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Abstract

Melatonin is a hormone produced
mainly in the pineal gland. Plasma
levels exhibit a circadian variation
with the highest concentration occur-
ring at night. The human biologic
effects of melatonin depend upon the
time of day it is made available. One
of these effects is the setting and reset-
ting of circadian clocks (chronobiotic
effect). Additionally, it may be a
potent antioxidant and immunomodu-
lator and has been shown to have anti-
tumor, anticytokine, anti-insomnia,
and anticachexia effects. Melatonin
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has also been shown to improve sur-
vival and performance status in
patients with advanced cancer.
Objective tumor response occurs with
melatonin alone or when combined
with interleukin-2 (IL-2). Further,
melatonin reduces radiation- and
chemotherapeutic-induced toxicity.
Symptomatic and circadian disruption
is linked to increased cancer risk. The
chronobiotic capacity of melatonin to
reset circadian clocks may provide a
verifiable strategy to reduce cancer
risk and enhance quality of life by
diminishing cancer-induced circadian
disruption.
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Introduction

Melatonin (N-acetyl-5 methoxytryp-
tamine) is produced mainly in the
pineal gland from the amino acid tryp-
tophan. Other sites of production
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include the retina,' lacrimal gland,?
bone marrow,? and the gut.* Its synthe-
sis exhibits a circadian rhythm with
the highest production always occur-
ring at night’ Light transduced
through light receptors within the reti-
na passes through the retinohypothal-
amic tract to the suprachiasmatic
nucleus, then to the superior cervical
ganglion, and on to the pineal gland.®
The electrochemical activity caused
by light results in the shutdown of
melatonin synthesis and release with-
in and from the pineal gland.” At phys-
iologic circulating levels, melatonin
inhibits cancer cell division. At thera-
peutic levels, it is cytotoxic to cancer
cells. At physiological and pharmaco-
logical concentrations, melatonin acts
as a differentiating agent in some can-
cer cells and lowers their invasive and
metastatic status.’

Melatonin has not been approved
by the US Food and Drug Admini-
stration (FDA) but is available over-
the-counter. Because it is unregulated,
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debate is ongoing as to its purity, safe-
ty, and efficacy. Millions of Ameri-
cans use it as a sleep aid. Despite claims
in magazines and newspapers, the thera-
peutic effects of melatonin in cancer
treatment and prevention were not well-
documented until quite recently.

The authors reviewed the literature
regarding melatonin via a Medline
search for the years 1990 to 2004
using the key words cancer, mela-
tonin, insomnia, immunotherapy,
cachexia, and chronobiotic. This arti-
cle discusses the clinical benefits of
melatonin as supported by the litera-
ture and why its use in palliative med-
icine and supportive oncology should
not be overlooked.

Pharmacokinetics

Melatonin is rapidly absorbed
when given orally and reaches peak
plasma levels in two hours with a half-
life of 30 to 60 minutes. Blood levels
are normally high at night and low
during the day (the so-called “hor-
mone of darkness”). Fifty to 75 per-
cent of melatonin is reversibly bound
to plasma proteins (e.g., alphal-acid
glycoprotein, albumin).® Saliva levels
(70 percent lower than plasma levels)
seem to reflect unbound melatonin.!”
Melatonin is lipid-soluble and able to
enter almost every cell in the body.!!

Melatonin is metabolized by liver
microsomes to 6-hydroxymelatonin,
which further conjugates with sulfate
or glucuronide before it is excreted in
the urine.'> Melatonin plasma mea-
surements are difficult to interpret
given its circadian secretion; however,
urinary excretion of 6-sulpha-
toxymelatonin is helpful in studying
pineal function.!? Oral doses of 5 mg
produce blood levels 25 times higher
than normal but do not alter endoge-
nous melatonin production.!'? Mela-
tonin receptors have recently been
cloned (MEL1a, MELI1b, and MELIc¢),
the first two of which are found in
humans. !4
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The circadian clock

To fully understand the therapeutic
effects of melatonin, one should know
its chronobiotic characteristics. The
circadian clock is located in the
suprachiasmatic nucleus (SCN) of the
anterior hypothalamus. It is the prima-
ry source of the circadian rhythm."
Melatonin is a chronobiotic that acts
as a chemical messenger of the circa-
dian clock. High-affinity G protein-
coupled melatonin receptors (Mella
receptors) are located in the suprachi-
asmatic nucleus of human brains.'® A
second type of melatonin receptor
(Mellb receptors) is found in the reti-
na.! A group of circadian-clock con-
trol genes have recently been discov-
ered and cloned. These genes organize
and set the time of normal cell and
cancer cell proliferation in a circadian
manner. Mutations in such genes
result in spontaneous development of
cancer.

It is hypothesized that decreased
serum melatonin levels and/or circadi-
an melatonin disruption may increase
cancer risk. Patients with prostate can-
cer are found to have near absence of
the usual melatonin peak.!” Further,
exposure to light at night suppresses
the physiologic production of mela-
tonin and thus its antiproliferative
effect on intestinal cancers. It has been
shown that night-shift female workers
have an increased risk of breast can-
cer.'® Another prospective study
examined the relationship between
rotating night shifts and the risk of col-
orectal cancer in 78,586 female nurses
and found 602 cases of colorectal can-
cer among participants. It was conclud-
ed that working a rotating night shift at
least three nights per month for 15 or
more years may increase the risk of
colorectal cancer in women. !

Pharmacologic manipulation of the
circadian clock and management of
circadian rhythm disorders is promis-
ing. There is evidence that, by reset-
ting the circadian clock, melatonin

therapy provides important clinical
applications.!! Knowledge of the
human circadian rhythm aids in the
administration of anticancer therapy
at times when cancer cell proliferation
is expected to be high.

Melatonin as a chronobiotic

A chronobiotic is a chemical capa-
ble of therapeutically reorganizing the
circadian rhythm or prophylactically
preventing its disruption following ill-
ness.'2° Melatonin acts as a powerful
chronobiotic. Exogenous administra-
tion at an appropriate circadian stage
reproducibly shifts the endogenous
melatonin circadian rhythm in
humans." Imagine melatonin as the
factory manager and the circadian
clock as the time schedule. The man-
ager’s office is located in the pineal
gland of the human brain. This man-
ager sets up, organizes, and synchro-
nizes the time schedule for employees
(different internal physiologic and
pathologic functions). Cell division
and apoptosis, immune functions, and
all other biological events are timed
within the circadian clock by mela-
tonin, the manager.

Chronotherapy

Selecting the proper time to treat an
illness is known as chronotherapy or
circadian rhythm organization. Well-
designed randomized clinical trials
support the clinical utility of properly
timed therapy. Cancer cell prolifera-
tion and DNA synthesis peak at cer-
tain points during the day. Delivering
therapy at these times is a common
sense. Unfortunately, anticancer ther-
apies are scheduled according to
patients’ and physicians’ convenience
rather than for maximum efficacy. In
one study, women with advanced
ovarian cancer were randomized to
receive a standard chemotherapy
(doxorubicin hydrochloride with cis-
platin) at different times during the
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day. The five-year survival rate was
44 percent in those who received treat-
ment on an optimal timing schedule
(doxorubicin hydrochloride at 6 AM
and cisplatin at 6 M) versus 11 per-
cent in those who received a subopti-
mal schedule (doxorubicin hydrochlo-
ride at 6 PM and cisplatin at 6 AM).

Circadian therapy also allows the
use of higher doses of each agent with
a decreased toxicity profile.!!?!
Children in remission from acute lym-
phoblastic leukemia who received 6-
mercaptopurine in the evening were
three times less likely to relapse than
those who took it in the morning.?? In
another study, three-drug fluoropy-
rimidine-based chronotherapy for col-
orectal cancer markedly reduced all
drug toxicities and doubled objective
cancer response frequency.?® Despite
this evidence, few physicians incorpo-
rate chronotherapy in their clinical
practice. Aaron Lerner, who discov-
ered melatonin in 1958,%* was the first
to report increased sleepiness hours
after melatonin intake, demonstrating
its time-dependent nature.

Melatonin and cancer treatment
Antitumor effects

Melatonin is effective in stemming
cancer progression and improving
survival in patients with advanced
cancer who have failed standard first-
line therapies (Tables 1 and 2). It pre-
vents neoplastic growth?’ by inhibit-
ing cell proliferation, increasing the
number of cells in apoptosis, inhibit-
ing metastatic spread,®? and decreas-
ing production of tumor growth fac-
tors such as prolactin and insulin-like
growth factor-1.27 Melatonin shows
antiangiogenic activity by lowering
vascular endothelial growth factor—
the most active angiogenic factor.?®

Melatonin also significantly in-
hibits the growth of human uveal
melanoma cells® and breast cancer
cells.? Further, the growth-inhibitory

effect of tamoxifen on breast cancer
cells is enhanced with melatonin.?!
The anticancer effects of melatonin
have been observed in cultured cells
of ovarian carcinoma,*? human neu-
roblastoma,?? pituitary tumor,?* and
larynx carcinoma.®

Melatonin is effective in cancer
immunosuppressive therapy. Inter-
leukin-2 and melatonin combination
immunosuppressive therapy results in
an increase in objective tumor
response and a decrease in drug toxic-
ity.67:36-39 It is speculated that mela-
tonin augments the antitumor activity
of IL-2 by inhibiting tumor growth
factor production. Objective tumor
response was reported in 27 percent of
patients with kidney cancer who
received both melatonin and interfer-
on compared with 10 to 15 percent for
those receiving interferon alone.?
Further, low-dose interleukin-2 and
cisplatin combined with melatonin
was found to be an effective and well-
tolerated second line therapy for
metastatic melanoma with an outcome
at least comparable to dacarbazine
plus interferon-alpha.** Melatonin and
tamoxifen have been used as single
agents in the palliative treatment of
metastatic tumors without clear effica-
cy.”” However, melatonin and tamox-
ifen combination therapy was shown
to control cancer progression and
improved performance status in
patients with advanced cancer.?’

Palliation of side effects

Melatonin protects healthy cells
from radiation- and chemotherapy-
induced toxicity.*'*> It has been
shown to protect the skin from
ultraviolet oxidative damage*?® and
to activate the enzymes involved in
the repair of cellular DNA lesions
after radiation therapy. Moreover,
melatonin inhibits the production of
free radicals, which play a part in
mediating the toxicity of chemo-
therapy.*?
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Melatonin as a prognostic
or diagnostic marker

Patients with positive estrogen
and/or progesterone receptors of pri-
mary breast cancer have lower noctur-
nal melatonin levels than age-matched
healthy controls.*** The degree of
receptor positivity correlates with the
degree of melatonin reduction in the
breast tissue. Moreover, melatonin
levels in tumor tissue inversely corre-
late with tumor size in primary breast
cancer.*® Hence, decreased melatonin
levels in breast cancer may indicate a
poor prognosis. The negative correla-
tion between melatonin tissue levels
and the tumor proliferative index is
reported in lung, prostate, and gas-
trointestinal tumors.**4’ Patients with
choroidal melanomas have higher lev-
els of serum melatonin compared with
healthy controls. After surgical cor-
rection (either enucleation or trans-
pupillary thermotherapy), a constant
decrease of serum melatonin has been
documented (P < 0.003).*® The use of
melatonin as a marker for diagnosis or
prognosis warrants additional investi-
gation.®

Melatonin and cachexia

It is speculated that melatonin
counteracts cancer cachexia and
improves quality of life (QOL) in
patients with advanced cancer (Table
3).5931 Melatonin modifies many
cytokines including tumor necrosis
factor,*?>2 interleukins 1, 2, and 6, and
gamma-interferon.’> One study
found a significant decrease in inter-
leukin-6 circulating levels 30 days fol-
lowing a 10 mg daily oral dose of
melatonin in 31 patients with ad-
vanced cancer.’> The relationship
between melatonin and tumor necro-
sis factor was investigated in 100
patients with advanced cancer receiv-
ing either supportive care alone or
supportive care plus melatonin (20
mg/d each night) for at least two
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Table 1. Randomized controlled trials of melatonin in the treatment of advanced cancer

Reference | N Diagnosis Therapy Results and conclusions
. . Disease-free survival higher in melatonin-treated patients; no
Lissoni no treatment or po mela- . .. . .o
30 |melanoma . melatonin-related toxicity; melatonin may be effective in prevent-
etal.’! tonin 20 mg/d L o .
ing disease progression in node-relapsed melanoma patients.
. . po melatonin 10 mg/d (n Stable disease and ljyear survwal. h.1gher in melatonin group (p
Lissoni non-small cell . <0.05); no melatonin-related toxicity; performance status bet-
. 63 =31) or supportive care . . . R .
etal. lung cancer ter with melatonin; melatonin prolonged survival in metastatic
only (n=32) . . .
non-small cell lung cancer that failed cisplatin chemotherapy.
Complete response in 1/34 patients concomitantly treated with
melatonin, 0 in the chemotherapy group alone; partial response in
10 and in 6 patients treated with or without melatonin, respectively;
tumor response rate higher in patients receiving melatonin (11/34
chemotherapy alone (n . .2 . . . .
. . vs. 6/35); survival significantly higher in patients treated with mela-
Lissoni non-small cell | =36) or chemotherapy + . . .
¢ al.% 70 lung cancer po melatonin 20 mg/d (n tonin + chemotherapy than in those who received chemotherapy
etal. ~34) alone (15/34 vs. 7/36, p < 0.05); chemotherapy well-tolerated in the
B melatonin group; myelosuppression, neuropathy, and cachexia sig-
nificantly lower in the melatonin group; concomitant administration
of melatonin may improve the efficacy of chemotherapy (mainly in
terms of survival time) and reduced chemotherapy toxicity.
subcutaneous IL-2 (3 Cgmplete response in 3 patients, partial response in 8 patlen.ts
o with IL-2 + melatonin; complete response in O patients, partial
. . . million IU/d) + po mela- . . . . D
Lissoni advanced solid . response in 1 patient with IL-2 alone; 1-year survival signifi-
03 80 tonin 40 mg/d (n =41) ) ) . .
etal.! tumors cantly higher in IL-2 + melatonin group than with IL-2 alone
or subcutaneous IL-2 (3 h . .
o (19/41 vs. 6/39, p<0.05); melatonin may increase the efficacy of
million IU/d) (n = 39)
subcutaneous IL-2 therapy.
Partial response in 3 patients on melatonin + IL-2; no response
subcutaneous IL-2 (3 in patients receiving supportive care alone; survival was higher
Lissoni 50 metastatic col- | million IU/d) + po mela- | in the immunotherapy than the supportive-care group (9/25 vs.
etal.l®* orectal cancer | tonin 40 mg/d (n =25) or | 3/25, p < 0.05); IL-2 + melatonin may be effective as a second-
supportive care (n=25) | line therapy in metastatic colorectal cancer progressed under 5-
fluorouracil and folate.
Survival and tumor response significantly better in melatonin
compared with chemotherapy (tumor response in 42/124
lung (104), po melatonin 20 mg/d + | patients with chemotherapy + melatonin vs. 19/126 for
Lissoni 250 breast (77), GI | chemotherapy (n=124) | chemotherapy alone); 1-year survival 63/124 with chemothera-
etal.!® (42),headand | or chemotherapy alone | py + melatonin versus 29/126 for chemotherapy alone (p <
neck (27) (n=126) 0.001); melatonin significantly reduced the frequency of throm-
bocytopenia, neurotoxicity, cardiotoxicity, stomatitis, and
asthenia (p < 0.05).
Lissoni supportive care or sup- | Survival significantly higher in the melatonin + supportive-care
 a 106 50 | brain metastasis | portive care + po mela- | group than in the supportive-care group alone; melatonin may
ctal. tonin 20 mg/d improve survival and QOL in patients with brain metastases.
radiation therapy alone Survival significantly higher with radiation therapy + melatonin
. . Py than with radiation therapy alone (6/14 vs. 1/16, p < 0.02); radiation
Lissoni . (60 Gy) or radiation .. . . .
107 30 | glioblastoma . therapy-related toxicity lower in those concomitantly treated with
etal. therapy + po melatonin . . S
20 me/d melatonin (p < 0.025); melatonin may prolong survival time and
£ improve QOL in patients affected by glioblastoma.
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Table 1. Randomized controlled trials of melatonin in the treatment of advanced cancer (continued)

Reference [ N Diagnosis Therapy Results and conclusions
. Six patients had partial response and 6 had stable disease at
. melatonin 5 mg/m2/d to . . . .
Barni ) median of five weeks; median response duration was 33 weeks;
108 40 [ melanoma 700 mg/m2/d in four . . . . .
etal. . side effects were minimal with fatigue being the most common
divided doses .

(17/40 patients).

Tumor regression seen in 9 patients treated with immunothera-

py and in none treated with supportive care alone; survival sig-
subcutaneous IL-2 (3 nificantly higher in the immunotherapy group than in the sup-

. million IU/d) + po mela- | portive-care group (21/52 vs. 5/48, p < 0.005); performance
Aldeghi . . . . . . .
£ al 109 100 | solid tumors tonin 40 mg/d (n =52) | status improved in 22 patients in the immunotherapy group and
etal. or supportive care alone | in 8§ patients in the supportive-care group (p < 0.01); cancer neu-
(n=48) roimmunotherapy with low-dose IL-2 and melatonin may pro-
long survival and improve QOL in patients with metastatic solid
tumors who failed conventional therapies.
Partial response in 2 patients treated with melatonin + 5-MTT
. and in O patients receiving melatonin alone; stable disease in 2
po melatonin alone 20 . . . . . ..
Lissoni et mg/d (n = 37) or mela- patients receiving melatonin alone and in 8 patients receiving
0 73 | solid tumors . melatonin + 5-MTT; the less-known pineal indole 5-MTT also
al. tonin + po 5-MTT 1 . . . . .

has antiproliferative and immunomodulating effects and may
mg/d (n=36) . . .. ..

further amplify the oncostatic activity of melatonin in advanced

untreatable human solid neoplasms.

IL-2 + po morphine 60- Partial response significantly higher in the' mélfitomn group
. . (4/14 vs. 1/16, p < 0.05); 3-year survival significantly higher in
Lissoni renal cell 120 mg/d (n=16) or . Lo
. 30 . . the melatonin group (p < 0.01); melatonin didn't affect mor-
etal. carcinoma IL-2 + po morphine + . . . o
. phine analgesia; melatonin may abrogate opioid-induced
melatonin (n = 14) . .

immunosuppression.

Complete response 0; partial response in 2/16 patients treated
irinotecan alone (125 with irinotecan alone and in 5/14 patients treated with irinote-
mg/m2/week I'V for 9 can + melatonin; stable disease in 5 /16 patients treated with

Cerea consecutive weeks) (n = | irinotecan alone and in 7 /14 patients treated with irinotecan +
30 | colorectal .. . . . . .

etal.!? 16) or irinotecan + melatonin; 4 percent disease control in patients concomitantly
melatonin (20 mg po treated with melatonin was significantly higher than that

daily at night) (n=14) | observed in those treated with chemotherapy alone (12/14 vs.

7/16, p <0.05).

5-MTT: 5-methoxytryptamine; IL-2: interleukin-2.

months. Patients on supportive care
and melatonin were found to have sig-
nificantly less weight loss (3 kg vs. 16
kg) and less disease progression (53
percent vs. 90 percent) than those on
supportive care alone. Mean serum
tumor necrosis factor levels were also
significantly lower.’® Proinflamma-
tory cytokines, such as tumor necrosis
factor and interleukin-6, have been
strongly implicated in the etiology of

cancer-related cachexia. Melatonin,
by inhibiting those cytokines, may
play a role in anticachexia.

Melatonin and survival

Melatonin prolongs survival in
patients with melanoma®® and lung
cancer’’ (Tables 1 and 2). Another
study found that melatonin given oral-
ly (20 mg/d) at 8 PM was associated
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with a greater one-year survival rate in
patients with brain metastases than in
those receiving supportive care
alone.’® Moreover, patients receiving
both melatonin and radiation for
untreatable glioblastoma had an
increased one-year survival rate and a
concomitant reduction in radiation-
induced toxicity compared with those
receiving  radiotherapy  alone.”®
Melatonin immunotherapy combined
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Table 2. Uncontrolled clinical trials of melatonin in the treatment of advanced cancer

Reference | N Diagnosis Therapy Conclusion
lung (4), gastric (3), subcutaneous IL-2 (3 Partial response in 4 patients (lung 2, hepatic 1, mesothe-
Lissoni mesothelioma (2), million IU/d) + mela- lioma, 1); stable disease in 6, progressive disease in 4;
Cal Tl 14 | hepatic (2), pancreatic | tonin 40 mg/d + neuroimmunotherapy with IL-2 + melatonin and 5-MTT
ctak (1), melanoma (1), 5-MTT 1 mg/d is a well-tolerated and potentially effective therapy in
colon (1) advanced solid tumors.
Partial response in 2 patients, stable disease in 6, progressive
disease in 12; VEGF mean levels decreased on therapy and
Lissoni 20 | various cancer types po melatonin 20 mg/d showed a significant decline in nonprogressing patients but
etal.?® P for at least 2 months not in progressing patients; melatonin is associated with
reduced VEGF secretion, suggesting that it may control
tumor growth in part by acting as a natural antiangiogenic.
Partial response in 3 patients, stable disease in 6, pro-
gressive disease in 5; partial response and stable disease
. . lung (6), kidney (4), subcutaneous IL-2 (3 were associated with significantly longer survival and/or
Lissoni . e . . . .
¢ al.36 14 | stomach (2), liver (1), | million IU/d) + po increase in mean lymphocytes and eosinophils; mela-
etal. melanoma (1) melatonin 40 mg/d tonin acts by inducing IL-2 antitumor immune effect
and/or by increasing cancer cell cytolysis mediated by
IL-2-induced cytotoxic lymphocytes.
Lissoni . Su.b c{utaneous L-2(3 Partial response in 3 patients (carcinoid 1, neuroen-
14 | advanced endocrine million IU/d ) + po . .
etal.’® . docrine lung tumor 1, pancreatic islet cell tumor 1)
melatonin 40 mg/d
Malaise, asthenia, thrombocytopenia, and neuropathy
Lissoni lung (35), breast (31), chemoth.erapy + po 51gr.11flcantly }ess frequepF in patients receiving mela-
1 80 melatonin 20 mg/d or tonin; alopecia and vomiting were not influenced by
et al. GI (14) ) .
chemotherapy alone melatonin; melatonin may prevent some chemotherapy-
induced side effects.
Partial response in 4/14 patients (median duration 8
months); treatment was well-tolerated. Mean serum lev-
Lissoni po melatonin 20 mg/d + | els of IGF-1 significantly decreased with therapy (p <
14 | breast . ; . . .
etal.”? po tamoxifen 20 mg/d | 0.01); concomitant therapy with melatonin may induce
objective tumor response in advanced breast cancer
patients refractory to tamoxifen alone.
;n;;lg(\)vmn 5 er)ni?r\(/?c)al Partial response in 3 patients (cervix 1, melanoma 1,
Lissoni 7 po tamoxifen 20 mg/d + | unknown primary 1); 13 had stable disease and 9 had
25 | (4), pancreatic (5), hepat- . . . . .
etal.!o! . . melatonin 20 mg/d progressive disease; performance status improved in 9
ic (3), ovarian (2), non- atients; 7 patients survived >1 year
small cell lung cancer (1) p 1P yeat.
Complete response in 2 patients (gastric 1, hepatic 1),
Lissoni colon (14), gastric (8), | po melatonin 50 mg/d + | partial response in 6 (gastric 2, hepatic 2, colon 1, pan-
tal 3 35 | hepatic (6), pancreatic | subcutaneous IL-2 (3 creas 1); stable disease occurred in 11/35 and progressive
ctak @) million TU/d) disease in 16/35 patients; IL-2 + melatonin is safe and
effective in advanced GI tumors.
Partial response in 3 patients (pancreas, colon, and hepatic),
. . . . stable disease in 21, progressive disease in 30; performance
Lissoni lung, pancreatic, or melatonin 20 mg at . . . .
Cal 14 54 colon night status improved in 18 patients (33 percent); tumor response
ctal and QOL improved in some cancer patients for whom no
other standard therapy was available.
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Table 2. Uncontrolled clinical trials of melatonin in the treatment of advanced cancer (continued)

Reference | N Diagnosis Therapy Conclusion
Complete response in 1 patient, partial response in 2, sta-
. . subcutaneous IL-2 (3 ble disease in 6? progressive disease in 5; th101ty low in
Lissoni . o1 all cases; combination of IL-2 and melatonin may repre-
1S 14 | gastric million IU/d) + po . . .
etal.'l- . sent a new well-tolerated biotherapy capable of inducing
melatonin 50 mg/d S . . . .
objective tumor regression in patients with metastatic
gastric cancer and low performance status.
non-Hodgkin's lyn.l-' Partial response in 1 patient (multiple myeloma), stable
phoma (6), Hodgkin's . . ., c s
. . disease in 7 (non-Hodgkin's lymphoma 3, Hodgkin's dis-
. . disease (2), multiple subcutaneous IL-2 (3 . . .
Lissoni o ease 1, acute myeloblastic leukemia 1, chronic mono-
12 | myeloma (2), acute million IU/d) + po . . .
etal.!!® . . . myelocytic leukemia 1, multiple myeloma 1), and pro-
myeloblastic leukemia | melatonin 20 mg/d . . . . .
. gressive disease in 4; partial response or stable disease
(1), chronic monomye- .. . .
. . was maintained for a median duration of 21 months.
locytic leukemia (1)
Partial response in 1 patient, stable disease in 3, and progres-
sive disease in 10; performance status improved in 5 patients;
Barni . .o . o |
arni 14 | colon IM melatonin 20 mg/d mel.atomn did not have s1gmﬁcant ?mtltumor activity in meta:
etal.ll” static colorectal cancer patients resistant to fluorouracil, how-
ever, it could be useful for supportive care to improve QOL in
patients for whom no standard treatment is yet available.
Objective tumor regressions occurred in 5 patients (complete
Aldeghi hepatocellular su.bc.utameOUS IL-2(3 response 1, partlgl response 4), with gmefhan dgratlon >.7.
Cal s 14 carcinoma million IU/d) + po months; stable disease in 6, progressive disease in 3; toxicity
etal. melatonin 50 mg/d low in all cases; IL-2 + melatonin is a well-tolerated and
effective therapy for advanced hepatocellular carcinoma.
Lissoni non-small cell lung mleatonm begun 7 days Partial response in 4 patients, stable disease in 10, pro-
20 prior to IL-2 (5 d/wk for . . . -
etal.' cancer gressive disease in 6; low toxicity.
4 weeks)
Barni 13 | colorectal IL-2 + melatonin Stal?le (Zhsease.n.l 4 Patlents, progressive disease in 9;
etal.'?0 subjective toxicity in 4.
Lissoni Complete response in 0 patients, partial response in 1,
tall2! 13 | soft tissue IL-2 + melatonin stable disease in 8, progressive disease in 4; 6/9 with par-
ctak tial response or stable disease survived >1 year.
Lissoni IL-2 (6 d/wk for 4 Complete response in O patients, partial response in 2,
12 |ovary . . . . . . ..
etal.!?? weeks) + melatonin stable disease in 5, progressive disease in 5; no toxicity.
Complete response in 3 patients, partial response in 4, stable
Neri 21 | kidne interferon + 10 mg disease in 9, progressive disease in 6; median response dura-
etal.!? y melatonin at 6PM tion 16 months (range, 10-24 months); median survival 18
months (range, 7-24 months); 11/21 alive at 2 years.
. . IL-2 (6 d/wk for 4 Complete response in O patients, partial response in 3,
Lissoni . . . . .
tal 124 24 | solid tumors weeks) + melatonin q/d | stable disease (more than 6 months) in 14, progressive
etal. evenings disease in 6; fever reported in 4 patients.
. . Complete response in 4 patients, partial response in 36;
Lissoni . . . . .
etal 125 200 | solid tumors IL-2 + melatonin complete response + partial response in 40/200 patients;

survival >1 year in 39 percent; mild toxicity.

5-MTT: 5-methoxytryptamine; IL-2: interleukin-2; VEGF: vascular endothelial growth factor; IM: intramuscular injection.
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with supportive care was found to be
superior to supportive care alone in
prolonging survival rate and improv-
ing performance status of patients
with non-small cell lung cancer.”’
One-year survival rate was signifi-
cantly higher in patients with
advanced non-small cell lung cancer
who were taking melatonin (20 mg/po
each evening), cisplatin, and etopo-
side compared with those taking cis-
platin and etoposide alone.”® It was
concluded that melatonin increases
survival if used as an adjuvant in
chemotherapy (Tables 1 and 2).

Melatonin as an antioxidant
and immunomodulator

Toxic free radicals are a major
cause of age-related destruction of
neuronal tissue, especially the brain.%
Melatonin is a potent antioxidant®!-62
and is more effective than both
reduced glutathione (an endogenous
antioxidant) and mannitol (an antioxi-
dant found in plants) in neutralizing
the highly toxic hydroxyl radical.®? It
is also superior to vitamin E in neu-
tralizing the peroxyl radical, which is
produced during the oxidation of
polyunsaturated acids.®* Moreover,
melatonin neutralizes the precursor of
the hydroxyl radical hydrogen perox-
ide, resulting in a potent antioxidant
chemical.%>% Nitric oxide reacts with
superoxide anion to form peroxyni-
trite, a highly toxic radical.’” Mela-
tonin decreases the oxidative damage
of nitric oxide by inhibiting nitric
oxide synthase, the rate-limiting
enzyme for nitric oxide synthesis.®

Links between the pineal gland and
the brain opioid system have been docu-
mented. Both opioid peptides and mela-
tonin play an important role in neuro-
modulation of the immune system. In
addition, the immune dysfunctions seen
in cancer depend not only on the
immune system but also on altered
secretion of immunomodulating neuro-
hormones, including melatonin and
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opioid peptides. Therefore, the exoge-
nous administration of neurohor-
mones may potentially improve the
immune status in  humans.®’
Melatonin can stimulate the immune
response, including the anticancer
immunity, and abrogate opioid-in-
duced immunosuppression.’’ Another
pineal hormone, 5-methoxytryp-
tophol, mainly produced during the
light phase of the day, has shown
immunomodulation activity.”’!72
Melatonin seems to be an integral
part of the immune system, exerting
direct and indirect stimulatory effects
on both cellular and humoral immuni-
ty. Melatonin enhances natural and
acquired immunity in vivo and in
vitro. Moreover, it can correct immun-
odeficiency states that may follow
acute stress, viral diseases, or drug
treatment.”®> The means by which
melatonin exerts its effects on immu-
nity have not been elucidated.” It
does, however, appear to act through
lymphocyte receptors and possibly
through receptors on other immune
tissues to modulate immune cells.”>76
Recent studies suggest that the
immunosuppressive action of inflam-
matory-related cytokines, mainly
interleukin-6, may counteract inter-
leukin-2 cancer immunotherapeutic
effects. Melatonin may contribute to
the immune reaction against cancer at
least in part by removing immunosup-
pression related to the activation of
the inflammatory response. In one
pilot study, 14 patients (nine with
solid tumors and five with autoim-
mune diseases) were treated with
melatonin orally (20 mg) at 8 p™m for
seven days. Markers of inflammation,
including erythrosedimentation rate
(ESR), interleukin-6, neopterin, and sol-
uble interleukin receptor-2R, were mea-
sured. Mean serum levels of interleukin-
6, neopterin, and soluble interleukin
receptor-2R significantly decreased after
therapy, indicating that melatonin inhib-
ited the acute inflammatory reaction.”’
Another study measured the effects of

melatonin on T lymphocytes, natural
killer cells, and eosinophils in 90
patients with advanced cancer.® All
patients are treated with subcutaneous
interleukin-2 plus melatonin (40 mg/d
each night). The results were com-
pared with those of 40 cancer patients
treated with interleukin-2 alone. The
mean increase in T lymphocytes, nat-
ural killer cells, and eosinophils was
significantly higher in patients treated
with interleukin-2 plus melatonin than
in those who received interleukin-2
alone.

Melatonin and insomnia

Melatonin in doses as low as 0.3
mg to 1 mg has shown efficacy in
insomnia.”® Melatonin significantly
shortens the time needed to go to
sleep, decreases the number of night
awakenings, and improves sleep qual-
ity and overall sleep time.”®8° Unlike
benzodiazepines, melatonin does not
suppress REM sleep or alter sleep
architecture.8:82 In addition, mela-
tonin enables benzodiazepine discon-
tinuation in chronic users.® Inclusion
of melatonin in cancer therapy may
provide substantial benefits by en-
hancing nighttime sleep even in the
absence of the antitumor effects.
Adequate long-term studies examin-
ing both efficacy and toxicity are lack-
ing. Further studies evaluating dose-
response relationships and drug
interactions are warranted.?*

Melatonin and depression

Melatonin has been proposed as a
biologic marker for depression,® a
common concomitant condition in can-
cer patients. A decrease in nocturnal
melatonin levels has been detected in
patients suffering from depression,387
and lower serum levels of melatonin
have been found in patients with depres-
sion compared with healthy controls.?”-
91 However, other studies report high-
er serum levels of melatonin in
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patients with depression vs. healthy
controls.””% More study is required to
determine the role of neuroendocrine
hormones including melatonin in
depression.

Melatonin and thrombocytopenia

Cancer immunotherapy with inter-
leukin-2 tends to induce thrombocy-
topenia. This is secondary to en-
hanced peripheral platelet destruction
following the activation of the
macrophage system by interleukin-2
itself. Preliminary data revealed nor-
malization of platelet count after treat-
ment with melatonin (Table 3). The
melatonin effect on platelet count was
investigated in 14 thrombocytopenic
patients with advanced cancer.”
Interleukin-2 (3 million IU/d) was
injected subcutaneously six days a
week for four weeks in association
with melatonin (40 mg/d orally).
Mean platelet count was significantly
increased and later normalized in 10
patients. It was concluded that mela-
tonin not only neutralized interleukin-
2-induced thrombocytopenia but also
increased the platelet count in throm-
bocytopenic patients with advanced
cancer.” In another pilot study,’® 20
patients with advanced cancer and
persistent thrombocytopenia were given
interleukin-2 and melatonin. Normal
platelet count was achieved in 14
patients. Melatonin was also shown to
normalize platelet count in nine out of
14 female metastatic breast cancer
patients who had epirubicin-related
thrombocytopenia.”’

Melatonin and hypotension

Hypotension is common in patients
with advanced cancer. This may be
related in part to proinflammatory
cytokines. Cytokine-induced hypo-
tension mainly depends on the stimu-
lation of nitric oxide production—the
most effective endogenous vasodila-
tor. Melatonin inhibits nitric oxide

synthase and nitric oxide production.
The latter is essential for cytokine-
induced hypotension (Table 3).%® The
possible modulatory effect of mela-
tonin on cytokine-induced cardiovas-
cular toxicity was evaluated in 116
patients with advanced cancer receiv-
ing either interleukin-2 or tumor
necrosis factor. Patients were random-
ized to receive melatonin (40 mg/d at
8 pM) or not. Hypotension was less
frequent in patients concomitantly
taking melatonin than in those who
received interleukin-2 or tumor necro-
sis factor alone.”®

Adverse effects of melatonin

Melatonin appears to be safe.
Sleepiness and fatigue are the most
common adverse events. Fevers, chills,
arthralgias, and myalgias are rare.
Leukopenia and elevation of liver
enzymes are modest and reversible.?°
Other possible adverse affects include
inhibition of fertility, suppression of
male sexual drive, hypothermia, head-
ache, nausea, nightmares, or worsened
depression.” No serious adverse side
effects were reported after oral admin-
istration of high dose melatonin (1 g/d)
for 30 days in healthy humans.!®
Although melatonin has proven safe
thus far, it is advised that patients tak-
ing it over long periods be monitored
for any potential unusual or idiosyn-
cratic reactions.!!

Melatonin in palliative medicine

Patients with advanced cancer are
multisymptomatic. The frequency of
symptoms was studied prospectively
in 1,000 patients on initial referral to a
large acute palliative care program.'?
The median number of symptoms per
patient was 11 (range, 1 to 27). The 10
most prevalent symptoms were pain,
fatigue, weakness, anorexia, lack of
energy, dry mouth, constipation, early
satiety, dyspnea, and weight loss > 10
percent. Weight loss was reported in

American Journal of Hospice & Palliative Medicine

Volume 22, Number 4, July/August 2005

50 percent, depression in 41 percent,
and anxiety in 24 percent. More than
50 percent of patients had the cancer
anorexia-cachexia syndrome, which is
the leading cause of death in advanced
cancer.

To date, no single agent has consis-
tently improved weight, strength,
QOL, body composition, and appetite
in advanced cancer. Polypharmacy is
an ongoing problem. The golden rule
is to treat several symptoms with one
drug—*“the magic bullet”—with the
ultimate goal of improving QOL with
the fewest number of side effects. As
such, melatonin seems to hold
promise in palliative medicine. One
may argue that melatonin is unlikely
to have any major benefits in patients
with advanced cancer. Although it is
true that evidence of its efficacy is
limited, enough randomized clinical
trials, anecdotal reports, and uncon-
trolled clinical series exist to encour-
age double-blind randomized place-
bo-controlled trials. (The latter is not
feasible in cancer patients at end of
life due to ethical issues. Patients with
a life expectancy of six months or less
should not, in the authors’ opinion, be
placed in double-blind placebo-con-
trolled trials.)

Future research
and study design

Several problems face the future
of melatonin research in the United
States. First, melatonin is not cur-
rently categorized as a drug or regu-
lated by the FDA. Second, mela-
tonin research is underfunded.
Third, because production is unreg-
ulated, melatonin purity and dosage
accuracy is questionable, and cur-
rent doses may be ineffective or
may cause high plasma melatonin
levels. Fourth, its side-effect profile
is not well-known. Finally, more
solid evidence of its efficacy in can-
cer treatment needs to appear in the
literature.
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Table 3. Clinical studies of melatonin for treatment of cachexia,
thrombocytopenia, and hypotension in advanced cancer

cycles with epiru-
bicin

Reference Type N Diagnosis Therapy Conclusion
Weight loss >10 percent was significantly
supportive care higher in patients receiving supportive care
Lissoni randomized . alone or supportive | alone; serum TNF levels progressively higher
. 100 | solid tumors .. . s
etal.!?6 controlled trial care + po melatonin | in supportive care group and significantly
20 mg/d lower (p < 0.05) in the melatonin + supportive-
care group.
Normalization of platelet count obtained in
3/5 patients with persistent thrombocytopenia
. . IM triptorelin 3.75 prior to study 50 per'cent decrease in
Lissoni . prostate-specific antigen serum levels
phase II trial 14 | prostate cancer mg/mo. + po mela- . . . .
etal.”’ . obtained in 8 patients; >1-year survival
tonin 20 mg/d . . . .
achieved in 9 patients; melatonin may
improve clinical outcome in metastatic
prostate cancer patients.
solid tumors + low melatonin added to
Lissoni . platelet count .. Normalization of platelet count in 14/20
case series 20 . IL-2 and adminis- .
etal.% (expected side- tered for 4 weeks | PAUeNts (70 percent).
effect of IL-2)
randomly assigned
to either 17 courses | Frequency of severe hypotension was signifi-
Lissoni . . of IL-2 or 16 cours- | cantly greater with IL-2 alone than with IL-2
08 case series 5 | kidney cancer . .
etal. es of IL-2 + mela- |+ melatonin; depression more common dur-
tonin (10 mg/d po |ing IL-2 alone.
evenings)
Lissoni . . . No effect on anemia; thrombocytopenia
et al 126 case series 20 | solid tumors TNF + melatonin reduced from 40 to 16.5 percent.
Hypotension significantly less frequent in
patients concomitantly treated with melatonin
IL-2 alone (n = 45), | than in those receiving either IL-2 or TNF
Lissoni randomized IL-2 + melatonin (n | immunotherapy alone (IL-2 11/45 vs. 2/46, p <
. 116 | solid tumors =46), TNF (n= 0.05; TNF 10/23 vs. 1/12, p < 0.01); melatonin
etal.!?® controlled trial . . .
13), TNF + mela- | may prevent hypotension occurring during can-
tonin (n =12) cer immunotherapy with IL-2 or TNF; melatonin
may prevent cytokine-induced hypotension by
inhibiting nitric oxide production.
melatonin 7 days
prior to chemother- | Induction phase with melatonin induced a
Lissoni . apy and qd during | normalization of platelet count in 9/12 evalu-
129 case series 12 | breast cancer S .
etal. at least 4 weekly able patients; no further platelet decline

occurred during chemotherapy.

IL-2: interleukin-2; IM: intramuscular injection; TNF: tumor necrosis factor.
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Future trials are necessary to deter-
mine whether the circadian rhythm in
cancer patients is normal or abnormal
prior to melatonin therapy. Long-term
safety data are required to fully under-
stand melatonin’s toxicity profile.
Additional research is also needed to
determine the accurate therapeutic
dose of melatonin and the optimal
time of administration required to
induce its biologic effects. Estab-
lishing its efficacy in relation to mela-
tonin receptor expression by cancer
cells and to the endogenous produc-
tion of melatonin itself is a priority.

Only one study in the literature
addressed the role of melatonin in can-
cer cachexia. In that study, melatonin
(20 mg/d each night) was shown to sig-
nificantly increase weight and decrease
serum levels of tumor necrosis factor.
Cancer-related anorexia-cachexia is the
leading cause of death in patients with
advanced cancer. Melatonin alone or
combined with an appetite stimulant
(e.g., megestrol acetate) or another anti-
cytokine (e.g., thalidomide) can be
investigated as a possible therapy for
cancer-related cachexia. Phase II studies
of melatonin’s effect on cancer-related
cachexia should be undertaken. Another
avenue of research is to evaluate the effi-
cacy of melatonin in improving patient-
perceived QOL. Whether the primary
objective is weight stabilization or
QOL, research should address sec-
ondary objectives including depression,
fatigue, insomnia, performance status,
patient satisfaction, symptom assess-
ment, and toxicity.

Researchers interested in conducting
melatonin studies are encouraged to
refer to William Hruskesky’s chapter on
melatonin in cancer therapy, which
appears in Bartsch et al.’s, The Pineal
Gland and Cancer (pp. 476-508).!! In it,
the author gives a detailed explanation of
the steps necessary to achieve a well-
designed study of melatonin in cancer-
related fatigue. His findings support our
belief that melatonin warrants further
attention in palliative medicine.

Conclusion

Melatonin is the pacemaker of the
circadian clock. Exposure to light at
night suppresses the physiologic pro-
duction of melatonin and disrupts the
circadian clock. Evidence now links
low serum melatonin levels and dis-
ruption of circadian rhythms to high
cancer risk. Increased incidence of
breast cancer and colorectal cancer
has been reported in night shift work-
ers who are exposed to light at night.

Melatonin has important therapeu-
tic applications in oncology.
Research has shown that melatonin
slows disease progression and
improves survival in patients with
advanced cancer. Melatonin can
stimulate the immune response,
including the cancer immunity. It can
be used either alone or to biologically
modulate conventional anticancer
therapies including chemotherapy,
radiotherapy, immunotherapy, and
endocrine therapy.

Melatonin may play a role in can-
cer-related cachexia by decreasing
serum levels of tumor necrosis factor,
interleukin-6, and the acute inflamma-
tory response. Biologic effects of
melatonin depend upon what time of
day it is made available. Despite the
evidence supporting proper-timing
therapy, few physicians incorporate
chronotherapy in their clinical prac-
tice. Melatonin can be prescribed by a
physician according to the laws of the
country in which it is taken. Evidence
shows that pure and regulated mela-
tonin is effective in the treatment of
advanced cancer and should be made
available in the future.
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