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Background: Melatonin (MLT), a kind of neuroendocrine active substance, has been reported 

to function in the treatment of tumors. However, there remain controversies about the curative 

effect of MLT in tumors in clinical studies. This study investigates the efficacy of MLT on 

tumor therapeutic strategies by meta-analysis.

Methods: After searching several main literature databases, a total of 5,057 articles were 

obtained and screened by inclusion and exclusion criteria. The tumor remission rate, overall 

survival rate, and incidence of side effects were recorded and analyzed in the included study 

patients. Group analysis and sensitivity analysis were performed to examine the sources of 

heterogeneity in the pooled studies.

Results: The tumor remission rate in the MLT group was significantly higher than that in the 

control group (relative risk [RR] =2.25; 95% CI, 1.86–2.71; P,0.00001; I2=9%). Likewise, the 

MLT group had an overall survival rate of 28.24% (n=294/1,041), which was greatly increased 

compared with the control group (RR =2.07; 95% CI, 1.55–2.76; P,0.00001; I2=55%). And, 

MLT could significantly enhance the overall survival rate in non-small-cell lung cancer patients 

(RR =2.13; 95% CI, 1.41–3.24; P=0.0004; I2=0%) and various solid tumor patients (RR =2.31; 

95% CI, 1.78–2.99; P,0.00001; I2=0%). It was further proved that MLT could effectively reduce 

the incidence of neurotoxicity (RR =0.30, 95% CI, 0.19–0.45; P,0.00001), thrombocytopenia 

(RR =0.23; 95% CI, 0.16–0.33; P,0.00001), and asthenia (RR =0.43, 95% CI, 0.38–0.49; 

P,0.00001) during chemotherapy.

Conclusion: MLT exerts positive influence in tumor therapeutic strategies, including improving 

tumor remission rate and overall survival rate, while reducing the incidence of chemotherapy 

side effects. Further large-scale randomized clinical trials (RCTs) are urgently required to verify 

therapeutic effects of MLT in tumors by various clinical research centers.
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Introduction
Melatonin (MLT) is a kind of neuroendocrine active substance, a steroid hormone, 

chemically composed of N-acetyl-5-methoxytryptamine, which synthesized and 

secreted by the pineal gland.1 MLT not only involves regulating biological rhythms 

and endocrine function but also functions in the occurrence, development, and treat-

ment of cancer.2 Under physiological conditions, the level of MLT in the human body 

fluctuates within a certain range, with obvious circadian rhythm, which is the highest3 

at night and the lowest at noon.4 However, in tumor circumstances, endogenous MLT 

has lost circadian rhythm and the level of MLT in cancer patients is abnormal.5–7

Preclinical experimental studies in recent years have shown that MLT has signifi-

cant effects in preventing, treating, and delaying tumor development. Animal study 

demonstrates that the growth and proliferation of the tumors were accelerated after 
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the pinealectomy.8,9 Further studies evidence that exogenous 

MLT exerted a certain degree of inhibition on the growth 

of tumors.10 Because of containing lipophilic groups, MLT 

has the ability to quickly pass through the cell membrane 

and nuclear membrane. Also, there are MLT high-affinity 

receptors in the cell membrane of various tissue cells,11 pro-

viding a physiological basis for its direct function. Preclini-

cal studies reveals that MLT functions in anticancer effects 

mainly through the following ways:2,12 1) by binding to MLT 

membrane receptors, MLT could exert antiangiogenic effects 

in tumor (such as neuroblastoma and ovarian carcinoma) by 

the downregulation of vascular endothelial growth factor 

(VEGF);13,14 2) MLT has the ability to inhibit the growth of 

breast cancer through interference with estrogen sulfatase 

enzyme;15 3) MLT could function as immunomodulatory 

effect by regulating mononuclear cells to induce tumor cell 

apoptosis and arrest tumor cell cycle in G
0
/G

1
;16 4) MLT 

could suppress the metastasis of triple-negative breast cancer 

by inducing KISS1 expression;17 5) MLT would decrease 

epithelial–mesenchymal transition (EMT) and matrix metal-

loproteinase 9 (MMP9) activity to control the invasion and 

metastasis of cancer stem cells;18 6) MLT is able to reduce 

prostate cancer cell growth and promote neuroendocrine dif-

ferentiation via binding MLT membrane receptors;19 7) MLT 

could potentiate the antitumor effect and overcome the resis-

tance of chemotherapy, radiotherapy and other therapy.20–22

MLT can significantly inhibit the proliferation of cancer 

cells, a discovery that pioneered MLT antitumor research.23,24 

Modern biomedical research shows that MLT receptors and 

related signal transduction pathways have a close relationship 

with the proliferation, differentiation, and apoptosis of cancer.25 

Unfortunately, clinical studies have not unified opinions on the 

therapeutic effect of MLT in tumors. In most randomized clini-

cal trials (RCTs), it is believed that supplement of MLT could 

enhance tumor remission response and survival rates,26,27 while 

reducing the incidence of side effects in chemotherapy or 

radiotherapy. However, considering the study of Sookprasert 

et al,28 it was not found that MLT can affect the survival rate 

and incidence of side effects in patients with non-small-cell 

lung cancer. In this study, a systematic review and meta-

analysis of the literature for all RCTs was performed to verify 

tumor remission, survival rate, and therapy-related side effects 

involving the use of MLT in the treatment of various cancers.

Methods
Inclusion and exclusion criteria
Inclusion criteria
1) The study was designed as a randomized controlled 

trial. 2) The study subjects were any type of cancer patients 

who were diagnosed by histological section, regardless of 

age, gender, and tumor stage. 3) The intervention group 

included MLT combined with other treatments (including 

chemotherapy, molecular targeted therapy, radiotherapy, and 

supportive therapy). The control group received only other 

treatments (including chemotherapy, molecular targeted 

therapy, radiotherapy, and supportive therapy). 4) Outcome 

indexes include at least one of the following three indicators: 

disease remission rate, overall survival rate, and incidence 

rate of adverse reactions. There are four outcomes after the 

use of antitumor drugs: complete remission (CR), partial 

remission (PR), stable disease (SD), and disease progres-

sion (PD). According to the WHO criteria, in CR, all tumor 

damages completely disappeared at least 1 month, in PR, 

the sum of the two longest diameters of tumor reduced by 

more than 50% for at least 1 month, SD, the sum of the two 

longest diameters of tumor reduced by more than 25%, or 

no tumor lesion, and in PD, the tumor damage increased by 

more than 25% or the appearance of new lesions. CR rate 

with PR rate equals disease remission rate.

Exclusion criteria
Animal studies, secondary literature studies, pharmacokinetic 

studies, nonrandomized controlled trials, and interventions 

such as non-MLT were excluded.

Search strategy
Using MLT, neoplasm/neoplasms, tumor/tumors, and cancer 

as search terms, the databases such as Web of Science, 

PubMed, China National Knowledge Infrastructure (CNKI), 

and Cochrane Database of Systematic Reviews were 

searched. The publication time was unlimited. Languages 

were limited to Chinese and English.

According to PRISMA’s (preferred reporting items for 

systematic reviews and meta-analyses’s) procedure for litera-

ture screening.29 Two investigators independently conducted 

data extraction and used the modified Jadad scoring standard30 

to score the quality of the included studies (1–3 were classi-

fied as low-quality literature and 4–7 were classified as high-

quality literature) and then cross-checked. If there were any 

differences, it would be resolved through discussion.

Data extraction
After careful reading of the included literature, the follow-

ing data were extracted and summarized: author, time of 

publication, types of tumor, number of cases, age, interven-

tions, dosage, outcome indexes (rate of disease remission, 

overall survival rate, and rate of adverse reactions), and 

conclusions.
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Statistical methods
Meta-analysis is performed using the Review Manager 5.3 

software. Relative risk (RR) and its 95% CI are adopted to 

analyze therapeutic efficacy, which belongs to two-category 

variables. First, the heterogeneity test was performed on the 

included studies. When the heterogeneity test results showed no 

statistical heterogeneity among the test results (P.0.10), a fixed 

effect model was used for meta-analysis; otherwise, a random 

effect model was selected for analysis. Funnel plot was per-

formed with R packages (meta) and tested by Harbord test.

Results
Characteristics of studies and data
After searching the Web of Science, PubMed, CNKI, and 

Cochrane Database of Systematic Reviews, 4,881 articles 

were obtained and 12 articles were acquired by tracking cita-

tion. A total of 2,138 studies were removed by duplicates. 

After reading titles, abstracts, and keywords, there remained 

107 records for further check. Screening review articles 

and experimental studies (77 articles), excluding non-RCT 

literature (10 articles), the final 20 literatures were included in 

the study. Figure 1 represents the literature screening process 

and results. The basic information of the included studies is 

shown in Table 1. The span of publication time of the litera-

ture was 1992–2014, relatively concentrated between 1994 

and 2002. There were 3,853 cancer patients in the literature, 

involving multiple tumors (13 literatures for lung cancer, 

11 literatures for digestive system tumors, seven literatures 

for breast cancer, two literatures for prostate cancer, two 

literatures for renal cancer, one literature for head and neck 

Figure 1 The flow chart of the literature screening process.
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through other sources
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Records after duplicates removed
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Table 1 Characteristics of the included studies

Articles Types of tumor Case number 
(T/C)

Age 
range

Interventions Dosage CR (T vs C) CR + PR 
(T vs C)

Survival 
rate

Adverse effect: T vs C Conclusions

Sookprasert 
et al (2014)28

Advanced NSCLC 104/47 18–70 MLT + chemotherapy vs 
placebo + chemotherapy

10 or 20 mg/day orally 
at night

– – 1 year: 
18/104 vs 
6/47

Fatigue: 89/100 vs 39/45
Anorexia: 82/100 vs 31/45
Neuropathy: 62/99 vs 31/46
Anemia: 48/102 vs 26/46
Nausea: 41/101 vs 18/45
Liver dysfunction: 21/101 vs 13/46
Mucositis: 24/100 vs 10/45
Low glomerular filtration rate: 12/102 vs 7/46
Febrile neutropenia: 7/98 vs 3/42
Thrombocytopenia: 4/100 vs 2/46

MLT in combination with chemotherapy did not affect survival and 
adverse events of advanced patients with NSCLC

Lissoni et al 
(2008)35

Metastatic solid tumor 
(NSCLC or gastrointestinal 
tract tumors)

285/286 45–78 MLT + supportive care vs 
supportive care

20 mg/day orally in the 
evening

0/285 vs 0/286 10/285 vs 
0/286

2 years: 
6/285 vs 
0/286

– The MLT alone was able to induce a significant increase of disease 
stabilization and survival time with respect to supportive care alone

Lissoni (2007)36 Metastatic NSCLC 35/33 49–73 MLT + chemotherapy vs 
chemotherapy alone

20 mg/day orally during 
the dark period of the 
day

1/33 vs 0/35 13/33 vs 
6/35

– Thrombocytopenia: 1/33 vs 7/35
Neurotoxicity: 2/33 vs 8/25
Asthenia: 4/33 vs 14/35

The overall response rate achieved in patients concomitantly treated 
with MLT was significantly higher with respect to that obtained in 
patients treated with chemotherapy alone. Moreover, MLT significantly 
reduced some chemotherapy-related toxicities, thrombocytopenia, and 
neurotoxicity

Lissoni (2007)37 Metastatic solid tumor 
(NSCLC or gastrointestinal 
tract tumors)

187/183 – MLT + chemotherapy vs 
chemotherapy alone

20 mg/day orally in the 
evening

12/187 vs 5/183 68/187 vs 
37/183

2 years: 
47/187 vs 
24/183

Thrombocytopenia: 8/187 vs 41/183
Neurotoxicity: 10/187 vs 22/183
Asthenia: 51/187 vs 96/183
Neoplastic cachexia: 9/187 vs 36/183

The response rate was greater in patients concomitantly treated 
with MLT than in the group of chemotherapy alone for the overall 
chemotherapies
The percentage of 2-year survival achieved in patients concomitantly 
treated with MLT was higher than that in those treated with 
chemotherapy alone
Chemotherapy was better tolerated in patients concomitantly treated 
with MLT

Lissoni et al 
(2003)38

Metastatic NSCLC 49/51 38–81 MLT + chemotherapy vs 
chemotherapy alone

20 mg/day orally in the 
evening

2/49 vs 0/51 17/49 vs 
9/51

1 year: 20/49 
vs 10/51
5 years: 3/49 
vs 0/51

Neurotoxicity: 2/49 vs 9/51
Thrombocytopenia: 1/49 vs 7/51
Weight loss greater than 10%: 3/49 vs 21/51
Asthenia: 4/49 vs 18/51
Alopecia: 14/51 vs 11/49
Anemia: 6/51 vs 4/49

Both the overall tumor regression rate and the 5-year survival results 
were significantly higher in patients concomitantly treated with MLT
This study confirms, in a considerable number of patients and for 
a long follow-up period, the possibility to improve the efficacy 
of chemotherapy in terms of both survival and quality of life by a 
concomitant administration of MLT

Cerea et al 
(2003)39

Metastatic colorectal cancer 14/16 37–82 MLT + irinotecan vs 
irinotecan alone

20 mg/day orally in the 
evening

– 5/14 vs 
2/16

– Diarrhea: 4/14 vs 6/16 The efficacy of weekly low-dose irinotecan (CPT-11) in pretreated 
metastatic colorectal cancer patients may be enhanced by a concomitant 
daily administration of the pineal hormone MLT

Lissoni (2002)40 Advanced solid 
tumor (including lung, 
gastrointestinal, breast, 
and prostate cancers)

722/718 36–86 MLT + supportive care vs 
supportive care

Orally at 20 mg/day 
during the evening

– 17/722 vs 
0/718

– Cachexia: 37/722 vs 189/718
Asthenia: 126/722 vs 292/718
Anorexia: 149/722 vs 226/718
Depressive symptoms: 96/722 vs 164/718
Anemia: 186/722 vs 218/718
Thrombocytopenia: 21/722 vs 78/718
Lymphocytopenia: 204/722 vs 489/718

The percentage of patients with disease stabilization and the percentage 
of 1-year survival were significantly higher in patients concomitantly 
treated with MLT than in those treated with supportive care alone

Lissoni (2002)40 Advanced solid 
tumor (including lung, 
gastrointestinal, breast, and 
prostate cancers)

98/102 36–75 MLT + chemotherapy vs 
chemotherapy alone

Orally at 20 mg/day 
during the evening

3/98 vs 0/102 32/98 vs 
20/102

– Asthenia: 25/98 vs 46/102
Alopecia: 62/98 vs 72/102
Vomiting: 46/98 vs 56/102
Stomatitis: 15/98 vs 36/102
Diarrhea: 19/98 vs 24/102
Neurotoxicity: 8/98 vs 26/102
Nephrotoxicity: 0/98 vs 6/102
Cardiotoxicity: 2/98 vs 9/102
Leukopenia: 14/98 vs 18/102
Anemia: 12/98 vs 14/102
Thrombocytopenia: 2/98 vs 17/102

The objective tumor response rate was significantly higher in patients 
treated with chemotherapy plus MLT than in those treated with 
chemotherapy alone. Moreover, MLT induced a significant decline in 
the frequency of chemotherapy-induced asthenia, thrombocytopenia, 
stomatitis, cardiotoxicity, and neurotoxicity

Yan et al 
(2001)41

Advanced liver cancer 70/70 29–78 MLT + TACE vs TACE 
alone

Orally at 20 mg/day 
during the evening

0/70 vs 0/70 16/70 vs 
9/70

1 year: 48/70 
vs 38/70

– Compared with the control group, the MLT group significantly increased 
the tumor response and survival rate

(Continued)
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Table 1 Characteristics of the included studies

Articles Types of tumor Case number 
(T/C)

Age 
range

Interventions Dosage CR (T vs C) CR + PR 
(T vs C)

Survival 
rate

Adverse effect: T vs C Conclusions

Sookprasert 
et al (2014)28

Advanced NSCLC 104/47 18–70 MLT + chemotherapy vs 
placebo + chemotherapy

10 or 20 mg/day orally 
at night

– – 1 year: 
18/104 vs 
6/47

Fatigue: 89/100 vs 39/45
Anorexia: 82/100 vs 31/45
Neuropathy: 62/99 vs 31/46
Anemia: 48/102 vs 26/46
Nausea: 41/101 vs 18/45
Liver dysfunction: 21/101 vs 13/46
Mucositis: 24/100 vs 10/45
Low glomerular filtration rate: 12/102 vs 7/46
Febrile neutropenia: 7/98 vs 3/42
Thrombocytopenia: 4/100 vs 2/46

MLT in combination with chemotherapy did not affect survival and 
adverse events of advanced patients with NSCLC

Lissoni et al 
(2008)35

Metastatic solid tumor 
(NSCLC or gastrointestinal 
tract tumors)

285/286 45–78 MLT + supportive care vs 
supportive care

20 mg/day orally in the 
evening

0/285 vs 0/286 10/285 vs 
0/286

2 years: 
6/285 vs 
0/286

– The MLT alone was able to induce a significant increase of disease 
stabilization and survival time with respect to supportive care alone

Lissoni (2007)36 Metastatic NSCLC 35/33 49–73 MLT + chemotherapy vs 
chemotherapy alone

20 mg/day orally during 
the dark period of the 
day

1/33 vs 0/35 13/33 vs 
6/35

– Thrombocytopenia: 1/33 vs 7/35
Neurotoxicity: 2/33 vs 8/25
Asthenia: 4/33 vs 14/35

The overall response rate achieved in patients concomitantly treated 
with MLT was significantly higher with respect to that obtained in 
patients treated with chemotherapy alone. Moreover, MLT significantly 
reduced some chemotherapy-related toxicities, thrombocytopenia, and 
neurotoxicity

Lissoni (2007)37 Metastatic solid tumor 
(NSCLC or gastrointestinal 
tract tumors)

187/183 – MLT + chemotherapy vs 
chemotherapy alone

20 mg/day orally in the 
evening

12/187 vs 5/183 68/187 vs 
37/183

2 years: 
47/187 vs 
24/183

Thrombocytopenia: 8/187 vs 41/183
Neurotoxicity: 10/187 vs 22/183
Asthenia: 51/187 vs 96/183
Neoplastic cachexia: 9/187 vs 36/183

The response rate was greater in patients concomitantly treated 
with MLT than in the group of chemotherapy alone for the overall 
chemotherapies
The percentage of 2-year survival achieved in patients concomitantly 
treated with MLT was higher than that in those treated with 
chemotherapy alone
Chemotherapy was better tolerated in patients concomitantly treated 
with MLT

Lissoni et al 
(2003)38

Metastatic NSCLC 49/51 38–81 MLT + chemotherapy vs 
chemotherapy alone

20 mg/day orally in the 
evening

2/49 vs 0/51 17/49 vs 
9/51

1 year: 20/49 
vs 10/51
5 years: 3/49 
vs 0/51

Neurotoxicity: 2/49 vs 9/51
Thrombocytopenia: 1/49 vs 7/51
Weight loss greater than 10%: 3/49 vs 21/51
Asthenia: 4/49 vs 18/51
Alopecia: 14/51 vs 11/49
Anemia: 6/51 vs 4/49

Both the overall tumor regression rate and the 5-year survival results 
were significantly higher in patients concomitantly treated with MLT
This study confirms, in a considerable number of patients and for 
a long follow-up period, the possibility to improve the efficacy 
of chemotherapy in terms of both survival and quality of life by a 
concomitant administration of MLT

Cerea et al 
(2003)39

Metastatic colorectal cancer 14/16 37–82 MLT + irinotecan vs 
irinotecan alone

20 mg/day orally in the 
evening

– 5/14 vs 
2/16

– Diarrhea: 4/14 vs 6/16 The efficacy of weekly low-dose irinotecan (CPT-11) in pretreated 
metastatic colorectal cancer patients may be enhanced by a concomitant 
daily administration of the pineal hormone MLT

Lissoni (2002)40 Advanced solid 
tumor (including lung, 
gastrointestinal, breast, 
and prostate cancers)

722/718 36–86 MLT + supportive care vs 
supportive care

Orally at 20 mg/day 
during the evening

– 17/722 vs 
0/718

– Cachexia: 37/722 vs 189/718
Asthenia: 126/722 vs 292/718
Anorexia: 149/722 vs 226/718
Depressive symptoms: 96/722 vs 164/718
Anemia: 186/722 vs 218/718
Thrombocytopenia: 21/722 vs 78/718
Lymphocytopenia: 204/722 vs 489/718

The percentage of patients with disease stabilization and the percentage 
of 1-year survival were significantly higher in patients concomitantly 
treated with MLT than in those treated with supportive care alone

Lissoni (2002)40 Advanced solid 
tumor (including lung, 
gastrointestinal, breast, and 
prostate cancers)

98/102 36–75 MLT + chemotherapy vs 
chemotherapy alone

Orally at 20 mg/day 
during the evening

3/98 vs 0/102 32/98 vs 
20/102

– Asthenia: 25/98 vs 46/102
Alopecia: 62/98 vs 72/102
Vomiting: 46/98 vs 56/102
Stomatitis: 15/98 vs 36/102
Diarrhea: 19/98 vs 24/102
Neurotoxicity: 8/98 vs 26/102
Nephrotoxicity: 0/98 vs 6/102
Cardiotoxicity: 2/98 vs 9/102
Leukopenia: 14/98 vs 18/102
Anemia: 12/98 vs 14/102
Thrombocytopenia: 2/98 vs 17/102

The objective tumor response rate was significantly higher in patients 
treated with chemotherapy plus MLT than in those treated with 
chemotherapy alone. Moreover, MLT induced a significant decline in 
the frequency of chemotherapy-induced asthenia, thrombocytopenia, 
stomatitis, cardiotoxicity, and neurotoxicity

Yan et al 
(2001)41

Advanced liver cancer 70/70 29–78 MLT + TACE vs TACE 
alone

Orally at 20 mg/day 
during the evening

0/70 vs 0/70 16/70 vs 
9/70

1 year: 48/70 
vs 38/70

– Compared with the control group, the MLT group significantly increased 
the tumor response and survival rate

(Continued)
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Table 1 (Continued)

Articles Types of tumor Case number 
(T/C)

Age 
range

Interventions Dosage CR (T vs C) CR + PR 
(T vs C)

Survival 
rate

Adverse effect: T vs C Conclusions

Lissoni et al 
(2000)42

Metastatic renal cell cancer 14/16 28–63 MLT + morphine + IL-2 vs 
MLT + morphine

20 mg/day during the 
evening

0/14 vs 0/16 4/14 vs 
1/16

3 years: 3/14 
vs 0/16

– The percentage of partial responses achieved in patients treated with 
morphine alone was significantly lower than that observed in patients 
concomitantly treated with MLT. Moreover, the percentage of 3-year 
survival was significantly higher in patients concomitantly treated with MLT

Lissoni et al 
(1999)43

Metastatic solid 
tumor (including lung, 
gastrointestinal, breast, and 
head and neck cancers)

124/126 39–81 MLT + chemotherapy vs 
chemotherapy alone

Orally at 20 mg/day 
during the evening

6/124 vs 0/126 42/124 vs 
19/126

1 year: 
63/124 vs 
29/126

Myelosuppression: 25/124 vs 54/126
Neurotoxicity: 3/124 vs 17/126
Nephrotoxicity: 0/124 vs 4/126
Cardiotoxicity: 2/124 vs 12/126
Stomatitis: 12/124 vs 38/126
Alopecia: 63/124 vs 74/126
Vomiting: 61/124 vs 72/124
Diarrhea: 16/124 vs 24/126
Asthaenia: 33/124 vs 79/126

MLT may enhance the efficacy of chemotherapy and reduce its toxicity, 
at least in advanced cancer patients of poor clinical status

Lissoni et al 
(1997)44

Metastatic solid 
tumors (including lung, 
gastrointestinal, and breast 
cancer)

39/41 38–76 MLT + chemotherapy vs 
chemotherapy alone

Orally at 20 mg/day 
during the evening

1/39 vs 0/41 12/39 vs 
9/41

– Myelotoxicity: 0/39 vs 8/41
Stomatitis: 2/39 vs 9/41
Neuropathy grade 1–2: 0/39 vs 5/41
Cardiac complications: 0/39 vs 3/41
Nephrotoxicity: 0/39 vs 1/41
Hepatotoxicity: 1/39 vs 3/41
Skin reactions: 3/39 vs 3/41
Alopecia grade 1–3: 7/39 vs 9/41
Diarrhea grade 1–2: 3/39 vs 5/41
Vomiting: 11/39 vs 14/41
Asthenia: 4/39 vs 19/41

Concomitant administration of the pineal hormone MLT during 
chemotherapy may prevent some chemotherapy-induced side effects, 
particularly myelosuppression and neuropathy
Evaluation of the impact of MLT on chemotherapy efficacy will be the 
aim of future clinical investigations

Lissoni et al 
(1997)45

Advanced NSCLC 34/36 39–80 MLT + chemotherapy vs 
chemotherapy alone

Orally at 20 mg/day 
during the evening

1/34 vs 0/36 11/34 vs 
6/36

1 year: 15/34 
vs 6/36

Myelosuppression: 4/34 vs 13/36
Vomiting: 7/34 vs 10/36
Alopecia grade 1–3: 6/34 vs 9/36
Diarrhea grade 1–3: 1/34 vs 2/34
Neuropathy: 0/34 vs 5/36
Nephropathy: 0/34 vs 3/36
Asthenia: 3/34 vs 12/36
Weight loss .10%: 0/34 vs 16/36

The concomitant administration of MLT may improve the efficacy 
of chemotherapy, mainly in terms of survival time, and reduce 
chemotherapeutic toxicity in advanced NSCLC, at least in patients in 
poor clinical condition

Yan et al 
(1997)46

Advanced liver cancer 31/29 38–72 MLT + supportive care vs 
supportive care

Orally at 20 mg/day 
during the evening

0/31 vs 0/29 8/31 vs 
1/29

1 year: 10/31 
vs 0/29

– MLT may represent a new palliative therapy, capable of inducing tumor 
regression, prolonging the survival time and improving the life quality of 
patients with unresectable primary liver cancer

Lissoni et al 
(1996)47

Brain glioblastoma 14/16 37–76 MLT + radiotherapy vs 
radiotherapy alone

Orally at 20 mg/day 
during the evening

– 6/11 vs 
4/12

1 year: 6/14 
vs 1/16

– A radio neuroendocrine approach with radiotherapy plus MLT may 
prolong the survival time and improve the quality of life of patients 
affected by glioblastoma

Lissoni et al 
(1996)48

Malignant melanoma 14/16 38–81 MLT + supportive care vs 
supportive care

Orally at 20 mg/day 
during the evening

– – 1 year: 10/14 
vs 11/16

– An adjuvant endocrine therapy with MLT may be effective in preventing 
disease progression in node relapsed melanoma patients

Lissoni et al 
(1995)49

Metastatic breast cancer 19/21 – MLT + tamoxifen vs 
tamoxifen

Orally at 20 mg/day 
during the evening

0/19 vs 0/21 7/19 vs 
2/21

1 year: 12/19 
vs 5/21

No MLT-related toxicity was observed The pineal hormone MLT may make tamoxifen effective also in 
ER-negative metastatic breast cancer patients

Lissoni et al 
(1994)50

Advanced solid 
tumor (including lung, 
gastrointestinal, and breast 
cancers)

41/39 36–74 MLT + IL-2 vs MLT + IL-2 Orally at 20 mg/day 
during the evening

3/41 vs 0/39 11/41 vs 
1/39

1 year: 19/41 
vs 6/39

Fever: 4/41 vs 6/39
Vomiting: 1/41 vs 2/39
Anorexia: 2/41 vs 4/39
Asthenia: 1/41 vs 3/39
Arthralgia: 0/41 vs 1/39
Depressive symptoms: 1/41 vs 3/39
Transaminase increase: 4/41 vs 7/39
Anemia: 1/41 vs 2/39
Thrombocytopenia: 0/41 vs 3/39

The concomitant administration of the pineal hormone MLT may 
increase the efficacy of low-dose IL-2 subcutaneous therapy

Lissoni et al 
(1994)51

Cancer with brain metastasis 
(including melanoma, lung, 
breast, and colon cancers)

24/26 38–72 MLT + supportive care vs 
supportive care

Orally at 20 mg/day 
during the evening

– – 1 year: 9/24 
vs 3/26

Steroid-related infective complications: 3/24 
vs 14/26

The pineal hormone MLT may be able to improve the survival time and 
the quality of life in patients with brain metastases due to solid tumors

Lissoni et al 
(1992)34

Metastatic NSCLC 31/32 39–78 MLT + supportive care vs 
supportive care

Orally at 10 mg/day 
during the evening

– – 1 year: 8/31 
vs 2/32

– MLT may be successfully administered to prolong the survival time in 
metastatic NSCLC patients who progressed under a first-line chemotherapy 
with cisplatin, for whom no other effective therapy is available up to now

Abbreviations: CR, complete remission; MLT, melatonin; NSCLC, non-small-cell lung cancer; PR, partial remission; TACE, transcatheter artery chemoembolization; 
T, treatment group; C, control group; ER, estrogen receptor; IL-2, interleukin 2.
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Table 1 (Continued)

Articles Types of tumor Case number 
(T/C)

Age 
range

Interventions Dosage CR (T vs C) CR + PR 
(T vs C)

Survival 
rate

Adverse effect: T vs C Conclusions

Lissoni et al 
(2000)42

Metastatic renal cell cancer 14/16 28–63 MLT + morphine + IL-2 vs 
MLT + morphine

20 mg/day during the 
evening

0/14 vs 0/16 4/14 vs 
1/16

3 years: 3/14 
vs 0/16

– The percentage of partial responses achieved in patients treated with 
morphine alone was significantly lower than that observed in patients 
concomitantly treated with MLT. Moreover, the percentage of 3-year 
survival was significantly higher in patients concomitantly treated with MLT

Lissoni et al 
(1999)43

Metastatic solid 
tumor (including lung, 
gastrointestinal, breast, and 
head and neck cancers)

124/126 39–81 MLT + chemotherapy vs 
chemotherapy alone

Orally at 20 mg/day 
during the evening

6/124 vs 0/126 42/124 vs 
19/126

1 year: 
63/124 vs 
29/126

Myelosuppression: 25/124 vs 54/126
Neurotoxicity: 3/124 vs 17/126
Nephrotoxicity: 0/124 vs 4/126
Cardiotoxicity: 2/124 vs 12/126
Stomatitis: 12/124 vs 38/126
Alopecia: 63/124 vs 74/126
Vomiting: 61/124 vs 72/124
Diarrhea: 16/124 vs 24/126
Asthaenia: 33/124 vs 79/126

MLT may enhance the efficacy of chemotherapy and reduce its toxicity, 
at least in advanced cancer patients of poor clinical status

Lissoni et al 
(1997)44

Metastatic solid 
tumors (including lung, 
gastrointestinal, and breast 
cancer)

39/41 38–76 MLT + chemotherapy vs 
chemotherapy alone

Orally at 20 mg/day 
during the evening

1/39 vs 0/41 12/39 vs 
9/41

– Myelotoxicity: 0/39 vs 8/41
Stomatitis: 2/39 vs 9/41
Neuropathy grade 1–2: 0/39 vs 5/41
Cardiac complications: 0/39 vs 3/41
Nephrotoxicity: 0/39 vs 1/41
Hepatotoxicity: 1/39 vs 3/41
Skin reactions: 3/39 vs 3/41
Alopecia grade 1–3: 7/39 vs 9/41
Diarrhea grade 1–2: 3/39 vs 5/41
Vomiting: 11/39 vs 14/41
Asthenia: 4/39 vs 19/41

Concomitant administration of the pineal hormone MLT during 
chemotherapy may prevent some chemotherapy-induced side effects, 
particularly myelosuppression and neuropathy
Evaluation of the impact of MLT on chemotherapy efficacy will be the 
aim of future clinical investigations

Lissoni et al 
(1997)45

Advanced NSCLC 34/36 39–80 MLT + chemotherapy vs 
chemotherapy alone

Orally at 20 mg/day 
during the evening

1/34 vs 0/36 11/34 vs 
6/36

1 year: 15/34 
vs 6/36

Myelosuppression: 4/34 vs 13/36
Vomiting: 7/34 vs 10/36
Alopecia grade 1–3: 6/34 vs 9/36
Diarrhea grade 1–3: 1/34 vs 2/34
Neuropathy: 0/34 vs 5/36
Nephropathy: 0/34 vs 3/36
Asthenia: 3/34 vs 12/36
Weight loss .10%: 0/34 vs 16/36

The concomitant administration of MLT may improve the efficacy 
of chemotherapy, mainly in terms of survival time, and reduce 
chemotherapeutic toxicity in advanced NSCLC, at least in patients in 
poor clinical condition

Yan et al 
(1997)46

Advanced liver cancer 31/29 38–72 MLT + supportive care vs 
supportive care

Orally at 20 mg/day 
during the evening

0/31 vs 0/29 8/31 vs 
1/29

1 year: 10/31 
vs 0/29

– MLT may represent a new palliative therapy, capable of inducing tumor 
regression, prolonging the survival time and improving the life quality of 
patients with unresectable primary liver cancer

Lissoni et al 
(1996)47

Brain glioblastoma 14/16 37–76 MLT + radiotherapy vs 
radiotherapy alone

Orally at 20 mg/day 
during the evening

– 6/11 vs 
4/12

1 year: 6/14 
vs 1/16

– A radio neuroendocrine approach with radiotherapy plus MLT may 
prolong the survival time and improve the quality of life of patients 
affected by glioblastoma

Lissoni et al 
(1996)48

Malignant melanoma 14/16 38–81 MLT + supportive care vs 
supportive care

Orally at 20 mg/day 
during the evening

– – 1 year: 10/14 
vs 11/16

– An adjuvant endocrine therapy with MLT may be effective in preventing 
disease progression in node relapsed melanoma patients

Lissoni et al 
(1995)49

Metastatic breast cancer 19/21 – MLT + tamoxifen vs 
tamoxifen

Orally at 20 mg/day 
during the evening

0/19 vs 0/21 7/19 vs 
2/21

1 year: 12/19 
vs 5/21

No MLT-related toxicity was observed The pineal hormone MLT may make tamoxifen effective also in 
ER-negative metastatic breast cancer patients

Lissoni et al 
(1994)50

Advanced solid 
tumor (including lung, 
gastrointestinal, and breast 
cancers)

41/39 36–74 MLT + IL-2 vs MLT + IL-2 Orally at 20 mg/day 
during the evening

3/41 vs 0/39 11/41 vs 
1/39

1 year: 19/41 
vs 6/39

Fever: 4/41 vs 6/39
Vomiting: 1/41 vs 2/39
Anorexia: 2/41 vs 4/39
Asthenia: 1/41 vs 3/39
Arthralgia: 0/41 vs 1/39
Depressive symptoms: 1/41 vs 3/39
Transaminase increase: 4/41 vs 7/39
Anemia: 1/41 vs 2/39
Thrombocytopenia: 0/41 vs 3/39

The concomitant administration of the pineal hormone MLT may 
increase the efficacy of low-dose IL-2 subcutaneous therapy

Lissoni et al 
(1994)51

Cancer with brain metastasis 
(including melanoma, lung, 
breast, and colon cancers)

24/26 38–72 MLT + supportive care vs 
supportive care

Orally at 20 mg/day 
during the evening

– – 1 year: 9/24 
vs 3/26

Steroid-related infective complications: 3/24 
vs 14/26

The pineal hormone MLT may be able to improve the survival time and 
the quality of life in patients with brain metastases due to solid tumors

Lissoni et al 
(1992)34

Metastatic NSCLC 31/32 39–78 MLT + supportive care vs 
supportive care

Orally at 10 mg/day 
during the evening

– – 1 year: 8/31 
vs 2/32

– MLT may be successfully administered to prolong the survival time in 
metastatic NSCLC patients who progressed under a first-line chemotherapy 
with cisplatin, for whom no other effective therapy is available up to now

Abbreviations: CR, complete remission; MLT, melatonin; NSCLC, non-small-cell lung cancer; PR, partial remission; TACE, transcatheter artery chemoembolization; 
T, treatment group; C, control group; ER, estrogen receptor; IL-2, interleukin 2.
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tumors, one literature for glioma, and two literatures for 

melanoma). The interventions were MLT combined with che-

motherapy or other treatments as experimental group and che-

motherapy or other treatments as control group. Among them, 

the dosage and the way of taking MLT are mostly 20 mg/day 

and taken orally and taken at night, respectively. The MLT 

dosage was 10 mg/day in the Lissoni 1992 study. The indi-

cators for the studies were disease response rate (CR + PR), 

overall survival rate, and incidence rate of side effects.

Systematic review
Through a systematic review of the literature, 20 original 

RCTs were included to conduct meta-analysis analysis. In 

addition, this study reviews other relevant literatures and 

systematic review literatures. The majority of cancer patients 

in these 20 primary RCTs were malignant metastatic solid 

tumors. Non-small-cell lung cancer was the most common 

type of cancer, followed by digestive system tumors. In most 

of the RCTs, it is believed that taking MLT can increase 

tumor remission response and survival rates, while reduc-

ing the incidence of side effects during chemotherapy or 

radiotherapy. However, in the study of Sookprasert 2014, 

it was not found that MLT could affect the survival rate 

and incidence of side effects in patients with non-small-cell 

lung cancer. A review of systematic review literatures 

demonstrated that the opinions on the tumorigenic effects of 

MLT are still inconsistent. A number of systematic studies 

have concluded that supplementation of MLT could increase 

the survival rate and disease remission rate in cancer patients, 

while reducing the incidence of side effects of radiotherapy 

and chemotherapy. Preclinical experimental research has 

confirmed that MLT was capable of scavenging ROS and 

repairing damaged DNA to exert antitumor effects. However, 

Vernieri et al pointed out that MLT is not recommended as 

an alternative treatment for cancer patients due to the lack 

of sufficient data to support the efficacy and safety of MLT 

in cancer treatment.52

Meta-analysis
Tumor remission rate
Among the 20 articles included, 16 studies were related to 

the disease response rate index, with CR of tumors or PR of 

tumors as the termination index. As shown in Figure 2, there 

was no heterogeneity among the results (P=0.35, I2=9%), 

so the results were combined using a fixed model. A total 

of 1,771 tumor patients were involved in the combined 

MLT group, and 279 of these patients had complete tumor 

remission or partial tumor remission, with a pooled tumor 

0.005 0.1 1 10
Favors (melatonin)Favors (control)

Cerea 2003
Lissoni 1999
Lissoni 2000
Lissoni 2002-1
Lissoni 2002-2
Lissoni 2003
Lissoni 2007-1
Lissoni 2007-2
Lissoni 2008
Lissoni 1992
Lissoni 1994-1
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Lissoni 1996-2
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Yan 2001
Yan 1997

Total (95% CI)

200

Risk ratio M–H,
fixed, 95% CI
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1.97 (0.97, 3.98)
2.30 (0.99, 5.34)
1.80 (1.27, 2.54)
21.07 (1.24, 357.92)

10.46 (1.42, 77.29)
Not estimable
3.87 (0.91, 16.39)
1.64 (0.62, 4.30)
Not estimable
1.40 (0.67, 2.95)
1.94 (0.81, 4.67)

1.78 (0.84, 3.75)
7.48 (1.00, 56.20)

2.25 (1.86, 2.71)
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Risk ratio M–H,
fixed, 95% CI

14
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187
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0
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70
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0
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0
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100
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Heterogeneity: χ2=16.43, df=15 (P=0.35); I2=9%
Test for overall effect: Z=8.50 (P<0.00001)
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Events
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Figure 2 Meta-analysis of the tumor remission rate of cancer treated with MLT.
Abbreviations: MLT, melatonin; M–H, Mantel–Haenszel.
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remission rate of 15.75%. The control group had 1,781 cancer 

patients, of whom 126 patients developed complete tumor 

remission or partial tumor remission. The overall tumor 

remission rate was 7.07%. MLT significantly increased 

the tumor remission rate compared to the control group 

(RR =2.25; 95% CI, 1.86–2.71; P,0.00001).

Overall survival rate
There were 15 RCTs involved with the index of overall sur-

vival rate among the 20 studies included. The heterogeneity 

of these 15 researches was statistically different (P=0.006, 

I2=55%), so a random model was adopted to combine the 

results (Figure 3). The overall survival rate in combined MLT 

group was 28.24% (n=294/1,041), while the control group 

had an overall survival rate of 14.19% (n=141/994). Com-

pared to the control group, MLT significantly increased the 

overall survival rate of cancer patients (RR =2.07; 95% CI, 

1.55–2.76; P,0.00001). There was heterogeneity in various 

studies included; thus, we conducted sensitive analysis and 

stratified analysis to discuss the sources of heterogeneity. It 

could be seen that no single study had a great impact on the 

heterogeneity of the pooled results from sensitive analysis 

results. Stratified analysis was performed according to 

tumor types, and the heterogeneity of the combined study 

results was significantly reduced by stratified analysis. There 

were four RCTs studying patients with non-small-cell lung 

cancer in Figure 4, and there was no heterogeneity between 

the results (P=0.55, I2=0%). A total of 384 patients were 

involved in lung cancer; the survival rate of MLT group 

was 27.98% (n=61/218), which was significantly higher 

than that of 14.46% (n=24/166) in the control group. The 

pooled RR was 2.13 (95% CI, 1.41–3.24; P=0.0004). There 

were five clinical studies related to a variety of solid tumors 

in Figure 5. There was no heterogeneity in these results 

(P=0.58, I2=0%). There were a total of 1,321 cancer patients, 

of whom 661 patients were treated with MLT. And, in the 

MLT group, the survival rate was 21.79% (n=144/661), 

which was significantly higher than that of 9.39% (n=62/660) 

in the control group. The combined RR was 2.31 (95% CI, 

1.78–2.99; P,0.00001).

Adverse effect rate
The common side effects of radiotherapy and chemotherapy 

are neurotoxicity, thrombocytopenia, asthenia, alopecia, 

and oral mucositis. As an antioxidant, MLT can effectively 

scavenge free radicals generated during radiotherapy and 

chemotherapy to reduce the side effects. In the 20 randomized 

trials included, MLT was beneficial to reduce multiple side 

effects of radiotherapy and chemotherapy. Neurotoxicity, 

thrombocytopenia, and asthenia were studied more frequently 

(.6). Therefore, data related to the incidence of neurotoxicity, 

thrombocytopenia, and asthenia were extracted and analyzed.

Neurotoxicity
A total of eight RCTs related to neurotoxicity are included in 

Figure 6. There was a significant difference in heterogeneity 

0.01 0.1 1 10
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Figure 3 Meta-analysis of the overall survival rate of cancer treated with MLT.
Abbreviations: MLT, melatonin; M–H, Mantel–Haenszel.
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Figure 4 Meta-analysis of the overall survival rate of lung cancer treated with MLT.
Abbreviations: MLT, melatonin; M–H, Mantel–Haenszel.

χ

Figure 5 Meta-analysis of the overall survival rate of multiple solid cancers treated with MLT.
Abbreviations: MLT, melatonin; M–H, Mantel–Haenszel.

χ

among the results (I 2=80%), so the random model was 

applied to analyze the pooled data. The neurotoxicity rate in 

the MLT group was 13.12% (n=87/663), which was signifi-

cantly lower than that of 20.16% (n=123/610) in the control 

group (RR =0.31; 95% CI, 0.14–0.66; P=0.003). The studies 

included were heterogeneous, and we conducted sensitive 

analysis to seek the sources of heterogeneity. The sensitivity 

analysis result found that the study of Sookprasert 2014 had 

a greater impact on the heterogeneity of the combined results 

(Figure 7). After removing the research of Sookprasert 2014, 

there was no heterogeneity between the results (P=0.72, 

I2=0%). The MLT group had a 4.43% (n=25/564) neurotoxic-

ity rate, which was significantly lower than that of 16.31% 

(n=92/564) in the control group, with combined RR 0.30 

(95% CI, 0.19–0.45; P,0.00001).

Thrombocytopenia
A total of seven studies were involved with the incidence of 

thrombocytopenia in cancer patients during chemotherapy 

or radiotherapy. There was no heterogeneity between the 

results of these studies (P=0.61, I2=0%), and a fixed model 

was used to analyze the results as the following Figure 8. 

There are 1,230 cancer patients in the MLT group, of whom 

37 patients happened to thrombocytopenia during treatment. 

And, the overall thrombocytopenia rate in the MLT and 

control groups was 3.01 and 13.20%, respectively. MLT 

can significantly reduce the incidence of thrombocytopenia 

in patients with cancer during treatment (RR =0.23; 95% CI, 

0.16–0.33; P,0.00001).

Asthenia
There were nine RCTs recording the incidence of asthenia, with 

a total of 2,658 cancer patients as shown in Figure 9. There was 

no heterogeneity between the results (P=0.44, I2=0%), and a 

fixed model was performed to analyze the results. The incidence 

of asthenia was 18.91% (n=251/1,327) in the MLT group and 

43.50% (n=579/1,331) in the control group. Moreover, the 

combined RR was 0.43 (95% CI, 0.38–0.49; P,0.00001), 

revealing that MLT could reduce the occurrence of asthenia.

Publication bias
The publication bias was analyzed by funnel plot as shown 

in Figure 10. There is a suggestion of publication bias 

evident in the funnel plot (Harbord test: t=2.2794, df =14, 

P-value =0.03883), as there were many studies came from 

the same research center.
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τ χ

Figure 6 Meta-analysis of the neurotoxicity rate of cancer treated with MLT during chemotherapy.
Abbreviations: MLT, melatonin; M–H, Mantel–Haenszel.

Figure 7 Meta-analysis of the neurotoxicity rate of cancer treated with MLT during chemotherapy after sensitivity analysis (removing the study of Sookprasert 2014).
Abbreviations: MLT, melatonin; M–H, Mantel–Haenszel.

χ

Discussion
In our study, a systematic review of the clinical effects 

of MLT in the treatment of tumors has been summarized. 

Although several studies have reviewed the effects of MLT in 

cancer therapy, its assessment of MLT remains inconsistent. 

Kubatka et al31 studied the impact of MLT on breast cancer 

and its mechanism of anticancer effect from preclinical and 

clinical studies. Kubatka et al31 also affirmed the efficiency 

of MLT or MLT combined with chemotherapy in the treat-

ment of early breast cancer. Reiter et al,10 Yasueda et al,32 

and Sanchez-Barcelo et al21 systematically summarized the 

clinical studies of MLT in the treatment of cancer to confirm 

the efficacy of MLT in the treatment of tumor and their role 

in reducing the side effects of chemotherapy. Although MLT 

possessed excellent antioxidant properties to scavenge ROS, 

whether taking or avoiding antioxidants during chemotherapy 

remained a mystery for complexed oxidation status. For 

example, promotion of cancer cells was attributed to a drop 

in intracellular oxygen, but further accumulation of active 

ROS would lead to tumor cell apotosis.33 The mechanisms 

of MLT exerting antitumor effect might involve with other 

pathways, such as antiangiogenesis and pro-oxidant. Accord-

ing to a recent review, MLT could overcome drug resistance 

in cancer chemotherapy through the following ways:22 

1) MLT would increase response to treatment via modulating 

the expression and phosphorylation status of drug targets; 

2) MLT was able to reduce the clearance of chemotherapeu-

tics by affecting their metabolism and transport; 3) MLT had 

ability to decrease the survival of malignant cells via altering 

DNA; 4) MLT could enhance responsiveness to cell death-

associated mechanisms such as apoptosis and autophagy.

Further in our meta-analysis, we collected 20 RCTs about 

the efficacy of MLT in tumor therapy and summarized the 

data. We found that the study spanned from 1992 to 2014 

and concentrated from 1994 to 2002. It was involved mul-

tiple tumors (13 lung cancer studies, 11 digestive system 

tumor studies, seven breast cancer studies, two prostate 

cancer studies, two kidney cancer studies, one head and neck 
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cancer study, one glioma study, and two melanoma studies). 

The interventions were MLT combined with chemotherapy 

or other treatments as experimental group and chemotherapy 

or other treatments as control group. Among them, the dosage 

and the way of taking MLT are mostly 20 mg/day and taken 

orally and taken at night, respectively. The MLT dosage was 

10 mg/day in the study of Lissoni et al.34 The indicators for 

the study were the disease response rate (CR + PR), survival 

rate, and the incidence of side effects of chemotherapy and 

radiotherapy. Through the combination of the results of the 

study, it was demonstrated that MLT significantly decreased 

the tumor remission rate compared to the control group 

(RR =2.25; 95% CI, 1.86–2.71; P,0.00001). In the survival 

rate study, 15 studies results were found to be heterogeneous 

(P=0.006, I2=55%). Therefore, randomized models were 

applied to pool the results and the combined MLT survival 

rate was 28.24% (n=294/1,041). Compared with the control 

Figure 8 Meta-analysis of the thrombocytopenia rate of cancer treated with MLT during chemotherapy.
Abbreviations: MLT, melatonin; M–H, Mantel–Haenszel.

χ

Figure 9 Meta-analysis of the asthenia rate of cancer treated with MLT during chemotherapy.
Abbreviations: MLT, melatonin; M–H, Mantel–Haenszel.

χ

group, the survival rate of cancer patients in the MLT group 

was greatly improved (RR =2.07; 95%  CI, 1.55–2.76; 

P,0.00001). Then, we analyzed the source of heterogeneity. 

Sensitive analysis results did not find that a single study had an 

impact on the heterogeneity of the pooled study results. Strati-

fied analysis was discussed by different tumor types, which 

effectively reduced the heterogeneity of the pooled study 

results. There were four RCTs in subjects with non-small-

cell lung cancer, and no heterogeneity existed among the 

results (P=0.55, I2=0%). The survival rate of MLT group was 

27.98% (n=61/218), significantly higher than that of 14.46% 

(n=24/166) in the control group. And, the pooled RR was 2.13 

(95% CI, 1.41–3.24; P=0.0004). There are five clinical stud-

ies about a variety of solid tumors, and no heterogeneity was 

found in these results (P=0.58, I2=0%). The survival rate in 

the MLT group is 21.79% (n=144/661), significantly higher 

than survival rate of 9.39% (n=62/660) in the control group. 
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The combined RR was 2.31 (95% CI, 1.78–2.99; P,0.00001). 

When the study results were grouped by tumor type, there 

was no heterogeneity among the results in each subgroup, 

indicating that the survival rates of patients with different 

types of tumors were different. Therefore, in the clinical study 

of MLT-assisted tumor therapy, it is necessary to strictly 

classify the tumor types and not to sum it up. In the study of 

reducing side effects of chemotherapy, it was confirmed that 

MLT can effectively reduce the incidence rate of neurotoxicity 

(RR =0.30, 95% CI, 0.19–0.45; P,0.00001), thrombocytope-

nia (RR =0.23; 95% CI, 0.16–0.33; P,0.00001), and asthenia 

(RR =0.43, 95% CI, 0.38–0.49; P,0.00001).

Conclusion
Based on the above meta-analysis results, it was concluded 

that MLT, as an adjuvant for the treatment of tumors, can 

effectively improve the remission rate and overall survival 

rate of tumor patients, while reducing the incidence rate of 

neurotoxicity, thrombocytopenia, and asthenia during che-

motherapy. However, most of the included studies were con-

centrated in 1994–2002 and the latest research date was 2014. 

In recent years, most of the subjects involved with anticancer 

effect of MLT were preclinical studies rather than clinical 

studies. And, 16 of the 20 clinical studies were completed at 

the same research center, which suggested certain publica-

tion bias evident. It was highly recommend that large-scale 

RCTs about therapeutic effects of MLT in tumors were con-

ducted in multiple clinical research centers for further study.
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