EClinicalMedicine 33 (2021) 100763

Contents lists available at ScienceDirect

EClinicalMedicine

journal homepage: https://www.journals.elsevier.com/eclinicalmedicine

Research Paper

Adjuvant melatonin for the prevention of recurrence and mortality
following lung cancer resection (AMPLCaRe): A randomized placebo
controlled clinical trial

Dugald Seely®>“* Mark Legacy™", Rebecca C. Auer”, Anna Fazekas®, Edita Delic”,
Caitlin Anstee”, Leonard Angka®, Michael A. Kennedy®, Lee-Hwa Tai’, Tinghua Zhang”,
Donna E. Maziak™¢, Farid M. Shamji®“, R. Sudhir Sundaresan™, Sebastien Gilbert™¢,
P. James Villeneuve™“, Ahmad S. Ashrafi®, Richard Inculet’, Kazuhiro Yasufuku?,
Thomas K. Waddell®, Christian Finley", Yaron Shargall", Madelaine Plourde’,

Dean A. Fergusson™¢, Tim Ramsay”, Andrew J.E. Seely”

2 Ottawa Integrative Cancer Centre, Otttawa, Canada

b Ottawa Hospital Research Institute, Ottawa, Canada

€ Canadian College of Naturopathic Medicine, Toronto, Canada

d University of Ottawa Department of Surgery, Ottawa, Canada

€ Surrey Memorial Hospital/Fraser Health Authority, Surrey, Canada
f London Health Sciences Centre, London, Canada

& University Health Network, Toronto, Canada

N St. Joseph's Healthcare & McMaster University, Hamilton, Canada
' QEII Health Sciences Centre/Capital Health, Halifax, Canada
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included five-year DFS, adverse events, QOL, fatigue, sleep, depression, anxiety, pain, and biomarkers assess-
ing for immune function/inflammation. This study is registered at https://clinicaltrials.gov NCT00668707.
Findings: 709 patients across eight centres were randomized to melatonin (n = 356) versus placebo (n = 353).
At two years, melatonin showed a relative risk of 1.01 (95% CI 0-83—1-22), p = 0-94 for DFS. At five years, mel-
atonin showed a hazard ratio of 0-97 (95% CI 0-86—1-09), p = 0-84 for DFS. When stratified by cancer stage (I/II
and III/IV), a hazard reduction of 25% (HR 0-75, 95% CI 0-61—-0-92, p = 0-005) in five-year DFS was seen for par-
ticipants in the treatment arm with advanced cancer (stage IlI/IV). No meaningful differences were seen in
any other outcomes.
Interpretation: Adjuvant melatonin following resection of NSCLC does not affect DFS for patients with
resected early stage NSCLC, yet may increase DFS in patients with late stage disease. Further study is needed
to confirm this positive result. No beneficial effects were seen in QOL, symptoms, or immune function.
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1. Introduction

Lung cancer accounts for the greatest incidence of cancer and can-

cer mortality worldwide. According to a 2018 report by the Interna-
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Panel Research In Context

Evidence before this study

Despite many advances in the treatment of NSCLC, recurrence
leading to mortality remains common. Melatonin has shown
promise for the treatment of various cancers, including NSCLC.
A systematic review and meta-analysis of human RCTs was
conducted by our research team in 2005 assessing for relative
risks of mortality at one year. Studies that were included used
melatonin as either sole treatment or as adjunct treatment and
involved patients of any age, sex, or cancer stage. The results of
our meta-analysis showed a relative risk reduction of 34% in
the treatment arm. Similar results were obtained when the
population was restricted to those with NSCLC. Despite favour-
able outcomes, there is a lack of rigorous evidence supporting
melatonin in the treatment of NSCLC. At the time of our system-
atic review, there were no blinded or placebo-controlled clini-
cal trials evaluating the effect of melatonin on recurrence and
mortality in patients with NSCLC.

Added value of this study

This is the first randomized, placebo-controlled, blinded phase
III clinical trial evaluating the effect of melatonin on recurrence
and mortality in patients with resected NSCLC. Our results pro-
vide evidence against the use of melatonin in the prevention of
recurrence and mortality in patients with early stage resected
NSCLC, and potential evidence supporting its use in patients
with late stage resected NSCLC. We also present evidence
against the use of melatonin for chemo- and radiotherapy side
effects, quality of life, fatigue, sleep, depression, anxiety, and
pain at a dose of 20 mg in this population.

Implications of all available evidence

Taken together, evidence suggests the use of melatonin at a
dose of 20 mg for patients with early stage NSCLC is not war-
ranted. The results of our study outweigh those previously con-
ducted. There is potential evidence to support its use in
patients with late stage resected NSCLC; however, confident
conclusions cannot be made based on the results of our study
and other available evidence. Another placebo-controlled,
blinded RCT designed around patients with late stage resected
NSCLC is needed to confirm these results.

cancer [1]. Non-small-cell lung cancers (NSCLC) comprise the vast
majority of cases, accounting for 80% of lung cancer diagnoses [2].
Surgical resection, possibly followed by adjuvant platinum-based
chemotherapy, remains the standard of care, offering the best long-
term care for patients with resectable disease who can tolerate sur-
gery [3]. Continual advances in the characterization of NSCLC have
also led to targeted immunotherapies with the goal of prolonging
survival for those with locally advanced or metastatic lung cancer [4].
Despite optimal therapy, however, recurrence occurs in too high a
proportion of patients [5].

Melatonin is a natural health product that has shown promise for
the treatment of various cancers. It has demonstrated anticancer
activity in the laboratory, in observational studies, and in numerous
randomized clinical trials [6—8]. We completed a systematic review
and meta-analysis in 2005 assessing for relative risks of mortality at
one year (n = 9 clinical trials) involving multiple solid tumours and
found a relative risk reduction of 34% (RR: 0-66 (95% CI: 0-59—-0-73),
p < 0.001) [8]. Similar results were obtained after restricting the
meta-analysis to trials in NSCLC (RR: 0-68 (95% CI: 0-54-—0.85),

p < 0.001). There is also evidence to suggest potential synergistic
effects when melatonin is combined with chemotherapy [9,10], and
antitoxic effects of melatonin on chemotherapy have been observed
in some clinical studies [11,12]. In a recent update of this review we
found that the addition of melatonin alongside chemotherapy signifi-
cantly reduced the incidence and/or severity of asthenia, leucopenia,
nausea and vomiting, hypotension, and thrombocytopenia [13]. Con-
firmation and validation of these results are needed from indepen-
dent and methodologically strong clinical research.

Given that surgical resection is the standard of care for most
patients with NSCLC [3]. there is a need for rigorous clinical research
in this population. Melatonin is commonly used by the public and is
recommended more than 50% of the time postoperatively for people
with lung cancer by naturopathic doctors who focus on cancer care
[14]. To date, there have been no randomized, placebo-controlled
clinical trials evaluating the effects of adjuvant melatonin on recur-
rence and mortality in patients with resected cancers. If effective,
melatonin could provide a safe, low-cost adjunct therapy for patients
undergoing surgical resection to improve long-term risks of recur-
rence and mortality.

In this phase Il study, we evaluated the effectiveness of adjuvant
melatonin compared to a placebo in the prevention of cancer recur-
rence and mortality two years after surgical resection of NSCLC. We
compared time to recurrence or mortality up to five years post-sur-
gery and the effect on adverse events (AEs), quality of life (QOL), anxi-
ety, depression, pain, sleep and fatigue.

In the lab, many mechanisms have been proposed for melatonin’s
anticancer effect. However, very little work has been done to explore
a mechanistic pathway and serological surrogates for melatonin’s
effects in NSCLC patients [15]. We expanded the parameters of the
AMPLCaRe study with a nested sub-study investigating the possibility
that melatonin regulates mediators of systemic inflammation and
immune activation. These markers have been shown to have good
prognostic value in patients with NSCLC [16—22]. but it is not known
to what extent they may be modulated by melatonin.

2. Methods
2.1. Design

The study was a two-arm, placebo-controlled, double blind, phase
Il randomized controlled trial. Consented patients were stratified by
cancer stage and randomized to receive oral melatonin (20 mg) or
placebo for one year post-surgery (Fig. 1). Participants were
instructed to take the study product nightly approximately one hour
before bedtime. Participants received questionnaires for QOL, anxi-
ety, depression, pain, fatigue, and sleep, and were followed for AEs
24 months postoperatively. Participants were followed for recurrence
and mortality up to 60 months postoperatively. This study followed
all CONSORT guidelines for clinical trials.

2.2. Participants

Patients were included in the study if they were adults with pri-
mary NSCLC eligible for complete surgical resection. Patients were
excluded if they were already taking exogenous melatonin, had an
incomplete resection (i.e., positive margins or synchronous lesions),
or were pregnant or breastfeeding. Enrolment began in October 2007
and completed in September 2015. The last date of follow-up was
November 30th, 2017. A total of 709 patients (356 melatonin, 353
placebo) were enrolled and randomized (Fig. 1).

2.3. Setting

The primary site for enrolment and overall coordination of this
study was The Ottawa Hospital (TOH), with the active engagement of
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Fig. 1. Consort Flow Diagram (Main Study). Includes all enrolled participants. ITT: intention to treat.

the Ottawa Hospital Research Institute (OHRI). Through the col-
laboration of the Canadian Association of Thoracic Surgeons
(CATS) AMPLCaRe Research Group, seven additional thoracic sur-
gery centres were engaged, including: Surrey Memorial Hospital/
Fraser Health Authority, Toronto’s University Health Network, St.
Joseph’s Healthcare & McMaster University, London Health Scien-
ces center, The Quebec Heart and Lung Institute, Kelowna General
Hospital and Halifax’s QEII Health Sciences center/Capital Health.
Research personnel consisted of a central research team located
at the Ottawa Hospital Research institute (OHRI) and the Univer-
sity of Ottawa, working with the Ottawa Integrative Cancer center
(OICC). Study conduct was supported by site principal investiga-
tors, research coordinators, and nursing staff at each of the tho-
racic surgery units across Canada. Laboratory tests and analysis
were done in Dr. Auer’s OHRI laboratory.

2.4. Regulatory adherence

This study was approved by the Ottawa Health Sciences Research
Ethics Board, Canadian College of Naturopathic Medicine’s Research
Ethics Board, and Health Canada by way of a No Objection Letter May
23rd, 2007. Registration for clinicaltrials.gov was submitted and
made public on the website in April 2008. All participants signed an
informed consent form prior to trial initiation after the study was
explained to them by a research coordinator and all questions were
answered.

2.5. Primary outcome

The primary outcome was two-year disease-free survival (DFS)
measured by comparing the incidence of recurrence or mortality
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Fig. 2. Flow Diagram (Sub Study). Includes only those participants who were additionally enrolled in the sub-study.

at two years post-surgery. Recurrence was determined through
clinical examination by the participant’s thoracic surgeon in addi-
tion to radiological evidence. Each site used their standard of care
radiological assessments to determine recurrence, although mini-
mal follow up included a mandated annual CT scan and clinical
evaluation, as well as X-rays, PET scans, MRIs, and other imaging
techniques as determined by the treating clinicians. If present,
dates of recurrence and death were gathered through patient
medical records. For those participants whose survival status
could not be gathered through medical records, an obituary
search was conducted.

2.6. Secondary outcomes

Secondary outcomes included assessing the impact of melatonin
versus placebo on five-year DFS by comparing the time to recurrence
or mortality. Additionally, the incidence of adverse effects caused by
postoperative adjuvant chemotherapy and/or radiation and the
impact on QOL, sleep, and fatigue was assessed in all participants.
Participants at TOH were additionally assessed for anxiety, depres-
sion, and pain. AEs were collected by research coordinators through
examination of participant diaries, interviews with participants, and
chart review. AEs were classified based on severity and attribution to
melatonin, surgery, chemotherapy, or radiation. QOL was assessed
using the European Organization for Research and Treatment of Can-
cer (EORTC) Quality of Life Questionnaires (Core-30 (QLQ-C30) and
Lung Cancer-13 (QLQ-LC13) modules); [23] fatigue was assessed
using the Multidimensional Fatigue Inventory 20 (MFI-20) [24] ques-
tionnaire; sleep was assessed using the Medical Outcomes Study
(MOS) Sleep Survey; [25] depression was assessed using the Beck
Depression Inventory 2 (BDI 2); [26] anxiety was assessed using the
Beck Anxiety Inventory (BAI); [27] pain was assessed using the Brief
Pain Inventory (BPI) [28].

2.7. Randomization & blinding

Randomization was conducted by the study pharmacist using a
randomization list created by an independent statistician from the

Ottawa Methods center. Participants were stratified into two groups
dependent on their clinical cancer stage (I/Il and III/IV) and random-
ized 1:1 using permuted blocks of four and six at each site. Partici-
pants, care providers, and researchers were blinded to the group
assignment. Participants were provided pill bottles that were identi-
cal in appearance, except for the lot number, which allowed the phar-
macy to identify melatonin and placebo. Both interventions consisted
of small white capsules identical in appearance, smell and size.

2.8. Nested sub study

A subset of 92 participants from TOH were additionally enrolled in
a blinded sub study evaluating the effect of melatonin versus placebo
on mediators of systemic inflammation and immune activation. Par-
ticipants were excluded if they withdrew between blood draws,
experienced an AE around the time of their blood draw, or had poor
compliance with the study product. 72 participants (35 melatonin, 37
placebo) were included in the analysis (Fig. 2). Participants under-
went testing for Natural Killer (NK) cell function and phenotyping, as
well as for blood levels of cytokines. Peripheral blood was drawn at
baseline and six months following treatment initiation. Peripheral
blood mononuclear cells were immediately separated by Ficoll Den-
sity centrifugation and cryopreserved in liquid nitrogen until testing.
NK cell cytotoxicity was measured using either the Chromium-51
(Cr51) release assay or a flow cytometry fluorescence-based assay. In
each assay the erythroleukemia cell line, K562, was used as targets.
Measured cytokines included TGFS, IL-2, TNFe, IFNa2, IL-4, IL-6, IL-
10, IL-12 (p70), IL-15, IFNy, GM-CSF, and VEGF.

2.9. Data quality

Study data was stored on a secure server at TOH in a password-
protected file accessible only by delegated personnel. Ten percent of
this data (71 participants) was doubly entered and checked for accu-
racy to the original dataset. All questionnaires were scored using
algorithms provided by the owners of the respective questionnaires
(Appendix 1-0). Five percent of case report forms from each site were
chosen for remote data monitoring (by personnel not involved with
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data collection or entry) to check the accuracy to source documents.
No concerns arose from any of these data checks.

2.10. Power calculations

Based on the results of our systematic review, we powered our
trial to detect a relative risk reduction of one third. Assuming an out-
come rate of death or recurrence of 30% at two years in the control
arm, we required a sample of 294 per arm to obtain 80% power to
detect a relative risk of 0-67. In order to account for up to 15% loss to
follow-up, we inflated our target sample size to 346 per arm.

2.11. Statistical methods

The primary analysis was performed using an intention to treat
approach. The primary outcome of two-year DFS was analyzed
between treatment arms using unadjusted and adjusted logistic
regressions. Adjustments included adjuvant chemotherapy, adjuvant
radiation, and smoking history. Results were presented as relative
risks. DFS up to five years post-surgery was compared using Kaplan-
Meier curves and the log rank test, followed by a hazard ratio calcu-
lated using the Cox proportional hazard model adjusting for adjuvant
chemotherapy, adjuvant radiation, and smoking history. A sub-analy-
sis of DFS was additionally performed whereby participants were
grouped based on randomization strata (stage I/Il and III/IV). AEs
were compared using the chi-square test and categorical baseline
characteristics were assessed using frequency distributions. Change
over time in questionnaire scores between arms was analyzed using
mixed models. Between-arm least squares mean difference in change
from randomization to 24 months post-surgery represented the
effect of the intervention. NK cell cytotoxicity/phenotype and cyto-
kine changes were compared within each group using the Wilcoxon
signed-rank test and between groups using the Mann-Whitney U
test.

In addition, a complementary ‘per-protocol’ analysis of each out-
come was conducted whereby all participants who did not take the
study product for at least three months or were screen fails (i.e.,
deemed ineligible post-randomization) were excluded (Fig. 1). Statis-
tical analyses were performed using SAS for Windows, version 9.4
(SAS Institute Inc, Cary, NC).

2.12. Role of funders

Financial support for this study was provided by the Lotte and
John Hecht Memorial Foundation and the Gateway for Cancer
Research Foundation. This study was investigator-led. The funders
did not have any role in the design of the study, the collection, analy-
sis, or interpretation of the data, the writing of this manuscript, or
the decision to submit this manuscript for publication.

3. Results
3.1. Baseline data

A total of 709 patients (356 melatonin, 353 placebo) were ran-
domized. Due to the randomization process, both groups were
equally balanced and there were no clinically meaningful differences
in their demographic characteristics, type of surgical operation, can-
cer type, stage of cancer, or preoperative comorbidities (Table 1). See
Appendix 2.0, Table S7 for comorbidity data.

3.2. Primary outcome
For two-year disease-free survival (DFS), melatonin showed an

adjusted relative risk of 1-01 (95% C1 0-83 — 1.-22), p = 0-94 compared
to a placebo. The per protocol analysis showed an adjusted relative

Table 1
Baseline Characteristics.
Melatonin Placebo
N (%) N (%)

Age in years (Mean + SD) 67.2+85 67.2 £ 8.6
Male sex 166 (46.6) 145 (40.7)
Pre-operative Chemotherapy or Radiation Therapy 8(2.2) 14 (3.9)
Current Smoker 47 (13.2) 52 (14.6)
Past Smoker 279(78.4) 263(73.9)
Never Smoked 25(7.0) 31(8.7)
Unknown 5(1.4) 7(2.0)
Histological Subtype (Non-Surgical N = 3)
Squamous Cell 93(26.2) 72 (20.4)
Adenocarcinoma 229(64.5) 239(67.7)
Large Cell 7(2.0) 15(4.2)
Bronchoalveolar 10(2.8) 8(2.3)
Undifferentiated 2(0.6) 3(0.8)
Other 14(3.9) 14 (4.0)
Operation Details (Non-Surgical: N = 3)
Incision Type
Open 114(32.2) 122(34.6)
VATS 213(60.2)  212(60.0)
VATS converted to open 27(7.6) 19(54)
Surgery Type
Pneumonectomy 16 (4.5) 21(5.9)
Lobectomy 290(81.7) 284(80.5)
Segmentectomy 18(5.1) 16(4.5)
Wedge Resection 31(8.7) 29 (8.2)
No Operation 1(0.3) 1(0.3)
Pathological Cancer Stage (Non-Surgical N = 3)
1A 136(38.3)  120(34.0)
1B 109 (30.7) 97 (27.5)
1A 40(11.3) 57(16.1)
1] 35(9.9) 35(9.9)
A 31(8.7) 36(10.2)
1B 1(0.3) 2(0.6)
v 2(0.6) 3(0.8)

Cancer stage as per the AJCC Lung Cancer TNM 7th edition. Melatonin N = 356; Pla-
cebo N = 353. VATS: video-assisted thoracoscopic surgery.

risk of 112 (95% C1 0-96 — 1-32), p = 0-14. See Table 2 for event rates
and unadjusted relative risks.

3.3. Secondary outcomes

Five-year median DFS was not reached in either arm. Melatonin
showed a hazard ratio of 0-97 (95% CI 0-86—1-09), p = 0-84 for five-
year DFS compared to placebo (Appendix 2.0, Figure S1). Fig. 3 shows
the five-year DFS curves separated by cancer stage. Melatonin
showed a hazard ratio of 0-97 (95% CI 0-85—1-11), p = 0.66 in the
early stage group (I and II) and a hazard reduction of 25% (HR 0-75,
95% C1 0-61-0-92), p = 0-005 in the late stage group (Il and IV). Five-
year median DFS was not reached in the early stage group. In the late
stage group, there was no difference in median DFS (Melatonin: 18.0
months [95% CI 9.4-26.6]; Placebo: 18.0 months [95% CI 2.2—23.8]).
All per protocol analyses showed similar results (Appendix 2.0, Figure
S1 and Table S9).

Of the 709 participants enrolled, 134 received adjuvant chemo-
therapy (66 melatonin, 68 placebo) and 43 received adjuvant radia-
tion (22 melatonin, 21 placebo). Of these participants, 92
experienced at least one AE related to their chemotherapy (44 mela-
tonin, 48 placebo, p = 0-62) and 13 experienced at least one AE related
to their radiation (8 melatonin, 5 placebo, p = 0-37). There were no
clinically or statistically significant differences in the number, sever-
ity, or seriousness of AEs between arms (data not shown).

There were no clinically or statistically significant differences
between groups with regards to fatigue, QOL, or sleep at the one or
two-year time points (Table 4). In the subset of participants from
TOH, no clinically or statistically significant differences were seen
regarding pain, depression, or anxiety (data not shown). Additionally,
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Table 2
Two-Year Disease-Free Survival.
Events (1) Relative Risk (Unadjusted) RR (95% CI) P Value Relative Risk (Adjusted) (2) P Value
RR (95% CI)
Melatonin N (%)  Placebo N (%)
Intention to Treat 80 (22.5) 85(24.1) 1.07(0.81 - 141) 0.64 1.01(0.83 - 1.22) 094
Per Protocol 58(23.3) 51(20.4) 1.24(1.08 — 1.42)  0.001 1.12(0.96 - 1.32) 0.14

Melatonin (N = 356); Placebo (N = 353).

(1) An event is defined as a recurrence or mortality (i.e., one or the other) within 2 years of surgery.
(2) Adjusted for adjuvant chemotherapy, adjuvant radiation, and baseline smoking status.

1.0

0.6

Survival

0.4

— Melatonin
== Placebo

Stage | & Il

0.2

0.0

Stage Il & IV

.00 10.00 20.00 30.00

Months
Mumber at Risk (Early Stage)
Time Point 0 10 20 30 40 50 60
Melatonin 320 252 254 208 146 92 o
Placebo 309 2B5 251 210 148 90 o

40.00 &80.00 £0.00

Mumber at Risk (Late Stage)

Time Point 0 10 20 30 40 50 60
Melatonin 34 30 16 11 5 4 ]
Placebo 41 26 17 14 10 ] 0

Fig. 3. Five-Year Disease-Free Survival. Survival refers to the ratio of participants who have not experienced a recurrence or mortality at any given time. Stage I & II: Melatonin
(n=320); Placebo (n = 309). Stage Il & IV: Melatonin (n = 34); Placebo (n = 41). Early Stage: Stage | & II; Late Stage: Stage Il & IV..

no clinically or statistically significant differences were seen in the
per protocol analysis (Table S10, Appendix 2.0).

3.4. Sub study results

Fig. 4 shows the mean NK cell-mediated cytotoxicity changes
from baseline to six months. Changes are as follows: Melatonin:
49.8 + 3.6% to 49.2 + 3.0%, an average change of —0.67% (95% CI
—3.21-4.56), p = 0-95; Placebo: 42.7 & 3.3% to 46.4 + 3.8%, an average
change of 3.63% (95% Cl —0.15—7.42), p = 0.02. The mean fold change
from baseline to six months was 1-10 (95% CI 0.97 — 1.23) in the mel-
atonin group and 1.-16 (95% CI 0.96-1.37) in the placebo group,
p = 0-34. No clinically or statistically significant changes were seen in
absolute measurements or fold changes of NK cell phenotypes
(CD56"/CD3" NK cells) or of any measured cytokines (data not
shown).

4. Discussion

In this multicenter double-blind randomized controlled trial, we
compared the addition of adjuvant melatonin versus placebo for DFS,

QOL, symptomatology, and immune function. A dose of 20 mg mela-
tonin was chosen as it is commonly used in clinical practice [14] and
studied in literature [6—8] for recurrence and mortality outcomes.
For patients undergoing complete surgical resection of NSCLC, mela-
tonin did not affect two-year or five-year DFS when compared to pla-
cebo. These results held when only participants who took the study
product for at least three months were included. When stratified by
cancer stage, a statistically significant hazard reduction in five-year
DFS was seen in participants with late stage cancer (III/IV) but not in
early stage cancer (I/I). No differences were seen in median DFS for
those with late stage disease.

This was the first study to evaluate the effects of melatonin on
recurrence and mortality in patients with surgically resected cancer.
The positive result seen in participants with resected late stage dis-
ease is comparable to previous literature that found beneficial effects
for melatonin in patients with late stage or metastatic cancers [6—8].

In addition to recurrence and mortality outcomes, we found that
melatonin had no beneficial effects on QOL, sleep, anxiety, depres-
sion, pain, or fatigue and did not reduce AEs associated with chemo-
therapy or radiation in our population. All results held when only
those who took the study product for at least three months were
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Fig. 4. NK Cell cytotoxicity. Left: Raw cytotoxicity values at baseline and six months. Right: Fold changes between baseline and six months. Cytotoxicity was quantified as either the
amount of Cr51 released into the supernatant by dying Cr51-labelled K562 cells or the amount of CP450-labelled K562 cells that stain positive for propidium iodide. Error bars rep-
resent mean and 95% confidence interval. NS = not statistically significant; * = statistically significant.

included. This contrasts with evidence that melatonin benefits sleep
and QOL in cancer patients [29,30], and to literature on the beneficial
effects of melatonin on AEs in patients receiving chemotherapy
[11,12].

In our mechanistic sub-study we chose to focus on NK cell cyto-
toxicity because of the central role NK cells play in the formation of
metastases [31] and prior reports of the beneficial effect of melatonin
on NK cell number and function [32]. No clinically meaningful
changes were seen with regards to NK cell cytotoxicity or phenotypes
and no clinically or statistically significant changes were seen in the
levels of 12 inflammatory cytokines. Although there was a statisti-
cally significant increase in cytotoxicity within the placebo group at
six months, this was not clinically significant. This was the first study
to evaluate the potential modulation of these markers by melatonin.
Based on the above findings, we conclude that 20 mg of nightly mela-
tonin has no effect on NK cell cytotoxicity or phenotype, and no effect
on blood levels of inflammatory cytokines in this population.

This trial presented challenges and limitations, but none that dis-
credit our findings. The dose of 20 mg melatonin was chosen to
reflect common clinical use and previous clinical trials of melatonin
for outcomes related to recurrence and mortality; however, melato-
nin is indicated and has the most positive research for sleep and qual-
ity of life at doses of 1-10 mg [33]. This could, in part, explain why no
effects were seen on these outcomes despite previous research to the
contrary. Melatonin is readily available over the counter; thus, partic-
ipants were queried each 3 months while on the intervention to
ensure they were not taking exogenous melatonin. We cannot be
sure that participants did not take melatonin on their own volition,
regardless of which group they were in, but based on participant
responses, the issue of contamination appears to not have been a
major limitation.

We would like to note that enrolment and follow-up period
(2007-2017) for this study was long and the surgical standard of
care has changed during this time, particularly a greater use of mini-
mally invasive techniques [34,35]. There were no clinically meaning-
ful differences in surgical techniques used (Table 1) and ongoing
randomization through the course of enrolment would have nullified
any other differences seen between treatment and placebo arms
Table 3.

Table 3
Chemotherapy and Radiotherapy Adverse Events.
Melatonin N (%)  PlaceboN (%) P Value
Attributed to Chemotherapy 44 (66.7) 48 (70.6) 0.62
Attributed to Radiation 8(36.4) 5(23.8) 0.37

Number of participants who experienced adverse events related to chemotherapy
and radiation therapy. Participants were included if they were given adjuvant
chemotherapy or radiation and experienced an adverse event. Attribution
required the adverse event to be at least possibly related to the chemotherapy or
radiation under the discretion of the treating surgeon. Chemotherapy: Melatonin
(N =66); Placebo (N = 68). Radiotherapy: Melatonin (N = 22); Placebo (N = 21).

Table 4
Questionnaire Scores.
Interval Difference in means (95% CI) P Value
Fatigue 0-12M —3.854(~7.575 — —0.133) 0.05
0-24M —3.136 (-7.198 — 0.927) 0.13
Quality of Life
Symptoms 0-12M 0.156 (—2.494 — 2.806) 0.91
0-24M 0.368 (—2.527 — 3.262) 0.80
Functional 0-12M —1.537(-4.692 — 1.618) 0.34
0-24M —0.703 (—4.150 — 2.743) 0.70
Global Health 0-12M —3.829(-8.087 — 0.428) 0.08
0-24M —3.800 (—8.451 — 0.850) 0.11
LC13 0-12M 1.246 (—1.047 — 3.539) 0.29
0-24M 0.637 (—1.875 — 3.150) 0.62
Sleep
Sleep Adequacy 0-12M —3.536 (—8.986 — 1.195) 0.20
0-24M —4.057 (—9.975 — 1.862) 0.18
Sleep Problems Index Il ~ 0-12M 1.215(-1.920 — 4.350) 0.48
0-24M 1.440 (—1.968 — 4.847) 0.40

Scores represent a difference of means. Mean scores not shown. Fatigue scores cal-
culated using the Multidimensional Fatigue Index 20 questionnaire. QoL calculated
using the EORCT QLQ C30 and LC13 questionnaires. Sleep scores calculated using
the MOS Sleep Survey. See Appendix 2.0 “Questionnaire Scoring Algorithms” for
information on how questionnaires were scored. Melatonin (N = 356); Placebo
(N=353).

A high proportion of patients with early stage NSCLC prevented
both groups from reaching median disease-free survival, prompting
the secondary analysis stratifying by cancer stage. It is possible that
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reaching median survival through a longer follow-up period could
increase the magnitude of the effect by increasing the number of
events; however, this is unlikely due to the almost negligible effects
observed. Furthermore, a high withdrawal rate may have introduced
bias for an intention to treat analysis. This was at least partly
addressed through the addition of the per-protocol analysis, which
included only those who received a therapeutic dose of product and
were not deemed screen fails.

In summary, this multi-site trial evaluating the effects of adjuvant
melatonin on recurrence and mortality in patients with resected
NSCLC showed no net beneficial effects when compared to a placebo.
When the population was stratified by cancer stage, a 25% hazard
reduction in five-year DFS was seen in participants with late stage
NSCLC; however, this was accompanied by no change in median DFS.
QOL, fatigue, sleep, anxiety, depression, pain, and AEs associated
with chemo- and radiotherapy showed no clinical or statistical
differences. In light of the results, we do not recommend the
inclusion of adjuvant melatonin for patients with early stage
NSCLC. Evidence suggests there may be a benefit for those with
late stage disease; however, because of the mixed findings
observed, we recommend a follow-up randomized controlled trial
involving a larger population focusing on later stage resected
lung cancer to clarify these results.
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