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Abstract

What is known and objective: Bevacizumab (BVZ) is an angiogenesis inhibitor that
often works well with chemotherapeutic drugs for the treatment of solid intracranial
tumours in children. This meta-analysis discusses the efficacy and side effects of BVZ
combined with irinotecan in the treatment of patients (younger than 21 years of age)
with recurrent, progressive or refractory intracranial tumours.

Methods: We searched for articles published before 31 October 2018 in PubMed, EMBASE,
Cochrane library and Web of Science. We selected relevant literature on the combination
of BVZ and irinotecan in the treatment of children with intracranial tumours. Objective re-
sponse was evaluated by combining partial response (PR), complete response (CR), stable
disease (SD) and progressive disease (PD), and survival time was evaluated by combining
overall survival (OS) and progression-free survival (PFS); common side effects were also
analysed. All data included were obtained from single-arm data, with no control groups.
Results and discussion: A total of 13 studies involving 272 patients were included.
We found that out of 41% patients who showed an objective response following
the BVZ therapy combined with irinotecan, 28% achieved a PR, 13% achieved a CR,
32% showed a SD, and 43% had a PD; PFS and OS were 6.47 and 11.9 months, re-
spectively; gastrointestinal dysfunction, leukopenia and hypertension were the three
most common adverse events, accounting for 36.7%, 33.6% and 22.1%, respectively,
whereas musculoskeletal disorders had the lowest occurrence, accounting for 3.9%.
What is new and conclusion: BVZ combined with irinotecan-based chemotherapy
had a better response and prolonged survival in the treatment of paediatric intracra-
nial tumours than radiation therapy or chemotherapy. Gastrointestinal dysfunction,

leukopenia and hypertension were the toxic side effects with the highest incidence.
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1 | WHAT IS KNOWN AND OBJECTIVE

In the incidence of malignant diseases in children, intracranial tu-
mours rank second only after leukaemia. Although great progress
has been made in the treatment of malignant intracranial tumours
in children in the fields of surgery, radiotherapy and chemotherapy,
a considerable proportion of patients still suffer from intractable,
progressive or recurrent diseases, and the therapeutic response is
still poor. New methods are needed to treat this disease.!

Angiogenesis is the key and rate-limiting factor in tumour de-
velopment. Vascular endothelial growth factor (VEGF) plays a key
role in this process.2 Vascular endothelial growth factor is a key
mediator of angiogenesis and plays an important role in tumour
growth, invasion and metastasis. Its overexpression can accelerate
the progression and metastasis of intracranial tumours. Because of
VEGF overexpression in tumours of the central nervous system,3’4
Vascular endothelial growth factor inhibition can inhibit the angio-
genesis of intracranial tumours; thus, VEGF has become an effective
target for the treatment of solid intracranial tumours. VEGF overex-
pression is also found in intracranial tumours in children, and VEGF-
targeted therapy may be an effective therapeutic approach for the
treatment of paediatric intracranial tumours.® Bevacizumab (BVZ) is
an angiogenesis inhibitor that targets VEGF; it specifically binds to
VEGF-A and inhibits tumour angiogenesis by blocking the interac-
tion of VEGF with its receptor on the surface of endothelial cells,’
and thus inhibits the growth and metastasis of intracranial tumours.
In addition, BVZ can also improve the delivery of cytotoxic chemo-
therapeutic drugs by altering the tumour vascular system, reducing
the elevated tissue pressure in tumours and enhancing the efficacy
of chemotherapeutic drugs.7

However, previous studies found that BVZ showed only mod-
est activity when used as a single drug and exhibited better efficacy
when used in combination with conventional chemotherapeutic drugs
for the treatment of intracranial tumours.® Although the use of BVZ
alone is effective, it is not ideal and requires a combination of drugs.
Irinotecan is a topoisomerase-1 inhibitor, a relatively classic chemo-
therapeutic drug. It can block topoisomerase-1 and inhibit DNA rep-
lication and transcription.” The combination of irinotecan and BVZ
has been proven to improve the prognosis of adult patients with
high-grade gliomas. Studies have reported encouraging results with
an objective response rate as high as 60% and a prolonged median
progression-free survival (PFS).lO'11 The combination of BVZ and irino-
tecan for the treatment of relapsed grade Il glioma patients showed
high response rates with a PFS of 4-7 months and an overall survival
(0S) of 7-15 months.*?*® To improve the therapeutic effect on pae-
diatric central nervous system tumours, many studies have tested a
variety of new targeted therapies including antiangiogenic drugs. In
the treatment of childhood intracranial tumours, BVZ in combination
with irinotecan has also been found to efficacious.!* However, data on
the safety and efficacy of BVZ in combination with irinotecan in the
treatment of patients with intracranial tumours under 21 years of age
is limited, and the extent to which this combination can be extended

to patients under 21 years of age is uncertain.

Clarifying the efficacy and side effects is of great value in guiding
clinicians to use the drugs appropriately. We therefore performed
this meta-analysis to evaluate the efficacy and toxicity of this combi-

nation therapy regimen in children with intracranial tumours.

2 | METHODS

This systematic review and meta-analysis followed the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines.*

2.1 | Eligibility criteria

Eligible studies had to satisfy the following prespecified PICOS
criteria: (a) P: tumour patients less than 21 years of age; (b) |I: BVZ
combined with other drugs; (c) C: None (d) O: partial response (PR),
complete response (CR), stable disease (SD) and progressive disease
(PD); (e) S: retrospective study. Studies of BVZ monotherapy were
not included, and studies of BVZ in combination with other antineo-
plastic drugs, either one or more drugs, were included. All data are

from single-arm data, with no control group.

2.2 | Search strategy

We searched for articles published before 31 October 2018 in four
electronic databases: PubMed, EMBASE, Cochrane library and
Web of Science. The search terms used were: ‘BVZ and irinotecan’
or ‘CPT-11" and ‘child’ or ‘childhood’ or ‘adolescent’ or ‘teenager’ or
‘paediatric’ and ‘medulloblastoma’ or ‘glioblastoma’ or ‘intracranial
tumours’ or ‘cns tumours’ or ‘brain tumour’ or ‘brain haemangioma’
or ‘central nervous system tumour’ or ‘meningioma’ or ‘neuroecto-
derm tumour’ or ‘granular cell tumour’ or ‘ependymoma’.

If there were duplicate studies, articles published earlier or pro-
viding more detailed information were selected. If the review con-

tained raw data, that has also been included in this study.

2.3 | Study selection

All studies were manually read. The retrieved literature was re-
viewed, and the eligibility of all potential studies was independently
assessed by two reviewers according to the above criteria. The third

researcher resolved the differences by screening the literature.

2.4 | Data extraction

The data of each included study were extracted by the investigator
using a predesigned data table and independently reviewed by an-

other investigator to ensure accuracy.
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2.5 | Definition of outcomes

The therapeutic effect of BVZ combined with other drugs on pae-
diatric intracranial tumours was evaluated from three perspectives
involving six indicators: the first perspective was PFS and OS and
the second was objective response; the reported PR, CR, SD and
PD were extracted from all studies and combined; the third one was
side effects: the side effects extracted from each study were clas-
sified and combined, and the incidence of 10 common side effects
was analysed.

CR refers to the complete disappearance of all lesions; PR refers
to >50% reduction in the largest cross-sectional area of the tumour;
PD refers to an increase in tumour size by >25%, emergence of a
lesion in a new area, or a new progressive symptom caused by tu-
mour progression; SD refers to tumour shrinkage but not enough
to be described as PR (<50%) or a <25% increase in tumour size, but
not sufficient to prove that it is PD; Objective tumour response re-
fers to a significant decrease in tumour size, including PR, CR; PFS
was measured from the initial BVZ treatment to the time of the first
radiation/clinical progression, and the OS was measured from BVZ
treatment to the time of death.

2.6 | Statistical methods

Stata 14 was used for data combination and analysis and for evalua-
tion of between studies heterogeneity tests (1%). We used a random
effects model for meta-analysis and the data are depicted as forest

plots.

2.7 | Assessment of risk of bias

Since most of the studies included were single-arm cohort studies,
the CASP-Cohort-Study-Checklist was used to assess the quality of
the studies. Two investigators subjectively assessed the quality and
bias of the studies, and the differences were resolved by consensus
or arbitration by a third investigator. The critical appraisal skills pro-
gramme (CASP) Cohort list is a quality assessment tool. In 2004, the
Oxford Evidence-Based Medicine Center in the UK presented a list
of CASP for cohort studies with 12 questions.

3 | RESULTS
3.1 | Search results and study characteristics

Atotal of 817 articles were identified following a systematic database
search. Only 13 independent studies eventually met the analysis cri-
teria and the PRISMA flow chart (Figure 1). A total of 272 subjects
were enrolled, and all studies included were retrospective (Table 1).
Among the 13 eligible studies, 9 studies reported PR, 4 studies re-
ported CR, 11 studies discussed SD, and 10 studies discussed PD
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for evaluation of objective efficacy of BVZ combination therapy
on recurrent, progressive or refractory intracranial tumours. There
were 5 studies each that mentioned PFS or OS for the assessment
of survival outcomes in paediatric patients with recurrent, progres-
sive or refractory intracranial tumours treated with BVZ. The paper
ultimately screened out 10 types of side effects, each involving 4
to 10 studies, and explored a combination of two or more chemo-
therapeutic drugs, including at least BVZ and irinotecan. The main
paediatric intracranial tumours involved in this study were recurrent
or refractory central nervous system (CNS) tumours (neuroblastoma,
optic glioma, intrinsic pontine glioma, recurrent medulloblastoma,
ependymoma, low-grade gliomas (LGG), high-grade gliomas (HGG),
supratentorial HGG and diffuse intrinsic pontine glioma (DIPG) and
recurrent malignant glioma). The average age of the population in-
volved in the 13 included studies was >10 years in 7 studies and

>15 years in 6 studies.

3.2 | Objective response

CR/PR/PD/SD were used as indicators of tumour response. Since
not all four indicators can be analysed in each study, the number of
studies included in each pooled result is different. Additionally, as
various objective responses at different stages of treatment were
provided by some studies, we selected ‘optimal objective response’
and used the random effects model in this meta-analysis without
consideration of heterogeneity.

Objective response, including PR and CR, implies that treat-
ment is effective to varying degrees. Nine studies reported the in-
cidence rate of PR, and 4 studies reported the incidence rate of CR
in BVZ therapy in combination with irinotecan. The pooled results
showed that 28% patients achieved PR (95% Cl = 0.19-0.37, P < 0.01;
12 = 27%) (Figure 2A), 13% patients achieved CR (95% CI = 0.04.
-0.22, P < 0.01; I> = 0%) (Figure 2B) and that combination therapy
had a positive anti-tumour activity in children with intracranial tu-
mours. Eleven studies reported the incidence rate of SD in combina-
tion therapy. The pooled results were encouraging, and at least 32%
of patients achieved SD after combination therapy (95% Cl = 0.22-
0.42, P < 0.01); I? = 49.5%) (Figure 2C).

However, in addition to anti-tumour activity, combination therapy
can also lead to disease progression. Ten studies were then included to
assess disease progression in patients receiving combination therapy.
The pooled results showed that 43% of patients had disease progres-
sion (95% Cl = 0.29. -0.58, P < 0.01, I? = 76.9%) (Figure 2D).

3.3 | Survival outcomes

Survival outcomes including OS and PFS are other indicators of the ef-
ficacy of treatment. The pooled results showed that the average PFS
(based on 5 studies) and OS (based on another 5 studies) of patients
were 6.47 months (95% Cl = 2.39-10.56, P < 0.05) (Figure 3A) and 11.9
months (95% Cl = 6.07 to -17.78, P < 0.01) (Figure 3B), respectively.
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Some studies reported average time of survival, whereas other
studies reported the median time of survival. To facilitate the com-
bined analysis, we converted the median value and its range into
mean value and standard deviation (SD) values. As shown in Figure 3,
the trends of PFS and OS are the same.

3.4 | Toxicity

The side effects of BVZ therapy in combination with other anti-tumour
drugs was explored in the 13 included studies. We extracted 10 types

of side effects for analysis after nearly 60 side effects mentioned in

these 13 studies were carefully reviewed, re-screened and reclassified
(the side effects mentioned in less than 3 studies were ignored). The
number of included studies varied with each side effect. The 10 side
effects were combined and their pooled incidence rates (Table 2) were
as follows: gastrointestinal dysfunction, 36.7%; leukopenia, 33.6%;
hypertension, 22.1%; anaemia, 21.5%; haemorrhage, 18.1%; throm-
bocytopenia, 17.9%; general, 16.9%; liver dysfunction, 15.0%,; renal
dysfunction (proteinuria), 13.4%; and musculoskeletal disorders (oste-
onecrosis), 3.9%, as shown in the forest plot (Figure 4). Among them,
gastrointestinal dysfunction (including nausea, vomiting and diar-
rhoea) ranked first and had the highest incidence of toxic side effects,

followed by leukopenia, hypertension and musculoskeletal disorders.
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3.5 | Evaluation of research quality

We evaluated the quality of each study in three sections: Are the
results of the study valid? (Section A); What are the results? (Section
B); Will the results help locally? (Section C). After independent evalu-
ation by two investigators and joint discussion on the differences, we
could see that the quality of the 13 included studies was generally
acceptable, and there were no serious quality problems and biases.

4 | DISCUSSION

In summary, 13 clinical trials involving 272 subjects younger than 21
years of age were included in our study that explored a combination
of two or more chemotherapeutic drugs, including at least BVZ and
irinotecan.

Although several treatments have been studied in the past decades,
the prognosis of paediatric intracranial tumours has not improved satis-
factorily. The use of hypofractionated radiotherapy, preirradiation che-
motherapy, concurrent chemoradiotherapy, radiosensitizers, adjuvant
chemotherapy and high-dose chemotherapy regimens has not resulted
in significant responses or prolonged survival. Janssens et al. reported
5-month PFS and 8.5-month OS in patients with diffuse intrinsic pon-

tine gliomas treated with hypofractionated radiotherapy.?’ Dunkel

et al. reported 2.5-month PFS and 3.6-month OS in patients with dif-
fuse intrinsic pontine gliomas treated with standard chemotherapy.28
Our results showed that children with intracranial tumours responded
to BVZ therapy in combination with irinotecan; 28% patients achieved
PR, 13% achieved CR, and 32% were stable; PFS and OS were 6.47
months and 11.9 months, respectively.

Common adverse events (AEs) associated with BVZ therapy in
combination with irinotecan include hypertension, fatigue, nose-
bleeds, proteinuria, CNS haemorrhage, rectal bleeding, musculo-
skeletal disorders, CNS ischaemia, neutropenia, thrombocytopenia,
diarrhoea and elevated transaminase levels. We summarized 13 ret-
rospective studies and found that gastrointestinal dysfunction was
the most common AE, followed by leukopenia and hypertension.
Gastrointestinal dysfunction and leukopenia may be associated with
irinotecan.’” Some patients need to stop using irinotecan because
of severe vomiting and diarrhoea. These symptoms improved im-
mediately after discontinuation and were not observed in the initial
treatment with BVZ alone. In addition, haematological toxicity such
as thrombocytopenia, elevated transaminase levels and other AEs
were also associated with irinotecan.? According to our results, we
believe the AEs were acceptable. The long-term health risks of ra-
diation therapy and chemotherapy are usually unacceptable. These
include cognitive dysfunction, neuroendocrine dysregulation, vas-

cular insults, second malignancies, myelosuppression, peripheral
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|
1
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1
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1
1
|
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1
1
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FIGURE 3

neuropathy and carboplatin allergy in the treatment phase, and
secondary malignancies as late effects.?® Therefore, we believe that
compared with radiation therapy or chemotherapy, BVZ combined
with irinotecan-based chemotherapy has a better response and ac-
ceptable toxicity profiles.

This study has some limitations. Firstly, this paper lacks relevant
randomized controlled trials, and as only single-arm studies have
been included, the effect sizes comparable to other treatments are

unavailable. The second limitation is the small number of related

451

(A) Forest plot of median progression-free survival (B) Forest plot of median survival

studies and sample sizes because of a relatively low incidence rate

of paediatric tumours.

5 | WHAT IS NEW AND CONCLUSION
In summary, BVZ combined with irinotecan-based chemotherapy
had a better response and prolonged survival in the treatment of pae-

diatric intracranial tumours than radiation therapy or chemotherapy.
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TABLE 2 Toxicity

Studies
Toxicity Incidence 95% Cl included
Anaemia 21.5% 0.055-0.374 4
Gastrointestinal dysfunction 36.7% 0.23-0.503 10
General condition 16.9% 0.095-0.242 6
Haemorrhage 18.1% 0.057-0.304 6
Hypertension 22.1% 0.123-0.319 8
LEUKOPENIA 33.6% 0.198-0.474 10
Liver dysfunction 15.0% 0.055-0.245 7
Musculoskeletal disorders 3.9% 0.007-0.072 4
Renal dysfunction 13.4% 0.072-0.197 6
Thrombocytopenia 17.9% 0.09-0.268 8
Toxicity ES (95% CI)
Anemia + 0.22 (0.05, 0.37)
Gastrointestinal dysfunction —_— 0.37 (0.23, 0.50)
General condition —_— 0.17 (0.09, 0.24)
Hemorrhage s 0.18 (0.06, 0.30)
Hypertension —_— 0.22(0.12, 0.32)
Leukopenia —_— 0.34 (0.20, 0.47)
Liver dysfunction —_— 0.15 (0.05, 0.25)
Musculoskeletal disorders {0— 0.04 (0.01, 0.07)
Renal dysfunction —_—— 0.13 (0.07, 0.20)
Thrombocytopenia —_— 0.18 (0.09, 0.27)
[ I I [ [
.01 .1 w2 3 S5 1

FIGURE 4 Forest plot of incidence of AEs

Gastrointestinal dysfunction, leukopenia and hypertension were
side effects with the highest incidence. This study provides informa-
tion for the clinical application of BVZ combined with irinotecan in
the treatment of paediatric intracranial tumours.

BVZ, used either alone or associated with conventional chemo-
therapy, is now part of the upfront treatment for several tumour
types in adult patients. However, few paediatric studies have been
reported so far. Our results show that BVZ combined with irino-
tecan-based chemotherapy has better response rates and accept-
able toxicity profiles for paediatric brain tumour patients. This is a
promising result. We anticipate that BVZ combined with irinotec-
an-based chemotherapy will provide new insights into paediatric

brain tumours treated with antiangiogenesis therapies. We should

encourage the inclusion of these patients in clinical trials using BVZ

combined with irinotecan-based chemotherapy.
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