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Simple Summary: Most children infected with HIV live in Sub-Sahara Africa (SSA). These children
are at risk of cancers related to HIV infection, but the degree of this risk and how it is influenced by
antiretroviral therapy (ART) is unknown. In this study, we determined the subtypes, incidence, and
risk factors of cancers in children with HIV in SSA and receiving ART with the goal of learning how
we may prevent these cancers. We found that Kaposi sarcoma and lymphoma are the most common,
comprising about 77% and 19% of cancers in these children, respectively. For every 100,000 person-
years, 47.6 children developed cancer. Waiting to start ART until after 2 years old and having had
severe immunosuppression were the two biggest risk factors for cancer that we identified. The
findings justify the recommendations to start children on ART as soon as they are diagnosed with
HIV regardless of their CD4 immune status.

Abstract: Approximately 91% of the world’s children living with HIV (CLWH) are in sub-Saharan
Africa (SSA). Living with HIV confers a risk of developing HIV-associated cancers. To determine the
incidence and risk factors for cancer among CLWH, we conducted a nested case-control study of
children 0-18 years from 2004-2014 at five centers in four SSA countries. Incident cases of cancer
and HIV were frequency-matched to controls with HIV and no cancer. We calculated the incidence
density by cancer type, logistic regression, and relative risk to evaluate risk factors of cancer. The
adjusted incidence density of all cancers, Kaposi sarcoma, and lymphoma were 47.6, 36.6, and 8.94
per 100,000 person-years, respectively. Delayed ART until after 2 years of age was associated with
cancer (OR = 2.71, 95% CI 1.51, 4.89) even after adjusting for World Health Organization clinical
stage at the time of enrolment for HIV care (OR = 2.85, 95% CI 1.57, 5.13). The relative risk of cancer
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associated with severe CD4 suppression was 6.19 (p = 0.0002), 2.33 (p = 0.0042), and 1.77 (p = 0.0305)
at1,5, and 10 years of ART, respectively. The study demonstrates the high risk of cancers in CLWH
and the potential benefit of reducing this risk by the early initiation of ART.

Keywords: pediatric; HIV-associated cancers; Kaposi sarcoma; lymphoma; antiretroviral therapy;
sub-Sahara Africa

1. Introduction

An estimated 1.7 million children under 15 years old are infected with human immun-
odeficiency virus (HIV) worldwide, 91% of them in sub-Saharan Africa (SSA) [1]. With
improved access to antiretroviral therapy (ART) and the adequate treatment of opportunis-
tic infections in recent decades, the survival of children with HIV infection in SSA has
improved significantly. Accordingly, the relative significance of non-infectious complica-
tions of HIV infection including pediatric HIV-associated cancers as causes of morbidity
and mortality in children living with HIV (CLWH) has increased. Kaposi sarcoma (KS) and
lymphoma are the most common pediatric HIV-associated cancers [2-5].

Only a small proportion of CLWH in the United States develop cancer [6]. The
predisposing factors for cancer in the context of pediatric HIV infection remain unclear.
Hence, there are no precise, evidence-based clinical strategies for primary prevention
and early detection of pediatric HIV-associated cancers [7]. Possible contributions to the
increased risk of cancers in CLWH may include immune dysregulation, uncontrolled HIV
replication, impaired tumor immune surveillance, and a high incidence of co-infection
with other oncogenic viruses such as Epstein-Barr virus (EBV) and Human herpes virus
type 8 (HHVS) [8,9]. There is also some evidence that HIV proteins or HIV viremia directly
contribute to oncogenesis, regardless of host immune status [10].

Among adults living with HIV, antiretroviral therapy has been shown to alter the
natural history and phenotypes of HIV-associated cancers [11,12]. The incidence of KS
and non-Hodgkin lymphoma (NHL) decreases about 3-fold and 2-fold, respectively, in
adults on ART [13-15]. However, the risk of HIV-associated cancers remains higher in
adults with HIV than in HIV negative adults, even after prolonged use of ART, suppression
of HIV viral load, and restoration of CD4 lymphocyte counts [16]. Furthermore, some
studies in adults have found that immune reconstitution is associated with increased risk
of occurrence and mortality from KS, NHL, and Hodgkin lymphoma after commencing
ART [13,17-20]. The biological factors that underlie HIV-associated oncogenesis after
prolonged, effective ART are not clear. Specific ART agents such as protease inhibitors and
others may have specific properties that repress tumorigenesis [21]. However, it is plausible
that the effects of HIV on host immune homeostasis and other oncogenic pathways may
be permanent. Therefore, the timing of ART initiation regardless of immune function
and clinical complications may be critical to prevent the future development of cancer.
On the other hand, there is a putative risk of specific ART agents, such as nucleoside or
non-nucleoside analogs, inducing malignant mutagenesis; this has been shown in in vitro
studies and animal models, but has not been examined in clinical studies [22].

This study aimed to determine the incidence and risk factors associated with cancer
in CLWH in four countries in SSA by utilizing data from five pediatric HIV treatment
centers. These HIV clinical centers of excellence are part of Baylor College of Medicine
International Pediatric AIDS Initiative (BIPAI) at Texas Children’s Hospital, a large multi-
national network for pediatric HIV care and treatment with clinical centers of excellence in
six countries in SSA [23]. A further understanding of the modifiable risk factors of cancers
among CLWH may allow for interventions to reduce the incidence of cancers, and, hence,
mortality in CLWH in SSA.
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2. Materials and Methods
2.1. Study Design and Study Population

We conducted a nested case-control study using data from an observational clinical
cohort of CLWH aged 0-18 years who enrolled in HIV care between January 2004 and
December 2014 at five BIPAI centers in four SSA countries: Botswana (Gaborone), Malawi
(Lilongwe), Tanzania (Mwanza and Mbeya), and Uganda (Kampala). Following diagnosis
with HIV, children in the clinical cohort were initiated on ART and provided comprehensive
HIV care and treatment following respective country guidelines. This study population
is representative of children with HIV in multiple regions in SSA, both in the early ART
era (~2004-2008) when children typically presented with symptomatic HIV and AIDS-
defining diseases and were started on ART after manifesting severe immunosuppression,
and the latter ART era (~2009-2014) when children were typically diagnosed with HIV
through early infant screening and diagnosis and started on ART as soon as a diagnosis
of HIV is made. Children enrolled in care were followed longitudinally with routine and
sick clinic visits. During follow-up visits, children were reviewed for the presence of any
complications including cancers. Clinical data for these patients were managed using a
standardized electronic medical record (EMR) system.

2.2. Cases

Cases were defined as CLWH aged 0-18 years and diagnosed with any cancer. Cases
were identified through searching BIPAI clinics’ EMR for the following terms: “cancer”,
“malignancy”, “neoplasm”, “tumor”, “Kaposi”, “sarcoma”, “lymphoma”, “Burkitt”, and
“Hodgkin”. Cancer diagnoses were confirmed by reviewing histopathology reports when
available. Diagnoses were annotated by the most specific pathology diagnosis on the report.
For example, whereas some children had a very specific type of lymphoma such as “Burkitt
lymphoma”, others had a broader diagnosis such as “non-Hodgkin lymphoma”. Only
incident cancer cases (defined for this study as at least three months after enrollment in

HIV care) were included in the nested case-control analysis.

2.3. Controls

Controls were CLWH aged 0-18 years and without a diagnosis of cancer during the
follow-up period. Controls were selected using incidence density sampling (ratio 1:5) and
matched on follow-up time and sex.

2.4. Study Variables and Definition

The variables considered in the analysis of risk factors included: date of ART initiation,
age at ART initiation, ART regimen(s), WHO HIV clinical stage at ART initiation, and
CD4 lymphocyte nadir. CD4 counts were categorized into immune suppression levels
for age according to WHO classification [24]. The primary outcomes were diagnosis of
cancer including type. Other variables that were considered for adjustment in the multi-
variable model, had to meet certain criteria: (1) clinical or biological importance; (2) data
available; (3) association with cancer on univariate analysis. The site/country variable
was eliminated because of low clinical and biological significance and risk of differential
misclassification between countries due to differences in cancer suspicion or diagnosis
capability. The sex variable did not meet the association criterion on univariate analysis.
The variable for type of ARV regimen was eliminated because of very small sample size on
protease inhibitors. The variable for time to CD4 normalization was deemed to have a high
likelihood of misclassification bias because CD4 counts were not performed at regular and
standardized /same intervals for all children.

2.5. Statistical Analysis

We used the SAS 9.4 statistical package (SAS Institute Inc., Cary, NC, USA) to perform
all analyses in this study. We summarized the baseline characteristics of the cases and con-
trol groups using descriptive statistics. We calculated the incidence density and risk factors
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associated with cancer. Crude incidence density rates were adjusted to the World standard
population to calculate World age-standardized rates per 100,000 person-years [25].

To evaluate the association of putative risk factors and cancer, we used conditional
logistic regression to compute odds ratios (unadjusted and adjusted, where applicable). We
plotted and compared incidence density curves for key risk factors to estimate the relative
risk of cancer at 1, 5, and 10 years from enrolment into HIV care at the BIPAI center. We
used Gray’s test to assess whether incidence density curves were the same or different
at all time points. All hypothesis test computations included 95% confidence intervals
(95% CI) to estimate the precision of associations and p-values to estimate the robustness of
the statistical models, which were considered robust if p-value < 0.05.

Ethical approval was obtained from Baylor College of Medicine (codes H-25403,
H-26616, H-27755, H-32491, H-32678) in addition to each of the relevant institutional
review boards in Botswana, Malawi, Tanzania, and Uganda.

3. Results
3.1. Incidence of Cancer among CLWH Receiving ART

From January 2004 through December 2014, CLWH in care at BIPAI centers in Botswana,
Malawi, Tanzania, and Uganda contributed 98,394 person-years of follow-up, and
427 children were diagnosed with cancer. There were 117 incident cases of cancer dur-
ing the study period, accounting for crude incidence density of 119 (95% CI 97.4, 140.4) and
a World age-standardized rate of 47.6 cancer cases per 100,000 person-years of CLWH. The
demographic characteristics of incident cancer cases and controls in the cohort are summa-
rized in Table 1. Histopathological diagnosis was ascertained for 69.9% of incident cases.

Table 1. Demographic characteristics of nested incident cases and controls.

Incident Cases (n = 117) Controls (n = 1488)
Follow-up time (Years) 1.5,2.28 1,50, 2.34
(median, mean)
Age at enr.ollment (Years) 56,69 19 63
(median, mean)
Sex
Male (1, %) 70 (59.83%) 915 (61.49%)
Female (1, %) 47 (40.17%) 573 (38.51%)
Country
Botswana (1, %) 8 (6.84%) 31 (2.08%)
Malawi (1, %) 45 (38.46%) 651 (43.75%)
Tanzania (1, %) 7 (5.98%) 0 (0.00%)
Uganda (1, %) 57 (48.72%) 806 (54.17%)
Period of registration in HIV care
2004-2008 (1, %) 43 (36.75%) 486 (32.66%)
2008-2014 (1, %) 74 (63.25%) 1002 (67.34%)

3.2. Subtypes of Cancer

Table 2 summarizes the distribution of subtypes of cancer in this cohort by prevalent
versus incident cases in relation to enrollment into HIV care at BIPAI centers.

KS was the most incident cancer—in 76.92% (n = 90) of children with crude inci-
dence density of 91.5 (95% CI 74.4, 112.5) and a World age-standardized rate of 36.6 KS
cases per 100,000 person-years. There were 22 incident cases of lymphoma, of which
17 were NHL (14.53%) and 5 were Hodgkin lymphoma (4.27%), representing a crude
incidence density of 17.3 NHL cases per 100,000 person-years, (95% CI 10.7, 27.8), and
5.1 Hodgkin lymphoma cases per 100,000 person-years, (95% CI 2.1, 12.2). The World age-
standardized rate of lymphomas was 8.9 per 100,000 person-years. Leukemia accounted for
only 0.85% (n = 1) of incident cases representing a World age-standardized rate of 0.4 cases
per 100,000 person-years. Non-lymphoid solid tumors included brain tumor, soft tissue
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sarcoma, nasopharyngeal carcinoma, osteosarcoma and retinoblastoma. These tumors
contributed 3.42% of all incident cases.

Table 2. Distribution of subtypes of cancer among children with HIV infection in the Baylor College of Medicine International
Pediatric AIDS Initiative (BIPAI) cohort.

Prevalent Cases . _ Crude Incidence Adjusted 2 Incidence
Cancer Subtype =310 Incident Cases n =117 Density ! (95% CI) Density ! (95% CI)
Kaposi Sarcoma 226 (72.90%) 90 (76.92%) 91.5(74.4,112.5) 36.6 (26.5, 50.5)
Non-Hodgkin o o
Lymphoma 18 (5.80%) 17 (14.53%) 17.3 (10.7, 27.8) 8.9 (4.7,17.0)
Hodgkin Lymphoma 2 (0.65%) 5 (4.27%) 5.1(2.1,12.2)
Leukemia 1 (0.32%) 1 (0.85%) 1.0(0.2,5.7) 0.4 (0.0,4.6)
Solid Tumors 3 5 (1.61%) 4 (3.42%) 4.1 (1.5,10.8) N/A

! Incidence density units are “Per 100,000 person-years.” > Adjusted to the World age-standardized rate. 3 Solid Tumors included brain
tumor, fibrosarcoma, nasopharyngeal carcinoma, osteosarcoma, retinoblastoma, rhabdomyosarcoma.

3.3. Risk Factors for Cancer in Children with HIV Infection

Table 3 summarizes the association of cancer and risk factors in children with HIV in-
fection.

Table 3. Risk factors for cancer in children with HIV infection in the BIPAI cohort.

. . .
Risk Variable HIV:‘;dlf;“cer HIZE‘;&“C“ 0dds Ratio (95% CI) Ad’“s‘t‘(*;iso/:)cdl‘)is Ratio
Age at ART initiation
0-2 years 13 (11.11%) 377 (25.34%) - -
>2 years 104 (88.89%) 1111 (74.66%) 2.71(1.51, 4.89) ** 2.84 (1.57,5.13) **
CD4 nadir
Normal 15 (12.82%) 223 (14.99%) - -
Mild 7 (5.98%) 203 (13.64%) 0.51 (0.19, 1.24) 0.52(0.21, 1.31)
Advanced 23 (19.66%) 306 (20.56%) 1.12 (0.58, 2.23) 1.12 (0.57, 2.19)
Severe 72 (61.54%) 756 (50.81%) 1.42 (0.82,2.61) 1.44 (0.81, 2.57)
WHO Stage at
enrollment ***
I-II 56 (73.68%) 912 (84.92%) - N/A
v 20 (26.32%) 162 (15.08%) 2.01 (1.18, 3.44) **

* Adjusted for WHO stage at time of enrollment in care. ** p < 0.05. *** 41 cases and 414 controls had missing WHO clinical stage data.

3.3.1. Age at Initiation of ART and Cancer Risk

Delayed commencement of ART until after 2 years of age was associated with 2.71-fold
higher odds of cancer compared to starting before or at 2 years of age, (95% CI1 1.51, 4.89,
p =0.0009). When adjusted for WHO clinical stage at time of enrolment, the odds of
developing cancer if ART was commenced after 2 years of age increased to 2.84, (95% CI
1.57,5.13, p = 0.0006). The risk of cancer associated with delayed ART was also present after
adjusting for CD4 nadir, (aOR = 2.51, 95% CI 1.38, 4.58, p = 0.0027). We also analyzed the
incidence density function of cancer against timing of commencement of ART to examine
how the risk associated with delayed commencement of ART changed over time. Figure 1
shows the incidence density curve of cancer by age at the commencement of ART.

The relative risk of cancer for children who started ART after 2 years of age was
4.28-fold higher (95% CI1.19, 15.41, p = 0.021) in the first year after enrollment, waned over
time to 1.61 (95% CI 0.85, 3.06, p = 0.141) by 5 years, and 0.87 (95% CI 0.50, 1.50, p = 0.607
by 10 years in the cohort.
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Figure 1. Incidence density function of cancer in children with HIV in BIPAI cohort by age at start of ART. *: p < 0.05.

3.3.2. CD4 Nadir and Cancer Risk

CD4 lymphocyte nadir had a complex association with cancer in this cohort. Although
there was a trend of increasing odds of cancer by severity of CD4 nadir, none passed the
threshold for statistical significance in this cohort. However, temporal analysis of the risk
of cancer by CD4 nadir revealed a 3.53-fold and 6.19-fold relative risk of cancer at 1 year for
advanced and severe CD4 nadir, respectively, compared to normal CD4 nadir (Figure 2).

The risk of cancer waned to insignificance by 5 years for the advanced CD4 nadir
category. However, for the severe CD4 nadir category, the risk of cancer persisted at 5 years
(RR =2.33, 95% CI [1.27, 4.11], p = 0.0042) and at 10 years (RR = 1.77, 95% CI [1.04, 3.02],
p = 0.0305).
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Figure 2. Incidence density function of cancer in children with HIV infection by CD4 Nadir during HIV care. *: p < 0.05.

4. Discussion

Based on a large, multi-center, multi-country cohort of CLWH across four countries in
Eastern and Southern Africa, this study quantified the putative high incidence of cancers
and identified risk factors for cancers in this population. The World age-standardized
rate of 47.6 cancer cases per 100,000 person-years of CLWH in our study is approximately
3.5-fold higher than the estimated incidence of cancer in the general population of children
0-19 years in SSA of 13.5 per 100,000 person-years [26,27]. The relative incidence of cancer in
CLWH was highest for KS. Compared to the World age-standardized rate of KS in children
0-14 years in SSA of 0.35 cases per 100,000 person-years, the World age-standardized rate
of 36.6 in this cohort equates to a 104-fold higher incidence of KS. Similarly, the proportion
of KS among cancers in these children was 13-fold greater than the approximately 5.91%
seen in the general population of this age group in SSA [28]. The World age-standardized
rate of lymphoma in these CLWH (8.94) was about 9-fold that of the general population
of SSA children (0.98) [28]. Whereas it is suspected that the risk of lymphoma would
vary by histological subtype such as NHL versus Hodgkin lymphoma, and, among NHL,
Burkitt versus diffuse large B cell lymphoma [29,30], it was not feasible to determine these
differences due to the low specificity of diagnoses and small number of lymphoma cases.
The World age-standardized rate of leukemia was 68% lower in this cohort than in the
general population of SSA children, suggesting lower incidence or poor detection [28].

This study identified delayed commencement of ART and severe CD4 lymphocyte
nadir at any point during the life of CLWH as critical risk factors for developing cancer.
The expansion of access to ART to CLWH in SSA over the past two decades has been a
major public health intervention with wide-ranging benefits on the reduction of oppor-
tunistic infections and mortality in this population [31,32]. The association of severe CD4
suppression with cancer in the early years of HIV treatment of these children is consistent
with the attribution of the benefits of ART in the prevention of opportunistic cancers to
the restoration of the adaptive immune response [33]. Notably, this study found that an
early initiation of ART, before age 2 years, was associated with significantly lower odds of
developing cancer, independent of CD4 lymphocyte nadir and WHO HIV clinical stage.
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This finding supports the theory that other distortions of the adaptive immune system that
are not measured by CD4 lymphocyte levels contribute to cancer predisposition in CLWH.
Alternatively, it is possible that HIV directly predisposes to oncogenic events independent
of its immunodysregulation mechanisms [34]. These findings further justify the current
WHO recommendation to commence ART in children with HIV infection as soon as a diag-
nosis is made rather than after overt immunosuppression or advancing clinical stage. They
also support the high value of screening mothers and newborns in high-risk populations
for HIV infection [35,36].

Moreover, our results show that the relative risk of cancer in children with HIV is
highest in the early years of life or infection. Although age and duration of infection
are virtually indistinguishable in children because the vast majority acquire HIV through
mother-to-child vertical transmission at birth, it is reassuring that the incidence density
of cancer and impact of severe CD4 suppression or delayed ART waned over time with
continued care and ART. However, there may be later peaks in HIV-associated cancer risk
in adolescence or adulthood that require longer follow-up than reported in this cohort.

The overall patterns of cancer types and risk factors that we identified in this study
are consistent with a records linkage study by Bohlius et al. (2016) that evaluated 29,348 pe-
diatric HIV person-years and 24 incident cases of cancer in children with HIV infection in
South Africa [37]. With 98,394 pediatric HIV person-years and 117 incident cancer cases,
this study provides a more statistically robust perspective on incidence, types, and risk
factors of cancer in children with HIV in SSA.

4.1. Limitations

Despite the large cohort size and access to comprehensive data in this cohort, the
specificity of cancer diagnoses was a significant limitation, as it is in SSA generally [38—40].
The differences in rate of incident cancer cases in various BIPAI country centers as demon-
strated in Table 1 is likely a result of differences in capability to suspect and diagnose
cancers in CLWH. The case definition and classification of subtypes of cancer in this co-
hort were in some cases based on clinical history and examination only, without tissue
histopathology (69.9% of incident cases had histopathological diagnosis in this cohort).
Moreover, we found a differential tendency to more often diagnose KS clinically compared
to lymphoma. Although the clinical diagnosis of KS is common practice in SSA with a posi-
tive predictive value of 77% in some studies, the current WHO standard is morphology and
LANA immunohistochemistry of tissue biopsy [38,41]. In the case of lymphoma, this is a
heterogenous group of cancers that particularly differ in immunophenotype depending on
host immune status [42]. Unfortunately, none of the centers in this study had routine access
to immunohistochemistry or other pathology tests to subtype the lymphomas. Thus, future
studies should evaluate risk factors of each subtype differently. It was also not possible
to evaluate the impact of protease inhibitors on risk of cancer in this cohort because only
5 of the 1605 children in the nested case-control sample ever received protease inhibitors as
part of their ART, and none of the 5 developed cancer during the follow-up period.

This study used an arbitrary cut-off of three months from the time of enrollment in
HIV care to cancer diagnosis to distinguish incident from prevalent cancer cases. It is
not feasible to pinpoint the subclinical latent period of the types of cancers observed in
this cohort, particularly because the children have other systemic illness and there are no
evidence-based screening tests for these cancers. Cancers in HIV patients have been shown
to occur prior to ART, and very early or long after commencing ART [43]. Furthermore,
HIV viral load was rarely performed in this cohort. It would be a useful variable to examine
the direct relationship between the level of viremia and cancer risk, regardless of immune
function. Nevertheless, the study cohort is uniquely advantaged to study rare outcomes
of pediatric HIV such as cancer because of the standardized care and EMR system in a
multi-country setting in SSA. Future studies will focus on the prospective identification and
ascertainment of cancer diagnoses using gold-standard criteria and assays of biomarkers
of risk and screening of cancer in children with HIV infection on ART.
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4.2. Conclusions

HIV is a strong predisposing factor to specific cancers in children in SSA. Antiretroviral
therapy is a disease-modifying therapy that is expected to reduce the incidence of cancers
in these children. This study quantifies the incidence of cancer in CLWH. This study also
provides preliminary evidence for starting ART as early as possible and preventing severe
CD4 lymphocyte suppression to reduce the risk of cancer in CLWH. This study suggests
that the benefits of ART in cancer prevention go beyond restoration of CD4 lymphocyte
suppression and are long-standing, at least through childhood, if therapy is continued.
With the rapidly changing paradigm in funding of HIV care in SSA, it is critical that HIV
treatment policies and programs such as routine maternal screening, prevention of mother-
to-child transmission, monitoring of exposed newborns, and “diagnose and treat” are
maintained to prevent complications such as cancer.

Author Contributions: Conceptualization, H.H., J.L., and M.E.S.; methodology, HH., ].L., M.ES.,
PE. and S.B.; software, S.B.; formal analysis, H.H., ].L., M.E.S., PE. and S.B.; resources, ].L., M.E.S.,
ARK., MM., M.BM., LM., SRW,, and G.E.S.; data curation, HH., JM.B,, LR.C., EM.K,, G.PK,,
C.AR. and ].S.S.; writing—original draft preparation, H.H. and ]J.L.; writing—critical review and
editing, JM.B.,, LR.C,, PE,, NK.E.-M,, EM K, PSM.,, C. AR, ]S.S. and M.E.S,; visualization, S.B.
and J.L.; supervision, J.L. and M.E.S.; funding acquisition, J.L. and M.E.S. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by National Institutes of Health/National Cancer Institute, P30
CA125123-09S3 (P30 Supplement for HIV-related Malignancies) and National Institutes of Health,
National Cancer Institute U54 CA254569.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board of Baylor College of
Medicine (protocol codes H-25403, H-26616, H-27755, H-32491, and H-32678) in addition to each of
the relevant local institutional review boards in Uganda, Malawi, Tanzania, and Botswana).

Informed Consent Statement: Waiver of informed consent was provided since this study was
retrospective in nature and conducted using de-identified data.

Data Availability Statement: Data is not publicly available and is the property of each respective
Ministry of Health and the authors do not have approval to share these data outside of our analyses.

Acknowledgments: The authors wish to thank the children and caregivers who are served through BI-
PAI clinical centers and all the front-line clinical staff who have cared for them over the years. The au-
thors also acknowledge the contributions of the following individuals to this work: Peter N. Kazembe,
Mercy Minde, Carl E. Allen, David G. Poplack, John Dudley, and Eunji Jo.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. UNAIDS. Global HIV & AIDS Statistics—2019 Fact Sheet. Available online: https://www.unaids.org/sites/default/files/media_
asset/UNAIDS_FactSheet_en.pdf (accessed on 10 October 2020).

2. Biggar, R].; Frisch, M.; Goedert, ].J. Risk of cancer in children with AIDS. AIDS-Cancer Match Registry Study Group. JAMA 2000,
284, 205-209. [CrossRef]

3. Chiappini, E.; Berti, E.; Gianesin, K.; Petrara, M.R.; Galli, L.; Giaquinto, C.; de Martino, M.; De Rossi, A. Pediatric human
immunodeficiency virus infection and cancer in the highly active antiretroviral treatment (HAART) era. Cancer Lett. 2014, 347,
38-45. [CrossRef] [PubMed]

4. Simard, E.P,; Shiels, M.S.; Bhatia, K.; Engels, E.A. Long-term cancer risk among people diagnosed with AIDS during childhood.
Cancer Epidemiol. Biomark. Prev. 2012, 21, 148-154. [CrossRef] [PubMed]

5. Alvaro-Meca, A ; Micheloud, D.; Jensen, J.; Diaz, A.; Garcia-Alvarez, M.; Resino, S. Epidemiologic trends of cancer diagnoses
among HIV-infected children in Spain from 1997 to 2008. Pediatr. Infect. Dis. ]. 2011, 30, 764-768. [CrossRef] [PubMed]

6.  Shiels, M.S,; Pfeiffer, RM.; Hall, H.L; Li, J.; Goedert, ].J.; Morton, L.M.; Hartge, P.; Engels, E.A. Proportions of Kaposi sarcoma,
selected non-Hodgkin lymphomas, and cervical cancer in the United States occurring in persons with AIDS, 1980-2007. JAMA
2011, 305, 1450-1459. [CrossRef] [PubMed]

7. The Pediatric AIDS-Defining Cancer Project Working Group for IeDEA Southern Africa, TApHOD, and COHERE in EuroCoord;

Rohner, E.; Schmidlin, K.; Zwahlen, M.; Chakraborty, R.; Clifford, G.; Obel, N.; Grabar, S.; Verbon, A.; Noguera-Julian, A.; et al.


https://www.unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_en.pdf
https://www.unaids.org/sites/default/files/media_asset/UNAIDS_FactSheet_en.pdf
http://doi.org/10.1001/jama.284.2.205
http://doi.org/10.1016/j.canlet.2014.02.002
http://www.ncbi.nlm.nih.gov/pubmed/24513180
http://doi.org/10.1158/1055-9965.EPI-11-0823
http://www.ncbi.nlm.nih.gov/pubmed/22068287
http://doi.org/10.1097/INF.0b013e31821ba148
http://www.ncbi.nlm.nih.gov/pubmed/21494172
http://doi.org/10.1001/jama.2011.396
http://www.ncbi.nlm.nih.gov/pubmed/21486978

Cancers 2021, 13, 1379 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kaposi Sarcoma Risk in HIV-Infected Children and Adolescents on Combination Antiretroviral Therapy From Sub-Saharan
Africa, Europe, and Asia. Clin. Infect. Dis. 2016, 63, 1245-1253. [CrossRef] [PubMed]

Engels, E.A.; Biggar, R.]J.; Hall, HL; Cross, H.; Crutchfield, A.; Finch, J.L.; Grigg, R.; Hylton, T.; Pawlish, K.S.; McNeel, T.S.;
et al. Cancer risk in people infected with human immunodeficiency virus in the United States. Int. ]. Cancer 2008, 123, 187-194.
[CrossRef] [PubMed]

Engels, E.A.; Sinclair, M.D.; Biggar, R.J.; Whitby, D.; Ebbesen, P.; Goedert, ].J.; Gastwirth, J.L. Latent class analysis of human
herpesvirus 8 assay performance and infection prevalence in sub-saharan Africa and Malta. Int. ]. Cancer 2000, 88, 1003-1008.
[CrossRef]

Zoufaly, A.; Stellbrink, H.J.; Heiden, M.A.; Kollan, C.; Hoffmann, C.; van Lunzen, J.; Hamouda, O.; ClinSurv Study Group.
Cumulative HIV viremia during highly active antiretroviral therapy is a strong predictor of AIDS-related lymphoma. J. Infect.
Dis. 2009, 200, 79-87. [CrossRef]

Patel, P; Hanson, D.L.; Sullivan, P.S.; Novak, R M.; Moorman, A.C.; Tong, T.C.; Holmberg, S.D.; Brooks, ].T.; Adult and Adolescent
Spectrum of Disease Project and HIV Outpatient Study Investigators. Incidence of types of cancer among HIV-infected persons
compared with the general population in the United States, 1992-2003. Ann. Intern. Med. 2008, 148, 728-736. [CrossRef]

Engels, E.A.; Pfeiffer, RM.; Landgren, O.; Moore, R.D. Immunologic and virologic predictors of AIDS-related non-hodgkin
lymphoma in the highly active antiretroviral therapy era. J. Acquir. Immune Defic. Syndr. 2010, 54, 78-84. [CrossRef]

Franceschi, S.; Lise, M.; Clifford, G.M.; Rickenbach, M.; Levi, F.; Maspoli, M.; Bouchardy, C.; Dehler, S.; Jundt, G.; Ess, S.; et al.
Changing patterns of cancer incidence in the early- and late-HAART periods: The Swiss HIV Cohort Study. Br. J. Cancer 2010,
103, 416-422. [CrossRef] [PubMed]

Cobucci, R.N.; Lima, PH.; de Souza, P.C.; Costa, V.V.; Cornetta Mda, C.; Fernandes, J.V.; Goncalves, A.K. Assessing the impact of
HAART on the incidence of defining and non-defining AIDS cancers among patients with HIV/AIDS: A systematic review. |.
Infect. Public Health 2015, 8, 1-10. [CrossRef]

Bohlius, J.; Schmidlin, K.; Costagliola, D.; Fatkenheuer, G.; May, M.; Caro-Murillo, A.M.; Mocroft, A.; Bonnet, F.; Clifford,
G.; Karafoulidou, A.; et al. Incidence and risk factors of HIV-related non-Hodgkin’s lymphoma in the era of combination
antiretroviral therapy: A European multicohort study. Antivir. Ther. 2009, 14, 1065-1074. [CrossRef]

Yanik, E.L.; Achenbach, C.J.; Gopal, S.; Coghill, A.E.; Cole, S.R.; Eron, ].].; Moore, R.D.; Mathews, W.C.; Drozd, D.R.; Hamdan, A.;
et al. Changes in Clinical Context for Kaposi’s Sarcoma and Non-Hodgkin Lymphoma Among People With HIV Infection in the
United States. J. Clin. Oncol. 2016, 34, 3276-3283. [CrossRef] [PubMed]

Lanoy, E.; Rosenberg, P.S,; Fily, F,; Lascaux, A.S.; Martinez, V.; Partisani, M.; Poizot-Martin, I.; Rouveix, E.; Engels, E.A.; Costagliola,
D.; et al. HIV-associated Hodgkin lymphoma during the first months on combination antiretroviral therapy. Blood 2011, 118,
44-49. [CrossRef] [PubMed]

Jaffe, H-W.; De Stavola, B.L.; Carpenter, L.M.; Porter, K.; Cox, D.R.; Collaboration, C. Immune reconstitution and risk of Kaposi
sarcoma and non-Hodgkin lymphoma in HIV-infected adults. AIDS 2011, 25, 1395-1403. [CrossRef]

Bower, M.; Nelson, M.; Young, A.M.; Thirlwell, C.; Newsom-Davis, T.; Mandalia, S.; Dhillon, T.; Holmes, P.; Gazzard, B.G.;
Stebbing, J. Immune reconstitution inflammatory syndrome associated with Kaposi’s sarcoma. J. Clin. Oncol. 2005, 23, 5224-5228.
[CrossRef]

Yanik, E.L.; Napravnik, S.; Cole, S.R.; Achenbach, C.J.; Gopal, S.; Olshan, A.; Dittmer, D.P,; Kitahata, M.M.; Mugavero, M.].; Saag,
M.; et al. Incidence and timing of cancer in HIV-infected individuals following initiation of combination antiretroviral therapy.
Clin. Infect. Dis. 2013, 57, 756-764. [CrossRef]

Maksimovic-Ivanic, D.; Fagone, P.; McCubrey, ].; Bendtzen, K.; Mijatovic, S.; Nicoletti, F. HIV-protease inhibitors for the treatment
of cancer: Repositioning HIV protease inhibitors while developing more potent NO-hybridized derivatives? Int. J. Cancer 2017,
140, 1713-1726. [CrossRef]

Sussman, H.E.; Olivero, O.A.; Meng, Q.; Pietras, S.M.; Poirier, M.C.; O’Neill, ].P; Finette, B.A.; Bauer, M.J.; Walker, V.E. Genotox-
icity of 3'-azido-3'-deoxythymidine in the human lymphoblastoid cell line, TK6: Relationships between DNA incorporation,
mutant frequency, and spectrum of deletion mutations in HPRT. Mutat. Res. 1999, 429, 249-259. [CrossRef]

Damonti, ].; Doykos, P.; Wanless, R.S.; Kline, M. HIV/AIDS in African children: The Bristol-Myers Squibb Foundation and Baylor
response. Health Aff. (Millwood) 2012, 31, 1636-1642. [CrossRef] [PubMed]

World Health Organization. WHO Case Definitions of HIV for Surveillance and Revised Clinical Staging and Immunologic
Classification of HIV-Related Disease in Adults and Children. Available online: https://apps.who.int/iris/handle/10665/43699
(accessed on 10 October 2020).

Segi, M.; Fujisaku, S.; Kurihara, M.; Narai, Y.; Sasajima, K. The age-adjusted death rates for malignant neoplasms in some selected
sites in 23 countries in 1954-1955 and their geographical correlation. Tohoku |. Exp. Med. 1960, 72, 91-103. [CrossRef] [PubMed]
Steliarova-Foucher, E.; Colombet, M.; Ries, L.A.G.; Moreno, E; Dolya, A.; Bray, F; Hesseling, P.; Shin, H.Y.; Stiller, C.A.;
Contributors, I. International incidence of childhood cancer, 2001-2010: A population-based registry study. Lancet Oncol. 2017, 18,
719-731. [CrossRef]

Ward, Z.].; Yeh, ] M.; Bhakta, N.; Frazier, A.L.; Atun, R. Estimating the total incidence of global childhood cancer: A simulation-
based analysis. Lancet Oncol. 2019, 20, 483—493. [CrossRef]

Stefan, C.; Bray, F,; Ferlay, J.; Liu, B.; Maxwell Parkin, D. Cancer of childhood in sub-Saharan Africa. Ecancermedicalscience 2017,
11, 755. [CrossRef]


http://doi.org/10.1093/cid/ciw519
http://www.ncbi.nlm.nih.gov/pubmed/27578823
http://doi.org/10.1002/ijc.23487
http://www.ncbi.nlm.nih.gov/pubmed/18435450
http://doi.org/10.1002/1097-0215(20001215)88:6&lt;1003::AID-IJC26&gt;3.0.CO;2-9
http://doi.org/10.1086/599313
http://doi.org/10.7326/0003-4819-148-10-200805200-00005
http://doi.org/10.1097/01.qai.0000371677.48743.8d
http://doi.org/10.1038/sj.bjc.6605756
http://www.ncbi.nlm.nih.gov/pubmed/20588274
http://doi.org/10.1016/j.jiph.2014.08.003
http://doi.org/10.3851/IMP1462
http://doi.org/10.1200/JCO.2016.67.6999
http://www.ncbi.nlm.nih.gov/pubmed/27507879
http://doi.org/10.1182/blood-2011-02-339275
http://www.ncbi.nlm.nih.gov/pubmed/21551234
http://doi.org/10.1097/QAD.0b013e3283489c8b
http://doi.org/10.1200/JCO.2005.14.597
http://doi.org/10.1093/cid/cit369
http://doi.org/10.1002/ijc.30529
http://doi.org/10.1016/S0027-5107(99)00111-6
http://doi.org/10.1377/hlthaff.2012.0425
http://www.ncbi.nlm.nih.gov/pubmed/22778353
https://apps.who.int/iris/handle/10665/43699
http://doi.org/10.1620/tjem.72.91
http://www.ncbi.nlm.nih.gov/pubmed/13749685
http://doi.org/10.1016/S1470-2045(17)30186-9
http://doi.org/10.1016/S1470-2045(18)30909-4
http://doi.org/10.3332/ecancer.2017.755

Cancers 2021, 13, 1379 11 of 11

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Lubega, J. Endemic Burkitt lymphoma is not associated with HIV infection: What is the carcinogenesis of the tumor? In Proceed-
ings of the 27th Annual Meeting of the International Association of Cancer Registries: Cancer in Low-Resource Populations,
Entebbe, Uganda, 13-15 September 2005.

Lubega, J. T-helper 1 versus T-helper 2 lymphocyte immunodysregulation is the central factor in genesis of Burkitt lymphoma:
Hypothesis. Infect. Agents Cancer 2007, 2, €10. [CrossRef]

Brady, M.T.; Oleske, ].M.; Williams, P.L.; Elgie, C.; Mofenson, L.M.; Dankner, W.M.; Van Dyke, R.B.; Pediatric AIDS Clinical Trials
Group219/219C Team. Declines in mortality rates and changes in causes of death in HIV-1-infected children during the HAART
era. J. Acquir. Immune Defic. Syndr. 2010, 53, 86-94. [CrossRef]

Vuppula, S.; Tyungu, D.; Kaul, A.; Chandwani, S.; Rigaud, M.; Borkowsky, W. Thirty-year Perspective of the Long-term Survival,
CD4 Percentage and Social Achievements of Perinatally HIV-infected Children as a Function of Their Birth Era. Pediatr. Infect.
Dis. J. 2017, 36, 198-201. [CrossRef]

Montagnani, C.; Chiappini, E.; Bonsignori, F.; Galli, L.; de Martino, M. Long-term effect of highly active antiretroviral therapy on
immunologic features in children. Pediatr. Infect. Dis. . 2015, 34, S3-S6. [CrossRef]

Dolcetti, R.; Gloghini, A.; Caruso, A.; Carbone, A. A lymphomagenic role for HIV beyond immune suppression? Blood 2016, 127,
1403-1409. [CrossRef]

WHO. Consolidated Guidelines on the Use of Antiretroviral Drugs for Treating and Preventing HIV Infection. Available online:
https:/ /www.who.int/hiv/pub/guidelines /arv2013/art/statartchildren/en/ (accessed on 2 October 2020).

McCollum, E.D.; Preidis, G.A.; Golitko, C.L.; Siwande, L.D.; Mwansambo, C.; Kazembe, PN.; Hoffman, I.; Hosseinipour, M.C.;
Schutze, G.E.; Kline, M.W. Routine inpatient human immunodeficiency virus testing system increases access to pediatric human
immunodeficiency virus care in sub-Saharan Africa. Pediatr. Infect. Dis. ]. 2011, 30, e75—e81. [CrossRef]

Bohlius, J.; Maxwell, N.; Spoerri, A.; Wainwright, R.; Sawry, S.; Poole, J.; Eley, B.; Prozesky, H.; Rabie, H.; Garone, D.; et al.
Incidence of AIDS-defining and Other Cancers in HIV-positive Children in South Africa: Record Linkage Study. Pediatr. Infect.
Dis. ]. 2016, 35, e164—e170. [CrossRef] [PubMed]

Amerson, E.; Woodruff, C.M.; Forrestel, A.; Wenger, M.; McCalmont, T.; LeBoit, P.; Maurer, T.; Laker-Oketta, M.; Muyindike, W.;
Bwana, M.; et al. Accuracy of Clinical Suspicion and Pathologic Diagnosis of Kaposi Sarcoma in East Africa. J. Acquir. Immune
Defic. Syndr. 2016, 71, 295-301. [CrossRef] [PubMed]

Ogwang, M.D.; Zhao, W.; Ayers, L.W.; Mbulaiteye, S.M. Accuracy of Burkitt lymphoma diagnosis in constrained pathology
settings: Importance to epidemiology. Arch. Pathol. Lab. Med. 2011, 135, 445-450. [CrossRef] [PubMed]

Orem, J.; Sandin, S.; Weibull, C.E.; Odida, M.; Wabinga, H.; Mbidde, E.; Wabwire-Mangen, F.; Meijer, C.J.; Middeldorp, ].M.;
Weiderpass, E. Agreement between diagnoses of childhood lymphoma assigned in Uganda and by an international reference
laboratory. Clin. Epidemiol. 2012, 4, 339-347. [CrossRef]

Pantanowitz, L.; Grayson, W.; Simonart, T.; Dezube, B.J. Pathology of Kaposi’s sarcoma. J. HIV Ther. 2009, 14, 41-47.

Little, R.F,; Dunleavy, K. Update on the treatment of HIV-associated hematologic malignancies. Hematol. Am. Soc. Hematol. Educ.
Program 2013, 2013, 382-388. [CrossRef]

Pipkin, S.; Scheer, S.; Okeigwe, 1.; Schwarcz, S.; Harris, D.H.; Hessol, N.A. The effect of HAART and calendar period on Kaposi’s
sarcoma and non-Hodgkin lymphoma: Results of a match between an AIDS and cancer registry. AIDS 2011, 25, 463—471.
[CrossRef]


http://doi.org/10.1186/1750-9378-2-10
http://doi.org/10.1097/QAI.0b013e3181b9869f
http://doi.org/10.1097/INF.0000000000001393
http://doi.org/10.1097/INF.0000000000000659
http://doi.org/10.1182/blood-2015-11-681411
https://www.who.int/hiv/pub/guidelines/arv2013/art/statartchildren/en/
http://doi.org/10.1097/INF.0b013e3182103f8a
http://doi.org/10.1097/INF.0000000000001117
http://www.ncbi.nlm.nih.gov/pubmed/26906162
http://doi.org/10.1097/QAI.0000000000000862
http://www.ncbi.nlm.nih.gov/pubmed/26452066
http://doi.org/10.5858/2009-0443-EP.1
http://www.ncbi.nlm.nih.gov/pubmed/21466360
http://doi.org/10.2147/CLEP.S35671
http://doi.org/10.1182/asheducation-2013.1.382
http://doi.org/10.1097/QAD.0b013e32834344e6

	Introduction 
	Materials and Methods 
	Study Design and Study Population 
	Cases 
	Controls 
	Study Variables and Definition 
	Statistical Analysis 

	Results 
	Incidence of Cancer among CLWH Receiving ART 
	Subtypes of Cancer 
	Risk Factors for Cancer in Children with HIV Infection 
	Age at Initiation of ART and Cancer Risk 
	CD4 Nadir and Cancer Risk 


	Discussion 
	Limitations 
	Conclusions 

	References

