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Abstract
Background: Melatonin is known as a potent antioxidant. It also has other roles in modulating immune system
and inhibiting proliferation, depending on the dose given. This agent has been used widely as a supplementation in
cancer patients. However, effect of this antioxidant towards the efficacy of various therapeutic modalities in cancer,
including chemotherapy, remains unclear.
Objective: This systematic review aims to know effect of melatonin as an adjuvant therapy towards
chemotherapy response in solid cancer patients.
Methods: We reviewed articles systematically from 8 databases including Pubmed, EBSCO, Cochrane,
ClinicalKey, Proquest, ScienceDirect, Scopus, and Wiley Online Library. Keywords used in literature searching
were cancer and all similar terms, melatonin, chemotherapy, and response. We used limitations to narrow the
result. We included clinical trials that evaluated clinical response of chemotherapy in solid cancer patients. Studies
were reviewed by two authors using OXFORD RCT appraisal sheets.
Results: The results showed improved clinical response associated with chemotherapy plus melatonin
treatment. Two out of eight studies were not statistically significant (p>0.05). There was high risk of bias in all of the
studies regarding randomization process, allocation concealment, intention-to-treat principal, and blinding.
Conclusion: Melatonin has positive effect in improving chemotherapy response in solid cancer patients.
Regarding the lack of methodological validation in prior studies, larger and well-designed studies are needed in
the future.
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Introduction
It is common for patient undergoing cancer treatment to consume
any kind of supplement in order to enhance treatment efficacy or
minimize side effects. There are many supplementations available
out there including antioxidant which is used by approximately
22-83% cancer patients [1-3]. This group of antioxidant includes
N-acetylcysteine, glutathione, vitamin A, vitamin C, vitamin E, beta
carotene, melatonin, and many others. The one which has been explored
by many researchers is melatonin (MLT).
MLT is a hormone secreted by pineal gland. It is located deep inside
brain near the hypothalamus. Production of melatonin, also known
as “darkness hormone”, is affected by light. Thus it is produced at
night and works in controlling biological rhythm. Study in hamsters
reported that pineal gland was activated after more than 13-hour-long
of dark exposure. Light signals captured by eyes will be carried to the
suprachiasma nucleus of the hypothalamus and then to the pineal
gland, activating secretion of melatonin [4,5].
Until now, melatonin and its properties is still being investigated.
Other than regulating sleep cycle, melatonin is believed to be a potent
antioxidant [6-10]. Melatonin also has anticancer property by acting in
several mechanisms. These include:
(1) Direct cytotoxic action by inducting apoptosis in cell expressing
MLT-receptors,
(2) Stimulating immune response to control tumor activity,
(3) Modulating oncogene expression to decrease biological malignancy [8].
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It is still a debate among researchers regarding effect of melatonin in
cancer treatment, including chemotherapy [6,11]. Antioxidant effect of
melatonin affected not only normal cells but also the malignant cells. In
patients undergoing chemotherapy or radiation, which reactive oxygen
species (ROS) is induced instead of suppressed, the efficacy may decrease
[11]. In contrast, other literature revealed possibility of melatonin effect
in reducing treatment side effect instead of decreasing efficacy as an
antioxidant. This is in accordance with review by Chuffa evaluating
melatonin in ovarian cancer. This study stated that antioxidant effect
of melatonin prevents apoptosis in the healthy cells. While in cancer
cells, melatonin prevents proliferation, angiogenesis, and also induces
apoptosis and immune response at the same time [7]. Therefore,
melatonin can be used to minimize side effects of chemotherapy and
radiation without decreasing efficacy in killing cancer cells [12].
Regarding the debate about antioxidant effect of melatonin,
we need further studies to make things clearer. This study will
systematically review effects of melatonin as an adjuvant therapy
towards chemotherapy in solid cancer patients.
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Literatur Review
We start this study by specifying the clinical question (PICO) [13].
Characteristics of patients (P) in our inclusion criteria is solid cancer
patients (excluding lymphoma or hematological malignancy). There is
no specific limitation regarding patients’ characteristics. Intervention
(I) and comparison (C) that will be evaluated are chemotherapy given
with melatonin and chemotherapy only, respectively. Any kinds
of treatment given other than mentioned earlier will be considered
as exclusion criteria. Outcome (O) in this study is chemotherapy
responses. Chemotherapy responses is an objective measure which
can be evaluated with specific tool, The WHO criteria or Response
Evaluation Criteria in Solid Tumors Group (RECIST). Complete and
partial responses will be considered as expected or positive response,
while stable and progressive disease will be considered otherwise. Any
study not mentioning chemotherapy responses as the outcome will be
excluded. We included trials, observational studies, systematic reviews,
and meta-analyses.
Literature searching was done online in August 2018 from eight
databases (Pubmed, EBSCO (1950-present), Cochrane, ClinicalKey,

Proquest (1950-present), ScienceDirect, Scopus, and Wiley Online
Library). We used MesH feature in several databases to cover any term
of cancer authors used in their articles. To assure that study done in
human and not literature review or in vitro study, we used limitation.
We used this keywords in literature searching: neoplasm, cancer,
tumor, carcinoma, melatonin, chemotherapy and response. For
example, in PubMed, we used these keywords with Mesh feature and
limitation: “Neoplasms”[Mesh] AND melatonin [Title/Abstract])
and chemotherapy [Title/Abstract] AND response [Title/Abstract].
Keywords used were not too specific in order to widen article options,
enabling articles with chemotherapy response as secondary outcome
were covered in this searching. However, we managed the setting so
that the keywords were found in title or abstract. We also used filter
such as human, clinical trial, observational study and systematic review.
Eligibility assessment was done by two reviewers independently.
Review author assessed the title and abstract then decided whether the
study was suitable for further review. Full text of selected studies were
reviewed. Appraisal of study was done using OXFORD RCT Appraisal
Sheet. For all included studies, we used Cochrane’s Risk of Bias
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Figure 1: Study selection flowchart.
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Assessment Tool to assess risk of bias. This tool graded the studies risk
of bias regarding their quality of randomization, blinding, intention
to treat principle and others specified in the result section below. We
contacted the authors of selected studies to complete missing data.
Data collected from each study were patient characteristics (type or
location of cancer, stage, performance status), details of intervention
(type of chemotherapy, dosage of melatonin, administration frequency),
and chemotherapy responses as outcome. For the risk of bias we used
Cochrane risk of bias tool. Chemotherapy response risk ratio (RR) or
odds ratio (OR) were used as outcome measurement value.

Results
After getting 153 articles from the initial search in 8 databases,
we screened the titles and abstracts. At the initial screening there
were not many articles that matched the clinical questions of this
study. From selected articles, there are also many of the same articles
from the eight databases. In addition, in several databases such as
Cochrane, ClinicalKey, Scopus and Wiley Online Library, the results
of the selected articles were nil. After screening for eligibility, 10
studies were selected for a further evaluation The articles consisted
of four systematic reviews (SR) and meta-analysis, as well as six
trials. After reading full-text of the SRs, we obtained only part of
the articles in the SR that is in accordance with the PICO of this
study. We decided to identify the article in the appropriate SR then
adjusted it to the other six articles found. At the end there were 8
articles evaluable in the appraisal stage. The eight studies included
in this study (Table 1 and Figure 1).
Study author Type of study

Subject

The size of each study is different, the smallest in Cerea 2003
with 30 patients and the largest in Lissoni 2007 with 370 patients.
The inclusion criteria for patients in the included study were patients
with solid cancers. Solid cancer in these included studies include
breast, lung, gastrointestinal, colorectal, and others. The clinical
conditions of patients included in the inclusion criteria in each study
were patients with poor, aggressive, and metastatic clinical status. The
intervention carried out in each study was the combination of MLT
for chemotherapy of solid cancer patients. The MLT dose given at all
included studies was 20 mg/day in the evening.
Comparison in the included study were patients given
chemotherapy+MLT versus chemotherapy only. The aggregate of
subjects from those studies were 595 patients in chemotherapy+MLT
group and 655 patients in the chemotherapy only group. Outcomes
reviewed in each study is in accordance to WHO criteria of clinical
response of chemotherapy. The classification of responses in each study
is different. There are those who reviewed the response on Complete
Response (CR) and Partial Response (PR) only. But some differentiate
the diseases as CR, PR, Stable disease (SD), and Progressive Disease
(PD). According to WHO terminology, complete response (CR) was
defined as a complete regression of all neoplastic lesions for at least
1 month; partial response (PR) was defined as a reduction of at least
50% in the first month. In addition to the response criteria, in several
included studies the survival rate of patients in each group was also
calculated. Characteristics of included studies are presented in Table 1.
Regarding biases, there are several things that can be done
to minimize bias. By using Cochrane’s Risk of Bias Assessment,

Performance status Intervention MLT dose (mg/d)
(Karnofsky Score)
(n)
and duration

Control
(n)

Outcome

Lissoni et al.
(1997)

Randomized
controlled trial

Metastatic solid tumors in
poor clinical status (lung,
breast, gastrointestinal tract
tumor)

70

MLT+CT
(39)

20, take with
chemo till disease
progression

CT only
(41)

The objective tumor regression
rate (CR+PR) was higher in
patients concomitantly treated
with M L T than in those
who received chemotherapy
alone, but the differences
were not significant.

Lissoni et al.
(1997)

Randomized
controlled trial

Untreated advanced NSCLC,
unable to tolerate most
aggressive polychemotherapy

80

MLT+CT
(34)

20, take with
chemo till disease
progression

CT only
(36)

CR+PR=11/33 vs. 6/36
RR=2.00, P=1.09
CI [0.83, 4.80]

Lissoni et al.
(1999)

Randomized
controlled trial

Metastatic solid tumors
(NSCLC, breast,
gastrointestinal tract, head
and neck) with poor clinical
status

80

MLT+CT
(124)

20, 1 week
before the cycle
till disease
progression

CT only
(126)

CR+PR=42/124 vs. 19/126
RR=2.25, p<0.001 CI [1.39,
3.64]

Lissoni
(2002)

Randomized
controlled trial

Untreated metastatic solid
tumor with chemotherapyresistant cancer and good
clinical status

100

MLT+CT
(98)

20, few days
before the cycle
till disease
progression

CT only
(102)

CR+PR=32/98 vs. 20/102
RR=1.67, p<0.05
CI [1.03, 2.07]

Lissoni et al.
(2003)

Randomized
controlled trial

Untreated metastatic NSCLC

100

MLT+CT
(49)

20, 1 week
before the cycle
till disease
progression

CT only
(51)

CR+PR=17/49 vs. 9/51
RR=1.97, p<0.05
CI [0.97, 3.98]

Cerea et al.
(2003)

Randomized
metastatic colorectal
controlled trial patient

90

MLT+CT
(14)

20, 1 week
before the cycle
till disease
progression

CT only
(16)

CP+PR=5/14 vs. 2/16
RR=2.86, p<0,05
CI [0.65, 12.48]

Lissoni et al.
(2007)

Randomized
controlled trial

Metastatic NSCLC or
gastrointestinal

NA

20, 1 week
before the cycle
till disease
progression

CT only
(183)

CR+PR=68/187 vs. 37/183
RR=1.8, p<0.01
CI [1.27, 2.54]

Messina et al.
(2010)

Nonrandomized
controlled trial

Metastatic NSCLC

90

20, 1 week
before the cycle
till disease
progression

CT only (100)

CR+PR=21/50 vs. 24/100
RR=1.75, p<0.001
CI [1.09, 2.82]

MLT+CT
(187)

MLT+CT
(50)

Table 1: Characteristic of studies.
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Included
Studies

Risk of Bias
Random sequence
generation
(selection bias)

Allocation
concealment
(selection bias)

Blinding of participants
and personnel
(performance bias)

Blinding of outcome
assessment
(performance bias)

Incomplete
outcome data
(attrition bias)

Selective
reporting
(reporting bias)

Other bias
Unclear

Lissoni (1997)

Low Risk

Low Risk

High Risk

High Risk

High Risk

High Risk

Lissoni (1997)

Low Risk

Low Risk

High Risk

High Risk

Low Risk

Unclear

Unclear

Lissoni (1999)

Low Risk

Low Risk

High Risk

High Risk

Low Risk

Unclear

Low Risk

Lissoni (2002)

Low Risk

Low Risk

High Risk

High Risk

Low Risk

Unclear

Unclear

Lissoni (2003)

Low Risk

Low Risk

High Risk

High Risk

Low Risk

Unclear

Unclear

Cerea (2003)

Low Risk

Low Risk

High Risk

High Risk

High Risk

Unclear

Unclear

Lissoni (2007)

Low Risk

Unclear

High Risk

Unclear

Low Risk

Unclear

Unclear

Messina (2010)

High Risk

Unclear

High Risk

High Risk

Low Risk

Unclear

Unclear

Table 2: Risk of bias.

randomization and allocation concealment is done to control selection
bias. Blinding is useful for controlling measurement/performance bias.
Details of the risk of bias for each study is listed on the Table 2.
Result from each study is on the Table 2. CR and PR obtained the
lowest RR in study Lissoni (2002) and the highest RR in the study Cerea
(2003). One study from Lissoni 1997a did not have a clear result for the
CT alone group, but they concluded tumor regression rate (CR+PR)
was higher in patients treated with MLT than in those who received
chemotherapy alone.
The result summary showed significant clinical responses associated
with chemotherapy plus MLT. Although, from those included study,
there are two of eight studies that has not significant result. They are
studies from Lissoni 1997a and Lissoni 1997b. This overall result also
influenced by biases, as the summary of risk of biases is high risk of bias.

Discussion
Aim of this systematic review is to evaluate effect of melatonin
towards chemotherapy response in solid cancer patients. We reviewed
6 suitable studies from database searching. In addition, we reviewed 3
studies extracted from selected systematic review and meta-analysis.
From total 8 studies, there is one study excluded. All of studies showed
improved clinical response (RR=1.67-2.25) with partial and complete
response [8-16]. However, 2/8 studies were not statistically significant
[14,15]. We attempted to contact authors several times for months in
order to complete missing data and received no response.
All selected studies were done by same group of authors at same
center in Italy. They have several publications related to melatonin
and are still exploring the benefits of this substance (Lissoni and
colleagues). Those publications indeed showed consistent results
that melatonin improves clinical response of chemotherapy in solid
cancer patients. However, there is a need for further study in different
population to support their previous result. In addition, those selected
study from Lissoni and colleagues did not report clearly regarding
their randomization method, allocation concealment, blinding and
intention-to-treat principal resulting high risk of bias in all of the
studies. We have contacted the respective authors and wait for response.
This review showed improved clinical response in patients treated
with melatonin adjuvant to chemotherapy. This result is obtained in
various types of advanced solid cancer including head & neck, breast,
lung, and gastrointestinal cancer. Patients were in relatively good
clinical status since they had 70-100 Karnofsky score. The result is in
accordance with findings by Block and Seely [1,17]. The two studies
showed positive effect in cancer patients treated with chemotherapy
and antioxidant, including melatonin. Block reported 2 out of 4 suitable
studies statistically significant improving clinical response. Seely
J Cancer Sci Ther, an open access journal
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likewise, reported 7 out of 19 studies suitable with our clinical question.
Their findings showed that melatonin may increase chemotherapy
response while reduce side effect. Despite the conclusion they also
reported high risk of bias from those paper by Lissoni and colleague.
Study by Greenlee evaluating antioxidant supplementation in breast
cancer revealed the opposite [18]. They using one suitable study
concluded that evidence is not sufficient to provide conclusion on the
antioxidant supplementation in breast cancer.

Conclusion
Based on the summarized findings from the selected articles,
we concluded that melatonin showed positive effect in improving
chemotherapy response in solid cancer patients. However, considering
the lack of methodological validation in all of studies included, we
recommend to make a larger and well-designed studies in the future.

Materials Availability
Data and materials included in this publication are available for
further evaluation. Please contact the corresponding author to access
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