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ABSTRACT
Background Metronomic chemotherapy (‘less 
is more, regularly’) could be an alternative to the 
maximum tolerated dose (‘the more, the better’) in the 
chemotherapeutic cancer treatment of high- risk malignant 
solid extracranial tumours in children or young adults.
Objective To evaluate the efficacy of metronomic 
chemotherapy compared with placebo or stop treatment 
in paediatric patients with extracranial malignant solid 
tumours.
Methods We searched the databases MEDLINE and 
CENTRAL on 8 September 2023 and included randomised 
clinical trials (RCTs). Primary outcome was overall survival, 
and the main outcome measure was the HR.
Results We identified three RCTs with parallel assignment 
and intention- to- treat analyses of data from 775 people. 
The studies primarily reported on participants with 
rhabdomyosarcoma, neuroblastoma and osteosarcoma. 
The HR favoured the metronomic chemotherapy group 
(0.75 (95% CI 0.56 to 0.98)).
Conclusions The evidence base is compatible with a 
favourable effect of metronomic chemotherapy on children 
and young adults with high- risk extracranial malignant 
solid tumours, especially other than bone tumours, when 
compared with placebo or stop treatment. Statistical 
heterogeneity is low while clinical heterogeneity is 
substantial. Thus, the results must be interpreted with 
caution and applicability of the results is limited. Future 
RCTs could provide more data on individual tumour entities 
and subsequently add information on tumour- specific 
responses.
PROSPERO registration number CRD42023457195.

INTRODUCTION
Description of the condition
In the present systematic review, diseases 
of interest are malignant extracranial solid 
neoplasms that occur during childhood.1 This 
heterogeneous group of cancers represents 
approximately 40% of all paediatric malig-
nancies in infants and young children.2 
In children 0 to 14 years of age, the most 
common solid tumours are soft tissue sarcoma 
(7%), neuroblastoma (6%), nephroblastoma 
(5%) and malignant bone tumours (4%).2 

Common presenting signs and symptoms of 
paediatric solid tumours are for example, 
abdominal mass, constipation, shortness 
of breath, back pain, bone pain, fever and 
arterial hypertension.2 Peripheral nervous 
cell tumours (such as neuroblastoma), bone 
sarcomas (such as osteosarcomas and Ewing 
sarcomas) and soft tissue sarcomas (such as 
rhabdomyosarcoma) separately affect about 1 
child in 6000 to 7200 children under 18 years 
of age.3 More and more complex and intense 
treatment protocols have been established, 
and long- term survival significantly improved 
in recent decades.4 Nevertheless, survival 
after malignant extracranial solid tumour 
relapse is still poor. For instance, the reported 
5 year overall survival rate after relapse from 
high- risk neuroblastoma is about 20% despite 
intense relapse treatments.5 New treatment 
strategies are urgently needed.6

Description of the intervention
Chemotherapy for paediatric extracranial 
high- risk tumours is usually based on the 
concept of maximum tolerated dose (MTD, 
'the more, the better').7 High- dose chemo-
therapy aims to kill tumour cells but at the 
same time also threatens for example, bone 
marrow and organ function often leading to 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The present systematic review is based on a com-
prehensive search.

 ⇒ Three included studies are characterised by a con-
siderable number of participants and signs of low 
statistical heterogeneity among them.

 ⇒ The essential HR of overall survival was deduced 
from Kaplan- Meier curves.

 ⇒ Blinding was difficult to assess concerning the treat-
ment of serious diseases, and we judged an unclear 
risk when blinding was not reported or not applied.

 ⇒ Applicability is limited due to the substantial clinical 
heterogeneity.
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severe adverse events. Therefore, treatment- free intervals 
are needed to allow cell recovery. In contrast, metronomic 
chemotherapy (MC) is defined as the frequent adminis-
tration of chemotherapeutic drugs at doses significantly 
below the MTD with no prolonged drug free breaks (‘less 
is more, regularly’).8 As a multi- target treatment, MC is 
thought to affect the tumour microenvironment and the 
cancer cell. Effects on tumour angiogenesis and anti-
cancer immunity have been shown.9 Additionally, MC is 
often combined with nonchemotherapeutic drugs that is, 
in the context of drug repurposing.10 The feasibility and 
the low toxicity profile in the heavily pretreated patients 
encouraged physicians to perform more clinical trials 
with metronomic treatment for solid tumours over the 
last years.

Objective
This systematic review aimed to evaluate the efficacy of 
MCcompared with placebo or stop treatment in paedi-
atric patients with extracranial malignant solid tumours.

METHODS
While preparing this systematic review, we endorsed the 
Preferred Reporting Items for Systematic Reviews and 
Meta- Analyses (PRISMA) statement, adhere to its princi-
ples and followed its checklist.11 Patients and the public 
were not involved in this systematic review.

Search strategy
We performed an unrestricted electronic literature 
database search in MEDLINE via PubMed (US National 
Library of Medicine) on 8 September 2023. Due to auto-
mated term mapping, use of an asterisk (*) as a wild card 
for truncation, different spelling or use of synonyms was 
not necessary. We conducted an additional electronic liter-
ature database search in the Cochrane Central Register 
of Controlled Trials (CENTRAL) of The Cochrane 
Library via Wiley based on the PubMed search strategy. 
MeSH terms were combined with text terms to ensure a 
comprehensive and up- to- date search. We searched the 
online trial registries  ClinicalTrials. gov ( CT. gov, https:// 
clinicaltrials.gov/, US National Library of Medicine) and 
International Clinical Trials Registry Platform (ICTRP, 
https://trialsearch.who.int, WHO) on 18 August 2023. 
The original and updated search strategies are shown in 
online supplemental table S1. We extended the search by 
using Google, reference lists of recent publications and 
PubMed tools including similar articles and clinical queries.

Study selection
Inclusion criteria. We considered randomised controlled 
trials (RCTs) with parallel assignment of paediatric 
patients with extracranial malignant solid tumours. The 
test intervention was MC which generally followed stan-
dard treatment. MC was defined as the frequent admin-
istration of chemotherapeutic drugs at doses significantly 
below the MTD with no prolonged drug free breaks.8 The 

control intervention was placebo or stop treatment. Exclu-
sion criteria. We did not consider publications as follows: 
article abstracts, meeting abstracts, ongoing studies, trial 
registries, comments, letters, narrative reviews, systematic 
reviews duplicate publications.

Outcomes
Primary beneficial outcome measure was overall survival. 
Primary adverse outcome was treatment- related mortality. 
Secondary outcomes were progression- free survival, 
disease- free survival, event- free survival, toxicity grade 3 
to 4 and health- related quality of life.

Data collection and analysis
FP imported the bibliographic data into Excel (Micro-
soft) and EndNote X9 (Clarivate), and FP and MH 
selected relevant studies in a two- step screening process. 
In the first step, selecting potentially relevant references 
was based on title and/or abstract. In the second step, 
including relevant studies was based on full text. Reasons 
were provided for excluding the rest of formerly poten-
tially relevant articles. FP and MH also independently 
extracted information on study design, participants and 
outcomes into Word (Microsoft). Differences in opin-
ions were resolved by discussion, and the assistance of 
a third author was not necessary. The main extracted 
data fields include the study characteristics (registry ID, 
design, sponsor, participating hospitals and enrolment), 
the participants (disease, age, gender, tumour histology, 
performance status, pathology, primary tumour invasive-
ness, regional lymph node involvement, tumour size and 
surgery), the interventions (pretreatment before and 
after randomisation and MC after randomisation), the 
comparators after randomisation, the treatment dura-
tion, the follow- up and the outcomes (overall survival, 
disease- free survival, progression free survival, event- free 
survival, health- related quality of life, death, treatment- 
related mortality, neutropenia grade 3 to 4, neurology 
adverse events grade 3 to 4 and nephrotoxicity grade 3 
to 4).

Concerning time- to- event data, such as overall survival, 
we re- enacted the survival functions by deducing survival 
data from the survival curves depicted in the corre-
sponding article. We used the Excel tool provided by 
Tierney et al12 to estimate the HR and the corresponding 
log(HR) by using the ‘data from curve with numbers 
at risk given’, which is based on the method by Parmar 
et al.13 If the numbers at risk were not given, we used 
the ‘data from curve read where wished and assuming 
constant censoring’. We made sure that the constructed 
graph based on input data was like the published graph. 
Data were analysed using the Cochrane Review Manager 
5 (The Cochrane Collaboration): statistical method: 
inverse variance; analysis model: random effects and effect 
measure: HR. The procedure can be detailed as follows: 
first, the Kaplan- Meier plot is enlarged and printed. In 
general, time intervals are plotted on the x- axis and the 
probability of overall survival is plotted on the y- axis. The 
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values of the time points are usually given in months such 
as 0, 12, 24 etc. The values of the probabilities are usually 
given as per cent such as 100% at time point 0. Second, a 
perpendicular is drawn between a specific time point of 
the x- axis and the corresponding point of the curve and 
the distance is measured. This is exerted twice, for the 
test group and for the control group. Third, the values of 
distance are converted in values of probability. The time 
point at 0 and the corresponding probability of 100% 
or 1.0 serve as a reference for the conversion. Fourth, 
the time points, the corresponding probability and the 
number of participants at risk are typed into the down-
loaded spreadsheet. It is important to make certain that 
the re- enacted curve mirrors the original curve perfectly. 
Fifth, the application calculates the HR and the log(HR). 
These figures are then transferred to the Cochrane 
Review Manager analysis tool.

Concerning dichotomous outcomes (eg, adverse 
events), we extracted the number of patients in each 
treatment arm and the number of patients who experi-
enced the outcome of interest. Data were analysed using 
the Cochrane Review Manager 5 (The Cochrane Collab-
oration): statistical method: Mantel- Haenszel; analysis 
model: random effects and effect measure: risk ratio. We 
did not identify continuous data.

Subgroups and heterogeneity
We assessed clinical reasons for heterogeneity and esti-
mated the percentage heterogeneity between trials that 
cannot be ascribed to sampling variation using the index 
of heterogeneity (I2 statistic).14 An I2 statistic equal to or 
greater than 50% was regarded as considerable hetero-
geneity. The studies did not separately report on bone 
sarcomas versus other than bone sarcomas, thus, it was 
not possible to conduct a sensitivity analysis in this regard. 
We conducted a subgroup analysis of studies on solid 
tumours other than bone sarcomas.

Assessment of risk of bias in included studies
Two authors independently appraised the risk of bias 
of the included studies. Differences in opinions were 
resolved by discussion and the assistance of a third 
author was not necessary. We used the items listed within 
Cochrane’s tool for assessing risk of bias.15 We assessed 
selection bias, performance bias, detection bias, attri-
tion bias, reporting bias and other bias. The criteria for 
judging an unclear, low or high risk of bias with respect 
to seven items are shown in online supplemental table S2.

Patient and public involvement
Patients and the public were not involved. There were 
no study participants since the study was based only on 
published study data.

RESULTS
Search results
Figure 1 shows the literature retrieval and reference 
flow. We retrieved 285 references from electronic data-
bases and additional sources such as references lists. We 
excluded 241 references based on title/abstract informa-
tion. We excluded another 40 references with reasons 
based on full- text evaluation. We included four refer-
ences16–19 which include the original study data of three 
RCTs16–18 and a follow- up report on health- related quality 
of life.19 During the 2022 Annual Meeting of the American 
Society of Clinical Oncology (ASCO), a poster referred 
to a study which appears to fulfil the inclusion criteria.20 
Unfortunately, the study data relevant for the inclusion in 
this systematic review will not be available soon. Online 
supplemental table S3 lists the primary references for 
the three included studies and 10 associated references. 
Online supplemental table S4 lists the exclusion reasons 
for 40 references including the 10 references related to 
the included studies.

Figure 1 Literature search and flow.
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Baseline data
Table 1 provides an overview of the main characteristics of 
the study design. Briefly, the three RCTs were published 
between 2017 and 2019. The screening of 1215 people 
resulted in enrolment and analysis of data of 775 partic-
ipants from 16 countries (South America, Europe and 

Asia). All studies applied an intention- to- treat analysis 
and were sponsored by public institutions.

Table 2 provides an overview of the main characteris-
tics of the participants. Most participants were children 
or adolescents with slightly more males than females. 
The authors reported a variety of solid tumours mainly 

Table 1 Inclusion criteria and study characteristics according to the included RCTs

Bisogno16 Pramanik 201717 Senerchia18

Registries NCT00339118; EudraCT 
2005- 000217- 35

NCT01858571; 
CTRI/2013/06/003734

n.r.

Study name RMS 2005 n.r. n.r.

Design Randomised, parallel assignment, 
phase 3, no masking

Randomised, parallel assignment, 
phase 3, masking: double 
(participant, care provider)

Randomised, parallel assignment, 
phase 3, no masking

Sponsor EpSSG, European paediatric Soft tissue 
sarcoma Study Group

AIIMS, All India Institute of Medical 
Sciences

UNIFESP, Universidade Federal 
de Sao Paulo

Participating 
hospitals

102 hospitals in 14 countries: Argentina, 
Belgium, Brazil, Czech Republic, 
France, Ireland, Israel, Italy, Norway, 
Switzerland, Slovenia, Spain, the 
Netherlands, the UK

AIIMS, a tertiary care referral 
cancer centre in North India

27 hospitals in three countries: 
Argentina, Brazil, Uruguay

Enrolment Apr 2006 to Dec 2016: 670 screened, 
371 enrolled

Oct 2013 to Dec 2015: 123 
screened, 108 enrolled

May 2006 to Jul 2013: 422 
screened, 296 enrolled

Population Patients aged 6 months to 21 
years with nonmetastatic high- risk 
rhabdomyosarcoma at the time of 
diagnosis and complete remission or 
with minimal abnormalities on imaging 
studies at the end of the standard 
treatment (nine cycles of ifosfamide, 
vincristine and dactinomycin with or 
without doxorubicin, and surgery or 
radiotherapy or both)

Patients aged 5 to 18 years 
with primary extracranial, 
nonhematopoietic solid malignant 
tumours that were refractory/
progressive after treatment with 
at least 2 lines of chemotherapy 
(not specified) and had no other 
curative treatment options

Patients 30 years or younger 
with newly diagnosed high- grade 
nonmetastatic osteosarcoma 
and complete resection of the 
primary tumour after 10 weeks 
of preoperative therapy with 
intravenous MAP (methotrexate, 
adriamycin and platinum); 
cisplatin in part replaced by 
dexrazoxane from week 11 to 
week 31

Intervention MC (n=185): six cycles of intravenous 
vinorelbine 25 mg/m2 on days 1, 8 and 
15, and oral cyclophosphamide 25 mg/
m2 on days 1 to 28.

MC(n=56): daily oral celecoxib 
and daily oral thalidomide 
with alternating periods 
of oral etoposide and oral 
cyclophosphamide

73 weeks MC (n=139): oral 
cyclophosphamide 25 mg/m2) 
daily and oral methotrexate 
1.5 mg/m2 two times per daily 
two times per week after 
chemotherapy from week 32 
through week 104

Comparator Stop treatment (n=186) Placebo (n=52) Stop treatment (n=157)

Outcome: 
primary

Disease- free survival Progression- free survival 
(proportion of patients without 
disease progression at 6 months)

Event- free survival (events: 
recurrence, disease progression, 
secondary malignancy or death)

Outcome: 
secondary

Overall survival and toxicity Overall survival and progression- 
free survival duration

Overall survival

Duration of 
treatment

Six 4 week cycles continuously for 24 
weeks

Treatment was continued until 
progression was documented

Until week 104

Follow- up Median 60.3 months Median 2.9 months n.r.

Kaplan- Meier 
interval

Up to 132 months Up to 15 months Up to 80 months

CTRI, Clinical Trials Registry – India; EudraCT, European Union Drug Regulating Authorities Clinical Trials Database; MAP, 
methotrexate, adriamycin (= doxorubicin) and platinum (= cisplatin); MC, metronomic chemotherapy; NCT, ClinicalTrials; n.r., 
not reported; RCTs, randomised clinical trials.
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Table 2 Characteristics of study participants

Treatment 
group Bisogno et al16 Pramanik et al17 Senerchia et al18

Age MC 1 year or younger: 6% (n=11) Median (range): 13 years (5 to 18) Mean (SD) in 
years: 13.23 (4.61)> 1 year to 9 years: 74% (n=136)

10 years to 17 years: 18% (n=34)

18 years or older: 2% (n=4)

Comparator 1 year or younger: 1% (n=2) Median (range): 15 years (5 to 18) Mean (SD) in 
years: 13.85 (4.10)> 1 year to 9 years: 77% (n=143)

10 years to 17 years: 19% (n=36)

18 years or older: 3% (n=5)

Gender MC Male: 57% (n=105) Male: 75.0% (n=42) Male: 52.5%

Comparator Male: 56% (n=104) Male: 76.9% (n=40) Male: 59.9%

Tumour 
histology

MC Alveolar RMS: 33% (n=61) Osteosarcoma, PNET: 71% (n=40) n.r.

Embryonal RMS: 59% (n=109) Neuroblastoma: 9% (n=5)

Botryoid RMS: 6% (n=11) Rhabdomyosarcoma: 5% (n=3)

Other RMS: 2% (n=4) Esthesioneuroblastoma: 2% (n=1)

Nonrhabdomyosarcoma STS: 4% 
(n=2)

Retinoblastoma: 4% (n=2)

Others: 5% (n=3)

Comparator Alveolar RMS: 33% (n=62) Osteosarcoma, PNET: 61% (n=32) n.r.

Embryonal RMS: 61% (n=113) Neuroblastoma: 10% (n=5)

Botryoid RMS: 3% (n=5) Rhabdomyosarcoma: 11% (n=6)

Other RMS: 3% (n=6) Esthesioneuroblastoma: 2% (n=1)

Non- rhabdomyosarcoma STS: 8% 
(n=4)

Retinoblastoma: 2% (n=1)

Others: 6% (n=3)

Performance 
status

MC n.r. 0: 5% (n=3) n.r.

1: 32% (n=18)

2: 44% (n=25)

3: 17% (n=10)

Comparator n.r. 0: 2% (n=1) n.r.

1: 36% (n=19)

2: 40% (n=21)

3: 21% (n=11)

Pathology MC Favourable: 66% (122) n.r. n.r.

Comparator Favourable: 65% (120) n.r. n.r.

Primary tumour 
invasiveness

MC T1: 39% (n=72) n.r. n.r.

T2: 58% (n=108)

Tx: 3% (n=5)

Comparator T1: 47% (n=88) n.r. n.r.

T2: 52% (n=97)

Tx: 1% (n=1)

Regional 
lymph node 
involvement

MC N0: 80% (n=148) n.r. n.r.

N1: 17% (n=31)

Nx: 3% (n=6)

Continued
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rhabdomyosarcoma, osteosarcoma and neuroblastoma. 
Patients of all three studies had previous treatments and 
were subjected to a high risk of relapse. Patients with 
cranial tumours were not included.

Online supplemental table S5 provides an overview of 
the main characteristics of the treatment. Patients in the 
test group received continuous low- dose chemotherapy 
in all three studies. Patients in the control group received 
placebo17 or stop treatment.16 18 Bisogno et al16 and 
Pramanik et al17 started the comparison at the time of the 
randomisation. Senerchia et al18 continued the pretreat-
ment scheme for 18 weeks in both treatment groups after 
randomisation before starting the actual comparison.

Outcomes
Table 3 shows the extracted outcome data and adds the 
results of a re- enactment of overall survival data across all 
three included studies.

Primary outcomes
Figure 2 shows that the pooled estimate of overall survival 
favours MC when compared with placebo or stop treat-
ment of malignant rhabdomyosarcoma, osteosarcoma 
and neuroblastoma: HR 0.75 (95% CI 0.56 to 0.98, 
p=0.04 and I2=6%). The results remained constant with 
a fixed effects model (data not shown). The funnel plot 
is compatible with a low publication bias and a sufficient 
number of included studies (online supplemental figure 
1). We conducted a subgroup analysis to focus on tumours 
other than bone sarcomas and included the data from 
the study by Bisogno et al 16 and data of a separate anal-
ysis on tumours other than bone sarcoma from the study 
by Pramanik et al.17 Online supplemental figure 2 shows 
that the pooled estimate of overall survival favours MC 
when compared with placebo or stop treatment of malig-
nant solid tumours other than bone sarcomas: HR 0.56 

(95% CI 0.38 to 0.84, p=0.005 and I2=0%). Bisogno et al16 
did not detect regimen- related deaths. Pramanik et al17 
reported that there were no toxic deaths in both groups. 
Senerchia et al18 reported a regimen- related toxicity of 
2% in both groups.

Secondary outcomes
Grade 3 to 4 toxicity appeared manageable, and there was 
no significant difference between groups. Pramanik et al17 
reported health- related quality of life in a follow- up paper 
Pramanik et al,19 and the study did not detect a significant 
difference between groups.

Assessment of risk of bias in the included studies
Online supplemental table S6 lists the reasons for judging 
the risk of bias of the three included studies. Most items 
resulted in low or unclear risk of bias. A summary of the 
results of the risk of bias assessment is provided in figure 2 
and online supplemental figure S2.

DISCUSSION
Summary of main results
The findings from three RCTs suggest that MC for chil-
dren and young adults with extracranial malignant solid 
tumours could improve overall survival when compared 
with placebo or stop treatment. One included study inves-
tigated the health- related quality of life and found no 
significant difference between groups. We did not iden-
tify any previously published meta- analysis.

Overall completeness and applicability of evidence
We believe that we have identified the relevant 
randomised trials studies sufficiently through searching 
CENTRAL, MEDLINE and  ClinicalTrials. gov. CENTRAL 
is the result of actively screening for information on RCTs 

Treatment 
group Bisogno et al16 Pramanik et al17 Senerchia et al18

Comparator N0: 83% (n=154) n.r. n.r.

N1: 16% (n=29)

Nx: 2% (n=3)

Tumour size 
(diameter in cm)

MC 5 cm or less: 28% (n=52) n.r. Mean (SD): 10.76 
(4.87)More than 5 cm: 70% (n=130)

Not evaluable: 2% (n=3)

Comparator 5 cm or less: 33% (n=61) n.r. Mean (SD): 11.06 
(5.19)More than 5 cm: 67% (n=125)

Not evaluable: (n=0)

Surgery 
(amputation)

MC n.r. n.r. 35.5%

Comparator n.r. n.r. 38.2%

MC, metronomic chemotherapy; n.r., not reported; PNET, primitive neuroectodermal tumour; RMS, rhabdomyosarcoma; STS, 
soft- tissue sarcoma.

Table 2 Continued
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Table 3 Type and results of reported outcomes

Bisogno et al16 Pramanik et al17 Senerchia et al18

Extractions from articles

  Overall survival HR 0.52 (95% CI 0.32 to 
0.86) p=0.0097

HR 0.74 (95% CI 0.50 to 1.09) 
p=0.13

HR 0.9 (95% CI n.r.) 
p=0.9

  Overall survival other than bone 
sarcoma

HR 0.52 (95% CI 0.32 to 
0.86) p=0.0097

HR 0.43 (95% CI n.r.) p=0.02 n.r.

  Disease- free survival HR 0.68 (95% CI 0.45 to 
1.02) p=0.061

n.r. n.r.

  Progression- free survival n.r. HR 0.69 (95% CI 0.47 to 1.03) 
p=0.07

n.r.

  Progression- free survival other than 
bone sarcoma

n.r. HR 0.39 (95% CI: 0.18 to 0.81) 
p=0.01

n.r.

  Event- free survival n.r. n.r. HR 1.2 (95% CI n.r.) 
p=0.4

  PedsQL Cancer Module: child, mean 
total score (SD)*

n.r. −1.9 (20.22) vs −1.3 (22.92), 
p=0.87

n.r.

  PedsQL Cancer Module: parent, mean 
total score (SD)*

n.r. 0.2 (20.81) vs −4.2 (20.51), 
p=0.33

n.r.

  Death 13% (24 of 182) vs 22% 
(42 of 185)

n.r. n.r.

  Treatment- related mortality n.r. 0 3% (4 of 139) vs 2% 
(3 of 157)

  Neutropenia, grade 3 to 4 81% (148 of 181) 10% (6 of 56) vs 0% n.r.

  Neurology adverse events, grade 3 to 4 2% (3 of 181) 0% vs 0% n.r.

  Nephrotoxicity, grade 3 to 4 1% (1 of 181) 0% vs 0% n.r.

Re- enacted data

  Overall survival HR 0.55 (95% CI 0.34 to 
0.90)

HR 0.82 (95% CI 0.55 to 1.21) HR 0.91 (95% CI 
0.52 to 1.61)

  Overall survival other than bone 
sarcoma

HR 0.55 (95% CI 0.34 to 
0.90)

HR 0.58 (95% CI 0.29 to 1.15) n.r.

*PedsQL Cancer Module: results extracted from the associated study by Pramanik et al.19

ID, identifier; n.r., not reported; PedsQL Cancer Module, Paediatric Quality of Life Inventory in paediatric cancer version 3.

Figure 2 Forest plot of metronomic chemotherapy versus placebo or stop treatment, outcome overall survival. I2, index 
of heterogeneity (the smaller the value the lesser the heterogeneity); IV, inverse variance (statistical method); P, probability; 
Random, random effects (analysis model).
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in various literature databases.21 According to Egger et al 
quote, “Investigators should consider the type of litera-
ture search and the degree of comprehensiveness that 
are appropriate for the review in question.”22 According 
to Peinemann et al, of 11 published RCTs on negative 
pressure wound therapy, all 11 were obtained from 
CENTRAL, 10 from MEDLINE, 9 from Embase and 3 from 
CINAHL.23 According to AMSTAR 2 quote, “at least two 
bibliographic databases should be searched.”24 All three 
included studies were published between 2017 and 2019, 
and we presume that the principal treatment procedures 
may not deviate considerably from the current practice. 
The studies were conducted by academic institutions, 
and a financial conflict of interest was not obvious. Sener-
chia et al18 reported a noteworthy number of dropouts 
but explained the reasons. We did not consider results 
on two biomarkers including those reported by Pramanik 
et al.25 The studies provided information required by the 
Consolidated Standards of Reporting Trials statement.26 
All included studies have an explanatory attitude. In 
general, this means enrolment of highly selected partici-
pants in an ideal setting in contrast to an everyday medical 
practice.27 In addition, clinical heterogeneity among the 
included studies is substantial. Thus, the results have to 
be interpreted with caution and the applicability of the 
results is certainly limited.

Subgroups and heterogeneity
We assume significant clinical heterogeneity since 
various tumours were included within or across studies. 
The type of and the response to pretreatment varied 
among studies and included complete remission, refrac-
tory/progressive status and complete resection of the 
primary tumour. The Kaplan- Meier intervals ranged 
from 15 to 132 months. The drugs and their application 
(oral or intravenous) used for MC varied among studies. 
This obvious clinical heterogeneity may have a consid-
erable impact on the applicability of the findings. MC is 
an umbrella term and may be applied with various active 
substances and doses. An identical MC plan may have 
different effects depending on the type of tumour.28 A 
subgroup analysis of other than bone sarcoma suggested 
that a possible favourable effect of MC may be primarily 
associated with rhabdomyosarcoma but not with bone 
sarcomas. We believe that populations and interventions 
were similar enough to be combined meaningfully in a 
meta- analysis. We included only paediatric patients and 
only interventions clearly defined as metronomic treat-
ments. The I2 statistic of 6% is in line with the interpreta-
tion that there is not an important level of inconsistency. 
The random effects method and the fixed effect method 
gave identical results supporting a low heterogeneity 
among the studies. We chose the random effects model 
presumably giving a more conservative estimate of 
effect. The number of three included studies appears 
appropriate, especially in view of the inclusion of a total 
number of data from 775 participants. According to Ryan 
quote, “Two studies is a sufficient number to perform 

a meta- analysis, provided that those two studies can be 
meaningfully pooled and provided their results are suffi-
ciently similar.”29

Potential biases in the review process
This systematic review applied a literature search with 
a degree of comprehensiveness appropriate to finding 
all available truly randomised studies. We chose overall 
survival as the primary outcome because it is the most 
reliable, patient- centred, sound and hard outcome 
in cancer studies. Grey et al listed examples of hard 
outcomes by clinical specialty.30 All three studies 
reported the Kaplan- Meier curves on overall survival but 
not all reported the HR and the corresponding log(HR), 
of which both values are necessary to pool the data. 
According to Higgins et al31 quote, “Conducting a meta- 
analysis using summary information from published 
papers or trial reports is often problematic as the most 
appropriate summary statistics often are not presented.” 
These statistics can be extracted from survival curves, 
and we deduced the essential data from the published 
Kaplan- Meier plots. Though the statistical heterogeneity 
was low, we used the random effects model as a precau-
tional measure to calculate a conservative estimate. 
Nevertheless, clinical heterogeneity is obviously substan-
tial. Therefore, the results have to be interpreted with 
caution and applicability of the study data to every day 
practice is certainly limited or possibly not warranted. 
Blinding is a challenge, or it is not possible when treating 
children with life- threatening diseases. Therefore, we 
judged an unclear risk when blinding was not reported 
or not applied.

Agreements and disagreements with other studies or reviews
We did not find a systematic review evaluating MC in 
children, and it does not seem meaningful to compare 
child cancer such as rhabdomyosarcoma and osteo-
sarcoma with adult cancer such as breast cancer and 
colorectal cancer. This review substantially updates and 
improves the previous work in this area. The findings of 
this review generally agree with the findings in a recent 
summary review.28 32 One systematic review by Chen et 
alevaluated RCTs on metastatic colorectal cancer.33 The 
authors did not perform a meta- analysis due to substan-
tial heterogeneity. With respect to overall survival, in all 
four included RCTs there was no significant difference 
between treatment arms. With respect to progression- free 
survival, there was no significant difference between treat-
ment arms in two RCTs, and two RCTs reported in favour 
of MC. We do not agree with the results of the risk of 
bias assessment, and search strategies were not reported. 
Several other review type articles labelled ‘systematic 
reviews’ did not match the requirements defined by the 
PRISMA statement11 and AMSTAR 2.24 According to Sata-
loff et al quote, “Authors often submit articles that include 
the term systematic in the title without realizing that that 
term requires strict adherence to specific criteria.”34
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Outlook
We believe that further RCTs are necessary to clarify the 
role of MC in the treatment of malignant solid tumours. 
Since different tumour entities or characteristics may 
react differently to this treatment, RCTs on specific 
neoplasms could provide important additional results. 
Health- related quality of life should be considered 
in studies on MC since this outcome is also critical for 
medical decision- making.

Conclusions
The evidence base is compatible with a favourable effect of 
MC on children and young adults with extracranial malig-
nant solid tumours, especially other than bone tumours, 
when compared with placebo or stop treatment. Statis-
tical heterogeneity is low while clinical heterogeneity is 
substantial. Thus, the results must be interpreted with 
caution and applicability of the results is limited. Future 
RCTs could provide more data on individual tumour enti-
ties and subsequently add information on tumour- specific 
responses.
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