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among people living with HIV: A systematic review and
meta-analysis

Tanwei Yuan,®' Yuging Hu,®" Xinyi Zhou,"" Luoyao Yang,*' Hui Wang,>““ Linghua Li,*" Junfeng Wang,>"
Han-Zhu Qian,’ Gary M. Clifford; and Huachun Zou %+

@School of Public Health (Shenzhen), Sun Yat-sen University, Shenzhen, China

PNational Clinical Research Center for Infectious Diseases, Shenzhen, China

“The Third People’s Hospital of Shenzhen, Shenzhen, China

%The Second Affiliated Hospital of Southern University of Science and Technology, Shenzhen, China

€Infectious Disease Center, Guangzhou Eighth People’s Hospital, Guangzhou, China

fGuangzhou Medical University, Guangzhou, China

9Julius Center for Health Sciences and Primary Care, University Medical Center Utrecht, Utrecht University, Utrecht, the
Netherlands

PDivision of Pharmacoepidemiology and Clinical Pharmacology, Utrecht Institute for Pharmaceutical Sciences, Utrecht
University, Utrecht, the Netherlands

iSchool of Public Health, Yale University, New Haven, CT USA

J'Early Detection, Prevention and Infections Branch, International Agency for Research on Cancer (IARC/WHO), Lyon, France
“Kirby Institute, the University of New South Wales, Sydney, Australia

Summary

Background Non-AIDS-defining cancers (NADCs) are now becoming a rising cause of morbidity among people liv-  eClinicalMedicine
ing with HIV (PLHIV) in the highly active antiretroviral therapy (HAART) era. We conducted a systematic review 2022;52:101613
and meta-analysis to estimate the summary risk of incidence and mortality of a wide range of NADCs among PLHIV ~ Published online xxx
compared with the general population. hitps://doi.org/10.1016/j.
eclinm.2022.101613
Methods This systematic review and meta-analysis was registered in the PROSPERO (registration number
CRD42020222020). We searched PubMed, EMBASE, Cochrane library, and Web of Science for relevant studies

published before Jan 24, 2022. Cohort or registry linkage studies comparing the incidence or mortality of individual

NADCs in PLHIV with that in the general population were included. Studies simply reporting outcomes of cancer

precursor lesions or combined NADCs were excluded. We calculated pooled standardised incidence (SIRs) and

standardised mortality ratios (SMRs) and their 95% confidence intervals (CIs) using random-effects models, and

used robust variance estimation to account for non-independence in study-level effect sizes.

Findings We identified 92 publications arising from 46 independent studies including 7 articles out of 7 studies
from developing countries. Among the 40 types of NADCs investigated, all of the 20 infection-related NADCs, can-
cers related with human papillomavirus infection in particular, and half of the 20 non-infection-related NADCs
occurred in excess in PLHIV compared with the general population. This risk pattern was consistent in most WHO
regions and in both high-income and low-and middle-income countries. The increased SIRs for various NADCs
were more evident among PLHIV with advanced immunodeficiency, and was explored by HIV transmission route,
and use of HAART. PLHIV had increased mortality for anal cancer (SMR 124-07, 95% CI 27-31-563-72), Hodgkin
lymphoma (41-03, 2-91—577-88), liver cancer (836, 3-86—18-11), lung cancer (3-95, 1-52-10-26), and skin melanoma
(3-95, 1-28—12-2).

Interpretation PLHIV had increased incidence and mortality for a wide spectrum of NADCs. Primary prevention
and effective treatment for NADCs in this population is urgently needed.
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Research in context

Evidence before this study

Two previous meta-analyses published in 2007 and
2009 found an increased incidence for a range of non-
AIDS-defining cancers (NADCs) among people living
with HIV (PLHIV) in developed counttries. Since the pub-
lication of the last review, a large amount of new evi-
dence has emerged worldwide, in developing countries
in particular. In addition, findings of studies on mortality
for NADCs comparing PLHIV to the general population
are mixed and un-synthesized.

Added value of this study

We did a comprehensive review on the incidence and
mortality of NADCs among PLHIV in comparison with
the general population. Based on 46 included studies,
we found that PLHIV have higher incidence for 30 out
of 40 types of NADCs identified, of which half were
infection-related. This increased risk pattern was consis-
tent in both high-income and low- and middle-income
countries, and was more pronounced among moder-
ately or severely immunocompromised PLHIV. We also
explored variation in the incidence of NADCs by WHO
region, sex, HIV transmission route, and HAART use.
Regarding the mortality of nine NADCs identified, PLHIV
were found to have an elevated risk of dying from anal
cancer, Hodgkin lymphoma, liver cancer, lung cancer,
and skin melanoma.

Implications of all the available evidence

This is a comprehensive meta-analysis of global litera-
ture on all identifiable NADCs among PLHIV, which
showed elevated morbidity and mortality of most
NADCGs. It is suggested that there is a need for primary
prevention and effective treatment for NADCs among
PLHIV. More long-term clinical cohort studies control-
ling for confounding factors are needed to investigate
the impacts of HIV-induced immunodeficiency and
HAART use on the incidence risk and prognosis of
NADCs. Nevertheless, more relevant evidence from
developing settings is also needed.

Introduction

It is well-established that people living with HIV
(PLHIV) have high risk of developing acquired immune
deficiency syndrome (AIDS)-defining cancers (i.e.,
Kaposi’s sarcoma, non-Hodgkin lymphoma, and cervi-
cal cancer).”” With the massive introduction of highly
active antiretroviral therapy (HAART) worldwide, how-
ever, there has been a rise in incident non-AIDS-defin-
ing cancers (NADCs) among PLHIV in both developed
and developing countries,>* and this trend is projected
to persist in the future.* With potent antiretroviral
drugs, PLHIV are living a longer life, and the age-
related diseases including different types of NADCs are
becoming increasingly important health issues in this
population,”® Meanwhile, NADCs are an increasingly
important cause of morbidity and mortality among
PLHIV worldwide. For example, a study conducted in
the US reported that during 2001 to 2015, 9-2% of
deaths in PLHIV were attributable to NADCs, in com-
parison with 5-0% of deaths attributable to AIDS-defin-
ing cancers” During the same time period, the
population-attributable fractions of mortality for
NADCs rose from 7-2% to 11-8%.” Similar findings
were also reported by cohorts studies from Turkey® and
China.?

The first meta-analysis on this topic was published in
2007 and based on seven studies,” and the latest
updated meta-analysis was published in 2009 and
additionally included six studies.”” Both reviews
reported an elevated incidence for the majority types of
NADCs among PLHIV compared with the general
population, especially for cancers related to infection
and smoking.'”"" However, the latest meta-analysis
searched studies published until March 2009, which is
now more than a decade old. There was a limited num-
ber of studies available for subgroup analyses to explore
the impact of patients’ demographic and clinical charac-
teristics on the incidence of NADCs. Additionally, stud-
ies included in these reviews were all from developed
settings.’”"" Results and conclusions derived from the
two reviews might have limited representativeness from
a global perspective, as most of PLHIV are living in
developing settings. During the past ten years, a large
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amount of new evidence has emerged around the
world.”” ™ Thus, there is a need for an updated meta-
analysis to provide a more comprehensive review of the
morbidity of NADCs.

Several recent studies found that PLHIV have rela-
tively poorer prognosis and survival for some NADCs in
comparison with the general population.’>* For exam-
ple, studies conducted in the US reported elevated stan-
dardized mortality ratios (SMRs) for some common
NADCs, such as cancers of the liver, lung, and colon
and rectum in PLHIV.5®5® Understanding the risk of
death attributable to various NADCs could inform dis-
ease management and treatment among PLHIV. To the
best of our knowledge, however, so far there has been a
lack of summary and meta-analysed data on the mortal-
ity risk of NADCs among PLHIV.

To fill these knowledge gaps, we aimed to extend pre-
vious investigations on the incidence of NADCs among
PLHIV compared with the general population through
including all available literature and performing
detailed subgroup analyses. Besides, we aimed to pro-
vide the first summarized estimates regarding the mor-
tality of NADCs among PLHIV in comparison with the
general population.

Methods

Search strategy and selection criteria

This systematic review and meta-analysis was registered
in the PROSPERO International Prospective Register
of  systematic  reviews  (registration = number
CRD42020222020). We followed the PRISMA guide-
lines,’® and completed checklist could be found in the
appendix. We searched PubMed, EMBASE, Cochrane
library, and Web of Science for studies published as of 24
Jan 2022. References of relevant reviews and full-text
articles and included literature were screened for additional
studies that may have been missed. We used a combina-
tion of Medical Subject Headings and key words related to
HIV, cancer, incidence, and survival and adapted them to
different databases. The full search strategy for each data-
based is provided in the appendix.

We included studies if they were a cohort study or
registry linkage study of PLHIV, recruited predomi-
nately adults, compared the incidence or mortality of
NADCs in PLHIV and that in the general population;
reported or had sufficient data (i.e., standardised inci-
dence ratios [SIRs] or SMRs and 95% confidence inter-
vals [CIs]) to compute the observed and expected cases
of NADCs. Multiple publications deriving from a single
cohort study were included, and we used meta-analysis
with robust variance estimation (RVE) in conjunction
with three-level meta-analysis to deal with non-indepen-
dent effect sizes.° We excluded studies that only
treated all NADCs combined as a single outcome, only
reported outcomes for cancer precursor lesions, and did
not distinguish PLHIV from other populations.
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Two pairs of investigators (TY, YH, XZ, and LY)
independently performed the search and assessed each
study for inclusion. The titles and abstracts of retrieved
studies were first assessed for eligibility by two authors.
Potentially eligible studies were retained for full text
check, and inclusion was determined by reading the
full text of these studies. Disagreements were resolved
through discussion with a senior scientist (HZ).

Statistical analysis

Three investigators (XZ, LY, and YH) independently
extracted study-level characteristics for each study,
including study type, cohort name, first author, publica-
tion year, publication type, study country, study setting,
follow-up or registry-linkage duration, and sample size.
Study countries were grouped by WHO region and the
latest World Bank income level.”” We extracted observed
and expected number of incident cancer cases or death
cases by anatomical sites of cancer for calculation of
log.(SIR) or log.(SMR) and corresponding standard
errors. When the number of expected cases was not
reported, we calculated it by dividing the number of
observed cases by the reported SIR or SMR. In some
instances where neither the number of observed nor
expected cases was reported, they were calculated based
on reported SIRs or SMRs and their upper 95% confi-
dence intervals (Cls) by the following equation®*:

loge (upper 95%Cl)
= log.(SIR or SMR)
+1.96/ +/ the observed number of cases

We also extracted outcome data by subgroups as
reported by authors. Another investigator (T'Y) finally
checked the correctness of all the extracted or calculated
information, and disagreements were resolved through
discussion among the four investigators. When we were
unable to calculate required data, we contacted the cor-
responding author of the study to request the informa-
tion. Extracted sites of cancer were recoded, where
necessary, in accordance with the International Classifi-
cation of Diseases, 1oth Revision.®* We further grouped
NADCs by infection-related cancers and cancers
remotely relevant or irrelevant to infection.®*

The methodological quality of included studies was
assessed by a checklist consisting of 14 questions
adapted from the US National Institutes of Health Qual-
ity Assessment Tool for Observational Cohort and
Cross-sectional studies (appendix).”> One point was
assigned to each question if the study met that criterion,
thus the total score ranged from o to 14. We summa-
rized the overall quality of included studies in terms of
the median and interquartile range (IQR) of the total
scores. Two pairs of investigators (TY, YH, XZ, and LY)
independently assessed the study quality, and any
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disagreement was resolved by discussion with a senior
author (HZ).

When the outcome of a specific NADC was reported
by more than one independent studies, the pooled effect
sizes (i.e., SIRs or SMRs) together with their 95%CIs
were calculated using random-effects meta-analysis,
since we assumed a high potential for heterogeneity
across included studies.”® Conventional meta-analysis
assumes that individual effect sizes are independent.
However, violation of this assumption is a common
phenomenon, which could occur when multiple publi-
cations are derived from a same cohort study or data-
base, or when one study reports multiple effect
estimates for a same outcome among overlapped popu-
lations (e.g., three separate effect sizes across three peri-
ods of time). Selecting one effect size per independent
population either by random or according to a prede-
fined rule is a common approach to avoid such depen-
dence.®® But it is not an efficient approach in that not
all available information is used to address the research
question.®® To overcome this problem, we primarily
used RVE to handle non-independent effect sizes in our
meta-analysis. A major advantage of RVE is that it does
not require information on the exact form of depen-
dency, which is typically unknown.®>*®” Conversely, one
limitation of RVE is that when the number of studies is
small or moderate, CIs calculated from RVE could have
very large Type I error.”® In order to minimize this
bias, we implemented small sample adjustment pro-
posed by Tipton for all RVE analyses.®® Furthermore,
for outcomes with a very small number of studies (less
than five), if the dependence was caused by multiple
publications embedded in a same cohort, we only
retained the latest publication; if the dependence was
caused by one study reporting multiple effect sizes for a
same outcome among overlapped populations, we per-
formed a three-level meta-analysis.®®

We did subgroup analyses across different HIV risk
groups (i.e., men who have sex with men [MSM], injec-
tion drug users [IDU], and heterosexual individuals),
which might have different risk pattern but remain un-
synthesized by previous reviews. As surrogates for
immunodeficiency levels, we performed subgroup anal-
ysis for studies that compared PLHIV without an AIDS
diagnosis and PLHIV with an AIDS diagnosis, and that
compared cancer risks in time periods relative to an
individual’s onset of AIDS. AIDS is the most advanced
stage of HIV infection, represented by having a CD4 cells
being below 200 cells/mm?, or the presence of an AIDS-
defining condition (e.g., opportunistic infection).” The
AIDS case definition used in different studies might vary,
though none of the included studies reported the concrete
definition used. We also performed subgroup analyses by
income of country,” WHO region, sex, individual
HAART use, and time periods relative to HAART era,
which were categorized into four groups in total, accord-
ing to incuded studies reporting this subgroup

outcome’® #1715:23,24:2652734,49.60779 (e - 1980-1989:
no/limited antiretroviral therapy [ART]; 1990-1995: mono
and dual ART; 1996-2001: early HAART era; 2002-2013:
later HAART era).

We used I” statistic to assess the level of heterogene-
ity across included studies, with values of 25%, 50%,
and 75% representing low, moderate, and high hetero-
geneity, respectively. To explore potential source of het-
erogeneity across studies, we additionally performed
subgroup analyses by study design (registry linkage
study vs cohort study), study setting (population-based
vs hospital based), and sample size (< medium value vs
> medium value). We did not formally test publication
bias by using funnel plot or the Egger’s test, since these
techniques are not applicable in the setting of using
RVE.®® For sensitivity analysis, in the case of multiple
publications derived from a same cohort, we retained
the latest publication and only accounted for the depen-
dence resulting from one study reporting multiple effect
sizes for each outcome by using three-level meta-analy-
sis. We additionally performed sensitivity analysis
excluding studies of low quality (i.e., total quality assess-
ment score below the first quartile).

All data analyses were done using R version 4.1.2
with packages robumeta, metafor, and forestplot.

Role of the funding source

This study was supported by the Natural Science Foun-
dation of China Excellent Young Scientists Fund
[82022064], Natural Science Foundation of China
International/Regional Research Collaboration Project
[72061137001], the National Science and Technology
Major Project of China [2018ZX10721102], the Sanming
Project of Medicine in Shenzhen [SZSM2o01811071], the
High Level Project of Medicine in Longhua, Shenzhen
[HLPM2o190y020105], the Shenzhen Science and
Technology Innovation Commission Basic Research
Program [JCYJ20190807155409373], the Special Sup-
port Plan for High-Level Talents of Guangdong Prov-
ince [2019TQo05Y230], the Guangzhou Basic Research
Program on People’s Livelihood Science and Technol-
0gy [202002020005], and the National Natural Science
Foundation of China [82072265]. All funding parties
did not have any role in the design of the study or in the
explanation of the data. The corresponding author had
full access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

We identified 92 publications arising from 46 indepen-
dent studies (Figure 1). Forty-two studies (85 publica-
tions'> 5304097798171 only reported the outcome of
cancer-specific SIRs among PLHIV, four studies (6 pub-
lications™*>*""?) only reported the outcome of SMRs,
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23455 publications identified from PubMed,
Embase, Web of Science, and Cochrane Library

v

7420 duplicates excluded

A\ 4

16035 reports screened

A 4

15765 reports excluded (reviews, comments, case report,
case-control study, mathematic models, non-PLWHA study
population)

y

270 full-text reports assessed for eligibility

\4

2 reports included from screening
references of publications

180 reports excluded
45 duplicates
26 reviews, case series, reply, case-control study,
17 did not differentiate NADCs from ADCs
3 did not differentiate PLWHA from other populations
83 did not report SIR or SMR as outcomes
6 treated all NADCs as a combined outcome

v

47 studies (92 publications) included in meta-analysis
42 studies (85 publications) reported SIR
4 studies (6 publications) reported SMR
1 publication reported both SIR and SMR

Figure 1. Flow chart of selecting studies for inclusion.

Abbreviations: PLHIV, people living with HIV; NADCs, non-AlDS-defining cancers; ADCs, AIDS-defining cancers; SIR, standardised

incidence ratio; SMR, standardized mortality ratio.

and one study reported both the outcome of SIRs and
SMRs.

Details of included publications are in the supple-
mentary Table S1. Overall, included publications were
published between 1992 and 2022, with commencing
years of follow-up or linkage duration ranging from
1978 to 2010. The number of PLHIV included in each
publication ranged from 196 to 615150. Included stud-
ies predominately come from high-income countries
(85%, 39/46), and most of them were conducted in
Americas (41%, 19/46) and Europe (39%, 18/46). The
individual study estimates of cancer-specific SIRs or
SMRs are shown in the supplementary Tables S2 and
S3. The methodological quality of included studies was
largely acceptable, in that most studies scored eight
out of the 14 quality assessment items (median score
[IQR]: 8 [7-9]). Detailed quality assessment results for
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each included study can be found in supplementary
Table S4.

We meta-analysed the SIRs of a total of 40 types of
NADCs among PLHIV (Figure 2). Nearly all types of
the 20 infection-related NADCs occurred at increased
rates among PLHIV in comparison with the general
population. The highest summary SIRs were observed
in HPV-related cancers of the anogenital sites, includ-
ing cancers of the anus and anal canal (SIR 2833, 95%
CI 20-30-38.96, I = 93%), vulva and vagina (14-13, 7-58-
26-36, P =71%), and penis (7-60, 3-68-15-70, I* = 81%).
Cancers with markedly increased rates also included
Hodgkin lymphoma (10-83, 8.88-13-17, I* = 81%), eye
and adnexa cancer (8-97, 2-95-27-28, I = 83%), and
liver cancer (5-64, 4-42-7-19, I’ = 83%), which are
related with Epstein-Barr virus (EBV), human papillo-
mavirus (HPV), and hepatitis B/C virus (HBV/HCV)
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s s Numberel  tambrl ambrel s o9
A. Infection related cancers
Anus and anal canal 28.33 (20.30-38.96) HEH 27 82 7682 93
Vulva and vagina 14.13 (7.58-26.36) - 14 26 286 71
Hodgkin lymphoma 10.93 (9.05-13.20) ] 32 81 4293 81
Eye and adnexa 8.97 (2.95-27.28) —a— 9 20 103 83
Penis 7.60 (3.68-15.70) - 1" 17 203 81
Liver 5.54 (4.39-7.00) - 34 69 4664 83
Skin nonmelanoma 4.41 (2.80-6.92) HH 22 36 654 93
Nasal cavity, middle ear, and accessory sinuses ~ 3.29 (1.55-6.98) —— 7 10 64 64
Lip, oral cavity and pharynx 3.15(2.25-4.41) HEH 26 112 2973 80
Lip 2.85(1.47-5.54) - 6 16 135 72
Salivary glands 3.32(0.28-39.12) I | 4 5 83 89
Nasopharynx 3.06 (1.88-4.97) HlH 13 13 201 88
Tongue 2.44 (1.84-3.22) ] 8 12 147 38
Tonsil 2.32(1.74-3.09) HH 3 3 46 0
Oropharynx 2.23 (0.25-20.18) e B | 3 5 151 78
Uterus 2.61(1.05-6.52) . 12 18 218 86
Head and neck 2.06 (1.32-3.22) HlH 12 23 513 91
Larynx 2.21(1.50-3.24) =8 15 29 655 64
Esophagus 2.16 (1.35-3.46) HlH 17 27 451 87
Stomach 1.86 (1.36-2.54) HEH 24 52 716 70
B. Non-infection related cancers 0
Mesothelial and soft tissue 3.50 (2.10-5.81) HlH 14 36 355 66
Multiple myeloma 3.41(2.44-4.77) HEH 18 42 667 43
Biliary tract 3.19(0.78-13.02) e 5 7 50 76
Bone and joints 2.94 (1.53-5.64) i 12 18 57 53
Trachea, bronchus, and lung 2.48 (1.94-3.16) [ ] 38 99 10038 95
Leukaemia 2.81(2.18-3.62) i 22 7 1388 62
Brain and central nervous system 2.80 (1.80-4.37) HlH 23 50 877 92
Small intestine 2.53(1.15-5.54) i 8 12 79 45
Ovary 2.40 (1.53-3.77) HlH 15 24 183 54
Thymus, heart, mediastinum, and pleura 2.17 (0.90-5.21) —— 7 9 1532 62
Testis 2.10 (1.43-3.11) HilH 18 47 34 79
Pancreas 1.99 (1.32-3.01) HEH 19 35 519 73
Kidney and renal pelvis 1.47 (0.98-2.21) - 20 40 39 65
Gallbladder 1.39 (1.01-1.90) HH 3 3 596 0
Melanoma of skin 1.19 (0.89-1.61) 25 55 1165 63
Bladder 1.18 (0.82-1.68) 25 48 441 72
Colon and rectum 1.09 (0.79-1.51) 25 75 3501 93
Thyroid 0.98 (0.60-1.59) 20 33 308 64
Breast 0.91 (0.68-1.20) 29 56 3921 93
Prostate 0.81(0.63-1.05) 28 61 6570 79
I I [l [l 1
0.1 1 10 100 1000

SIR

Figure 2. Meta-analysis of standardised incidence ratio for non-AIDS-defining cancers.

Abbreviations: SIR, standardised incidence ratio; Cl, confidence interval.

In all the forest plots, the number of effect sizes refers to the number of single outcome estimates included in the meta-analysis,
some of them were non-independent because they derived from one same study cohort or cancer registry. The number of studies

refers to the number of independent cohort studies or registry linkage studies.

infection, respectively. A half of the 20 non-infection-
related NADCs occurred at increased rates in PLHIV,
including multiple myeloma, leukaemia, and cancers of
mesothelial and soft tissue, bone and joints, lung, brain,
small intestine, ovary, testis, and pancreas, with the
pooled point estimates of SIRs ranging from 2.0 to 3.5.
It is worth noting that PLHIV seem to have a lower risk
of developing cancers of breast and prostate compared
with the general population, although this difference
was not statistically significant (95%CIs overlap).

The increased SIRs for NADCs observed in main
meta-analyses were largely consistent in subgroup anal-
yses by the income level of country (Figure 3). Relatively

higher SIRs in high-come countries were also observed
for Hodgkin lymphoma, cancers of HPV-related ano-
genital sites, and liver cancer. Similar risk pattern was
also observed in the subgroup analysis by WHO regions
(supplementary Figure S1). Notably, the SIR for liver
cancer was significantly lower in Africa (0-81, 0-36-1-
80, I’ = 0%) compared with that in other WHO regions
(95%ClIs did not overlap), and the highest SIR was
observed in Europe (7-06, 5:04-9-87, I = 90%), though
there were only two existing studies from Africa.

In the subgroup analyses for SIRs by HIV risk
groups (Figure 4), IDU had higher SIRs for liver cancer
and lung cancer, while MSM had the highest SIR for

www.thelancet.com Vol 52 Month , 2022
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- High income

- Low and middle income

Number of Numberof ~ Number of Heterogenity
Cancer and SIR (95%Cl) observed cancers studies effect sizes (%)
A. Infection related cancers
Anus and anal canal
33.36 (25.34-43.91) 8152 L] 22 7 o
9.16(2.28-36.88) 92 - B 6 %
Vulva and vagina
19.84 (9.05-43.52) 266 —C— 9 21 68
6.02(3.89-9.33) 20 HEH 5 5 0
Hodgkin lymphoma
1185 (9.71-14.47) 5054 » 2 70 81
456 (3.07-6.84) 66 HIH 5 5 27
Eye and adnexa
9.39 (1.51-68.15) 75 - 4 13 72
6.60 (2.61-16.68) 28 —— 7 7 82
Penis
9.92 (4.15-23.74) 183 — 8 14 7
3,89 (1.38-10.94) 20 —— 3 3 82
Liver
6.61(5.10-8.57) 4735 - 25 54 80
3.42 (2216.27) 673 HEH 9 9 %
Skin nonmelanoma
4.48 (2.46-8.15) 540 -l 16 28 9
3.36 (221-6.11) 114 HEH 8 8 69
Lip, oral cavity and pharynx
3.24(2.17-4.84) 2844 HIH 19 87 79
3.38 (1.36-8.42) 201 - 6 20 82
Uterus
165 (0.50-5.48) 147 —HE— 8 14 80
4.98 (1.77-13.97) 2l — 4 4 92
Larynx
2.12(1.36-3.28) 625 HEH 13 25 68
1.98 (1.39-2.84) 30 T 4 4 4
Esophagus
1.99 (1.10-361) 312 - 1 18 8
1.90 (1.02-353) 139 = 9 9 87
Stomach
180 (1.27-2.55) 530 HH 7 40 57
2.01(1.33-3.03) 264 HAH 8 8 8
B. Non-infection related cancers
Mesothelial and soft tissue
3,95 (2.08-7.53) 319 - 9 2 54
2.91(0.85-9.97) 36 o 5 8 7
Multiple myeloma
383(271-5.42) 649 HEH 14 36 42
150 (0.95-2.39) 18 (- 6 6 0
Bone and joints
277(1.236.23) 32 - 8 12 13
183 (0.804.20) 25 Hm— 6 6 73
Trachea, bronchus, and lung
261(2.02:3.36) 10528 ] 29 83 9
3.21(2.204.70) 958 HIH 9 9 92
Leukaemia
2,65 (2.12:3.31) 1264 L] 7 67 57
358 (0.93-13.77) 124 — 5 10 77
Brain and central nervous system
2.24(1.42-3.54) 486 HEH 19 a4 9
551(3.18-9.57) 391 & 3 B 6 9
Small intestine
170 (053-5.48) il - 5 9 a7
370 (1.857.40) 8 - 3 3 0
Ovary
2.31(1.154.64) 156 i 10 18 66
232 (1.59-3.38) 27 HIH B 6 o
Thymus, heart, mediastinum, and pleura
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Figure 3. Subgroup analyses for SIRs by income levels of countries.
Abbreviations: SIR, standardised incidence ratio; Cl, confidence interval.

anal cancer, in comparison with other groups. Con-
versely, MSM had lower SIRs for cancers of lip, oral cav-
ity, and pharynx compared with heterosexual
individuals. In the subgroup analyses for SIRs by sex
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(supplementary Figure S2). The SIRs for cancers of the
lip, oral cavity and pharynx, esophagus, stomach, multi-
ple myeloma, lung, brain, kidney, and bladder, tended
to be higher among women than among men. In
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Figure 4. Subgroup meta-analysis for SIR by HIV transmission group.
Abbreviations: SIR, standardised incidence ratio; Cl, confidence interval.

contrast, the SIRs for anal cancer and breast cancer
appeared to be higher among men than among women.

In the subgroup analyses for SIRs by the degree of
immunodeficiency (supplementary Figure S3 and S4),
PLHIV with AIDS had relatively higher SIRs for all
infection-related NADCs and lung cancer, leukaemia,
and pancreatic cancer in comparison with those without
AIDS. Similarly, in the subgroup analysis by AIDS rela-
tive period, patients at AIDS period had the highest
SIRs compared with patients at other periods for nearly
all types of NADCs, with the exception for colorectal
cancer. Nevertheless, the numbers of studies available
for the two subgroup analyses were small with limited
statistical power.

Few studies were available for the subgroup analyses
by the individual use of HAART. PLHIV treated with
HAART tend to have higher SIRs for Hodgkin lym-
phoma compared with those not on HAART (supple-
mentary Figure Ss). At a population level
(supplementary Figure S6), the SIRs for cancers of

anus and anal canal, vulva and vagina, liver, and Hodg-
kin lymphoma tended to rise in the HAART era com-
pared to the pre-HAART era, whereas the opposite
trend was observed for cancers of uterus, brain and cen-
tral nerves system, and leukaemia.

We meta-analysed the SMRs of a total of nine types
of NADCs in PLHIV (Figure s5). Notably, PLHIV with
anal cancer had a substantially higher risk of mortality
in comparison with the general population (124-07, 27-
31—-563-72, P = 92%). Additionally, elevated meta-
SMRs in PLHIV compared with the general population
were observed for Hodgkin lymphoma (41-03, 2-
91—577-88, I* = 98%), liver cancer 836 (3-86—18-11,
I? = 76%), trachea, bronchus, and lung cancer (3-95, 1-
52-10-26, I? = 87%), and melanoma of skin (3-95, 1-
28—12-2, I? = 75%). We were unable to perform further
subgroup analyses for SMRs because of limited number
of studies available.

We observed moderate to high between-study hetero-
geneity for almost all main meta-analyses. In subgroup
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Figure 5. Meta-analysis of standardised mortality ratio for non-AIDS-defining cancers.
Abbreviations: SMR, standardised mortality ratio; Cl, confidence interval.

analyses, the high level of heterogeneity was substan-
tially reduced for most cancers in studies conducted in
low-income countries, cohort studies, and studies with
hospital-based setting (Figure 3, Supplementary Table 5
—7). In sensitivity analyses retaining one effect size from
each independent cohort study for each type of NADCs
(supplementary Figures S7 and S8), the main results of
the pooled SIRs and SMRs along with their corresponding
95%Cls remained robust. This is also the case for the sen-
sitivity analyses excluding studies of low quality (Supple-
mentary Table S8).

Discussion
In this meta-analysis, we found that PLHIV have an
increased risk of developing nearly all types of the 20
infection-related NADCs and half of the 20 non-infec-
tion-related NADCs compared to the general popula-
tion. This increased risk pattern was consistently
observed in a range of subgroup analyses by country
income levels, WHO regions, sex, and HIV risk groups,
and tend to be more predominant among those with
AIDS. PLHIV are more likely to die from anal cancer,
Hodgkin lymphoma, liver cancer, lung cancer, and skin
melanoma in comparison with the general population.
We found that NADCs with an infectious etiology
occur at greater rates among PLHIV than in the general
population, represented by cancers related with infec-
tion with HPV (cancers of anogenital sites, eye and
adnexa, head and neck), EBV (Hodgkin lymphoma and
nasopharyngeal cancer), and HBV/HCV (liver cancer).
This is in line with findings from two previous meta-
analyses,"”"" as well as individual studies with other
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designs using HIV-negative individuals as the reference
population.”"™* The elevated incidence of infection-
related NADCs might be largely due to HIV-induced
immunodeficiency and resultant reduced ability to fight
against the infection and proliferation of oncogenic
pathogens in PLHIV." Additionally, some behaviors
prevalent among PLHIV that could increase the risk
of co-infection with oncogenic viruses might also play
a part.

The highest SIR was observed for cancers of the ano-
genital sites, particularly anal cancer, most of which
evolve from HPV-induced preneoplastic lesions. These
might be attributable to the high incidence rate and low
clearance rate of HPV in PLHIV.9° A systematic review
and meta-analysis found that the incidences of overall
HPV infection and high-risk HPV infection are almost
doubled among PLHIV compared with HIV-negative
individuals, whereas the rate of HPV clearance was
halved.”™ Besides, both HPV and HIV are mainly trans-
mitted by unprotected sexual contact. This means that
people infected with HIV due to persistent and frequent
risky sexual behaviors also have a higher likelihood of
exposure to HPV, thereby higher risk of developing
HPV-related cancers of anogenital sites. This is espe-
cially the case for MSM, who tend to be more sexually
active compared with heterosexual individuals as indi-
cated by earlier sexual debut, multiple sexual partners,
and longer lifetime periods of acquiring new part-
ners."® This could explain the result of our subgroup
analysis that MSM had the highest SIRs for anal cancer
compared with other HIV risk groups. Similar findings
were reported from other sources."”"'® The high-coin-
fection rate is exacerbated by the low awareness of anal
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cancer screening in MSM and PLHIV, as well as the
lack of relevant anal cancer screening programs.”®™"*'

Similarly, the elevated risk of liver cancer among
PLHIV could be explained by high rates of co-infection
with HCV or HBYV attributable to risk behaviors com-
mon in PLHIV. Specifically, HCV, HBV, and HIV all
could be transmitted through sexual contact, sharing
drug-injection equipment, and transfusion of blood
products, contributing to a higher co-infection rate and
a higher risk of developing liver cancer.”**"** A global
systematic review and meta-analysis reported that the
prevalence of HCV infection was slightly elevated in
HIV-negative MSM (prevalence ratio 1-58, 95%CI 1-41-
2-01), but notably elevated in MSM with HIV (6-22,
5-14-7-29), in comparison with the general popula-
tion."*# Notably, the pooled HCV prevalence was sub-
stantially higher in MSM currently injected drugs (45-
6%, 21-6-70-7) than those who never injected drugs."**
Similar finding was reported by another meta-analysis
that the burden of HBV co-infection among PLHIV was
the highest among IDU."* This is in line with our sub-
group analysis that the elevated SIRs for liver cancer
were the highest in IDU, followed by MSM.

We found increased SIRs for a range of NADCs with
weak link with infection among PLHIV. This is largely
in line with findings from previous reviews."">® A
higher proportion of smokers in PLHIV than that in the
general population potentially contributed to a higher
incidence of cancers induced by smoking (e.g., lung
cancer).”” A meta-analysis conducted in 2016 reported
that the prevalence of current smokers in PLHIV in the
US was around 54%, nearly doubling the figure in US
adults (20-23%). Another meta-analysis also reported
high prevalence of behavior-related cancer risk factors
including smoking (41%) and alcohol consumption
(30%) among PLHIV in China."*”

Additionally, HIV-induced immunosuppression
itself might also be a risk factor for some non-infection-
related cancers. In fact, studies found that HIV infection
itself could induce oncogenesis by disturbing normal
cell cycle, altering oncogene regulation, and increasing
oxidative stress.®?”” Lastly, it was possible that AIDS-
related cancers could be misdiagnosed as some non-
infection-related NADCs, especially in the absence of
histological confirmation. For instance, Kaposi’s sar-
coma could be misdiagnosed with cancers of mesothe-
lial and soft tissue, and non-Hodgkin lymphoma could
be confused with brain cancer and leukemia.”®9*9°

We found that the pattern of increased SIRs was
largely consistent across countries of different income-
levels and WHO regions. This might reflect the success
in the rapid expansion of HAART program on a global
scale, therefore the prolonged life expectancy of PLHIV
in both high-income and low-and middle-income coun-
tries allows the development and onset of various
NADCs. The relatively higher SIRs for cancers of the
anogenital sites and Hodgkin lymphoma in developed

countries than in less developed countries might be due
to the higher proportion of older PLHIV in high-income
countries than in developing countries,”*® because age
is a key risk factor to cancer development.”® Another
possible explanation could be attributable to better diag-
nostic methods and higher frequency of cancer screen-
ing in developed countries compared with developing
countries. But these reasons cannot explain the absence
of intra-subgroup differences for other types of NADCs.
Different countries have different population age struc-
tures and cancer incidence rates in the general popula-
tion, making the comparison of SIRs difficult.

In our subgroup analysis by HIV risk groups, MSM
had lower SIRs for cancers of lip, oral cavity and phar-
ynx compared with heterosexual individuals. Interest-
ingly, one study conducted in England reported that
homosexual women have significantly increased risk for
oropharyngeal cancer compared with heterosexual
women, which was not observed when comparing
MSM with heterosexual men."” The collective evidence
indicates that having a female sex partner might be a
risk factor for oropharyngeal cancer. A possible explana-
tion might be the higher probability of HPV transmis-
sion via oral sex performed on the vulva or vagina than
oral sex performed on the penis as being reported by
previous studies.?"3’

Consistent with a previous meta-analysis,” we iden-
tified a relatively higher SIRs among HIV-infected
women than that among HIV-infected men for a range
of cancers (e.g., cancers of head and neck, larynx, stom-
ach, lung, bladder and kidney). The underlying reason
for this sex difference is less clear and warrants further
investigation from direct comparison in the form of
incidence rate ratios adjusted for age and period.”?* We
also found a lower incidence of breast cancer among
HIV-infected women compared with the general popula-
tion. Previous studies proposed that it might be because
HIV could bind to the chemokine receptor CXCR4
expressed by breast cancer cells and result in
apoptosis.”** But the reduced incidence in breast cancer
was not observed among male HIV-infected patients,
though the finding was only based on three studies. Simi-
larly, we observed a reduced risk of prostate cancer
among male PLHIV compared with the general popula-
tion. This could be due to a reduction in androgen levels
caused by HIV infection.”'® Alternatively, reduced risk
for cancers of both breast and prostate might reflect the
lower rate of screening for the two types of cancer in
PLHIV in comparison with the general population.”

Consistent with a previous meta-analysis,” we found
that the increased SIRs for various cancers tend to be
more pronounced among patients with AIDS versus
those with HIV only. We additionally compared the
SIRs at different periods relative to AIDS stage and sim-
ilar results were found. These might reflect that higher
immunosuppression level might enhance the risk of
developing NADCs. However, AIDS stage is only an
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indirect proxy of the degree of HIV-induced immuno-
suppression, and results of our comparisons are highly
likely to be confounded by age. A better option would be
investigating the relationship between CD4 cell counts
and the risks of various NADCs among PLHIV.

PLHIV treated with HAART were found to have rela-
tively higher SIRs for Hodgkin lymphoma than those
not using HAART. Similarly, we found a higher SIR for
Hodgkin lymphoma in the HAART era, especially in
early HAART era, compared with that in the pre-
HAART era. Results from a previous meta-analysis also
found elevated SIRs for kidney cancer and breast cancer
in the HAART era compared to the pre-HAART era."
However, none of these differences were statistically sig-
nificant. Conversely, previous studies using adjusted
incidence rates of Hodgkin lymphoma and comparing
the risk internally among PLHIV between HAART
users and nonusers, or between pre-HAART era and
HAART era, did not find these increases.”>"*# In fact,
HAART use can be heavily confounded by CD4 cell
count and other confounding factors, which were not
controlled by included studies. Moreover, it has been
argued that it could be problematic to directly compare
SIRs for Hodgkin lymphoma over time. Because the
dominant subtype of Hodgkin lymphoma in the general
population (nodular sclerosis) has a unique bimodal
age-specific pattern compared with the dominant sub-
types in PLHIV (mixed cellularity and lymphocyte-
depleted forms).”* Specifically, in the general popula-
tion, age-specific incidence of Hodgkin lymphoma
decreases between ages 30 to 6o years, whereas the
mean age of PLHIV have increased from 34.2 years in
pre-HAART era to just over 40 in the HAART era.”
The decreased background incidence results in the
increased SIRs for Hodgkin lymphoma in HAART
era.””® Similarly, although we observed higher SIRs in
the HAART era compared with that in pre-HAART era
for cancers of the anus and anal canal, vulva and liver,
we are unable to infer the potential toxicity of HAART
for the development of these cancers. Because there are
shifts in age distribution among PLHIV over time with
fewer elderly PLHIV pre-HAART era, which means that
SIRs were standardised to different age groups and
thereby incomparable.”*

We found PLHIV were more likely to die from five
(i.e., anal cancer, Hodgkin lymphoma, liver cancer,
lung cancer, and skin melanoma) out of the nine inves-
tigated NADCs compared with the general population.
This might be a result of relatively higher incidence of
these NADCs among PLHIV than that in the general
population. Another explanation could be due to more
advanced cancer stage at diagnosis in PLHIV."™ This
could result from the delay in seeking health care as
PLHIV may be afraid of facing HIV-related stigma from
health care providers.” Additionally, PLHIV receiving
chemotherapy could suffer from HIV-induced immuno-
deficiency and drug toxicities from both anti-cancer
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agents and HAART, leading to higher risk of infectious
complications and poorer survival.”

This study has several strengths. Compared with pre-
vious meta-analyses, our findings are of greater breadth
and depth. The number of studies included in this
meta-analysis more than double those of prior studies
meta-analyzing SIRs of cancers in PLHIV. This allows
us to investigate a broader range of cancers and conduct
more detailed subgroup meta-analyses to demonstrate
the consistency of elevated risks. Studies included in
our meta-analysis are from countries of broader geo-
graphic and economic diversities, increasing the gener-
alizability and representativeness of our results. We also
conducted subgroup analysis for SIRs stratified by
WHO regions and country income levels, thereby pro-
viding a comprehensive overview on a global scale.
Additionally, we for the first time provided synthesized
evidence for SMRs of various NADCs among PLHIV.
Lastly, by using RVE and multilevel meta-analysis, we
were in a position to both properly handle non-indepen-
dence and make use of all available evidence.

Findings from this study are subject to several limita-
tions. First, studies included in our meta-analyses are
predominately registry linkage studies. The complete-
ness of cancer, HIV, and death registration as well as
the accuracy of linkage could sway the accurateness of
our results. Second, we specifically included only stud-
ies using SIRs or SMRs to measure the risk of NADCs.
This prevented us from providing a more accurate and
direct comparison across different subgroups because
risk ratios might be standardised to different back-
ground populations. Evidence from studies using other
measures of estimate (e.g., rates ratio, hazards ratio)
adjusted for important confounders is also informative,
and could be even more relevant in terms of investigat-
ing important factors (e.g., CD4 cell count, HAART
use) impacting the risk of NADCs in PLHIV. Addition-
ally, there might exist misclassification between some
NADCs and AIDS-defining cancers in included studies.
Fourth, due to inadequate information provided by
included studies, we were unable to account for other
cancer risk factors, cancer screening, and cancer histo-
logical subtypes that might confound our findings. Due
to the same reason, we were unable to investigate the
relationship between more direct indicators of HIV-
induced immunosuppression, such as CD4 cell count
and HIV viral load, and incidence or mortality of
NADCs. Similarly, the impact of using different
HAART regimens on cancer incidence and mortality
remain unexplored. This is especially relevant given
that new antiretroviral agents for PLHIV are continu-
ously made available. Fifth, some of our findings ought
to be considered as preliminary in that they were based
on a small number of studies. Besides, results of our
subgroup analysis were impacted by unadjusted con-
founding factors, especially age, across groups. Sixth,
we only searched for peer-reviewed journal articles
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published in English, and did not search for grey litera-
ture. This might aggravate the issue of publication bias
in our results, which was unable to be assessed in our
RVE meta-analyses. Lastly, findings from our meta-anal-
yses are subject to moderate to high between-study het-
erogeneity and potential publication bias.

More well-designed clinical cohort studies of PLHIV
are needed to better clarify the role of HIV-induced
immunodeficiency and HAART on the risk of develop-
ing and dying from various NADCs.”® Such cohort
studies should ideally have long-term follow up and
detailed individual record of known cancer risk factors,
biomarkers of immunodeficiency, and treatment regi-
mens. Further meta-analyses could be conducted to syn-
thesize other types of estimates measuring the
association between HAART use or the degree of HIV-
induced immunodeficiency indicated by CD4 cell counts
and the risk of NADCs among PLHIV. Similarly, more
studies directly comparing the risk of NADCs across rele-
vant subgroups (e.g., age, sex, HIV risk groups) adjusted
for confounders are needed. Besides, only 16% of identi-
fied studies were from low-and middle-income countries,
and few studies were from Africa and Southeast Asia
where HIV/AIDS conflicts high disease burdens. More
evidence from these resource-limited regions is needed.

Our findings suggest that aside from timely initia-
tion of HAART, there is also a need for heightened pri-
mary, secondary, and tertiary prevention efforts for
NADCs among PLHIV. Special attention should be
paid to NADCs occurring at high rate among high-risk
populations (e.g., anal cancer in MSM and liver cancer
in injection drug users), with a focus on monitoring
and modifying risk behaviors that could increase the
risk of developing NADCs. Specific strategies to prevent
leading NADCs could include vaccination against onco-
genic viruses (e.g., HPV and HBV), treatment of co-
infections, health education to modify risky lifestyles
and behaviors, screening for cancer precursors, and
enhanced monitoring and management of PLHIV with
cancer.”®”" Special efforts to improve cancer screening
and treatment service should be invested for PLHIV fac-
ing stigma (e.g., MSM, injection drug users) and those
having other barriers, particularly financial barriers, to
access to cancer care. Although PLHIV may have free
access to HIV treatment in many countries, they rarely
enjoy quality cancer screening and treatment. Notably,
few of these plausible cancer prevention strategies (e.g.,
early screening, vaccination) are at scale in resource-lim-
ited countries with high burden of HIV. Mathematical
modelling studies could be developed to evaluate the
cost-benefit and cost-effectiveness of these cancer pre-
vention programs among PLHIV or specific sub-popula-
tions in different countries.*#
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