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ABSTRACT

Objective This study systematically reviewed the effect
of melatonin (MLT) on quality of life (QoL) and symptoms
among patients with cancer.

Design Systematic review and meta-analysis.

Data sources Cochrane Library, PubMed, Embase, Web of
Science, Medline, CINAHL, Scopus, ClinicalTrials.gov, China
Biology Medicine (CBM), ProQuest and Open Grey were
searched from inception to November 2021.

Eligibility criteria We included randomised controlled
trials (RCTs) assessing the effects of MLT on QoL, sleep
quality, fatigue, depression, pain, stomatitis rate and
stomatitis severity in adult patients with cancer, without
language restrictions. Studies that reported the effects of
MLT along with other interventions and had incomplete or
absent outcome data were excluded.

Data extraction and synthesis Two independent
reviewers extracted data, and another two reviewers
assessed the risk of bias. The risk of bias for each eligible
study was assessed using the Cochrane assessment tool.
The mean difference or standard mean difference (SMD)
with 95% Cls was used in the computation of continuous
variables to synthesise data. The relative risk was used for
dichotomous outcomes. Heterogeneity was assessed and
quantified (1 statistic).

Results A total of 19 qualified studies that included 2101
patients with cancer (MLT: 1078, control: 1023) were
included in the meta-analysis. The results indicated that
MLT had no significant effect on QoL (SMD=-0.01, 95% Cl
(=0.14 10 0.11), p=0.83), sleep quality (SMD=-0.18,

95% Cl (—0.62 to 0.26), p=0.42), fatigue (SMD=-0.34,
95%Cl (—0.73 to 0.06), p=0.10), pain (SMD=-0.34,

95% Cl (—0.7 t0 0.02), p=0.06) or stomatitis severity
(RR=0.78, 95%Cl (0.47 to 1.30), p=0.35). MLT reduced
stomatitis rate among patients with cancer (RR=0.47,
95% Cl (0.26 to 0.88), p=0.02), except those with head
and neck cancer (RR=1.09, 95%Cl (0.92 to 1.29),
p=0.35). MLT eased depression in patients who received
administration for more than 14 days (SMD=-0.14, 95%Cl
(—0.27 t0 —0.01), p=0.03) and those who underwent
surgery (SMD=-0.17, 95% CI (-0.32 to -0.03), p=0.02).
Conclusion The findings showed that MLT did not
improve the QoL, sleep quality, fatigue, pain or stomatitis
severity among patients with cancer. It had a limited effect
on decreasing the stomatitis rate and easing depression.
Different treatments, durations and cancer types were the

2 Siyu Yang,® Yan Tan,* Tongyu Wang,®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= A strict search strategy was used in multiple
databases.

= Most of the studies were of high quality with a low
risk of bias, which could further lend confidence to
the current pooled results.

= We widely explored the effectiveness of melatonin
(MLT) in different populations, treatments, dosages
and durations in subgroup analysis.

= For every dimension of MLT, including quality of life,
sleep, fatigue, depression, pain and stomatitis, the
literature is limited, which limits the generality of the
conclusion.

= The main significant results were from subgroup
analysis of the limited studies, and the results
should be interpreted prudently.

main sources of heterogeneity. Further large-scale RCTs
are urgently needed. In addition, the effects of different
combinations of MLT dosage and duration, administration
types and joint measures are worthy of further study.
PROSPERO registration number CRD42021292855.

INTRODUCTION

Melatonin (MLT) is an important endog-
enous indolamine that is synthesised and
secreted into the systemic circulation and
cerebrospinal fluid by the pineal gland and
has recognised antiaging, anti-inflammatory
and antioxidant properties.! As a strong anti-
fibrotic agent,” MLT can be used as a desired
preconditioning agent in cell-based therapy.”*
It also has a substantial role in regulating the
circadian rhythm and sleep during the night.”®
Recent studies have proven the effect of MLT
on limiting skeletal muscle frailty, prolonging
physical performance’ and preventing bone
loss.® In the oncology field, MLT has signifi-
cantly apoptotic, angiogenic, oncostatic and
antiproliferative effects on various oncolog-
ical cells.” It was proven that low levels of
MLT might be a risk factor for breast cancer."’
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Meanwhile, MLT coadministration improves the sensi-
tivity of cancers to inhibition by conventional drugs and
reduces the toxic consequences of anticancer drugs while
increasing their efficacy.'' There is major concern about
the symptoms induced by cancer and cancer treatment
that patients encounter, including physical symptoms and
psychological/spiritual distress,' leading to decreased
quality of life (QoL). Equally, MLT plays an important
role in enhancing QoL by improving survival and
decreasing symptoms."” The positive association between
MLT and various health outcomes in patients with cancer
has been shown in some studies.'* A recent meta-analysis
revealed that MLT may benefit patients with cancer by
improving survival and ameliorating the side effects of
chemotherapy."” Palmer e al showed the neuroprotective
effect of MLT to counteract the adverse effects of chemo-
therapy on cognitive function, sleep quality and depres-
sive symptoms in patients with breast cancer.”” A recent
clinical trial concluded that MLT supply decreased the
levels of fatigue in patients with breast cancer.”" However,
some of the recent published findings suggest conflicting
819 that MLT intervention cannot improve the
QoL, reduce the symptom burden or present the uncer-
tain results.”” We are not aware of any systematic reviews
and meta-analyses that have synthesised the evidence of
the function of MLT in patients with cancer. The effect
of MLT on health outcomes in the cancer group mains
nonspecific and ambiguous. Thus, with accumulating
evidence, we performed a systematic review and meta-
analysis of randomised controlled trials (RCTs) to investi-
gate the roles of MLT in improving QoL and symptoms in
patients with cancer.

results

MATERIALS AND METHODS

Search strategy

A thorough search was conducted in the Cochrane
Library, PubMed, Embase, Web of Science, Medline,
CINAHL, Scopus, ClinicalTrials.gov and China Biology
Medicine (CBM) from inception to November 2021
for RCTs without language restrictions. Sources of
unpublished studies and grey literature were searched
through ProQuest and Open Grey. We used medical
subject headings and text words to search the studies.
The search strategies are provided in online supple-
mental file 1.

Eligibility criteria

Participants

Studies including adult patients (=18 years) who were
diagnosed with cancer according to National Cancer Insti-
tute codes, regardless of cancer type, cancer stage (early,
middle or advanced) and current treatment (such as radi-
ation therapy, chemotherapy, surgery, targeted therapy,
immunotherapy, combination of any of the above treat-
ments or without any treatment), were eligible.

Interventions and controls

All trials that reported and evaluated the effects of MLT
were included. Literature were excluded if they met the
following criteria: (1) they were not RCTs; (2) studied
the effects of MLT along with other interventions and (3)
incomplete or absent outcome data.

Outcomes

The primary outcome was QoL. The scores of sleep
quality, fatigue, depression and pain, stomatitis rate and
stomatitis severity were the secondary outcomes.

Studies
Only RCTs were eligible.

Data extraction

Two independent researchers (SY, TW) extracted the data
of eligible studies and performed double-checks. Any
disagreements and differences were resolved by a third
investigator (XB). The following data from the full text
of selected studies were extracted: first author’s name,
year of publication, the characteristics of the patients, the
characteristics of the intervention and the control groups
(study design, form of intervention, dose of MLT supple-
mentation, duration), number of participants in each
group and outcome data (means and SD for continuous
data; number of incidents for dichotomous data).

Risk of bias assessment

Two reviewers (YT, HC) independently evaluated the risk
of bias for each eligible study using the Cochrane assess-
ment tool, which consists of the following seven domains:
‘random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective
reporting and other bias’. Each question can be rated
as follows: yes (+), low risk of bias; unclear (?), unclear
risk of bias; no (-), high risk of bias. Any disagreement
between the reviewers was resolved by discussion until
consensus was reached.

Data analysis

The meta-analysis was performed using Review Manager
Software (V.5.3). The scores of QoL and symptoms was
estimated by the mean difference (MD) when trials
measured an outcome using the same measurement
method or scale. We used the standard MD (SMD) when
different instruments were used to measure the same
outcome. For dichotomous outcomes (such as stomatitis
rate and stomatitis severity), we used relative risk (RR).
The effect size (ES) and the 95% CI were computed. ESs
with scores of 0.2-0.5, 0.5-0.8 and >0.8 were considered
as small, medium and large effects, respectively. Forest
plots were used to display the pooled ES, 95% CI, weight
in percentage. If variability was presented by measures
other than the mean or SD, we used standard approaches
for estimating data. If the studies did not report SD,
we used the following formula to calculate missing SD:
SD=\Nx (upper 95% Cl-lower 95% CI)/3.92. If a study
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provided medians and IQRs, we transformed the median
and IQR to the mean and SD by a method for nonnormal
data.”' ¥ was used to measure the statistical heterogeneity
among the trials in each analysis. If p>0.1and I* <50%,
a fixed-effects model was adopted; if p<0.1and I* >50%,
then a random-effects model was adopted. If heteroge-
neity was identified, subgroup analyses were conducted
on different cancer types, treatments, dosages and dura-
tions. Sensitivity analysis was performed by removing
studies with a high or unclear risk of bias. Reporting and
publication bias were investigated by visually examining
the degree of asymmetry of a funnel plot.

Patient and public involvement
No patients were involved.

RESULTS

Literature search

The initial search identified 1670 publications through
PubMed, Embase, Medline, Scopus, SinoMed, Web of

Science, Cochrane and Clinical Trials. After excluding
501 duplicates, a total of 1161 studies were retrieved for
title and abstract screening. After screening the titles and
abstracts, 1111 articles were excluded, and 50 papers were
retrieved for full text review. Out of 50 retrieved papers,
1 article was excluded due to wrong languages,* 6 arti-
cles were excluded without complete data, 14 articles
were excluded without full text, 9 articles were excluded
without target outcome and 1 article was excluded due to
a non-RCT study.”” Therefore, a total of 19 articles were
included in the final meta-analysis.**** The flow chart of
the literature search is shown in figure 1.

Quality assessment

We used the Cochrane scoring system to assess the quality
of the included studies. Two reviewers had different
opinions on bias in one article in ‘incomplete outcome
data’, and one article in ‘selective reporting’. Through
the discussion, final consensus was achieved. The overall
risk of bias as shown was moderate (figure 2). Nearly all

[ Identification of studies via databases and registers J
£
8
‘g Records identified from™: Esr:c;ﬁz;mved tetom
s gz""i:t?rzs:"_j;%z ) : Duplicate records removed
5 gisiamE:(n=1a ) (n=501)
=
—
Y
Records screened by
title/abstract — | Records were excluded based
(n=1161) on title and abstract (n=1111)

Screening

Full text articles assessed
for eligibility (n =50 )

—  p| onfulltext (n=31)

Studies included in quantitative
synthesis(n=19)

Included

—

Figure 1

Unrelated studies (420}

Animals or cell studies (339)
Non-experiment research (53)
MNon-intrested outcome (86)
Review, meeting or protocol(213)

Records were exciuded based

Wrong languague (1)
Without sufficient data (6)
Unable to access full text (14)
Non-intrested outcome (9)
Non-RCT study (1)

Study flow diagram. RCT, randomised controlled trial. “The number of records identified from each database and

register searched were: pubmed (16), embase (38),medline (289), scopus (508), sinomed (21), web of science (633), cochrane

(136), clinical trial (18).
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Figure 2 The overall risk of bias.

studies reported appropriate random sequence gener-
ation. Most studies reported completed data and had
low risk of bias on the item ‘selective reporting’. Almost
one-third of the studies did not report blindness in the
outcome assessment. The individual risk of bias for each
study is presented in figure 3.

Literature characteristics
The characteristics of the patients, interventions, controls
and measures are shown in table 1.

Participants

The publication dates ranged from 1997 to 2021. Among
the 19 studies included in the systematic review, the mean
age of the participants ranged from 46.05 to 67.2. The
sample size ranged from 14 to 709 participants. Regarding
treatment trajectory, 12 studies were conducted in patients
with cancer with adjuvant chemotherapy and/or radio-
therapy,® 20 #9792 35384041 | a5 in patients with advanced
cancer with fatigue,?’3 1 was in breast cancer survivors,24
3 were in patients with cancer with surgery,27 % and 2
were in patients with advanced cancer with poor sleep
quality.”® ** Regarding cancer diagnosis, six studies were
in breast cancer,?! 273436-38
cancer,26 % three were in head and neck cancer,
one was in colorectal cancer® and seven studies were not
restricted to cancer type but were mostly in patients with
advanced cancer,”! %3 4142

two were in non-small-cell lung
25 32 35

Intervention

The follow-up period ranged from 7days to 1year. The
MLT dosage varied between 3 and 20mg. Regarding
the types of MLT administration, 17 involved oral
MLT,*7! 3334342 1 inyolved MLT oral gargle® and 1 was
combined.”® Nearly all studies gave the MLT at night,
except one which compared dosage given both in the
morning and at night.*®

Instruments
All studies used standardised and validated tools. QoL
was measured by four validated tools: the European

Organisation for Cancer Research,26 37 Treatment vali-
dated for the Brazilian population (QLQ-BR 23) 7 Func-
tional Assessment of Cancer Therapy,41 2 Ferrans and
Powers Quality of Life Index,” European Organisa-
tion for Research and Treatment of Cancer Quality
of Life Questionnaire Core 15 Palliative Version
(EORTC QLQ-C15-PAL)* and Lung Cancer-13.*’ Sleep
quality was measured by the Pittsburgh Sleep Quality
Index,>* 2636374042 yigya] Analogue Scale (VAS) 273 Karo-
linska Sleepiness Scale,?” ** Sleep Quality Scale,* Athens
insomnia scale®® and Medical Outcomes Study Sleep
Survey.” Depression was measured by the Beck Depres-
sion Inventory,37 ¥ Beck Depression Inventory,36 Center
for Epidemiologic Studies—Depressio,24 Major Depression
Inventory,27 Hamilton Rating Scale for Depression,40
Hospital Anxiety and Depression Scale.*? Fatigue was
measured by the Multidimensional Fatigue Inventory,33
EORTC QLQ-C15-PAL (fatigue domain),” Brief Fatigue
Inventory,38 VAS,*” Multidimensional Fatigue Index 20
questionnaire,39 QLQ-C30 (fatigue domain)?®® and Func-
tional Assessment of Cancer Illness Therapy-Fatigue
subscale.” Pain was measured by VAS,?” ** Brief Pain
Inventory,” QLQ-C30 (pain domain)*® and Numeric
Rating Scales.” *® The incidence of stomatitis was calcu-
lated by the ratio of the occurrence number to the total
number. 2 29-32 35 41

Meta-analysis

Effect of MLT on QoL

Overall, six clinical trials evaluated the effect of MLT
on QOL. The results showed that there was no statisti-
cally significant difference between the intervention and
control groups (SMD=-0.01, 95%CI (-0.14 to 0.11),
p=0.83) with no heterogeneity (I*=0%, p=0.42) (figure 4).
All six studies used a 20mg MLT dosage. Subgroup anal-
ysis based on study durations (p=0.65-0.92) and treatment
types(p=0.45-0.6) showed no significant differences.

Effect of MLT on sleep quality

Nine clinical trials evaluated the effect of MLT on sleep
quality. Pooled ES from the random effect model showed
that there was no significant effect on sleep quality
(SMD=-0.18, 95% CI (-0.62 to 0.26), p=0.42) (figure 5).
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Figure 3 The individual risk of bias for each study.

There was significant heterogeneity between studies
(I°=87%, p<0.001). We deleted a study® with obvious
heterogeneity and I* decreased to 79% (SMD=-0.35,
95%CI (-0.73 to 0.03), p=0.07). Subgroup analysis
based on dosage, study durations, treatments, different

combinations of dosage and duration showed no signifi-
cant differences between subgroups (table 2).

Effect of MLT on fatigue

The overall ES of MLT for fatigue alleviation was medium
(SMD=-0.34, 95% CI (-0.73 to 0.06), p=0.10) with high
heterogeneity (p=0.002, I’=74%). However, there was no
significant difference. The study of Sedighi Pashaki et al™®
showed great heterogeneity because only this one proved
a significantly lower level of fatigue in the intervention
group. We removed it, and the heterogeneity decreased
to 0% (figure 6).

Effect of MLT on depression

Six clinical trials evaluated the effect of MLT on depres-
sion. Only Palmer et al showed a significant effect on
depression.”” The overall treatment effect on depres-
sion showed that there was no statistically significant
difference between the intervention and control groups
(SMD=-0.24, 95% CI (-0.53 to 0.05), p=0.10) with high
heterogeneity (p=0.03, 1°=60%). A sensitivity analysis
was performed by removing one study from the analysis
(figure 7).”" Regarding subgroup analysis, a significant
difference was observed for different study durations and
treatments, although both showed a slight ES. Patients
who received an intervention duration greater than 14
days had significantly lower depression (SMD=-0.14,
95%CI (-0.27 to —0.01), p=0.03) with low heteroge-
neity (p=0.4, ’=0%) (figure 8). Meanwhile, MLT allevi-
ated depression in patients with cancer who underwent
surgery (SMD=-0.17, 95% CI (-0.32 to —0.03), p=0.02)
with low heterogeneity (p=0.35, ’=0%) compared with
those received chemotherapy (figure 9). No significant
difference was observed among studies on the different
dosages (p=0.27-0.43), cancer diagnosis (p=0.20) and
combined chemotherapy (p=0.13-0.42).

Effect of MLT on pain

Five clinical trials evaluated the effect of MLT on pain
(SMD=-0.34, 95% CI (-0.7 to 0.02), p=0.06) with high
heterogeneity among studies (p=0.03, I’=62%). No signif-
icant difference was observed among studies on the cancer
diagnosis (p=0.27-0.47), combined treatments (p=0.37),
durations (p=0.11) and dosages (p=0.16-0.27). Sensitivity
analysis was performed by removing one study,” and the
heterogeneity decreased to 0% (figure 10).

Effect of MLT on stomatitis

Regarding stomatitis, seven clinical trials evaluated the
effect of MLT on the incidence of stomatitis. The finding
showed that there was no significant ES (RR=0.71, 95% CI
(0.45 to 1.13), p=0.15) (figure 11), with high heteroge-
neity (p<0.001, I°=86%). All of the study durations were
more than 2 weeks, and all patients accepted chemo-
therapy or radiotherapy. In addition, nearly all these clin-
ical trials gave an MLT of 20mg, except one that used a
3% MLT oral gel.” However, removing it or not caused
little change to heterogeneity and ES. Further subgroup
analysis showed that the cancer type might be the main

Fan R, et al. BMJ Open 2022;12:€060912. doi:10.1136/bmjopen-2022-060912

5



Fan R, et al. BMJ Open 2022;12:¢060912. doi:10.1136/bmjopen-2022-060912

)
7
o
3]
3]
®©
c
[
o

o

panuiuon
(ag)
uojssaidaq (1OSd) awipaq ai0j0q Juswieal} Adesayioweyo Buinieoal
8l 13 des|S ‘(SHN) ured ogede|d 1IN 10 Bw 0z Jnoy suQ Buunp skep oL s1OY bL'PS/ve PG 480URD JSeaIq YUm sjuslied 610¢ og/B 38 J8WEed
(SHYN) ured ‘eyes Adeisyjoipe.
SIHIBWOIS ‘(5-OHM) Buides|s BuloBispun Jooueo }osau
0¢ 0¢ Kyienes sijewols ogede|d LN [e1o Bz @1048q UIW g s¥eam xis  s10Y 6'9G/8°LS pue peay Yum sluslied 6102 /e +o ubeqes|3
(5-OHM) abesop [eio uoljelpelowayo
Ajl1anss sijisooniy Bw gz snid o|bieb JO s)@aMm / 8y} uoljelpelowsyd
[eJo awosolu A 00:l2 1noyBnouy; yeem JUB4IN2U0D BUIAI9DSI J9oUBD
02 6L ‘(N8H—10V4) 100 ogeoeld  9%g'0B4OTWOL  Jeye b Y e shepg :sfepse  s1Od 9'6p/€'Ly 02U pUB pesy UM Sluslied  /10Z 48 30 Bussuo
BlUWOSU|
14 14 (SIv) desls ogede|d 1N [eso Bwg  sinoy 00:61 skep L s10d ¥9'6¥/2'SS YHM Jeoued yum sjuslied 910 g2/ 18 1PN}
Ajonizesadolsod syeam
(SWA) awnpaqg aiojeq g |nun Aaizesadoaid Aisbuns Jsoueo
(¥4 /2 ured (SSY ‘SyA) des|s 0OQa2eld 1IN B0 Bwg Jnoy suQ shepg isyeamz  s1OY 6G/1G 1seaiq Buiobiopun sjuslied 9102 /e 19 USSPEN
(vd
-G10-0710 01403) 1un aJeo aaeljed
eluwosy| ‘(vd-§L0 ul paui} Apueoyiubis
-0710 01403) 100 payodal oym Jeoued B 18
€2 e ‘(02-14N) enbie4 0QedEld 1IN [0 Bwg Wbiu Aieng skep,  s1OYH S9/%9 pooUBAPE UUM Sjudlled G0z udessnwisey pun
Adesayjowayo
a]eJ SIISooN|N 1IN [es0 00:12 Adessylowsyo Buinleoal Jeoued Bun| |80 W
8¢ 88 ‘(1-LOov4)100 0geoeld  Bwpgdlobwol  Jeye bIu Iy Buunp :syjuow g s1OY 9'GG/8'95 [[EWS-UOU UUM Sjusliied #10g 30 Heseidyo0s
(@-s39) uoissaidap wd auiu
VA4 114 ‘(losd) deals ogede|d 1N [edo B 3e jybiu yoe3 syjuow s1OY 69/6S SIOAIMINS J8dURD Isealqg 17102 +2/8 19 UsyD
(SN ured
‘(SwA) enbied (SYA Ajonnesadolsod shep g
‘SSH) ssauides|s awipaq ai0j0q 11 AjleAiresadoaid fisbBins Jeoued
92 82 ‘(la) uoissaidag ogaoe|d 171IN [eso Bwig Jnoy auQ shep g :sAepQ | s10Y 09/1LG 1sealq Bujobispun syuaiied +102 ,5[E 38 ussueH
Adesayjowayo Jepun
aJeo poddns aJed poddns snid sJnowiny pi|os dljeiselawl
20k 86 8jel siyjewols  snid ogaoe|d 1IN TeJo Bwiog Wbiu Aieng Syuow g ises|ly  sIOY G9/99 yum sjusijed pejeanun 200z 62/ #9 lUossIT
uoissaibold esessip
J3un ‘uondnuiaiul
Adessyjowsayo
JOYE panuijuod Adesayjowayo
‘Adesoylowsyo Japun Jnowny pijos
9cl el djel sijjewols 0oQgs2eld 1IN eJ0 Bwiog wbiu Aieng ojJoudshep,  s1DY 96/€S oljelselsw Yyum sjusihied 666+ og/B #8 luossI
uoissalboud Adessyjowsyo
9seas|p |13un yeaiq Japun sinowny pijos
ov 6¢ 8Bl SIHeWolS ogedeld [N [e1o Bw g Wb Aieng  einoyum Aep Aieng  s10Y 8G/19 oneIselsW Yim syuslied /661 /€ 39 luoSSsI
(N) (N) awooInQ dnoub dnoub awn uopeJnp jo awi] ubisep ( jonuod uonendod Jeap Joyny
Jo4lU0D UOonUAAIBIU| |o1uo) UOIUAAISIU| UONEASIUIWPY Apmg /uonuaniayui)

abe ueapy

alnjeJall| 8y} JO soNisuUeloRIeyD 8yl | d|qeL




‘waisAs Buipeib OHM ‘D-OHM ‘8|eaS anbojeuy [BNSIA ‘SYA (S[Bl1 Pa|03U0D PASIWOPUEI ‘S| QY ‘S8|npow ¢ |-1eoue) Bun ‘€1 07-070 Xapu| Alenp des|s ybingsild ‘10Sd ‘sejeoas buney
ouswNN ‘SYN “aquinu ‘N ‘Aening des|s Apnig sewooinQ [BOIPSIA ‘SOIN (Uluoles|A ‘ITIA {A1ojusaul anbiye [euoisuswipiini ‘02g-1dIN ‘Aioluaau] uoissaida( Jofepy ‘|QIN ‘o[eos sseauldes|S eysuljoley] ‘SSH xapu| Ajienes
BlUWwosu| ‘|g| ‘uoissaidaq 4o} 9|eoS Buney uoliweH ‘dSHH ‘9|eos uoissaidag pue Ajaixuy [eydsoH ‘SavH ‘[eas Alfenp des|s ‘SosH (Buni-Adessy] Jooue) JO JUBWSSaSSY [BUOIIOUNS “T-1 DV ‘i uoisian N'gH-Adelay ]

JOOUBD JO JUBWISSOSSY [euollound ‘NgH-LOV4 ‘Adesay | sseul|| Jooue) JO JusWsSassy [euoliound ‘| Oy ‘o[easqns anblye4-Adeiay ) ssau|| J9OUBD JO JUBWISSOSSY [eUOOUN Y-| |DV4 ‘UOISISOA dANRI|[Ed G| 10D aireuuolsanyd)

9JI7 Jo Aj[enp Jedue) JO JuswWieal] PUB youessay Joj uonesiuebiQ ueadoing “Ivd-G1O-010 D1HO3 ‘elieuuonsenp i Jo Aljend Jeoued Jo Juswieal| pue yoseasay Jeoue) Joj uonesiuebiQ ueadoing ‘0€D-0T10

01403 ‘uoissaideg-selpnig d16ojolwepid] 4oy Jejua) ‘g-S30 ‘Alojuanu| uled jeug ‘|dg ‘Aiojusaul enbilie Jeug ‘|49 ‘Aiojuanul uoissaideq yoeg ‘|I-1ag ‘g Aloiuanu| uoissaideq Yoag ‘g 1ag (9[eos BIUWOSUI SUBYLY ‘SIV

Siewols
10} JusLIeaI]

Siewols
10} JuswWIeaI]

uswieal}

o1es  onewoldwAs onewoldwAs [eoiwayd pue Adesayy
SIHIeWOoIS ‘(5-OHM) plepuels pJepueis snid SYeaM / uoljelpel Bujobiepun Jaoueo
6¢ (0)4 Aenss siiewoys  snid ogedeld 196 1IN 40 %€ Apesio joN  Bunse| oom e skeps  s10Y 9G/6G X08U pue pesy Yum sjuslied Lg0g /e 18 ouezoT 'y
(losd)
deals “(0£0-D1D) Ured
‘(0£D-D710) enbred sinoy 00:02 ¥e Yresp Adessyjowsyo
8l 0c ‘(0£0-0710)100 ogede|d LI B0 Bwi gz 10 SInoy 00:8 IV O} uonusAIBiul Wol4  s1OY €9/€°09 Jepun syuened OIOSN 1202 4,/E 30 YOSINID
Jopiosip
des|s yum Adeissyjowsyo
(@syH) uoissaideq wapidjoz BuioBispun Jeoueo
14 Gy ‘(10Sd ‘SOSH) des|s Bwol 1IN [eso Bwg swipeqly  juswiesi} o syeeMy  SIOH LL'79/€9°€9 [810810|00 YUm sjuslied  Lg0g /B 18 IYMoiyeys
(1dg) ured
‘(¢ 1ag) uoissaideq
‘(SO) des|s uolossal
(€107-070)100 awipaq aiojeq J1eoued Bun| Buimol|oy
€G¢ 96¢e ‘(02-14WN) enbey ogedeld [N [e10 Bwog inoyeuQ Assbins ueye seskeuQ  S1OH 2L9/2'19 190Ued UM sjusiied  1Z0g ocl® 19 A199g
Adessyjoipe. Adessyjoipe.
jueAn(pe ayj Joye pue Adessyiowayo
awipaq alojeq yjuow | [i3un aioyeq jueAn(pe Buunp Jaoueo el® 12
9¢ 8¢ (149) enbne4 ogede|d LN elo Buigl noy suQ  Xodm | woljsyeemg  s|OY S0'9t/.¥'0S 1sealq yum sjusied  1z0z IMeysed Iybipes
(0£0-0T10 Awojos)sew
21403) 100 ‘(1OSd) sAep BuImO||0} UBASS Jo Awoyoadwin| joye
Ayenb des|s ‘(11-1aQ) awnpaqg aiojeq  pue Adessyjowsayo o0} Adesayjowsyo Bujobispun
8l gl swoldwAs anissaidaq ogeoe|d 1IN [eso Bw oz JnoyauQ  Joud shkepg :shep 0l  s1OY LL'¥S/Pg ¥S J90UBD 1SBaI] YUM Sjudlled 0202 J¢lE #9 Jowled
(Lov4)100
{(SQvH) uoissaidep auole Adeiauy 1ybi| Ayenb
‘(d-L10v4) enbuey (1s1)  Adessyy bl enym ybug snid daajs Jood yum Jeoued =
8 9 ElUWOSUl ‘j0Sd) des|s  euymybug 1IN [eso Bwog awinpaq Iy shkep ¥l SLOH Alresjo JoN paOUBAPE UUM Sjuslied 610g webulefeinuusy
(N) (N) awo91nQ dnoub dnoub awn uopeanp jo awi] ubisap ( j043u092 uonendod Jeap loyiny
Jo4}uU0D UORUBAIBIU| |osuo) UOJUaAISIU| UOREASIUIWPY Apnls /uonuaniajul)
abe ueay
psnuiuod | 9|qel

Fan R, et al. BMJ Open 2022;12:¢060912. doi:10.1136/bmjopen-2022-060912



Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SO Total Mean SO Total Weight IV, Random, 95% Cl IV, Random, 95% Cl

Grutsch etal 2021 7.3 3354 200 339 32818 18 38% 0.64 [-0.01,1.29) T

Palmer et al 2020 2417 1336 18 2643 416 18 38% -0.22 [-0.88, 0.43] —

Rasmussen etal 2015 558 136 21 534 182 23 46% 0.14[-0.45,0.73] | =

Seelyetal 2021 96 3551 3586 V16 3547 353 Ta1% -0.06 [-0.20, 0.09] E 3

Sookprasert et al 2014 8115 3448 898 7975 3826 38 11.2% 0.04 [0.34, 0.47] T T

Yennurajalingam etal 2019 90,29 2317 6 8789 106 g 1.4% 013093119

Total {95% Cl) 509 458 100.0% -0.01 [-0.14, 0.11] ?

Heterogeneity: Tau= 0.00; Chi* = 4.95, df=5 (F = 0.42); F= 0% 73 g 5 : 3

Testfor overall effect Z=0.21 (P=0283)

Favours [experimental] Favours [control]

Figure 4 Forest plot of the effect of MLT on QoL among patients with cancer. MLT, melatonin; QoL, quality of life.

source of heterogeneity. MLT did not reduce the inci-
dence of stomatitis among patients with head and neck
cancer under adjuvant chemotherapy or radiotherapy
(RR=1.09, 95% CI (0.92 to 1.29), p=0.35), with low hetero-
geneity (p=0.64, 1°=0%). However, it had significant value
in patients with other kinds of tumours except head and
neck cancer (RR=0.47, 95% CI (0.26 to 0.88), p=0.02)
with high heterogeneity (p=0.03, I’=66%) (figure 12).
For stomatitis severity, three clinical trials evaluated the
effect of MLT on reducing 3-4 grade (severe) stomatitis
according to the WHO grading system." The overall treat-
ment effect showed that the intervention had no statisti-
cally significant difference between the intervention and
control groups (RR=0.78, 95% CI (0.47 to 1.30), p=0.35)
with low heterogeneity (p=0.22, 1*=35%) (figure 13).

DISCUSSION

To the best of our knowledge, this study is the first meta-
analysis to investigate the effect of MLT on QolL, sleep
quality and other symptoms, such as fatigue, depression,
pain and stomatitis, in patients with cancer. Unfortu-
nately, in this study, we did not prove the beneficial effect
of MLT on QolL, sleep quality, fatigue or pain. However,
it has the potential to improve depression and reduce the
incidence of stomatitis with small ESs.

Most of the suffering that patients with cancer now face
comes from disturbing symptoms, such as poor sleep,
fatigue, depression, pain and so on. Effective symptom
control greatly improves QoL. Thus, the effect of MLT
on QoL might be achieved through relieving symptoms.
Innominato et al revealed that bedtime MLT was asso-
ciated with a significant improvement in sleep quality,

fatigue severity, QoL, and social and cognitive function in
patients with advanced breast cancer.** However, contra-
dictory conclusions revealed that MLT did not improve
appetite, weight, or QoL in cachectic patients with
advanced cancer.” In addition, a previous study reported
beneficial short-term effects of MLT on sleep but not
QoL.* Our review included six trials that regarded the
QoL of patients with cancer as a health outcome. None
of them proved a significant improvement in QoL in the
intervention group, although Grutsch et a”® and Sook-
prasert et al'' provided a trend for better QoL. compared
with baseline. For such invalid effectiveness, one of the
possible interpretations might be the differences due to
the study population, interventions and measurements.
Another explanation might be the multidimensional
properties of QoL, which contained domains of physical,
psychology, spirit and social. Thus, the mere elimination
of symptoms played a limited role in improving the QoL,
especially for patients with cancer who were faced with
many other disturbing aspects.

Due to the important role in regulating the circadian
rhythm and sleep, many studies have been conducted
to verify the value of MLT on sleep. MLT may be pref-
erable to traditional hypnotics in the management of
insomnia.”” A network meta-analysis supports the effec-
tiveness of MLT in improving sleep-onset difficulties.*® A
review of the influence of dietary sources of MLT on sleep
quality indicated that the sources of MLT consumption
of milk and sour cherries may improve sleep quality.*
There are many conflicting studies regarding different
populations, dosages and durations. Fatemeh et al found
the significant effects of MLT on sleep quality in patients

Experimental Control Std. Mean Difference Std. Mean Difference
Stucy or Subgroup Mean _ SD Total Mean  SD Total Weight IV, Random, 95% Cl Iv. Random, 95% CI
Yfennurajalingam et al 2019 B49 B84 B B33 445 8§ 0.03 [1.03,1.09] —
Shahrokhi 2021 B2 142 45 453 139 45 122% 118073, 1.63] -
Seely et al 2021 B0.A 4621 356 G15 4602 353 137%  -0.01[0.16,0.13] T
Palmer et al 2020 506 334 18 1108 335 18 -1.75[-2.54,-0.87] —
Madsen etal 2016 3082 71 37 3433 3222 2 113% 013070, 0.44] —
Kurdi et al 2016 66E 258 25 1444 469 25 110%  -1.27 [1.88,-066] —
Hansen etal 2014 J669G JEG4E 28 362 1TEEE 22 114% 0.06 [-0.50, 0.62] I
Grutsch et al 2021 124 33 17 125 523 19 106%  -0.02[0.68, 0.63] B
Chenetal 2014 53 24 48 54 2 4T 125%  -D.04 [0.45 0.36] -
Total (95% CI) 570 558 100.0%  -0.18[-0.62, 0.26]
Heterogeneity: Tau®= 0L36; Chi*= 62.50, df = 2 (F = 0.000013; F= 87% W) + 7 ¥ j

Testfor overall effect 2= 0.81 (P=0.42)

Favours [experimental] Favours [control]

Figure 5 Forest plot of the effect of MLT on sleep quality among patients with cancer. MLT, melatonin.
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Table 2 Subgroup analyses of melatonin supplementation
on sleep quality

P
Heterogeneity 1> within
N WMD (95% CI) (p value) group

Overall effect 8 -0.35(-0.731t00.03) 79% (p<0.0001) 0.07
Dosage
<10mg 4 -0.32(-0.881t00.23) 77% (p=0.005) 0.25
>10mg 4 -0.42(-1.161t00.32) 84% (p=0.0004) 0.27
Duration
<2 weeks 2 -0.01(-0.33t00.32) 0% (p=0.76) 0.96
>2 weeks 6 -0.51(-1.07t0 0.05) 85% (p<0.00001) 0.08
Combination
<10mg+>2 3 -0.46(-1.181t00.27) 83% (p=0.003) 0.22
weeks
>10mg+>2 3 -0.01(-0.161t00.13) 0% (p=1.00) 0.86
weeks
>10mg + <2 1 -1.75(-2.54t00.97) - <0.01
weeks
<10mg+<2 1 0.06(-0.51t0 0.62) - 0.83

weeks
Combined treatment

Under 2
chemotherapy

-0.87 (-2.5710 0.82) 91% (p=0.0009) 0.31

Under surgery 3 -0.02 (-0.15t00.12) 0% (p=0.89) 0.83
With insomnia
Yes 2 -0.7 (-1.96 to 0.57)

No 6 -0.23 (-0.58 t0 0.13)

77% (p=0.04)  0.28
73% (p=0.002)  0.21

N, number of the literatures.

with respiratory diseases, metabolic disorders and sleep
disorders but not in mental disorders, neurodegener-
ative diseases and breast cancer.”’ Under the condition
of using the Pittsburgh Sleep Quality Index as a unified
measurement tool, 20mg MLT for 10 days in patients

with breast cancer under chemotherapy showed a posi-
tive sleeping improvement,” while the same dosage for
at least 28 days revealed a meaningless result in patients
with lung cancer.”’ Meanwhile, the optimal combination
of dosage and duration remains unknown. Innominato
et al found that 5mg for 2months has a positive effect on
sleep quality and QoL in patients with advanced breast
cancer.*! Similarly, in patients with advanced cancer, the
combination of 14 days 20mg MLT plus bright white
light therapy did not improve sleep quality."* Under
fewer doses, 14 days 3mg MLT actually improved sleep in
patients with cancer with insomnia.”® Our review revealed
that MLT could not improve sleep. The subgroup anal-
ysis did not find a significant difference in different MLT
durations, dosages, or combinations of dosage and dura-
tion. The optimal combination of dosage and duration
in improving sleep for patients warrants further explo-
ration. The administration type is another factor. It was
found that a 2mg prolonged release MLT formulation
for 14 days resulted in significant and clinically mean-
ingful improvements in sleep quality, morning alertness
and sleep-onset latency in primary insomnia patients’
and in Parkinson’s disease patients with a poor sleep
quality.”® However, most of the studies we included used
oral MLT. How the administration type affects effect on
sleep in patients with cancer remains to be studied. The
effectiveness of the combination of bright light and MLT
remains controversial. Yennurajalingam et al proved that
it could not work in patients with advanced cancer with
insomnia,*” while it could improve subjective daytime
sleepiness in patients with delayed sleep phase disorder.”

MLT may be an effective treatment for patients with
chronic fatigue syndrome.” Nevertheless, in this study,
none of the studies showed any improvement in fatigue
in patients with cancer. Only a high-quality trial proved
a significant effect of MLT on patients with reast cancer

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% Cl
Grutsch etal 2021 543 2415 20 B45 35M 18 44% -0.33 098, 0.31] =
Hansenetal 2014 30617 226.88 28 3254 2113 22 5.8% -0.08 [-0.64, 0.47] R
Rasmussen etal 2015 59.6 19.3 21 B8.2 21.8 23 50% -0.41 F1.01,019] T R
Seelyetal 2021 61.4 337 356 BZ4 3355 353 BI% -0.03[0.18,012]
Yennurajalingam etal 2019 3582 1713 G 34 11.86 g 1.6% 012 [F0.594,1.18]
Total {(95% CI) 431 424 100.0% -0.06 [-0.20, 0.07]

Heterogeneity: Tau®= 0.00; Chi®=2.31 df=4 (P=068);, F= 0%
Testfor overall effect £=0.92 (P = 0.36)

-2 -1 a 1 2
Favours [experimental] Favours [control]

Figure 6 Forest plot of the effect of MLT on fatigue among patients with cancer. MLT, melatonin.

Experimental Control

Study or Subgroup Mean SO Total Mean SD Total Weight
Chenetal 2014 6.5 46 45 B 54 47 139%
Hansen etal 2014 968 1072 28 1643 148 26 B.0%
Seelyetal 2021 6.6 59 356 T 8 353 B29%
Shahrakhi etal 2021 17.84 846 45 20.31 9.07 45 131%

Yennurajalingam et al 2019 614 8.89 4]

Total (95% CI) 483
Heterogeneity. Tau®=0.00; Chi*=4 48 di=4 (F=034) F=11%
Test for overall effect Z=1.78 (P=0.07)

Std. Mean Difference
IV. Random, 95% CI

Std. Mean Difference
V. Random, 95% Cl

2485 212 g 21%

479 100.0%

0.10 [0.30, 0.50]
-0.42 [[0.96, 0.12]
-016[-0.30,-0.01]
-0.28 [0.69, 0.14]

0.56 [-0.52, 1.65] T

EA

gt 1

-0.14 [-0.30, 0.01] L 4

-2 i D 1 2
Favours [experimental] Favours [control]

Figure 7 Forest plot of the effect of MLT on depression among patients with cancer. MLT, melatonin.
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chenetal 2014 6.5 46 48 6 54 47 107% 010 [-0.30, 0.50]
Seelyetal 2021 66 59 356 T 8 3583 TO93% -0.16 [-0.30,-0.01] —._
Shahrakhi et al 2021 17.84 846 45 2031 9.07 45 10.0% -0.28 [-0.69, 0.14] —
Total (95% CI) 449 445 100.0% -0.14 [-0.27, -0.01] <>
Heterogeneity: Tau?= 0.00; Chif=1.83, df= 2 (P = 0.40); F= 0% y e T e ;

Testfor overall effect Z=211 (P =003

Favours [experimental] Favours [control]

Figure 8 Forest plot of longer MLT duration on depression among patients with cancer. MLT, melatonin.

undergoing adjuvant chemotherapy and radiotherapy,™
with MLT doses of 18 mg a day from 1week before until
Imonth after adjuvant radiotherapy. The evidence
supporting the usage of MLT for cancerrelated fatigue
(CRF) is limited. Short-term use of dexamethasone or
methylprednisolone is recommended for the control
of CRF in patients with metastatic cancer according to
European Society for Medical Oncology guidelines,”
while the use of eszopiclone, megestrol acetate and MLT
is not recommended for the control of CRF. However,
the preventive effect of MLT on CRF is still under study.
Nonpharmaceutical interventions were also recom-
mended,56 such as relaxation exercise, massage, cogni-
tive—behavioural therapy and physical activity, which were
demonstrated to have moderate-to-large ESs.”” Multi-
modal therapy, qigong, aerobic exercise and cognitive—
behavioural therapy might be the best choices for CRE.”

MLT seems to be able to ease pain. However, the results
have varied in different studies. Lee et al found that the
prophylactic administration of MLT conferred significant
clinical benefits in reducing postoperative pain and opioid
use, as well as improved sensory recovery following orthog-
nathic surgery.” Tunay et al found that preoperative oral
MLT led to a reduction in pain scores, total morphine
consumption and supplemental analgesic requirements
after surgery.”” MLT could also improve pain in females
with primary dysmenorrhea.” However, the evidence was
limited in critically ill patients in the ICU and patients after
total knee arthroplasty.”” ® For patients with cancer, the

evidence is also restricted. Our review revealed that MLT
had no effect on pain relief. Only Elsabagh et al found a
beneficial effect of MLT on alleviating pain in patients
with head and neck cancer undergoing radiotherapy,
with a dosage of 20mg for 6weeks.” At the same time,
Palme et al found a drop in pain scores from baseline in
the intervention group.® The minor role of MLT on pain
in patients with cancer could be explained by the fact that
cancerrelated pain is one of the most common and trou-
blesome symptoms affecting patients with cancer with high
svs:v:f:rity.64 For such severe pain, effective analgesics, such
as opioids, are more helpful. In addition, despite the avail-
ability of effective treatments, cancerrelated pain may be
inadequately controlled in up to 50% of patients. Thus,
multidisciplinary interventions are required,” and single
MLT seems too weak for cancer pain.

Circadian rhythm disruption underlies the patho-
physiology of psychiatric disorders, especially depres-
sion.® MIT is a pleiotropic regulator molecule, and its
analogues have been observed to resynchronise the
circadian rhythm and to alleviate depressive symptoms.®
However, duration and treatment might affect the antide-
pressant effects of MLT, and both showed a slight ES. We
found that MLT supplementation had a significant effect
in patients who received more than 14 days of treatments
and those who underwent surgery. Our assumption is that
patients under operation tend to be in the early stages
of the disease with lighter disease load and slight depres-
sion. The antidepressant effect of a long MLT duration

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hansen etal 2014 968 10.72 28 16,43 19.8 26 6.9% -0.42 [F0.86, 0.13]
Seelyetal 2021 6.6 5.9 356 V.7 g 3583 H31% -0.16 [F0.30,-0.01] _._
Total (95% CI) 384 379 100.0% -0.17 [-0.32, -0.03] -
Heterogeneity: Tau®= 0.00; Chi*= 0.87, df=1 (P = 0.35); F= 0% 4 e : o 1

Testfor overall effect Z=2.41 (P =002

Favours [experimental] Favours [control]

Figure 9 Forest plot of MLT on depression among patients with cancer underwent surgery. MLT, melatonin.

Experimental Control
Study or Subgroup Mean SO Total Mean SO Total Weight
Grutsch etal 2021 402 3488 20 51 26.3 18 8.4%
Hansenetal 2014 12976 115.02 28 A7328 2410649 22 10.9%
Madsen etal 2016 17.93 2492 27 2288 3.4 21 106%
Seelyetal 2021 253 21 156 24 22 157 T01%
Total {95% CI) 231 218 100.0%

Heterogeneity: Taw®=0.00; Chi*=1.18,df= 3 (F=076), F= 0%
Test for overall effect Z=1.15 (P=0.25)

Std. Mean Difference
V. Random, 95% Cl

Std. Mean Difference
IV. Random, 95% CI

-0.34 [-0.98, 0.30]
-0.27 [0.83, 0.29]
-0.17 [0.74, 0.40]
-0.05 [0.27,0.18]

-0.11 [-0.29, 0.08]

Favours [experimental] Favours [control]

Figure 10 Forest plot of the effect of MLT on pain among patients with cancer. MLT, melatonin.
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Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
Baorbalas et al 2021 21 40 22 38 162% 0.93[0.62,1.39] .
Elzabagh etal 2014 18 20 16 20 17.5% 1.13[0.86, 1.48] -
Onzeng etal 2017 17 14 16 20 17.4% 1.12[0.86, 1.48] -
P. Lissonietal 1997 2 34 gq 40 f.4% 0.23[0.05, 0.99] -
P.Lissonietal 1999 12 124 |/ 128 141% 0.32[0.18,0.58] -
P.Lissonietal 2002 15 48 3/ 102 14.8% 0.43[0.25 074 -
Sookprasertetal 2014 24 100 10 15 13.5% 1.08 [0.86, 2.07] - r
Total (95% CI) 440 392 100.0% 0.71[0.45, 1.13] L
Total events 109 147 . .

Heterogeneity: Tau®= 0.30; Chi*= 43.63, df= 6 (P = 0.00001); F= 86%
Testfor overall effect £=1.45(F =019

Figure 11

in patients with less serious disease was shown in some
studies. For example, MLT for 12 weeks had beneficial
effects on decreasing depression in women with polycystic
ovary sy‘ndrome,67 patients with Parkinson’s disease™ and
diabetic haemodialysis patients.”” Nevertheless, it had
no prophylactic antidepressant effect on acute coronary
syndrome’” or patients with acute mania.”"

Oral mucositis refers to inflammation and ulceration of
the oral mucosa, which is a frequent side effect of cancer
therapy.72 Stomatitis, especially the grade 3 or 4 muco-
sitis,73 can hamper oral nutrition, resulting in malnu-
trition, reduce QoL and introduce the need for dose
reductions and interruption of chemotherapy.”* MLT
has potential direct antitumour activity and has been
proven to modulate the effects of cancer chemotherapy
by enhancing therapeutic efficacy and reducing toxicity.”
Our review showed that MLT had no effect on mucositis.
Further subgroup analysis showed that the cancer type was
the major source of heterogeneity. MLT could not reduce

}
10
Favours [control]

|
0.1 1
Favours [experimental]

0.01 100

Forest plot of the effect of MLT on stomatitis incidence among patients with cancer. MLT, melatonin.

the stomatitis rate among patients with head and neck
cancer, while it had a slightly significant effect in patients
with other tumours. Among the studies conducted in
patients with head and neck cancer, Borbalas et al® found
that oral MLT gel demonstrated a consistent trend in
lowering incidence and shortening mucositis duration.™
Onseng et al revealed that adjuvant MLT delayed the
onset of oral mucositis. Elsabagh et al found that MLT
reduced severe oral mucositis development.” None of
them proved that MLT could reduce the incidence of
stomatitis. The possible interpretation was the significant
toxicity of systemic high doses of chemotherapy and radio-
therapy for head and neck cancer.” Compared with other
patients with cancer who only received chemotherapy or
radiotherapy, most patients with head and neck cancer
received the combined chemoradiotherapy. In addi-
tion, radiation in the head and neck increases the odds
of stomatitis occurrence. We also found that in the MLT
group, the reported incidence of stomatitis was higher in

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random., 95% CI
P.Liszonietal 1987 2 34 9 0 12.3% 0.23[0.05, 0.99]
P. Lissonietal 1999 12 124 |16 291% 0.32[0.18, 0.58] ——
P.Lissonietal 2002 15 9a I/ 102 30.8% 0.43[0.25 0.74] —a—
Sookprasertetal 2014 24 100 10 45  27.8% 1.08 [0.56, 2.07] —
Total {95% CI) 361 313 100.0% 0.47 [0.26, 0.88] -
Total events 53 93
Heterogeneity: Tau®= 0.25; Chi*= 8.94, df= 3 (P = 0.03); F= B6% =|3 o c|=1 7 1’0 mn:

Testfor averall effect Z=2.38(F =002

Favours [experimental] Favours [control]

Figure 12 Forest plot of the effect of MLT on stomatitis incidence among patients with cancer except head and neck cancer.

MLT, melatonin.

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events  Total Fvents Total Weight M-H. Random, 95% CI M-H., Random, 95% CI
A Lozano etal 20 1 40 22 38 AB0% 0.93[0.62, 1.39] E =
Elsabagh etal 2019 1 20 ] 20 59% 017 [0.02,1.26] B
Onseng etal 2017 ] 19 11 20 361% 0.77[0.40, 1.48] —i—
Total (95% Cl) 79 79 100.0% 0.78[0.47, 1.30]
Total events 30 a4
Test ot overal effect 7004 (o 088y doss o1 0 200
FZ=0.841F =035 Favours [experimental] Favours [control]
Figure 13 Forest plot of the effect of MLT on stomatitis severity among patients with cancer. MLT, melatonin.
Fan R, et al. BMJ Open 2022;12:2060912. doi:10.1136/bmjopen-2022-060912 11



patients with head and neck cancer (52.5%-90%) than in
other cancer populations (5.12%—-24%). Moreover, our
review revealed that MLT could not reduce the severity of
stomatitis. A meta-analysis showed that probiotics might
reduce the incidence and mitigate the severity of cancer
therapy-induced mucositis.”’ Additionally, photobiomod-
ulation was recommended for the prevention of muco-
sitis.”* 7 However, how they affect patients with head and
neck cancer under chemoradiotherapy is still unknown.

Strengths and limitations

To the best of our knowledge, this study is the first meta-
analysis to investigate the effect of MLT on QoL and
symptoms in patients with cancer. Eleven databases were
widely searched for eligible studies. Risk of bias analysis
was conducted independently by two reviewers using the
validated Cochrane assessment tool. The trial quality was
generally moderate, with most studies having a low risk of
bias, which could further lend confidence to the current
pooled results. In the subgroup analysis, we also widely
explored the effectiveness of MLT in different popu-
lations, treatments, dosages and durations. There are
some limitations. The first is the insufficient literature.
We reviewed many aspects of MLT, such as QoL, sleep,
fatigue, depression, pain and stomatitis. A total of 19 arti-
cles were included in the final meta-analysis. However,
for every dimension, the literature is limited, from only
5-9. This is mostly the result of the lack of RCTs of MLT
in patients with cancer. Thus, insufficient data were used
for synthesis. There were 14 excluded articles without full
text, which limits the generality of the conclusion. Mean-
while, the assessment of publication bias was not allowed
because no dimension had more than 10 references.
Furthermore, the main significant results were from
subgroup analysis, and the results should be interpreted
prudently.

Conclusion

Due to its nontoxic property and beneficial effects,
MLT is increasingly used as an adjuvant medicine in anti-
cancer treatment. We included a moderate number of
trials with varied populations and examined the effective-
ness of MLT on patients with cancer to provide evidence-
based findings on using MLT in a real clinical setting.
Our review showed that MLT did not improve QoL, sleep
quality, fatigue or pain among patients with cancer. MLT
has positive effects on decreasing the stomatitis incidence
and depression, which may make it a reasonable option
for stomatitis and depression prevention in the clinic.
Even so, there are still many restrictions. Further large-
scale RCTs are urgently needed. In addition, the effects
of different combinations of MLT dosage and durations,
administration types and joint measures are worthy of
further study.
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