer risk for cohorts vaccinated prior

to sexual debut. HPV vaccination is a key focus of the World Health

Organization (WHO) initiative for cervical cancer elimination, and is cru-

cial to reduce cervical cancer in settings with high HIV prevalence.49,50

High efficacy of a single vaccine dose in young women without HIV52,53

has prompted policy shifts toward single dose regimens.54,55 However,

there is no evidence regarding the level of protection (including by

reduced dose regimens) maintained by HPV vaccine recipients who later

acquire HIV. Whilst there are no strong precedents for breakthrough of

vaccine-preventable diseases in PLWH, studies of immunogenicity and

effectiveness should nonetheless be designed to address this issue.

HPV vaccine coverage gaps (often inversely correlated with school

attendance) may be higher among girls who later acquire HIV. Efficacy

of reduced dose regimens for young females vaccinated when already

living with HIV is also uncertain, but may become less relevant with the

declining incidence of perinatally acquired HIV, at least for HPV vaccina-

tion at ages prior to sexual debut.

IARC recently convened an expert working group to update

evidence-based evaluations of cervical screening methods,56 which

informed a consensus update of WHO Guidelines for cervical screen-

ing, including special considerations for women with HIV,57 albeit with

recognition of scant evidence for this population. “Risk bench-

marking,” which ensures similar management for women with similar

risks, should be increasingly integrated into cervical screening

research for women with HIV.58,59 HPV infection and abnormal

4 ENGELS ET AL.
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screening results are more common in women with HIV, but it is not

known whether cervical cancer risk, conditional on test results, differs

by HIV status. In two recent studies, risks of high-grade cervical

lesions (conditional on screening test results) were similar between

women with and without HIV for all evaluated algorithms, prompting

the question of whether the two populations could potentially be

screened more similarly,58,60 which could simplify implementation of

screening in settings with high HIV prevalence.

5 | KAPOSI SARCOMA

The majority of KS is diagnosed in SSA, driven by high population

prevalence of both HIV and KS-associated herpesvirus (KSHV)

(Figure 1). In SSA, KS is most often diagnosed late, if at all. There are

many reasons for this, including lack of community awareness, and

lack of diagnostic pathology services. Thus, new methods to diagnose

KS relevant to resource-limited settings are needed, perhaps using liq-

uid biopsies or artificial intelligence-based digital imaging. Also, other

severe KSHV-related diseases (eg, multicentric Castleman disease, pri-

mary effusion lymphoma and KSHV inflammatory cytokine syndrome)

can be diagnosed in combination with KS, and it will be important to

develop strategies to diagnose and manage these conditions.61

Studies describing the distribution of KS diagnoses in relation to

ART (ie, prior to or after initiation), as well as the effect of HIV viral

suppression, have been reported in high-resource settings, but are

particularly needed in SSA. KS onset and recurrence in virally-

suppressed PLWH on ART are poorly understood and underscore the

importance of developing novel therapeutics.62 Loss of anti-KSHV

cellular immunity, (eg, due to KSHV chronic antigen exposure and/or

immune exhaustion) are mechanisms to investigate. Another concern

is whether a resurgence of KS will occur with advancing age among

PLWH chronically co-infected with KSHV.

Primary prevention of KS has been hampered by poor under-

standing of immunological control of KSHV (including in the oral cav-

ity, where KSHV can be shed in saliva) and routes of transmission.

This is particularly important in groups where KSHV prevalence is

high, such as children in SSA and in men who have sex with men. An

effective KSHV vaccine is the ultimate solution to KS prevention,63

but vaccine development faces several obstacles, particularly if pre-

vention of KS must be the primary endpoint in clinical trials. Use of

KSHV infection as the validated primary endpoint would greatly facili-

tate regulatory approval. An effective KSHV vaccine would also pre-

vent morbidity and mortality from other diseases, including primary

effusion lymphoma, multicentric Castleman disease and KSHV inflam-

matory cytokine syndrome.

6 | LUNG CANCER

Lung cancer incidence is elevated in PLWH,64,65 in large part because

of an elevated prevalence of smoking among PLWH.66,67 Smoking

cessation is key to prevent lung cancer, but clinical interventions are

often inadequate, especially for individuals with comorbid substance

use disorders. Screening for lung cancer using low-dose computed

tomography (LDCT) is proven to reduce lung cancer-specific mortality

among long-term smokers in the general population.68,69 The

U.S. Preventive Services Task Force recommends lung cancer screen-

ing for all individuals aged 50 to 80 years who have smoked at least

20 pack-years and are current smokers or former smokers who have

quit for <15 years.70

There is interest in implementation of LDCT screening among

PLWH. The feasibility of screening in PLWH has been demonstrated,

including initiating screening at lower age thresholds than generally

recommended.71,72 Development and validation of a lung cancer risk

score that integrates demographic information, smoking history and

HIV disease markers may be useful for selecting PLWH who would

benefit most from enhanced LDCT screening.73-75 Ensuring follow-up

of PLWH with positive LDCT screening results is also important.

7 | ANAL CANCER

The prevalence of anal precancers (ie, HSIL) is as high as 55% among

men and 47% among women living with HIV in the United States.76

The Anal Cancer HSIL Outcomes Research trial recently demonstrated

that treatment of these lesions among PLWH aged ≥35 years

decreased the incidence of subsequent invasive anal cancer.76 Unfor-

tunately, there are insufficient providers skilled in high-resolution ano-

scopy (HRA) to perform this diagnostic test for all PLWH, and thus

more effective screening strategies are needed.

Currently, anal cytology is the most common screening test used

to triage PLWH for HRA, but there is a need for tests with improved

sensitivity, specificity and predictive values.77 Testing for carcinogenic

HPV types is more sensitive than anal cytology and provides better

reassurance that anal HSIL are not present, but the specificity is low.

Novel screening biomarkers that could improve specificity are under

consideration, including HPV genotyping (most notably for HPV16,

which accounts for a large majority of anal cancers, even in PLWH),

p16/Ki-67 dual staining of cytology specimens, and host and HPV

DNA methylation markers.78,79 Longitudinal studies evaluating these

screening approaches are needed to understand how long negative

tests provide reassurance to determine safe screening intervals.

Because current treatments for HSIL often require multiple pro-

cedures, and because of limited HRA and treatment capacity, accurate

biomarkers that can predict which individuals with HSIL are at highest

risk of progression are needed. It is also important to develop thera-

peutic regimens for HSIL that are less dependent on the ability of the

HRA clinician to identify and target all lesions.

8 | CANCER TREATMENT AND SURVIVAL

PLWH are less likely to receive optimal, guideline-concordant cancer

treatment compared to patients without HIV, particularly for individuals

living in regions with low HIV prevalence.80-83 The largest treatment

ENGELS ET AL. 5
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disparities are seen for those with early-stage cancers where treatment

could be curative.80 There are also differences in the type of treatment

provided.84 Drivers of cancer treatment disparities include social and

structural determinants of health that impede access to care, including

HIV stigma leading to decreased disclosure, limited training for oncolo-

gists and lack of interdisciplinary management with HIV specialists, and

exclusion of PLWH from clinical trial eligibility.85,86

Cancer survival is poorer among PLWH for many common can-

cers, including breast, lung, prostate, cervix and colorectal.87-89 One

U.S. study found that lung cancer-specific mortality was 30% higher

among PLWH compared to individuals without HIV, and breast

cancer-specific mortality was 2.6-times higher among women with

HIV compared to women without HIV.89 Poor cancer survival among

PLWH likely stems from a nexus of disparities, including social or

structural determinants of health limited access to cancer treatment

and HIV-related immunologic changes leading to accelerated tumor

development and progression. Although delayed diagnosis and poorer

access to standard oncologic treatments contribute, survival differ-

ences persist even after accounting for these factors.90-94 It should be

noted, however, that PLWH can have similar outcomes to those with-

out HIV in high- and low-resource settings. For example, survival

among PLWH who are provided guideline-concordant care appears

comparable to that in people without HIV for Hodgkin lymphoma,

aggressive subtypes of NHL and anal cancer.95-98 These results indi-

cate that some disparities can be mitigated by ensuring high-quality

treatment with appropriate social and medical support.

9 | CROSS-CUTTING THEMES

The international experts at this meeting identified a number of prior-

ity questions related to cancer among PLWH (see Table 2). In addition,

attendees identified the following cross-cutting themes to guide

future research.

9.1 | Retiring the term “AIDS-defining” cancer

There was strong consensus that the term “AIDS-defining”
cancer (ADC) has become obsolete and should be phased out

(along with the default opposing “non-ADC”). This is partly

because the list of ADCs: a) does not capture all tumors

TABLE 2 Priority questions for research on cancer in people living with HIV (PLWH).

Topic Priority questions

International cancer trends

and burden

• How will the regional spectrum of cancers among PLWH change in the coming decades?

• Who is at highest risk of cancer among PLWH and what are the determinants of elevated cancer risk

among PLWH?

• In the setting of widespread access to effective ART, what are the differences, if any, in cancer incidence

between resource-rich and resource-limited regions?

Cancer etiology and tumor

characteristics

• What role do disordered immunity, chronic inflammation and accelerated aging play in explaining increased

cancer risk among PLWH on ART?

• Among PLWH, what is the contribution of oncogenic viruses to specific cancer types (beyond the generally

accepted list of cancers and their associated viruses), and how do these associations vary across geographic

settings and populations?

• For specific cancer types, are there important biologic differences between tumors occurring among people

living with and without HIV, and are there unique features of tumors among PLWH that can help guide

treatment?

Cervical cancer • How will wider and earlier access to ART impact cervical cancer burden in unscreened women with HIV,

particularly in high HIV prevalence settings in sub-Saharan Africa?

• What is the impact of HPV vaccination among immunocompetent vaccines who later acquire HIV?

• Is the risk of cervical cancer, conditional on a screening test result, different between women living with and

without HIV?

Kaposi sarcoma • How can we increase the fraction of KS in sub-Saharan Africa that is diagnosed in an early prognostic phase and

better recognize concurrent severe diseases caused by KSHV?

• What are the determinants of KS occurring in PLWH on ART with fully suppressed HIV?

• What factors sustain high levels of KSHV transmission among children in sub-Saharan Africa and among MSM?

• Is it possible to develop, approve and implement a vaccine against KSHV infection?

Lung and anal cancers • Among PLWH, which novel biomarkers or risk scores can identify PLWH who will benefit most from screening

for lung and anal cancers?

• How can screening for these cancers be implemented effectively and at scale for the HIV population?

Cancer treatment and survival • What are the mechanisms for the adverse effect of HIV infection on cancer survival by cancer site and subtype?

• How much of the cancer survival differences in PLWH can be mitigated by reducing disparities in access to care,

and how can we implement and disseminate evidence-based, community-engaged strategies to increase access

to cancer therapy?

Abbreviations: ART, antiretroviral therapy; HIV, human immunodeficiency virus; KSHV, Kaposi sarcoma herpesvirus; MSM, men who have sex with men;

PLWH, people living with HIV.
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associated with severe immunodeficiency (eg, conjunctival can-

cer), b) refers to an outdated nomenclature for NHL subtypes

and c) includes cervical cancer, for which the association with

HIV immunodeficiency is no stronger than for many other

virus-associated tumors that occur at higher rates among

PLWH, (eg, anal cancer and Hodgkin lymphoma). Most impor-

tantly, any grouping of cancers, each of which have their individ-

ual specificities, has a likelihood of obscuring relevant biological

and clinical differences. Hence, researchers are encouraged to

consider separately each cancer type arising in PLWH. Cancers

with sufficient evidence for HIV causality (after exclusion of con-

founding and bias) were judged by an expert consensus con-

vened by IARC in 2009.3 Based on the data accumulated in the

last 13 years, this consensus judgment on causality should be

updated.

9.2 | Enhancing and expanding surveillance

Ongoing surveillance of cancer incidence and mortality among PLWH

at the regional and national level is critical to quantify and monitor

cancer risk and burden over time. In many countries, there is a lack of

vital statistic or disease-specific surveillance systems in place, and sus-

tained infrastructure and funding are needed to build these resources.

Until widespread surveillance infrastructure is in place in resource-

limited settings, it will be the role of researchers to provide and

maintain basic cancer monitoring in strategic samples of relevant

populations. Within existing HIV-focused clinical cohorts across all

global regions, broader capture of important data elements is needed,

including information on behavioral risk factors, social determinants

of health, environmental exposures, co-morbidities, medications and

details on cancer screening and occurrence, tumor characteristics,

cancer treatment and survivorship. The next generation of studies of

HIV and cancer should capture a more comprehensive set of data ele-

ments to address questions of etiology, and prevention, as well as

data on cancer treatment access and quality of care. Approaches for

rapid ascertainment of laboratory and clinical data during the

COVID-19 pandemic may be transferrable and leveraged to improve

completeness of cancer data in PLWH in some countries.

9.3 | Understanding the impact of aging

Cancer prevention, screening and treatment guidelines will need to be

tailored to an increasingly older HIV population worldwide. With ART,

PLWH are living longer, and consequently, the age distribution has

changed. Rigorous epidemiologic approaches are required to account

for this dramatic demographic shift to avoid biases.36 There is also a

need to determine whether HIV accelerates biological aging and, if so,

which mechanisms (eg, immune senescence, inflammation), are partic-

ularly relevant to cancer development, prevention and progression.

An alternative possibility that should be assessed is whether elevated

cancer rates at younger ages among PLWH can instead be explained

by earlier, or more frequent, exposure to carcinogenic infections or

tobacco.

9.4 | Expanding molecular epidemiology
and genetic studies

In the setting of partially restored immunity, pathogenic processes

other than profound T-cell-mediated immunosuppression could play a

key role in determining cancer incidence and outcomes among PLWH.

Development and utilization of biomarkers of these processes (eg,

chronic inflammation, oxidative stress and DNA damage) will provide

insight into these pathways. In addition, detailed pathological and

genetic studies of tumors from PLWH (eg, tumor sequencing, assess-

ment of the tumor microenvironment) will yield etiologic information

and inform new and better therapeutic strategies. It is important to

invest in epidemiologic and clinical studies that collect biological sam-

ples, and in pathology-based repositories of tumor tissues, which will

enable such molecular epidemiology studies.

9.5 | Expanding implementation and health
services research

For many of the cancers discussed, the question of how to imple-

ment effective tools and approaches for prevention and screening is

critical for control of cancer in PLWH.99 These tools/approaches

could be for primary prevention (eg, HPV vaccination), screening (eg,

cervical, anal or lung cancer) or early detection by improved diagno-

sis (eg, KS and NHL). The over-arching common need is to ensure

that such research is performed in the specific context of PLWH

and, as much as possible, in a manner allowing direct comparison

with people without HIV. There is a need to determine whether

approaches must be modified for PLWH or tailored to different geo-

graphic and community settings. These concepts can also be applied

equally to cancer treatment research for PLWH. Community-based

intervention design, implementation and dissemination, in partner-

ship with PLWH, is needed.

10 | CONCLUSIONS

The continuing evolution of the HIV epidemic has generated new

and persistently unanswered questions regarding cancer among

PLWH. These questions provide avenues for greater understanding

of the etiology of cancer, and opportunities to apply translational

science to improve cancer prevention, screening and treatment

among PLWH. It is recognized that large disparities remain with

respect to cancer in PLWH, including differences in disease burden,

access to prevention and treatment, and outcomes, both across the

world and within single countries. Realizing scientific opportunities

relevant to PLWH worldwide, and in lower- and middle-income

countries in particular, will require focused, sustained and strategic
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investments to support the transdisciplinary science needed to

advance the field. Because of the global nature of these issues, suc-

cess in this next generation of research studies on HIV and cancer

will depend on a robust system of international collaborations

among laboratory scientists, clinicians and epidemiologists as well

as engagement of the many people who are affected by HIV and

cancer worldwide.
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30. Borges ÁH, Silverberg MJ, Wentworth D, et al. Predicting risk of

cancer during HIV infection: the role of inflammatory and coagula-

tion biomarkers. AIDS. 2013;27:1433-1441.

31. Bedimo RJ, Park LS, Shebl FM, et al. Statin exposure and risk of can-

cer in people with and without HIV infection. AIDS. 2021;35:

325-334.

32. Breen EC, Sehl ME, Shih R, et al. Accelerated aging with HIV begins

at the time of initial HIV infection. iScience. 2022;25:104488.

33. High KP, Brennan-Ing M, Clifford DB, et al. HIV and aging: state of

knowledge and areas of critical need for research. A report to the

NIH Office of AIDS Research by the HIV and Aging Working Group.

J Acquir Immune Defic Syndr. 2012;60(Suppl 1):S1-S18.

34. Wang S, Pasca S, Post WS, et al. Clonal hematopoiesis in men living

with HIV and association with subclinical atherosclerosis. AIDS.

2022;36:1521-1531.

35. Shiels MS, Althoff KN, Pfeiffer RM, et al. HIV infection, immunosup-

pression, and age at diagnosis of non-AIDS-defining cancers. Clin

Infect Dis. 2017;64:468-475.

36. Shiels MS, Pfeiffer RM, Engels EA. Age at cancer diagnosis among

persons with AIDS in the United States. Ann Intern Med. 2010;153:

452-460.

37. Caro-Vegas C, Ramirez C, Landis J, et al. Molecular profiling of

breast and lung cancer in women with HIV reveals high tumor muta-

tional burden. AIDS. 2022;36:567-571.

38. Gagliardi A, Porter VL, Zong Z, et al. Analysis of Ugandan cer-

vical carcinomas identifies human papillomavirus clade-specific

epigenome and transcriptome landscapes. Nat Genet. 2020;52:

800-810.

39. Yanik EL, Kaunitz GJ, Cottrell TR, et al. Association of HIV status

with local immune response to anal squamous cell carcinoma: impli-

cations for immunotherapy. JAMA Oncol. 2017;3:974-978.

40. Crequit P, Ruppert AM, Rozensztajn N, et al. EGFR and KRAS muta-

tion status in non-small-cell lung cancer occurring in HIV-infected

patients. Lung Cancer. 2016;96:74-77.

41. Julius P, Siyumbwa SN, Moonga P, et al. Epstein-Barr virus, but not

human papillomavirus, is associated with preinvasive and invasive

ocular surface squamous neoplasias in Zambian patients. Front

Oncol. 2022;12:864066.

42. Calkins KL, Chander G, Joshu CE, et al. Immune status and associ-

ated mortality after cancer treatment among individuals with HIV in

the antiretroviral therapy era. JAMA Oncol. 2020;6:227-235.

43. Chao C, Young PA, Xu L, Silverberg MJ, Said JW, Timmerman JM.

Analysis of programmed death ligand 1 (PD-L1) expression in diffuse

large B cell lymphomas (DLBCL) in HIV-negative versus HIV-positive

patients. Blood. 2015;126(23):1462.

44. Liu Y, Gaisa MM, Wang X, et al. Differences in the immune microen-

vironment of anal cancer precursors by HIV status and association

with ablation outcomes. J Infect Dis. 2018;217:703-709.

45. Stelzle D, Tanaka LF, Lee KK, et al. Estimates of the global burden of

cervical cancer associated with HIV. Lancet Glob Health. 2021;9:

e161-e169.

46. Liu G, Sharma M, Tan N, Barnabas RV. HIV-positive women have

higher risk of human papilloma virus infection, precancerous lesions,

and cervical cancer. AIDS. 2018;32:795-808.

47. Kelly H, Weiss HA, Benavente Y, de Sanjose S, Mayaud P, Art,

Group HPVR. Association of antiretroviral therapy with high-risk

human papillomavirus, cervical intraepithelial neoplasia, and invasive

cervical cancer in women living with HIV: a systematic review and

meta-analysis. Lancet HIV. 2018;5:e45-e58.

48. Dhokotera T, Asangbeh S, Bohlius J, et al. Cervical cancer in women

living in South Africa: a record linkage study of the National Health

Laboratory Service and the National Cancer Registry. ecancermedi-

calscience. 2022;16:1348.

49. Hall MT, Smith MA, Simms KT, Barnabas R, Murray JM, Canfell K.

Elimination of cervical cancer in Tanzania: modelled analysis of

elimination in the context of endemic HIV infection and active HIV

control. Int J Cancer. 2021;149:297-306.

50. Liu G, Mugo NR, Bayer C, et al. Impact of catch-up human papillo-

mavirus vaccination on cervical cancer incidence in Kenya: a mathe-

matical modeling evaluation of HPV vaccination strategies in the

context of moderate HIV prevalence. EClinicalMedicine. 2022;45:

101306.

51. Ibrahim Khalil A, Mpunga T, Wei F, et al. Age-specific burden of cer-

vical cancer associated with HIV: a global analysis with a focus on

sub-Saharan Africa. Int J Cancer. 2022;150:761-772.

52. Barnabas RV, Brown ER, Onono MA, et al. Efficacy of single-dose

HPV vaccination among young African women. NEJM Evid. 2022;1(5).

53. Basu P, Malvi SG, Joshi S, et al. Vaccine efficacy against persistent

human papillomavirus (HPV) 16/18 infection at 10 years after one,

two, and three doses of quadrivalent HPV vaccine in girls in India: a

multicentre, prospective, cohort study. Lancet Oncol. 2021;22:1518-

1529.

54. Joint Committee on Vaccination and Immunisation. JCVI statement

on a one-dose schedule for the routine HPV immunisation pro-

gramme. 2022.

55. World Health Organization. Meeting of the Strategic Advisory

Group of Experts on Immunization, April 2022: conclusions and rec-

ommendations. 2022.

56. Bouvard V, Wentzensen N, Mackie A, et al. The IARC perspective

on cervical cancer screening. N Engl J Med. 2021;385:1908-1918.

57. World Health Organization. WHO guideline for screening and treat-

ment of cervical pre-cancer lesions for cervical cancer prevention.

2022.

58. Castle PE, Befano B, Schiffman M, et al. A comparison of high-grade

cervical abnormality risks in women living with and without human

immunodeficiency virus undergoing routine cervical-cancer screen-

ing. Prev Med. 2022;162:107157.

59. Robbins HA, Strickler HD, Massad LS, et al. Cervical cancer screen-

ing intervals and management for women living with HIV: a risk

benchmarking approach. AIDS. 2017;31:1035-1044.

60. Kahesa C, Thomsen LT, Linde DS, et al. Comparison of human

papillomavirus-based cervical cancer screening strategies in

Tanzania among women with and without HIV. Int J Cancer. 2022;

152(686):696.

61. Ramaswami R, Lurain K, Polizzotto MN, et al. Characteristics and

outcomes of KSHV-associated multicentric Castleman disease with

or without other KSHV diseases. Blood Adv. 2021;5:1660-1670.

62. Palich R, Makinson A, Veyri M, et al. Kaposi's sarcoma in virally sup-

pressed people living with HIV: an emerging condition. Cancers

(Basel). 2021;13(22):5702.

63. Casper C, Corey L, Cohen JI, et al. (HHV8) vaccine: promises and

potential pitfalls for a new anti-cancer vaccine. NPJ Vaccines. 2022;

7:108.

64. Haas CB, Engels EA, Horner MJ, et al. Trends and risk of lung cancer

among people living with HIV in the USA: a population-based regis-

try linkage study. Lancet HIV. 2022;9:e700-e708.

65. Mdege ND, Shah S, Ayo-Yusuf OA, Hakim J, Siddiqi K. Tobacco use

among people living with HIV: analysis of data from demographic

and health surveys from 28 low-income and middle-income coun-

tries. Lancet Glob Health. 2017;5:e578-e592.

66. Kirk GD, Merlo CA, Lung HIVS. HIV infection in the etiology of lung

cancer: confounding, causality, and consequences. Proc Am Thorac

Soc. 2011;8:326-332.

67. Tron L, Lert F, Spire B, Dray-Spira R, ANRS-Vespa2 Study Group.

Tobacco smoking in HIV-infected versus general population in

France: heterogeneity across the various groups of people living

with HIV. PLoS One. 2014;9:e107451.

68. Aberle DR, Adams AM, Berg CD, et al. Reduced lung-cancer mortal-

ity with low-dose computed tomographic screening. N Engl J Med.

2011;365:395-409.

10 ENGELS ET AL.

 10970215, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ijc.34727 by U

niversite D
e B

ordeaux, W
iley O

nline L
ibrary on [14/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



69. Pastorino U, Silva M, Sestini S, et al. Prolonged lung cancer screening

reduced 10-year mortality in the MILD trial: new confirmation of

lung cancer screening efficacy. Ann Oncol. 2019;30:1162-1169.

70. Krist AH, Davidson KW, Mangione CM, et al. Screening for lung can-

cer: US Preventive Services Task Force recommendation statement.

Jama. 2021;325:962-970.

71. Makinson A, Eymard-Duvernay S, Raffi F, et al. Feasibility and effi-

cacy of early lung cancer diagnosis with chest computed tomogra-

phy in HIV-infected smokers. AIDS. 2016;30:573-582.
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