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1 | INTRODUCTION

Abstract

We aimed to study the outcomes of COVID-19 in paediatric cancer patients. On 26
October 2021, we did a systematic search for relevant articles in seven electronic
databases followed by manual search. We included cancer patients aged <18 years.
Event rates and the 95% confidence interval (95%Cl) were used to report the re-
sults. We included 21 papers after screening of 2759 records. The pooled rates of
hospitalisation, intensive care unit (ICU) admission and mortality were 44% (95%ClI:
30-59), 14% (95%Cl: 9-21) and 9% (95%Cl: 6-12), respectively. Moreover, sub-
group analysis revealed that high income countries had better COVID-19 outcomes
compared to upper middle income countries and lower middle income countries in
terms of hospitalisation 30% (95%Cl: 17-46), 60% (95%Cl: 29-84) and 47% (95%
Cl: 36-58), ICU admission 7% (95%Cl: 1-32), 13% (95%Cl: 7-23) and 18% (95%Cl:
6-41), and mortality 3% (95%Cl: 2-5), 12% (95%Cl: 8-18) and 13% (95%Cl: 8-20),
in order. In general, absence of specific pharmacologic intervention to prevent
infection with the scarcity of vaccination coverage data among paediatric groups
and its impact, high priority caution is required to avoid SARS-CoV-2 infection
among paediatric cancer patients. Furthermore, our results highlight the importance
of promoting care facilities for this vulnerable population in low and middle income

regions to ensure quality care among cancer patients during pandemic crisis.
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pharmaceutical measures.2® However, children were reported to

Since 2019, following the emergence of SARS-CoV-2 virus,
approximately 419 million individuals have been affected with the
COVID-19 disease leaving more than 5.8 million deaths.? The risk
of getting infected and disease severity vary according to the
presence of risk factors including age, co-morbid conditions,
immunosuppressive conditions, and appropriate adoption of non-

have mild grade of infection, but severe outcomes including
multiple inflammatory syndrome, hospitalisation requiring me-
chanical ventilation and death may also happen.® Multitude of risk
factors are associated with increased severity in children, partic-
ularly in those with immunosuppressive conditions that is cancer,
congenital heart disease, pulmonary compromise, obesity and
diabetes.*¢

Abbreviations: BMI, Body mass index; Cl, Confidence interval; HICs, High income countries; ICU, Intensive care unit; LICs, Low income countries; LMICs, Low middle income countries; NIH,
National Institutes of Health; RT-PCR, Reverse transcriptase polymerase chain reaction; UMICs, Upper middle income countries.
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COVID-19 disease incidence is higher in children with cancer
than in the general paediatric population.” These patients are sub-
jected to an increased likelihood of being infected subsequently
progressing to higher risk of morbidity and mortality. Additionally,
oncologic treatment and follow-up mandate frequent visits, increased
duration of exposure to hospitals and health care providers in an
immune-depleted highly susceptible cancer patients may further
enhance the risk of infection.® However, researchers also revealed
that decreased inflammatory response among blood cancer patients
might provide protection from severe COVID-19 morbidity.”° Yet,
few data are available regarding the true impact of COVID-19 on
paediatric cancer patients and the emerging evidence is limited to
case reports, case series and small cohorts mostly from developed
countries.

Several society recommendations and review articles have been
released to guide clinicians to manage cancer patients affected with
SARS-CoV-2.11"14 All authorities attempted to provide circum-
stantial evidence to guide the management of paediatric cancer
patients during rapidly evolving nature of COVID-19 pandemic
with new waves of infections and variant of concerns. A sys-
tematic review from the early phase of pandemic reported 4%
mortality risk (95%Cl 1-9) after pooling the data from nearly
100 paediatric cancer patients.> With the limited availability of
data arising from immense heterogeneity in sources, the authors
acknowledged that the estimate is subjected to undermine the
impact of COVID-19 risk in paediatric cancer patients. Another
study reported higher survival rate of paediatric cancer patients
from COVID-19 and sub-group analysis comparing haematological
cancer and solid tumours did not reveal significant differences.'®
Although the review authors included data mostly from devel-
oped countries with small study size and follow up duration to
report complete outcomes during analysis. Such differences in the
literature imply the heterogeneous nature of data and with the
concurring new waves of infections across both developed and
developing countries, it is crucial to review the plethora of
published evidence to investigate the impact of COVID-19 on the
outcome of paediatric cancer patients. This systematic review and
meta-analysis study was carried out to investigate the outcome
of COVID-19 on paediatric cancer patients with particular focus

to mortality, hospitalisation and intensive care unit (ICU)

admission.
2 | METHOD
2.1 | Search strategy

In 26 October 2021, we performed comprehensive search in accor-
dance with the PRISMA group recommendations for conducting high
quality systematic review studies.r” Many keywords were extracted
from pilot searching of relevant articles then a search term was
developed ‘(COVID-19 OR COVID 19 OR novel coronavirus OR

SARS-CoV-2) AND (cancer OR cancers OR oncology) AND (paedi-
atrics OR children)’ for identifying the most relevant papers in seven
databases (Figure 1). Moreover, at least two authors did manual
search for collecting all the available literature meeting our inclusion
criteria.

2.1.1 | Inclusion criteria
Any study reporting outcomes of COVID-19 infection in paediatric
cancer patients aged 0-18 years were included. Any paper reported

with language other than English was also included.

2.1.2 | Exclusion criteria

Cancer patients >18 years old, studies that report a combination
of paediatric and adult cancer patients in which paediatric pa-
tients information could not be extracted alone, papers that
combined benign disorders with cancer data in which cancer data
could not be extracted alone, preprint articles that did not un-
dergo peer review, review articles, case reports <5 patients and
duplicate studies that included the same patients of already

included papers.

2.2 | Screening and data extraction

After searching in seven databases, all results were exported to
EndNote Version 8 software and all duplicated records were
removed, and then exported the results into Microsoft Excel sheet.
At least two authors scanned all the records against the selection
criteria and discrepancies were resolved by discussion on two suc-
cessive stages: one through title and abstract screening and the other
through full text screening.

A data extraction template was built by the most experienced
member and included the characteristics of each study (Reference ID,
type of cancer, diagnostic method of COVID-19, male prevalence,
sample size, study design and age; Table 1) and COVID-19 outcomes
(hospitalisation, ICU admission and mortality). At least two authors
did the extraction from each included paper.

In both steps of screening and extraction, one author was
incorporated to check the results of each step for preventing any

error that can develop results bias and conclusion accordingly.

2.3 | Quality assessment

We rated the quality of evidence using the National Institutes of

|18

Health quality assessment tool.”® The net results of the quality of

each paper were reported using the same score reported in earlier

published systematic reviews.'%2°
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FIGURE 1 Flow diagram showing the process of the study. ISI, Institute of Science Index; NYAM, The New York Academy of Medicine;
SIGLE, System for Information on Grey Literature in Europe; VHL, Virtual Health Library

2.4 | Statistical analysis

We conducted the analysis by using the Comprehensive Meta-
analysis software version 3. In all outcomes, we reported the re-
sults as the pooled prevalence and the associated confidence interval
(95%Cl). Moreover, we conducted a subgroup analysis for studying
the effect of each country income and COVID-19 outcomes in cancer
patients. Countries income was categorised into low income coun-
tries (LICs), low middle income countries (LMICs), upper middle in-
come countries (UMICs) and high income countries (HICs) that was
reported in the World Bank.?* We used a random effects model in all
the analysis due to presence of heterogeneity estimated by a p value
of < 0.1 or I? > 50.2272* We further assessed publication bias if 10 or
more studies were represented in one outcome using the two-tailed

Egger's test and publication bias was evident when p value < 0.1.2°

3 | RESULTS

We screened a total of 2759 records after transferring the databases
results without duplicates. We further assessed 61 full texts for
eligibility which ended up with a total of 21 articles including 14

studies and additional seven studies following manual search pro-
cedures”?6~#° (Figure 1, Table 1).

Two studies were conducted in India, two in Pakistan, two in
Brazil, two in Poland, two in Egypt and remaining each one from the
following countries: USA, Iran, UK, Colombia, Spain, Peru, Algeria,
Greece, Turkey, Mexico and lItaly. Diagnosis of COVID-19 was done
by reverse transcriptase polymerase chain reaction (RT-PCR) in 14
studies, IgM/IgG and PCR in one study, radiology in one study,
radiology and serology in one study and four studies did not report
the diagnostic method of COVID-19. Eight, six and seven papers
were conducted in LMICs, UMICs and HICs.

3.1 | Hospitalisation

Thirteen studies reported a pooled prevalence 44% patients un-
due to COVID-19 (95%Cl: 30-59;
Figure 2a). Subgroup analysis indicated that HICs had lower hos-
pitalisation rate rather than did UMICs and LMICs, 30% (95%Cl:
17-46), 60% (95%Cl: 29-84) and 47% (95%Cl: 36-58), respec-
tively (Figure 2b). We found no evidence of publication bias
(b = 0.74; Figure 2c).

derwent hospitalisation
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TABLE 1 Characteristics of the included studies

Author/year published/ Sample Age Gender Diagnostic Quality

country of patients Study design  size range (male) method Type of cancer rating

Palomo-Colli/2021/ Retrospective 38 (1-18) 25 NR Acute lymphoblastic leukaemia (21), acute myeloid Fair
Mexico cohort leukaemia (3), histiocytosis (3),

medulloblastoma (2), Ewing sarcoma (2),
osteosarcoma (2), rhabdomyosarcoma (1),
synovial sarcoma (1), neuroblastoma (1), Wilms
tumour (1), hepatoblastoma (1)

Totadri/2021/India Retrospective 37 (1-17) 28 PCR Acute lymphoblastic leukaemia (16), Ewing Fair
cohort sarcoma (7), T-lymphoblastic lymphoma (3),
osteosarcoma (3), germ cell tumour (2),
rhabdomyosarcoma (2), neuroblastoma (1),
pineal brain tumour (1), Hodgkin lymphoma (1),
Langerhan cell histiocytosis (1)

Tyczynski/2020/Poland  Retrospective 8 (4.5-17) 5 PCR Acute lymphoblastic leukaemia (4), Wilms tumour  Fair
cohort (2), CNS tumour (1), osteosarcoma (1)

Ebeid/2020/Egypt Retrospective 15 8.3 (3.5)* 9 PCR Acute lymphoblastic leukaemia (8), acute myeloid Fair
cohort leukaemia (1), lymphoblastic lymphoma (1),

Hodgkin lymphoma (1), other malignancies (2),
medulloblastoma (1), Ewing's sarcoma (1)

Radhakrishnan/2020/ Retrospective 15 (1-18) 9 PCR Acute lymphoblastic leukaemia (8), acute myeloid Fair
India cohort leukaemia (2), mixed phenotypic acute
leukaemia (2), hepatoblastoma (2), Wilms (1)

Shaheen/2021/Pakistan  Retrospective 17 (1-18) 14 PCR Acute lymphoblastic leukaemia (6), Burkitt Fair
cohort lymphoma (1), Hodgkin lymphoma (2),
osteosarcoma (3), Wilms tumour (2),
rhabdomyosarcoma (1), hepatoblastoma (1),
germ cell tumour (1)

Fonseca/2021/Colombia Retrospective 33 (1-17) 21 Radiology/  Acute lymphoblastic leukaemia (15), Fair

cohort PCR medulloblastoma (3), acute myeloid leukaemia
(3), Burkitt lymphoma (2), primary mediastinal
B-cell lymphoma (1), lymphoblastic lymphoma
(1), acute lymphoblastic leukaemia (1),
pinealoblastoma (1), osteosarcoma (1), Ewing's
sarcoma (1), Wilm's tumour relapse (1), germ
cell tumour (1), sacrococcygeal teratoma (1)

Raza/2021/Pakistan Retrospective 55 (1-18) - NR Fair
cohort

Corso/2021/Brazil Retrospective 179 (1-18) 103 PCR Leukaemia (100), lymphoma (15), soldi tumours Fair
cohort (64)

Cela/2020/Spain Retrospective 15 (0-18) 14 NR Acute lymphoblastic leukaemia (8), non-Hodgkin Fair
cohort lymphoma (1), neuroblastoma (1), myelo-

dysplastic syndrome (1), melanoma (1), acute
myeloblastic leukaemia (1), Ewing sarcoma (1),
Wilms tumour (1)

Montoya/2020/Peru Retrospective 69 (0-16) 44 1gM/IgG and  Acute lymphoblastic leukaemia (36), non-Hodgkin Fair
cohort PCR lymphoma (5), brain tumour (5), Wilms tumour
(4), myeloid leukaemia (3), bone tumour (3), soft
tissue tumour (3), other (12)

Arous/2021/Algeria Case series 7 (1-16) 3 PCR Leukaemia (5), lymphoma (1), neuroblastoma (1) Fair
Baka/2021/Greece Retrospective 15 (5-15) 7 NR Acute lymphoblastic leukaemia (7), Hodgkins Fair
cohort lymphoma (2), non-Hodgkins lymphoma (2),

central nervous system tumour (2),
osteosarcoma (1), neuroblastoma (1)
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TABLE 1 (Continued)

Author/year published/ Sample Age Gender

country of patients Study design  size range (male)

Lima/2021/Brazil Retrospective 48 6.2 (4.5)* 33
cohort

Bisogno/2021/Italy Retrospective 29 (0-16) 13
cohort

Millen/2020/UK Retrospective 54 (0-16) 29
cohort

Mehrvar-2021-Iran Retrospective 17 9.1* 10
cohort

Tompol-2021-Poland Retrospective 155 5.8# 93
cohort

Kamdar-2021-USA Retrospective 51 8.8* 28
cohort

Hammad-2021-Egypt Prospective 76 2-10 42
cohort

Kebudi-2021-Turkey Retrospective 51 6# 33
cohort

Abbreviations: *, Mean(SD); #, median; NR, not reported.

3.2 | ICU admission

Intensive care unit admission was reported by 10 studies with a
prevalence of 14% (95%Cl: 9-21; Figure 3a). High income countries
had lower ICU admission rate compared to UMICs and LMICs, 7%
(95%Cl: 1-32), 13% (95%Cl: 7-23) and 18% (95%Cl: 6-41), respec-
tively (Figure 3b). We found evidence of publication bias (p < 0.05;
Figure 3c).

3.3 | Mortality

Of total 20 studies, the pooled mortality prevalence was 9% (95%Cl:
6-12; Figure 4a). Subgroup analysis demonstrated that mortality was
higher in LMICs and UMICs than HICs with the prevalence of 13%
(95%Cl: 8-20), 12% (95%Cl: 8-18) and 3% (95%Cl: 2-5), in order
(Figure 4b). We found a significant publication bias in mortality
outcome (p = 0.01; Figure 4c).

Diagnostic Quality
method Type of cancer rating
PCR Leukaemia (31), solid tumours (16), lymphoma (1) Fair
PCR Leukaemia 16, lymphoma (3), Ewing sarcoma (2),  Fair
rhabdomyosarcoma (1), hepatoblastoma (2),
Wilms tumour (1), central nervous system
tumours (1), desmoplastic fibroma (1),
rhabdoid tumour (1), Langerhans cells
histiocytosis (1)
PCR Acute lymphoblastic leukaemia (24), acute myeloid Fair
leukaemia (4), CNS tumour (5), neuroblastoma
(6), sarcomas (4), Wilms tumour (2),
hepatoblastoma (2), retinoblastoma (2),
Hodgkin lymphoma (1), Burkitt lymphoma (1),
others/non-malignant (3)
Radiology Leukaemia (7), brain tumour (5), lymphoma (3), Fair
and sarcoma (2)
serology
PCR Acute lymphoblastic leukaemia (52), CNS tumour  Fair
(30), soft tissue sarcoma (16), neuroblastoma
(15), Hodgkin lymphoma (10), renal tumour (8),
acute myeloid leukaemia (7), non-Hodgkin
lymphoma (4), osteosarcoma (4),
retinoblastoma (2), other (7)
PCR NR Fair
PCR Leukaemia and lymphoma (66), solid tumours (6), Fair
CNS tumours (3), other (1)
PCR Leukaemia (26), lymphomas (5), brain tumours (5), Fair

neuroblastoma (4), bone tumours (3), soft tissue
sarcomase (3) and other solid tumours (5)

4 | DISCUSSION

We found that the rates of hospitalisation, ICU admission and
mortality of paediatric cancer patients were 44%, 14% and 9%, in
order. Moreover, MICs had worse COVID-19 outcomes compared
to HICs.

The previous systematic review of 15 studies that included case
reports and observational studies indicated a survival rate of 99% for
paediatric cancer patients with COVID-19.2 However, our preva-
lence of COVID-19 mortality (9%) was higher than the previous
systematic review (1%) as we included only observational studies in
addition to the large number of the included studies in our meta-
analysis with a sample size of 984 patients compared to 191 pa-
tients in the previous meta-analysis.

In comparison with adults, children usually develop less severe
SARS-CoV-2 infections. Many factors have been suggested to eluci-
date this finding. One of these explanations is that the incomplete

maturity of adaptive immunity may protect children from hyper-
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(a) Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate limit limit Total
Palomo-Colli-2021-Mexico 0737 0.576 082  28/38 —
tyczynski-2020-Poland 0.375 0.125 0.715 3/8
Shaheen-2021-Pakistan 0.588 0.352 0.790 10/17
Raza-2021-Pakistan 0.418 0.296 0.551 23/55
Cela-2020-Spain 0.467 0.241 0.707 7/15
Montoya-2020-Peru 0.188 0.113 0.298 13/69 .—
Arous-2021-Algeria 0.571 0.230 0.856 4/7
Baka-2021-Greece 0.067 0.009 0.352 1715 -
Lima-2021-Brazil 0.729 0.588 0.836  35/48 -
Bisogno-2021-Italy 0.517 0.341 0.689 15/29
Millen-2020-UK 0.220 0.132 0.343 13/59 '.-
Kamdar-2021-USA 0.180 0.096 0.311 9/50 .—
Kebudi-2021-Turkey 0.745 0.609 0.846 38/51 —.-
0.440 0.302 0.589
-1.00 -0.50 0.00 0.50 1.00
b
( ) Studyname Group by Statistics for eschs tudy Eventrate and 95% CI
Subgroup within study
Event Lover  Upper
rate limit limit Total
tyezyrsii-2020-Poland HIC 0375 0125 0715  3/8 —_—
Cels-2020-Spsin HIC 0467 0241 OM7  7/15 _—
Baks-2021-Graeoe HIC 0067 0009 032 1/15 e
Bisogno-2021-Iisly HIC 0517 0241 0689 15/29 —i—
Millen-2020-UK HIC 0220 0.122 0343 13/% ——
Kamdar-2021-USA HIC 0180  00% 0311  9/80 —-—
HIC 0205 0174 0455 sl
Shaheen-2021-Pakistan wic 0588 0.382 070  10/17 —_——
Raze-2021-Pakis tin wic 0418 028 0861 23/% — -
Arous-2021-Algeria wic 0571 020  08%  4/7 —_—
wic 0468 020 057 <<
Pslomo-Coll- 2021-Medco  UMIC 0737 057 082 28/38 —a—
Montoya-2020-Peru umic 0188 0113 028  13/€9 -
Lime-2021-Brazil umIc 0729 0588 088  2B/48 ——
Kebudi-2021-Turkey umMIic 0745 0.609 084  28/5 ——
umic 05%9 024 0842 ?—
Overall 0428 0243 0518
100 050 000 as0 1.00
(c) Funnel Plot of Standard Error by Logit event rate
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FIGURE 2 (a) The prevalence of hospitalisation in paediatric cancer patients represented with the event rate and 95% confidence interval
(95%ClI). (b) Subgroup analysis of the prevalence of hospitalisation in paediatric cancer patients according the income of countries represented
with the event rate and 95% confidence interval (95%Cl). (c) Funnel plot of the publication bias of hospitalisation outcome

inflammation observed in adults.** However, immunocompromised is no specific treatment for paediatric cancer patients with COVID-
paediatric patients, especially cancer patients, represent a vulnerable 19 infection. A global report from many cancer societies consoli-

population that should have a close follow up.*” Unfortunately, there dated essential information for clinicians regarding the diagnosis and
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(a) Study name Statistics for each study Event rate and 95% Cl
Event Lower Upper
rate limit limit Total
Palomo-Colli-2021-Mexico 0.053 0.013 0.187  2/38
Totadri-2021-India 0.324 0.194 0.489 12737 —.—
Radhakrishnan-2020-India 0.067 0.009 0.352 1:/:15 L
Shaheen-2021-Pakistan 0.118 0.030 0.368 2417 -B—
Fonseca-2021-Colombia 0.212 0.105 0.383 7133 4
Montoya-2020-Peru 0.043 0.014 0.126 3/69
Lima-2021-Brazil 0.208 0.116 0.346 10/48 .—
Bisogno-2021-ltaly 0.017 0.001 0.217 0/29
Kamdar-2021-USA 0.120 0.055 0.242 6/50 .—
Kebudi-2021-Turkey 0.176 0.094 0.306 9/561 .—
0.137 0.087 0.210 (o3
1.00 0.50 0.00 0.50 1.00

Stdyrame Growp by Statiatics for eachs iy
Subgroup within study

Event  lover  Upper
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Fonsecs 2021-Colomtia uMmIic 0212 0.105 0382 R ——
Mentys-2020-Peru umic 0043 0014 0128  3/€9 a—
Limo-2021- Brazil umic 0208 o118 0248 10/48 ——
Kebudi-2021- Turkey uMIic 0178 0098 0.208 9/81 -
umic 0133 o007 028 <o
Overall 0134 0083 0212 &
100 050 000 as0 1.00
(c) i
Funnel Plot of Standard Error by Logit event rate
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FIGURE 3 (a) The prevalence of intensive care unit (ICU) admission in paediatric cancer patients represented with the event rate and 95%
confidence interval (95%Cl). (b) Subgroup analysis of the prevalence of ICU admission in paediatric cancer patients according the income of
countries represented with the event rate and 95% confidence interval (95%Cl). (c) Funnel plot of the publication bias of ICU admission outcome

treatment of COVID-19 in cancer patients.*® The report recom- transmission. Moreover, children who are undergoing surgical pro-
mended wearing efficient personnel protective equipment for both cedure to treat cancer were encouraged not to delay their surgery

the children and the care team for preventing COVID-19 during the COVID-19 era for provoking better disease outcomes.
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(a) Study nsme

Statistics for each study

Event rate and 95% CI

Event Lower Upper
rate limit limit Total
Palomo-Colli-2021-Mexico 0.079 0028 0.218 3/28 -
Totadri-2021-India 0.013 0001 0.178 0737 b—
tyczynski-2020-Poland 0.058 0002 0.505 0/s
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FIGURE 4 (a) The prevalence of mortality in paediatric cancer patients represented with the event rate and 95% confidence interval (95%
Cl). (b) Subgroup analysis of the prevalence of mortality in paediatric cancer patients according the income of countries represented with the
event rate and 95% confidence interval (95%Cl). (c) Funnel plot of the publication bias of mortality outcome

Furthermore, identifying the source of infection and transmission

dynamics in each oncology centre whether being a patient or a

medical staff is essential for the prevention of new COVID-19

tions in their underlying therapy.*”

cases.*® In addition, it was recommended that paediatric cancer pa-

tients with SARS-CoV-2 infections should not have major modifica-
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It was suggested that paediatric oncology patients have a better
COVID-19 outcomes compared with adults but they may have a
worse COVID-19 outcomes than that of the general paediatric
population.*” This observation was supported by the fact that the
various modalities for cancer treatment which include chemotherapy,
immunotherapy, radiotherapy or bone marrow transplantation tend
to suppress the immune system for cancer patients. This weakened
immune system is liable for an attack of many opportunistic
infections.*?

Our analysis revealed that MICs countries had higher preva-
lence of COVID-19 hospitalisation, ICU admission and mortality
compared to HICs. In a recent large cohort studies that included
1500 paediatric patients diagnosed with cancer or referred to the
oncologic centres for undergoing haematopoietic stem-cell trans-
plantation, COVID-19 severity and COVID-19 mortality were
higher in the LICs and LMICs than UMICs and HICs.”° However,
we did not extract data from this cohort as it included non-cancer
patients which we settled previously as one of our exclusion
criteria.

Recent research papers have identified many factors that can
impact the progression of the infection including age, body mass
index, co-infection, neutropenia, initial presentation and the exis-
tence of comorbidities.*4°152 Paediatric patients with cancer
having low socio-economic facilities are at greater risk of devel-
oping severe COVID-19 outcomes like hospitalisation and death.
This may be related to the precarious nutritional status of children
in these countries.®* Sociocultural behaviours of people living in
these regions and lack of adequate hygiene maintenance may also
contribute to infection risk in paediatric cancer patients.*>> More-
over, the inequalities in country income may also have an impact
on patients' access to health care facilities, especially during the
lockdown period, which possibly explain the higher mortality in
MICs in our results.®> Furthermore, the delay in COVID-19 diag-
nosis is a significant predictor of COVID-19 severity that reflects
in turn for COVID-19 adverse outcomes.®® In the cohort study of
Kebudi et al, nearly two thirds of paediatric cancer patients with
COVID-19
schedule.*® The interruption or delaying of cancer treatment on

infection had a delay/interrupted chemotherapy
paediatric patients during the pandemic involves multiple factors
including understaffing of health care providers (either infected by
COVID-19 or serving as front line for the COVID-19 cases) and
the shortage of personnel protective equipment. The long lock-
down periods had adverse economic effect among families in
LMICs reflected by the reduction in the hospital visits from
affected patients during COVID-19 era.’*>°

PCR is the most specific and sensitive diagnostic test for COVID-
19; in LICs and MICs, PCR testing is expensive and most patients
cannot afford it is cost.>® In addition, infection from healthcare
professional is not uncommon in LICs and MICs due to the shortage
in the personal protective equipment.’®>” Vaccination can be a po-
tential tool for preventing risk of COVID-19 severity. Currently,
there is no evidence on vaccine efficacy and safety in paediatric

oncology patients.>! Adults data showed that oncological patients

may have a decreased response to vaccine and they might develop
infection after immunisation.® Caregivers and family members
vaccination against COVID-19 may play a pivotal role in this situa-
tion.>! Additional research to find out the risk/benefit ratio of
vaccination in paediatric cancer patients is urgently is needed to
mitigate the disease burden.

Although the number of the included patients is high, most of
the studies of this systematic review did not distinguish between
solid tumours and other malignancies. This may be a source of bias
since some haematological malignancies can have worse outcomes
at short time-frame and this might overestimate the burden with
the course of the infection. Furthermore, the retrospective nature
of the included studies is a limitation in our report. More pro-
spective studies are needed to provide evidence about each vari-
ety of cancer. Although, the prevalence of ICU admission in our
study was of 14% but, in some countries, the establishment of
clinical facilities providing high-level care interventions minimised
admissions to ICU.'° Besides, different clinical categorisation in
treating hospitalised patients across countries guidelines might
resulted differential ICU admission rate. In addition, significant
heterogeneity was prevalent across data sources and variables that
is the ethnicity, age, gender, COVID-19 diagnostic method, cancer
type and the treatment of both cancer and COVID-19 infection.
Moreover, we did not find any paper that discussed the outcomes
of COVID-19 in cancer patients in LICs which indicates a necessity
for more data for finding the survival outcome from this group of

patients.

5 | CONCLUSION

In front of the absence of specific treatments and the lack of data on
vaccine, caution should be taken to avoid COVID-19 infection among
paediatric cancer patients. Hospitals in LICs and MICs should
improve their services and management protocols to mitigate the

burden of SARS-CoV-2 infection in paediatric cancer patients.
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