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ABSTRACT

Objectives: Investigate trends over time and predictors of malignancies among children and
young people with HIV

Design: Pooled data from 17 cohorts in 15 countries across Europe and Thailand

This is an open access article distributed under the terms of the Creative Commons
Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
permissible to download and share the work provided it is properly cited. The work cannot be
changed in any way or used commercially without permission from the journal.



Methods: Individuals diagnosed with HIV and presenting to paediatric care <18 years of age
were included. Time at risk began at birth for children with documented vertically-acquired
HIV, and from first HIV-care visit for others. Children were followed until death, loss-to-
follow-up, or last visit in paediatric or adult care (where data after transfer to adult care were
available). Rates of reported malignancies were calculated overall and for AIDS-defining
malignancies (ADM) and non-AIDS-defining malignancies (NADM) separately. Risk factors
for any malignancy were explored using Poisson regression, and for mortality following a
malignancy diagnosis using Cox regression.

Results: Among 9,632 individuals included, 140 (1.5%) were ever diagnosed with a
malignancy, of which 112 (80%) were ADM. Overall, the rate of any malignancy was 1.18
per 1,000 person-years; the rate of ADM decreased over time while the rate of NADM
increased. Male sex, being from a European cohort, vertically-acquired HIV, and current
severe immunosuppression, viral load >400 copies/mL, older age and, for those not on
treatment, earlier calendar year, were risk factors for a malignancy diagnosis. 58 (41%) of
individuals with a malignancy died, a median 2.4 months (IQR 0.6, 8.8) after malignancy
diagnosis.

Conclusion: The rate of ADM has declined since widespread availability of combination
ART, although of NADM there was a small increase. Mortality following a malignancy was
high, warranting further investigation.
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INTRODUCTION

Cancer is relatively rare in childhood in the general population, with the incidence rate to 19
years of age across Western and Eastern Europe estimated at 0.14 per 1,000 person-years [1].
However, as a result of immunosuppression, systemic inflammation, persistent HIV viremia,
and increased susceptibility to oncogenic viruses such as Epstein-Barr Virus (EBV) and
human herpesvirus 8 (HHV-8), people living with HIV are at higher risk of some
malignancies, including both those considered AIDS-defining (ADM), such as Kaposi
sarcoma and non-Hodgkin Lymphoma, and non-AIDS-defining (NADM), such as Hodgkin
Lymphoma [2, 3].

In adults living with HIV, studies have reported declining incidence of ADM but increasing
incidence of NADM in recent years [4-6]. However, children who acquire HIV vertically
have lifelong exposure to the virus, and their long-term risk of malignancies is unclear, with
the only studies that have followed them into young adulthood limited by small sample sizes
[7]. Studies in children have shown those on antiretroviral therapy (ART) and initiating ART
at younger ages are at lower risk [8-10]. In this study, we describe rates, risk factors for



malignancy and mortality following a malignancy diagnosis in children and young people in
the European Pregnancy and Paediatric Infections Cohort Collaboration (EPPICC).

METHODS

Seventeen observational cohorts in EPPICC from 15 countries across Europe and Thailand
contributed individual-level demographic, clinical, laboratory and treatment-related data,
which were pseudo-anonymised and pooled electronically using a modified HIV Cohorts
Data Exchange Protocol (HICDEP, www.hicdep.org). All cohorts received approval from
local/national ethics committees.

All children diagnosed with HIV, presenting to paediatric HIV care before 18 years of age,
and with >1 day of follow-up were included. Time at risk began at birth for those with
vertically-acquired HIV, or on the date first seen in HIV care (defined as their first CD4, viral
load, use of ART or AIDS-defining event) for those with other or unknown modes of
acquisition as date of HIV infection was often unknown. Data after transfer to adult care were
available for some individuals, but if not they were censored at their last visit in paediatric
care. Individuals were followed until death, loss to follow-up, drop out from cohort (for
example, if they moved clinic), or their last visit prior to 1* October 2016.

None of the contributing cohorts are linked to cancer registries, and so data on malignancy
events were collected from routine HIV healthcare records. Cervical intraepithelial neoplasia,
a precancerous condition, was not included in the analysis. Malignancies were categorised as
ADM or NADM based on the US Centers for Disease Control and Prevention (CDC) 2014
surveillance criteria [11]. The number and rate (per 1,000 person-years, PY) of malignancy
events were summarised over calendar time, overall and separately for ADM and NADM. To
allow for the possibility of multiple malignancy diagnoses, rates were calculated as the
number of malignancy events divided by the total duration of follow-up. Rates were
presented among all patients, as well as among patients on ‘stable ART’, defined as those on
ART for at least 6-months, who currently had viral load <400 copies/mL and with no HIV-
related immunosuppression (defined based on World Health Organization (WHO) criteria as
CD4>35% for those age <1 year; >30% for 1-<3 years; >25% for 3-<5 years; >500 cells/mm’
for >5 years [12]). Rates of specific malignancies were presented where >1 event was
reported. Characteristics at the time of malignancy diagnoses were compared among those
with an ADM or NADM, using a chi-squared or Fisher’s exact test (where numbers were <5)
for categorical variables and Wilcoxon’s rank-sum test for continuous variables.

Risk factors for any malignancy were explored using Poisson regression. Factors considered
included sex, region of cohort (UK/Ireland, Thailand, Russia/Ukraine, rest of Europe), mode
of HIV acquisition (vertical vs. other). In addition, the following time-updated characteristics
were considered (with measurements carried forward up to 12 months): current ART status
(not initiated ART vs. <6 months since ART initiation vs. >6 months since ART initiation),
current calendar year (<1996 vs. 1996-2003 vs. 2004-2009 vs. >2010), current age (<5 vs. 5-
<10 vs. 10-<15 vs. >15 years), current WHO immunological stage (severe vs. not severe,



with severe immunosuppression defined based on WHO criteria as CD4 <25% for those age
<1 year; <20% for age 1-<3 years; <15% for 3-<5 years; <200 cells/mm” or <15% for >5
years [12]), current viral load (<400 copies/mL vs. >400 copies/mL), and current BMI (body
mass index)-for-age z-score (>2 vs. -2 to 2 vs. <-2, based on WHO reference data [13]).
Ethnicity and place of birth could not be included given that one of the areas of focus was
comparing by region, and there were few children born abroad or from different ethnic
groups in Thailand and Russia/Ukraine; the effects of these variables in the other cohorts
were explored in a supplementary analysis. Two-way interactions between current ART
status, calendar year and age were considered, using a cut-off of p=0.15 for inclusion.
Associations were explored using univariable models, and all factors were included in a
multivariable model. Missing data on sex (missing for <1% of patients), mode of HIV
acquisition (5% of patients) and current immunological stage (48% of patient-time), viral
load (48% of patient-time) and BMI-for-age z-score (66% of patient-time) were imputed
using multiple imputation with chained equations; 20 imputed datasets were created, and
coefficients combined using Rubin’s rules [14]. Risk factors for ADM and NADM were
subsequently explored separately, using the same methods.

The probability of all-cause mortality by 3 years after malignancy diagnosis was estimated
using Kaplan-Meier methods, overall and by calendar year. Cox regression was used to
explore associations between mortality and the following (at malignancy diagnosis, and
categorised as above if not specified): calendar year, malignancy type (ADM vs. NADM)),
recent presentation to HIV care (<6 months vs. >6 months), sex, region, mode of HIV
acquisition, age, ART status, WHO immunological stage and BMI-for-age z-score.

Events occurring prior to the date first seen in HIV care (n=1) or with unknown diagnosis
date (n=3) in those with other/unknown mode of infection were excluded from all analyses.
Further, children with vertically-acquired HIV who had an event with unknown diagnosis
date (n=4) were included in the overall malignancy rate, but excluded from analyses of the
rate over calendar time and of risk factors .

Statistical analyses were conducted using Stata 16.1.
RESULTS

Overall, 9,632 patients had >1 day of follow-up in paediatric HIV care, and were therefore
included in this analysis (Table 1). 2,069 (21%) of patients were from UK/Ireland, 877 (9%)
from Thailand, 2,280 (24%) from Russia or Ukraine, and 4,406 (46%) from the rest of
Europe. The mode of HIV acquisition was documented as vertically-acquired for 8,352
(87%) patients, blood transfusion for 607 (6%), sexual contact for 83 (1%), other modes for
73 (1%), and was unknown for 517 (5%). 3,898 (40%) of children were white, 2,069 (21%)
were black African, 1,268 (13%) were of other ethnicity, and ethnicity was not reported for
2,397 (25%). The median duration of follow-up was 12.9 (interquartile range IQR 7.1, 17.5)
years, with a total of 118,418 PY of follow-up, of which 87,072 PY was among those born
within the country of their cohort and 28,946 PY those born outside. 8,779 (91%) patients



ever initiated ART. Calendar year of entry to HIV care ranged from 1980 to 2016. At last
follow-up, 4,299 (45%) patients were still in paediatric care, 1,650 (17%) had been lost to
follow-up, 747 (8%) had dropped out for other reasons, 915 (10%) had died in paediatric
care, and the remaining 2,021 (21%) had transferred to adult care, of whom 553 (27%) had
data available after transfer with a median duration of adult care follow-up of 2.8 (1.2, 5.0)
years.

140 (1.5%) patients had a malignancy event (Table 2). No patient experienced more than one
event. Of the 140 events, 112 (80%) were ADM, with the most common being non-Hodgkin
Lymphoma (n=83) and Kaposi sarcoma (n=25). A further 27 (19%) were NADM, including
Hodgkin Lymphoma (n=15) and hepatocellular carcinoma (n=2, one each in patients co-
infected with hepatitis B and C).

Across all events, two (1%) patients were diagnosed with a malignancy prior to entry to HIV
care, 8 (6%) were diagnosed at the same time as entry to HIV care, and 19 (14%) patients
were diagnosed within 6 months. Among these 29 patients, 22 acquired HIV through vertical
transmission (median age at malignancy diagnosis 5.1 [IQR 2.8, 9.4] years), 2 through blood
transfusion, 2 through sexual contact, and the mode of acquisition was unknown for 3.
Malignancy diagnoses among those born abroad were more likely to be before or soon after
entering HIV care, compared to those born within the country of cohort (12/31 [39%)] vs.
17/106 [16%], p=0.007). 5 events (4 non-Hodgkin Lymphoma and 1 hepatocellular
carcinoma) occurred after transfer to adult care, at a median (IQR) age of 24.4 (18.8, 24.9)
years.

A higher proportion of those with an ADM were diagnosed within 6 months of entry to HIV
care (23% [n=26] vs. 7% [n=2], p=0.106) and a lower proportion had previously been on
ART (62% [n=67] vs. 96% [n=26], p<0.001), compared to those with an NADM. Age (9.9
(IQR 4.6, 14.6) vs. 10.1 (8.0, 16.4) years, p=0.075), CD4% (15 (6, 23) vs. 19 (9, 25),
p=0.273) and the proportion with severe immunosuppression (58% vs. 36%, p=0.133) at
malignancy diagnosis were similar between with ADM and NADM.

Of the 25 children diagnosed with Kaposi sarcoma, 44% were male, 40% were of black
ethnicity, median age and CD4% at malignancy diagnosis were 10.4 (5.4, 14.3) years and 6
(2, 19) respectively. There were 11 events of Burkitts Lymphoma, of which 73% were in
males and 45% in those of white ethnicity, occurring at a median 14.3 (4.7, 17.7) years of age
and CD4% of 16 (10, 30).

Overall, the rate of any malignancy was 1.18 (95% confidence interval (CI) 1.00, 1.40) per
1,000PY, and was 0.35 (0.18, 0.68) among stable patients. Of ADM specifically, the rate
was 0.94 (0.79, 1.14) and of NADM was 0.23 (0.16, 0.33). The rates of non-Hodgkin
Lymphoma, Kaposi sarcoma and Hodgkin Lymphoma were 0.70 (0.57, 0.87), 0.21 (0.14,
0.31) and 0.13 (0.08, 0.21) respectively. The rate of any malignancy, ADM and NADM by
calendar time are shown in Figure 1. The rate of ADM was high and steady over time
between 1990/91 and 1996/97 (p=0.210; ranging between 2.37 and 3.02), after which it



dropped dramatically, ranging between 0.31 and 1.09 between 1996/97 and 2014/15, with a
slight continued decrease over time (p=0.064). The rate of NADM increased over time from
0.21 in 1994/95 to 0.53 in 2014/15 (p=0.060).

Risk factors for any malignancy are shown in Table 3. In multivariable analysis, females
(adjusted rate ratio aRR 0.63 (95% CI 0.45, 0.89) vs. males, p=0.009) and those from the
Thai cohort (aRR 0.16 (0.04, 0.69) vs. UK/Ireland, p=0.017) were at lower risk of a
malignancy. Individuals who did not acquire HIV vertically were at lower risk than those
who did so vertically (other modes of infection aRR 0.58 (0.31, 0.98) vs. vertical, p=0.049).
Those with current severe immunosuppression (severe immunosuppression aRR 3.95 (2.48,
6.29) vs. no severe immunosuppression, p<0.001) and viral load >400 copies/mL (aRR 1.80
(1.01, 3.71) vs. <400 copies/mL, p=0.027) were more likely to have a malignancy. There was
evidence of an interaction between current ART status and each of current calendar year and
current age (Figure 2). There was no change in risk over calendar time among those who
were not on ART (p=0.414) or who had been on ART <6 months (p=0.999), but among those
on ART for >6 months the risk decreased over time (1996-2003 aRR 0.41 (0.23, 0.74), 2004-
2009 aRR 0.25 (0.12, 0.51),>2010 aRR 0.22 (0.10, 0.51) vs. <1996, p=0.001). There was a
strong increase in risk with increasing current age among those not on ART or on ART for <6
months, although less of an increase among those on ART >6 months. There was no evidence
of an effect of current BMI-for-age z-score (p=0.114). In a supplementary analysis for
individuals from the UK/Ireland and rest of Europe regions, there was no evidence of an
effect of ethnicity or place of birth in the adjusted model (p=0.588, =0.955 respectively, data
not shown).

Risk factors for ADM and NADM are shown in Supplementary Tables 1 and 2,
http://links.Iww.com/QAD/C163. Risk factors for ADM were similar to those for any
malignancy. For NADM, only immunosuppression and mode of infection were found to be
associated; those with current severe immunosuppression were at higher risk (aRR 2.91
(1.06, 7.97) vs. not severe, p=0.038) as were, in contrast to risk factors for any malignancy,
those who did not acquire HIV vertically (aRR 3.13(1.01, 9.74) vs. vertical, p=0.049).

Overall, 58 (41%) patients with a malignancy event were reported to have died. Three deaths
occurred in children with an unknown date of malignancy event, and the remaining 55 died at
a median 2.4 (IQR 0.6, 8.8) months [range 0.0, 18.8 years] after malignancy diagnosis. Of 10
deaths among patients with an NADM, 8 (80%) were reported to be due to their non-AIDS
defining malignancy, and 2 (20%) due to an AIDS-defining event. Of 44 deaths among
patients with an ADM, 27 (61%) were due to an AIDS-defining event, 9 (20%) were reported
as HIV-related, 2 (5%) due to an invasive bacterial infection, and the cause was unknown for
6 (14%).

The probability of death by 3 years after diagnosis was 41.1% (95% CI 33.1%, 50.3%).
Those diagnosed with a malignancy before 1996 were more likely to die by 3 years (68.0%
(51.9%, 83.1%)), with no change over time from 1996 onwards (30.6% (19.7%, 45.6%),
25.2% (12.1%, 47.8%), 33.7% (17.5%, 58.6%) for 1996-2003, 2004-2009 and after 2010



respectively) (Supplementary Figure 1, http://links.lww.com/QAD/C163). In multivariable
analysis, only earlier calendar year of malignancy diagnosis and vertically-acquired HIV
were associated with higher risk of mortality (Supplementary Table 3,
http://links.lww.com/QAD/C163).

DISCUSSION

In this analysis of nearly 10,000 patients seen in paediatric HIV care across Eastern and
Western Europe and Thailand, we assessed rates and risk factors for malignancies and
malignancy outcomes among children and young people living with HIV. The rate of ADM
declined markedly following the introduction and widespread availability of combination
ART for children in 1996, with some evidence of an increase in NADM, although rates were
similar to those of any malignancy in the general population [1]. Increased risk of a
malignancy was associated with older age among those not on treatment, male sex, being
from a European cohort, vertical HIV acquisition, severe immunosuppression and viral load
>400 copies/mL. High mortality was observed following a malignancy diagnosis, with no
improvement in recent years.

Across the whole time period, the rate of any malignancy was 1.18 per 1,000PY,
approximately 8 times higher than the estimated 0.14 per 1,000PY for children and young
people in the general population in Europe [1]. The rate of ADM decreased markedly in the
late 1990s following the introduction and widespread availability of paediatric combination
ART, in line with findings from adult studies [4-6]. Conversely, the rate of NADM increased
over time as reported elsewhere [15], which may be due to increased survival among those
with HIV, although some NADM, including Hodgkin Lymphoma, are known to be related to
HIV [16]. Reassuringly, among virologically suppressed, non-immunosuppressed patients on
ART in our study, the rate of any malignancy was very low, 0.35 per 1,000PY, although
double the general population rate. There may be reasons for this higher rate beyond HIV
status; key differences between our population and that in the general population study [1]
are our inclusion of young people beyond 19 years of age and our wider calendar time period.
Further, there is some evidence that the rate of malignancies is higher in children from black
ethnic groups in the general population, and so higher than average rates may be expected in
our study, regardless of HIV infection [17]. The potential carcinogenic effect of ART is
unclear [18].

In adjusted analysis, children from the Thai cohort were at lower risk of a malignancy
compared to those from Europe. One explanation for this may be differing exposures to
oncogenic viruses. There is some evidence of a lower seroprevalence of HHV-8, which is
associated with Kaposi sarcoma, in Thailand compared to Europe and Africa [19, 20]. A
study estimating the risk of Kaposi sarcoma in children and adolescents reported no cases in
Asia compared to rates between 11.4 and 85.8 per 100,000PY in sub-Saharan Africa and
Europe [21]. The small number of Kaposi sarcoma events here precluded a similar analysis.
Further, there is some evidence of lower rates of malignancies in the general paediatric
population in Thailand compared to Europe (0.10 and 0.14 per 1,000PY respectively) [1, 22].



The risk of a malignancy strongly increased with age among those not on or who had only
recently started ART, but there was less of an association, at least until adolescence, among
those on treatment. Increasing risk among young people may be expected given the increased
risk of malignancy in the general population in early adulthood [23]. Given that HIV
infection is lifelong, the full elevated long-term risk may yet emerge, highlighting the
importance of continued monitoring throughout adulthood of those with HIV acquired in
childhood. Males were at higher risk of ADM, which may be expected given an excess of
non-Hodgkin Lymphoma observed in the general male population [24]. Those with severe
immune suppression and not virally suppressed were at higher risk, in line with other studies
[9], reiterating the need for meeting UNAIDS targets for ART coverage, improving
adherence, and reducing late diagnosis. Finally, those with vertically-acquired HIV were
shown to be at higher risk of ADM, yet lower risk of NADM, in adjusted analyses. Those
with vertically-acquired HIV are more likely to have been born abroad in our population, and
so may have higher exposure to endemic oncogenic viruses such as HHV-8 and EBV [25],
although our analysis found no additional risk for those born abroad. Further, they had a
longer duration of exposure to HIV. Reasons for the lower risk of NADM, are unclear, but
may be related to their younger age, despite our adjustment for this.

Among those with a malignancy, all-cause mortality was high, with over 40% of children and
young people reported to have died. In the general population, mortality by 3 years after a
childhood cancer diagnosis in Europe has been estimated at 20% [26]. Although outcomes
improved following the roll out of combination ART in 1996, worryingly, there was no
improvement in mortality over time following this in our study, with approximately one-third
of those diagnosed since 1996 dying within 3 years. This association was not explained by
key characteristics such as age at diagnosis, type of malignancy (ADM vs. NADM) or level
of immunosuppression; vertically-acquired HIV was the only other factor explored which
was associated. In adults with HIV, malignancy outcomes have been shown to be broadly
similar to the general population, although with poorer outcomes for some cancer types,
including Hodgkin lymphoma [27, 28]. Delayed malignancy diagnosis was believed to have
contributed to poor outcomes in young adults diagnosed with a malignancy in the UK (some
of whom are included here) [7]. Further, suboptimal treatment, perhaps because of concerns
over the use of cancer treatment in children with immunosuppression [29], may have also
contributed to the high mortality. No data on cancer treatment or stage at diagnosis, or any
biological samples, were available to assess this here. Further, malignancy is associated with
severe immunosuppression, which may have put patients at risk of dying from other causes.
Among survivors, there may be an increased risk of secondary cancers, warranting regular
screening [30].

Our study has several other limitations. Firstly, none of the cohorts were linked to cancer
registries, so some cases may have been missed, with under-ascertainment and under
diagnosis likely, especially in middle-income settings. However, estimated incidence rates
were similar to other studies in children with HIV based on record linkage [8, 31]. Secondly,
limited data on co-infections with oncogenic viruses were available. Thirdly, despite the large
size of our cohort, our ability to determine differences in risk factors for ADM and NADM



was limited by the relatively small number of NADM events, and low power resulted in wide
confidence intervals when estimating rates over time. The major strength of this study is the
long duration of follow-up and long calendar period covered, as well as the inclusion of data
following transfer to adult care.

In conclusion, in this analysis of nearly 10,000 children and young people living with HIV
across Europe and Thailand, we report a decline in the rates of ADM since the introduction of
combination ART, with the rate of any malignancies among those on ART, virally

suppressed and immunologically well similar to that in the general population. There was an
increased risk with age, in particular in those not currently on ART, which requires continued
monitoring as young people with vertically-acquired HIV progress into adulthood. Linkage of
paediatric and adult registries, as well as HIV, malignancy and death registries, is crucial.
Even in recent years, one-third of individuals with a malignancy died within 3 years of
diagnosis, which is very concerning; possible causes should be explored and steps taken to
address this.
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van Leer-Buter, M. Knoester. Wilhelmina Kinderziekenhuis, UMC Utrecht, Utrecht: HIV
treating physicians: L.J. Bont, S.P.M. Geelen, T.F.W. Wolfs. HIV nurse consultants: N.
Nauta. HIV clinical virologists/chemists: R. Schuurman, F. Verduyn-Lunel, A.M.J. Wensing.

COORDINATING CENTRE

Director: P. Reiss. Deputy director: S. Zaheri. Data analysis: D.O. Bezemer, A.l. van
Sighem, C. Smit, F.W.M.N. Wit. Data management and quality control: M. Hillebregt, A. de
Jong, T. Woudstra. Data monitoring: D. Bergsma, S. Grivell, R. Meijering, M. Raethke, T.
Rutkens. Data collection: L. de Groot, M. van den Akker, Y. Bakker, M. Bezemer, A. El
Berkaoui, J. Geerlinks, J. Koops, E. Kruijne, C. Lodewijk, E. Lucas, R. van der Meer, L.
Munjishvili, F. Paling, B. Peeck, C. Ree, R. Regtop, Y. Ruijs, L. van de Sande, M. Schoorl,
P. Schnérr, E. Tuijn, L. Veenenberg, S. van der Vliet, A. Wisse, E.C. Witte. Patient
registration: B. Tuk.

Poland: Polish paediatric cohort: Head of the team: Prof Magdalena Marczynska, MD, PhD.
Members of the team: Jolanta Popielska, MD, PhD; Maria Pokorska-Spiewak, MD, PhD;
Agnieszka Otdakowska, MD, PhD; Konrad Zawadka, MD, PhD; Urszula Coupland, MD,
PhD. Administration assistant: Matgorzata Doroba. Affiliation: Medical University of
Warsaw, Poland, Department of Children’s Infectious Diseases; Hospital of Infectious
Diseases in Warsaw, Poland.

Romania: "Victor Babes" Hospital Cohort, Bucharest: Dr Luminita Ene.

Russia: Federal State-owned Institution "Republican Clinical Infectious Diseases Hospital" of
the Ministry of Health of the Russian Federation, St Petersburg: Liubov Okhonskaia, Evgeny
Voronin, Milana Miloenko, Svetlana Labutina

Russia: The City HIV Centre, St Petersburg: Anna Samarina
Russia: Irkutsk AIDS Centre: Anna Turkova, Yulia Plotnikova

Spain: CoRISPE-cat, Catalonia: financial support for CORISPE-cat was provided by the
Instituto de Salud Carlos III through the Red Tematica de Investigacion Cooperativa en Sida.
Members: Hospital Universitari Vall d’Hebron, Barcelona (Pere Soler-Palacin, Maria
Antoinette Frick and Santiago Pérez-Hoyos (statistician)), Hospital Universitari del Mar,
Barcelona (Antonio Mur, Nuria Lopez), Hospital Universitari Germans Trias 1 Pujol,
Badalona (Maria Méndez), Hospital Universitari JosepTrueta, Girona (Lluis Mayol), Hospital
Universitari Arnau de Vilanova, Lleida (Teresa Vallmanya), Hospital Universitari Joan
XXIII, Tarragona (Olga Calavia), Consorci Sanitari del Maresme, Mataré (Lourdes Garcia),



Hospital General de Granollers (Maite Coll), Corporaci6 Sanitaria Parc Tauli, Sabadell
(Valenti Pineda), Hospital Universitari Sant Joan, Reus (Neus Rius), Fundaci6 Althaia,
Manresa (Nuria Rovira), Hospital Son Espases, Mallorca (Joaquin Duenas) and Hospital Sant
Joan de Déu, Esplugues (Claudia Fortuny, Antoni Noguera-Julian).

Spain: CoRISPE-S and Madrid cohort: Maria José Mellado, Luis Escosa, Milagros Garcia
Hortelano, Talia Sainz (Hospital La Paz);Maria Isabel Gonzélez- Tomé, Pablo Rojo, Daniel
Blazquez (Hospital Doce de Octubre, Madrid); José Tomas Ramos (Hospital Clinico San
Carlos, Madrid); Luis Prieto, Sara Guillén (Hospital de Getafe); Maria Luisa Navarro, Jesus
Saavedra, Mar Santos, M* Angeles Muioz, Beatriz Ruiz, Carolina Fernandez Mc Phee,
Santiago Jimenez de Ory,Susana Alvarez (Hospital Gregorio Marafién); Miguel Angel Roa
(Hospital de Mostoles); José Beceiro (Hospital Principe de Asturias, Alcala de Henares);
Jorge Martinez (Hospital Nifo Jesus, Madrid); Katie Badillo (Hospital de Torrejon); Miren
Apilanez (Hospital de Donostia, San Sebastian); Itziar Pocheville (Hospital de Cruces,
Bilbao); Elisa Garrote (Hospital de Basurto, Bilbao); Elena Colino (Hospital Insular Materno
Infantil, Las Palmas de Gran Canaria); Jorge Gomez Sirvent (Hospital Virgen de la
Candelaria, Santa Cruz de Tenerife); Monica Garzon, Vicente Roman (Hospital de
Lanzarote); Abidan Montesdeoca, Mercedes Mateo (Complejo Universitario de Canarias, La
Laguna-Tenerife),Maria José Mufioz, Raquel Angulo (Hospital de Poniente, El Ejido); Olaf
Neth, Lola Falcon (Hospital Virgen del Rocio, Sevilla); Pedro Terol (Hospital Virgen de la
Macarena, Sevilla); Juan Luis Santos (Hospital Virgen de las Nieves, Granada); David
Moreno (Hospital Carlos Haya, Malaga); Francisco Lendinez (Hospital de Torrecardenas,
Almeria); Ana Grande (Complejo Hospitalario Universitario Infanta Cristina, Badajoz);
Francisco José Romero (Complejo Hospitalario de Céceres); Carlos Pérez (Hospital de
Cabueiies, Gijon); Miguel Lillo (Hospital de Albacete); Begofia Losada (Hospital Virgen de
la Salud, Toledo); Mercedes Herranz (Hospital Virgen del Camino, Pamplona); Matilde
Bustillo, Carmelo Guerrero (Hospital Miguel Servet, Zaragoza); Pilar Collado (Hospital
Clinico Lozano Blesa, Zaragoza); José Antonio Couceiro (Complejo Hospitalario de
Pontevedra); Amparo Pérez, Ana Isabel Piqueras, Rafael Breton, Inmaculada Segarra
(Hospital La Fe, Valencia); César Gavilan (Hospital San Juan de Alicante); Enrique Jarefo
(Hospital Clinico de Valencia); Elena Montesinos (Hospital General de Valencia); Marta
Dapena (Hospital de Castellén); Cristina Alvarez (Hospital Marqués de Valdecilla,
Santander); Ana Gloria Andrés (Hospital de Leon); Victor Marugén, Carlos Ochoa (Hospital
de Zamora); Santiago Alfayate, Ana Isabel Menasalvas (Hospital Virgen de la Arrixaca,
Murcia); Elisa de Miguel (Complejo Hospitalario San Millan-San Pedro, Logrofio) and
Paediatric HIV-BioBank integrated in the Spanish AIDS Research Network and collaborating
Centers.

Funding: This work has been partially funded by the Fundacion para la Investigacion y
Prevencion de SIDA en Espaiia (FIPSE) (FIPSE 3608229/09 , FIPSE 240800/09, FIPSE
361910/10), Red Tematica de Investigacion en SIDA (RED RIS) supported by Instituto de
Salud Carlos III (ISCIII) (RD12/0017/0035 and RD12/0017/0037), project as part of the Plan
R+D+I and cofinanced by ISCIII- Subdireccion General de Evaluacion and Fondo Europeo



de Desarrollo Regional (FEDER),Mutua Madrilena 2012/0077, Gilead Fellowship
2013/0071, FIS P115/00694 ,CoRISpe (RED RIS RD06/0006/0035 y RD06/0006/0021).

Sweden: Karolinska University Hospital, Stockholm (Lars Navér, Sandra Soeria-Atmadja,
Erik Belfrage, Vendela Hagas).

Switzerland: Members of the Swiss HIV Cohort Sudy (SHCS) and the Swiss Mother and
Child HIV Cohort Sudy: Aebi-Popp K, Anagnostopoulos A, Asner S, Battegay M, Baumann
M, Bernasconi E, Boni J, Braun DL, Bucher HC, Calmy A, Cavassini M, Ciuffi A,
Duppenthaler A, Dollenmaier G, Egger M, Elzi L, Fehr J, Fellay J, Francini K, Furrer H, Fux
CA, Grawe C, Gilinthard HF (President of the SHCS), Haerry D (deputy of "Positive
Council"), Hasse B, Hirsch HH, Hoffmann M, Hosli I, Huber M, Kahlert CR (Chairman of
the Mother & Child Substudy), Kaiser L, Keiser O, Klimkait T, Kottanattu L, Kouyos RD,
Kovari H, Ledergerber B, Martinetti G, Martinez de Tejada B, Marzolini C, Metzner KJ,
Miiller N, Nicca D, Paioni P, Pantaleo G, Perreau M, Polli Ch, Rauch A (Chairman of the
Scientific Board), Rudin C, Scherrer AU (Head of Data Centre), Schmid P, Speck R, Stockle
M (Chairman of the Clinical and Laboratory Committee), Tarr P, Thanh Lecompte M, Trkola
A, Vernazza P, Wagner N, Wandeler G, Weber R, Wyler CA, Yerly S.

Funding: This study has been financed within the framework of the Swiss HIV Cohort Study,
supported by the Swiss National Science Foundation (grant #177499).

Thailand: Program for HIV Prevention & Treatment (PHPT). Participating hospitals:
Lamphun: Pornpun Wannarit; Phayao Provincial Hospital: Pornchai Techakunakorn;
Chiangrai Prachanukroh: Rawiwan Hansudewechakul; Chiang Kham: Vanichaya
Wanchaitanawong; Phan: Sookchai Theansavettrakul; Mae Sai: Sirisak Nanta; Prapokklao:
Chaiwat Ngampiyaskul; Banglamung: Siriluk Phanomcheong; Chonburi: Suchat
Hongsiriwon; Rayong: Warit Karnchanamayul; Bhuddasothorn Chacheongsao: Ratchanee
Kwanchaipanich; Nakornping: Suparat Kanjanavanit; Somdej Prapinklao: Nareerat
Kamonpakorn, Maneeratn Nantarukchaikul; Bhumibol Adulyadej: Prapaisri Layangool,
Jutarat Mekmullica; Pranangklao: Paiboon Lucksanapisitkul, Sudarat Watanayothin;
Buddhachinaraj: Narong Lertpienthum; Hat Yai: Boonyarat Warachit; Regional Health
Promotion Center 6, Khon Kaen: Sansanee Hanpinitsak; Nong Khai: Sathit Potchalongsin;
Samutsakhon: Pimpraphai Thanasiri, Sawitree Krikajornkitti; Phaholpolphayuhasena:
Pornsawan Attavinijtrakarn; Kalasin: Sakulrat Srirojana; Nakhonpathom: Suthunya
Bunjongpak; Samutprakarn: Achara Puangsombat; Mahasarakam: Sathaporn Na-Rajsima;
Roi-et: Pornchai Ananpatharachai; Sanpatong: Noppadon Akarathum; Vachira Phuket:
Weerasak Lawtongkum; Chiangdao: Prapawan Kheunjan, Thitiporn Suriyaboon, Airada
Saipanya.

Data management team: Kanchana Than-in-at, Nirattiya Jaisieng, Rapeepan Suaysod,
Sanuphong Chailoet, Naritsara Naratee, and Suttipong Kawilapat.



Ukraine: Paediatric HIV Cohort: Dr T. Kaleeva, Dr Y. Baryshnikova (Odessa Regional
Centre for HIV/AIDS); Dr S. Soloha (Donetsk Regional Centre for HIV/AIDS); Dr N.
Bashkatova (Mariupol AIDS Center); Dr 1. Raus (Kiev City Centre for HIV/AIDS); Dr O.
Glutshenko, Dr Z. Ruban (Mykolaiv Regional Centre for HIV/AIDS); Dr N. Prymak (Kryvyi
Rih); Dr G. Kiseleva (Simferopol); Dr Alla Volokha (Shupyk National Medical Academy of
Postgraduate Education); Dr Ruslan Malyuta (Perinatal Prevention of AIDS Initiative,
Odessa); Dr H. Bailey, Prof Claire Thorne (UCL, London, UK). Funding acknowledgement:
PENTA Foundation.

UK & Ireland: Collaborative HIV Paediatric Study (CHIPS): CHIPS is funded by the NHS
(London Specialised Commissioning Group) and has received additional support from
Abbott, Boehringer Ingelheim, Bristol-Myers Squibb, GlaxoSmithKline, Gilead Sciences,
Janssen and Roche. The MRC Clinical Trials Unit at UCL is supported by the Medical
Research Council (https://www.mrc.ac.uk) programme number MC _UU 12023/26.

CHIPS Steering Committee: Hermione Lyall (chair), Alasdair Bamford, Karina Butler, Katja
Doerholt, Conor Doherty, Caroline Foster, Ian Harrison, Julia Kenny, Nigel Klein, Gillian
Letting, Paddy McMaster, Fungai Murau, Edith Nsangi, Katia Prime, Andrew Riordan, Fiona
Shackley, Delane Shingadia, Sharon Storey, Gareth Tudor-Williams, Anna Turkova, Steve
Welch. MRC Clinical Trials Unit: Intira Jeannie Collins, Claire Cook, Siobhan Crichton,
Donna Dobson, Keith Fairbrother, Diana M. Gibb, Ali Judd, Marthe Le Prevost, Nadine Van
Looy. Integrated Screening Outcome Surveillance Service (1SOSS), UCL: Helen Peters, Kate
Francis, Claire Thorne.

Hospitals participating in CHIPSin 2019/20: University Hospitals Birmingham NHS
Foundation Trust, Birmingham: L Thrasyvoulou, S Welch; Brighton and Sussex University
Hospitals NHS Trust: K Fidler; University Hospitals Bristol NHS Foundation Trust, Bristol: J
Bernatoniene, F Manyika; Calderdale and Huddersfield NHS Foundation Trust, Halifax: G
Sharpe; Derby Teaching Hospitals NHS Foundation Trust: B Subramaniam; Glasgow Royal
Hospital for Children, Glasgow: R Hague, V Price; Great Ormond Street Hospital for
Children NHS Foundation Trust, London:J Flynn, A Cardoso, M Abou — Rayyah, N Klein,
A Bamford, D Shingadia; Oxford University Hospitals NHS Foundation Trust, Oxford: S
Yeadon, S Segal; King's College Hospital NHS Foundation Trust, London: S Hawkins; Leeds
Teaching Hospitals NHS Trust, Leeds: M Dowie; University Hospitals of Leicester NHS
Trust, Leicester: S Bandi, E Percival ; Luton and Dunstable Hospital NHS Foundation Trust,
Luton: M Eisenhut; K Duncan; Milton Keynes General University Hospital NHS Foundation
Trust, Milton Keynes: L Anguvaa, L Wren, Newcastle upon Tyne Hospitals NHS Foundation
Trust, Newcastle: T Flood, A Pickering; The Pennine Acute Hospitals NHS Trust,
Manchester: P McMaster C Murphy; North Middlesex University Hospital NHS Trust,
London: J Daniels, Y Lees; Northampton General Hospital NHS Trust, Northampton: F
Thompson; London North West Healthcare NHS Trust, Middlesex; A Williams, B Williams,
S Pope; Barts Health NHS trust, London Dr S Libeschutz; Nottingham University Hospitals
NHS Trust, Nottingham: L Cliffe, S Southall; Portsmouth Hospitals NHS Trust, Portsmouth:
A Freeman; Raigmore Hospital, Inverness: H Freeman; Royal Belfast Hospital for Sick



Children, Belfast: S Christie; Royal Berkshire NHS Foundation Trust, Reading: A Gordon;
Royal Children’s Hospital, Aberdeen: D Rosie Hague, L. Clarke; Royal Edinburgh Hospital
for Sick Children, Edinburgh: L Jones, L Brown; Royal Free NHS Foundation Trust, London:
M Greenberg; Alder Hey Children's NHS Foundation Trust, Liverpool: C Benson, A
Riordan; Sheffield Children's NHS Foundation Trust, Sheffield: L Ibberson, F Shackley;
University Hospital Southampton NHS Foundation Trust, Southampton: S Patel, J Hancock;
St George's University Hospitals NHS Foundation Trust, London: K Doerholt, , K Prime, M
Sharland, S Storey; Imperial College Healthcare NHS Trust, London: EGH Lyall, C Foster, P
Seery, G Tudor-Williams, N Kirkhope, S Raghunanan; Guy's and St Thomas' NHS
Foundation Trust, London: Dr Julia Kenny, A Callaghan; University Hospitals of North
Midlands NHS Trust, Stoke On Trent: A Bridgwood, P McMaster; University Hospital of
Wales, Cardiff: J Evans, E Blake; NHS Friml ey Health Foundation Trust, Slough: A
Yannoulias.
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TABLES/FIGURES

Figure 1 - Rates of malignancies over calendar time, by overall and for AIDS-defining and
non-AlDS-defining malignancies
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Figure 2 - Rate ratios for association between any malignancy and current calendar year (A)
and current age (B), by ART status

Caption: Adjusted for sex, region, mode of HIV acquisition, WHO immune stage, viral
suppression and BMI-for-age z-score
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Table 1 - Patient characteristics

Rest of

UK/Iredand Thailand Russia/lUkraine Total
Europe
(N=2,069) (N=877) (N=2,280) (N=4,406) (N=9,6324)
n (%) or median (IQR)
Formale 1,090 473 1,241 (54%) 2,245 5,049
(53%) (54%) (51%) (52%)
Sex Male 978 (47%) 404 1,036 (45%) 2,160 4,578
(46%) (49%) (48%)
Unknown 1 (<0.5%) 0 3 (<0.5%) 1 (<0.5%) 5 (<0.5%)
1,922 874 3,473 8,352
. P} ) ) b
Vertical (93%) (100%) 2,083 (91%) (79%) (87%)
Blood o 2 o 557 o
Mode of  transfusion 07 (cos9p o S (S05%) (13%) 007 (6%)
HIV Sexual 1
isiti 29 45 (19 19
acquisition contact 0 (<0.5%) 37 (2%) 5(1%) 83 (1%)
Other 1 (<0.5%) 0 16 (1%) 56 (1%) 73 (1%)
Unknown 106 (5%) 0 136 (6%) 275 (6%) 517 (5%)
. 179 (9%) 0 2,264 (99%) 1,455 3,898
hit
White (33%) (40%)
Black 1,616 0 0 453 2,069
African (78%) (10%) (21%)
Ethnicity
M 227 (11%) 877 2 (<0.5%) 162 (4%) 1,268
(100%) (13%)
0 0
. 47 (2%) 0 14 (1%) (25;.;6) (22237)
- 1,164 16 (2%) 6 (<0.5%) 964 2,150
(56%) (22%) (22%)
3; ‘:a A 876 (42%) 782 2,262 (99%) 3,377 7,297
(89%) (77%) (76%)
Unknown 29(1%) 79 (9%) 12 (1%) 65 (1%) 185 (2%)
Region of ~ Europe 22 (2%) 0 0 49 (5%) 71 (3%)




cohort

country of  sub- 654 (56%) 0 0 306 960 (45%)
birth if Saharan (32%)
born Africa
abroad 0 202%) 12 (88%) 0 64 (7%) 107 (5%)
459 (39%) 2 (13%) 6 (100%) 545 1,012
kn
Unknown (57%) (47%)
<1996 719 (35%) 319 6 (<0.5%) 2,192 3,233
(36%) (50%) (34%)
954 (46%) 466 622 (27%) 1,470 3,515
Entryto  1996-2003 (53%) (33%)  (36%)
HIV care*
311 (15%) 77 (8%) 1,109 (45%) 521 1,927
2004-2
004-2009 (12%) (20%)
>2010 85 (4%) 15 (2%) 633 (28%) 223 (5%) 957 (10%)
e 1,847 877 2,085 (91%) 3,970 8,779
Ever initiated ART (89%) (100%) (90%) (91%)
Age at ART initiation, 6.7 (2.4, 6.5 (2.3, 3.0 (1.0, 6.5) 3.8 (0.9, 4.3 (1.2,
years 11.2) 9.6) 8.9) 9.1)
: 16.1 (11.2, 15.2 8.4(4.7,11.9) 13.9(7.1, 129(7.1,
D f follow-
;rr";“ono otlow-up, 17.9) (11.0, 18.3) 17.5)
Y 18.3)
Still in 837 (40%) 225 1,656 (73%) 1,581 4,299
paediatric (26%) (36%) (45%)
care
Transferred
931 2,021
0 0 0 s
to adult 920 (44%) 70 (8%) 100 (5%) (21%) (21%)
care
Current Data
follow-up available
status after 70 272
149 (16° 2 (629 279
9 (16%) (100%) 62 (62%) (29%) 553 (27%)
transfer
to adult
care
Dropped 117 (6%) 338 65 (3%) 227 (5%) 747 (8%)
out of (39%)



Lost-to- 80 (4%) 170 406 (18%) 994 1,650
follow-up (19%) (23%) (17%)
. 115 (6%) 74 (8%) 53 (2%) 673 915 (10%)
Died
(15%)
177 (168, 177 17.9 (17.8, 187  18.1(172,
A tt fert It
ge at transfer to adu 18.5) (16.8, 17.9) (17.7, 19.1)
carc, years 18 3) 20 1)
Duration of follow-up in 2.8 (1.2, 2.8(1.2, 14(05,26) 36(1.7, 28(12
adult care, years 4.3) 4.5) 6.3) 5.0)

Caption: *Entry to HIV care defined as birth for those with vertically acquired HIV, and first
date seen in HIV care for those with other/unknown modes of acquisition



Table 2 — Malignancy events

N=140
Event
n (%)
AlDS-defining malignancies 112 (80%)
Non-Hodgkin Lymphoma 83
Diffuse large B-cell (Immunoblastic or Centroblastic) 43
Burkitt (Classical or Atypical) 11
Primary Brain 10
Unspecified 19
Kaposi sarcoma 25
Cervical cancer 1
Unspecified 3
Non-AlIDS-defining malignancies 27 (19%)
Hodgkin Lymphoma 15
Hepatocellular carcinoma* 2
Leiomyosarcoma 1
Other** 8
Unspecified 1
Unspecified 1(1%)

Caption: *One patient had hepatitis B co-infection, and one had hepatitis C co-infection

**Description of the 8 other non-AIDS-defining malignancies: brain ganglioglioma;
ganglioneuroblastoma; chest wall tumour (unspecified); disseminated adenocarcinoma;

malignant fibrous histiocytoma; neuroendocrine tumour of the pancreas; cystic teratoma;

acute T-lymphoblastic leukaemia



Table 3 - Risk factors for any malignancy

Univariable Multivariable
Rate  95% CI p Rate 95% ClI p
ratio ratio
Demographics, at entry toHIV care
Female 0.59 0.42, 0.63 0.45, 0.89
Sex ' 083 0.002 0.009
Male 1.00 - 1.00 -
UK/Ireland 1.00 - 1.00 -
Thailand 0.15 0.04, 0.16 0.04, 0.69
' 0.64
Region  Ryssia/Ukraine 0.18, <0001 066 029,154 0.017
0.39
0.86
Rest of Europe 1.05, 1.28 0.81,2.02
1.58
2.36
HIV Other 1.00.15, 0.055 058 031,098 0.049
acquisition 1.68 2.86
Time-updated
WHO Not severe 1.00 - 1.00 -
immune  Severe 4.56 3.11, <0.00 395 248629 <0.001
stage 6.69
Suppressed 1.00 - 1.00 -
Viralload  Not suppressed = 2.42 1.37, 0.003 1.80  1.01,3.71 0.027
4.27
>2 1.00 - 1.00 -
BMI-for- -2to2 2.29 0.38, 2.01 0.32,
age z- 13.75 0.023 12.53 0.114
score <2 7.58 0.78, 5.25 0.49,
73.41 56.12
Not on ART 1.00 -
ART
status <6 months on 3.59 1.78, 0.001

ART 7.23




>6 months on 1.68 1.10,

ART 2.57
<1996 1.00 -
1996 - 2003 0.60 0.39,
0.94
lend
Seaain ar 2004 - 2009 0.30 0.18, <0.001  Test for interaction: p=0.144
0.50
>2010 0.32 0.19,
0.53
<1996 1.00 -
1996 - 141 0.52,3.84
Effect of time-updated calendar year among those ()3
0.414
not on ART 2004 - 0.63 0.17,2.42
2009
>2010 1.83 0.45,7.48
<1996 1.00 -
1996 - 1.11 0.21,5.77
Effect of time-updated calendar year among those ()3
0.999
on ART <6 months 2004 - 0.00 0.00,
2009 >1000.00
>2010 1.10 0.16,7.51
<1996 1.00 -
1996 - 041 0.23, 0.74
Effect of time-updated calendar year among those ()3
0.001
on ART >6 months 2004 - 0.25 0.12,0.51
2009
>2010 0.22 0.10, 0.51
<5 1.00 -
5-<10 1.29 0.809,
2.07
Age 0.033  Test for interaction: p=0.088
(years) 10 - <15 1.46 0.90, : :p=u.
2.38
>15 2.02 1.26,

3.25




<5 1.00 -
5-<10 2.52 0.98, 6.46
Effect of time-updated age among those
10 - 7.17 2.55,
0.003
not on ART <13 20.14
>15 5.43 0.63,
47.07
<5 1.00 -
5-<10 3.63 0.60,
Effect of time-updated age among those 21.80
10 - 7.95 1.38,  0.036
on ART <6 months 5 45.88
>15 17.65 2.261,
137.72
<5 1.00 -
Effect of time-updated age among those 5-<10 0.95 0.52, 1.70
10 - 1.09  0.56,2.12 0019
on ART =6 months 5
>15 1.18 1.18,4.83




