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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 with HIV (PLWH) are
driven primarily by increased exposure to carcinogens, most notably oncogenic viruses acquired
through shared transmission routes, plus acceleration of viral carcinogenesis by HIV-related
immunosuppression. In the era of widespread antiretroviral 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
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2022 of multinational 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
epidemiology, etiology, molecular tumor characterization, primary and secondary prevention,
treatment disparities and survival in PLWH around the world. A consensus of key research
priorities and recommendations in these domains is also presented.
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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 effective antiretroviral therapy (ART).! Elevated rates of
cancer have been observed among PLWH since the beginning of the global HIV epidemic.
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 introduction 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, Maryland, United States of America. This
workshop focused on the state of the science of cancer among PLWH, highlighting the
international cancer burden, etiology, tumor characteristics, treatment, and survival. Four
cancers of special interest were Kaposi sarcoma (KS), cervical, lung, and anal, given their
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major contribution to the burden of cancer in PLWH and the potential for advancing 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 priority, but this was not specifically addressed by this workshop.

International patterns in cancer incidence

Cancer incidence and burden (i.e., the number of new cases) among PLWH is strongly
influenced by the characteristics of the population living with HIV (e.g., 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.48 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 consistently found that rates

of KS have declined over time with the introduction of ART, as KS is strongly associated
with immunosuppression, and treatment with ART results in immune reconstitution.2: 4. 5
711,12 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 U.S., but not in SSA.#4 5 711,13, 14 NH|_ 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 U.S.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.18. 17 Shifts towards aging-associated cancers (e.g., prostate, breast and colorectal
cancers) have already been observed in countries with early introduction 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 driving 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 have
been used thus far,1%-23 but each approach has limitations. In some parts of the world,
cancer registration is incomplete or lacking 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 elements 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.
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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 factor.2%: 27 During long-term
HIV infection, T-cells exhibit chronic activation and can undergo terminal differentiation,
which may contribute to impaired immune function.2® A low CD4:CD8 T-cell ratio indicates
T-cell replicative senescence and is a risk factor for multiple cancer types, including KS,
NHL, anal, lung, and colorectal.2®

Many factors, including opportunistic infections and tobacco use, contribute to chronic
inflammation in PLWH.28 For example, gastrointestinal 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 (e.g., soluble CD14)
and inflammation (e.g., C-reactive protein).2% Inflammation is a risk factor for certain
cancers (e.g., 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 certain diseases that are
typically seen only at older ages, which has suggested 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 (e.g., 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.2> 34

Whether accelerated aging contributes to the development of cancer among PLWH is
unknown. Although the average age at diagnosis 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.3% 36 Moreover, the incidence of
common age-related cancers (e.g., 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 biologic 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)*! is etiologically 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
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in PLWH could facilitate diagnostic and therapeutic advances.? For example, expression

of programmed death-ligand 1 (PD-L1), an immune checkpoint molecule that can be
targeted by currently approved immunotherapy drugs, is frequently present in diffuse large
B-cell lymphomas occurring in PLWH and is correlated with higher lymphoma-specific
mortality.#3 Among PLWH, the presence of CD8+ T-cell infiltrates in anal high-grade
squamous intraepithelial lesions (HSIL) is associated with resistance to ablation therapy.*4
Breast, lung, and anal cancers in PLWH exhibit expression of PD-L1 or a high tumor
mutational burden,3”: 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 U.S, South Africa
and Brazil (https://acsrl.com/). Strengthening pathology core laboratories and expanding
repositories in regions impacted by HIV will provide substantial benefit to the diagnosis and
clinical management of cancer as well as enhance infrastructure to support research on HIV
and cancer.

Cervical cancer

HIV-related immunodeficiency increases risk of cervical HPV persistence, progression to
precancer, and (in unscreened populations) cervical cancer.4: 46 These risks can be partially
reduced by ART.47 It is therefore predicted that the high age-standardized cervical cancer
incidence observed in largely unscreened women with HIV in SSA%8 should decline with
wider and earlier access to ART.49: 50 Currently however, cervical cancer burden in women
with HIV in SSA remains high,®: %1 perhaps 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 substantially 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 crucial to reduce cervical cancer in settings with high HIV prevalence.*?: %0 High
efficacy of a single vaccine dose in young women without HIV52: 33 has prompted policy
shifts towards single dose regimens.>* 5> However, there is no evidence regarding the
level of protection 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
vaccination at ages prior to sexual debut.

Int J Cancer. Author manuscript; available in PMC 2024 May 29.
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IARC recently convened an expert working group to update evidence-based evaluations of
cervical screening methods,® which informed a consensus update of WHO Guidelines for
cervical screening, including special considerations for women with HIV, 57 albeit with
recognition of scant evidence for this population. “Risk benchmarking,” which ensures
similar management for women with similar risks, should be increasingly integrated

into cervical screening research for women with HIV.%8: 59 HPV infection and abnormal
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,>8: 80 which could
simplify implementation of screening in settings with high HIV prevalence.

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 liquid biopsies or artificial intelligence-based
digital imaging. Also, other severe KSHV-related diseases (e.g., multicentric Castleman
disease, primary 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.51

Studies describing the distribution of KS diagnoses in relation to ART (i.e., 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.52 Loss of anti-KSHV cellular immunity, (e.g., due to
KSHYV 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 understanding of immunological
control of KSHV (including in the oral cavity, 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,®3 but vaccine development faces several
obstacles, particularly if prevention of KS must be the primary endpoint in clinical trials.
Use of KSHV infection as the validated primary endpoint would greatly facilitate regulatory
approval. An effective KSHV vaccine would also prevent morbidity and mortality from
other diseases, including primary effusion lymphoma, multicentric Castleman disease, and
KSHYV inflammatory cytokine syndrome.

Int J Cancer. Author manuscript; available in PMC 2024 May 29.
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Lung cancer

Lung cancer incidence is elevated in PLWH,54 65 in large part because of an elevated
prevalence of smoking among PLWH.56. 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.58: 69 The U.S. Preventive Services Task Force recommends lung cancer
screening for all individuals aged 50-80 years who have smoked at least 20 pack-years and
are current smokers or former smokers who have quit for less than 15 years.”®

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.”: 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.”3=7> Ensuring follow-up of PLWH with positive LDCT screening results is also
important.

Anal cancer

The prevalence of anal precancers (i.e., HSIL) is as high as 55% among men and 47%
among women living with HIV in the U.S.”® 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.”8 Unfortunately, there are
insufficient providers skilled in high-resolution anoscopy (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.”” 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.”8: 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 procedures, 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
therapeutic regimens for HSIL that are less dependent on the ability of the HRA clinician to
identify and target all lesions.

Int J Cancer. Author manuscript; available in PMC 2024 May 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Engels et al. Page 9

Cancer treatment and survival

PLWH are less likely to receive optimal, guideline-concordant cancer treatment compared
with patients without HIV, particularly for individuals living in regions with low HIV
prevalence.80-83 The largest treatment disparities are seen for those with early-stage cancers
where treatment could be curative.89 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 oncologists 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 cancers, 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.82 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 differences persist even after accounting for these factors.90-
94 It should be noted, however, that PLWH can have similar outcomes to those without 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 indicate that
some disparities can be mitigated by ensuring high-quality treatment with appropriate social
and medical support.

Cross-cutting themes

The international experts at this meeting identified a number of priority questions related
to cancer among PLWH (see Table 2). In addition, attendees identified the following cross-
cutting themes to guide future research.

Retiring the term “AlDS-defining” cancer

There was strong consensus that the term “AlDS-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 associated with severe
immunodeficiency (e.g., conjunctival cancer), 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, (e.g. anal cancer and Hodgkin lymphoma). Most importantly,
any grouping of cancers, each of which have their individual 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 confounding and bias) were judged by an expert consensus

Int J Cancer. Author manuscript; available in PMC 2024 May 29.
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convened by IARC in 2009.2 Based on the data accumulated in the last 13 years, this
consensus judgement on causality should be updated.

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 sustained 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 HI\-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 elements 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.

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.38 There is also a
need to determine whether HIV accelerates biological aging and, if so, which mechanisms
(e.g., immune senescence, inflammation), are particularly 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.

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
(e.g., chronic inflammation, oxidative stress, and DNA damage) will provide insight into
these pathways. In addition, detailed pathological and genetic studies of tumors from PLWH
(e.g., tumor sequencing, assessment 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 samples, and in pathology-based
repositories of tumor tissues, which will enable such molecular epidemiology studies.

Int J Cancer. Author manuscript; available in PMC 2024 May 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Engels et al.

Page 11

Expanding implementation and health services research

For many of the cancers discussed, the question of how to implement effective tools and
approaches for prevention and screening is critical for control of cancer in PLWH.®® These
tools/approaches could be for primary prevention (e.g., HPV vaccination), screening (e.g.,
cervical, anal, or lung cancer), or early detection by improved diagnosis (e.g., 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 geographic and community settings. These concepts can also
be applied equally to cancer treatment research for PLWH. Community-based intervention
design, implementation, and dissemination, in partnership with PLWH, is needed.

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 investments to support the transdisciplinary science needed
to advance the field. Because of the global nature of these issues, success 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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Figurel.
Age-standardized incidence rates (ASIR) in 2020 by country of (A) HIV-attributable

cervical cancer (reproduced from Khalil et al. A specific burden of cervical cancer
associated with HIV: a global analysis with a focus on sub-Saharan Africa, International
Journal of Cancer, Volume 150, pages. 761-772. © 2021 World Health Organization.
International Journal of Cancer published by John Wiley & Sons Ltd on behalf of UICC.51)
and (B) HIV-attributable Kaposi sarcoma (reproduced from Khalil et al. Burden of Kaposi
sarcoma according to HIV status: A systematic review and global analysis, International
Journal of Cancer, Volume 150, pages. 1948-1957. © 2022 World Health Organization.
International Journal of Cancer published by John Wiley & Sons Ltd on behalf of
UICC.190) ysing 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.
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Cancer sites for which HIV is considered by IARC to be a carcinogen with “sufficient” or “limited” evidence.

Level of Evidence

Cancer site

Viral carcinogen

Sufficient Evidence

Kaposi sarcoma

Anus

Non-Hodgkin lymphoma
Hodgkin lymphoma

Kaposi sarcoma herpesvirus (KSHV)

Human papillomavirus (HPV)

Epstein-Barr virus (EBV), hepatitis C virus, HTLV-1, KSHV
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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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 vaccinees 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

» Among PLWH, which novel biomarkers or risk scores can identify PLWH who will benefit most from screening for

cancers lung and anal cancers?

« How can screening for these cancers be implemented effectively and at scale for the HIV population?
Cancer treatment » What are the mechanisms for the adverse effect of HIV infection on cancer survival by cancer site and subtype?
and survival « 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?

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