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Abstract:

Chronomodulated
therapy
or
chronotherapy has gained popularity, beyond a fancy
term, as a novel and logical method to exploit the best,
by administering anti-cancer treatment at an optimal
timing according to circadian rhythms of their anticancer action and/or repair mechanism of cancer &
normal cells. Understanding of chronobiology and the
results of clinical studies back up this new concept.
Chronotherapy seems to have all the potential to
become tomorrow‟s accepted, refined oncology
practice without adding much to the cost of existing
therapy.
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INTRODUCTION
Most biological phenomenon show
rhythmic relationship that may be diurnal,
fortnightly, seasonal or annual and alike. The
most frequently observed and easily appreciable
is the diurnal (day-night) or „circadian‟ rhythm.
This circadian rhythm persists
and
is
reasonably uniform in most human including
those suffering from cancer, until just before
death. The phrase “circadian rhythm” was first
described by Halberg and Stephens in 19591
This
„circadian
rhythm‟
might
determine the „best time of day‟ that can be
www.oncoexpert.org

utilized to treat cancer patient with cytotoxic
agent(s), immunotherapy or radiotherapy;
though this „best time‟ may be quite short (of
the range of couple of hours). This fact has
been
established
by extrapolation
of
preclinical experiments, murine trials and also
by multi-armed clinical studies.
MOLECULAR MECHANISM
The biological clock has been found to
be represented by the suprachiasmatic nucleus
(SCN) which creates biological rhythms under
the control of clock genes such as PER12,3,
1
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PER2 2, PER3 4, CLOCK5,6, BMAL17, TIM8,
CRY1, CRY29, tau10and coordinates peripheral
oscillators for functions including cell
proliferation and cellular metabolism.
Cycle duration generated at the SCN is
calibrated by the alternation of light/darkness,
both directly and through melatonin secretion by
the pineal body. Period genes PER and the
proteins produced by these genes generate
circadian rhythms. The transcription of PER is
promoted by the CLOCK/BMAL1 complex,
whose activation is inhibited by the
PER1/PER2/PER3/CRY1/CRY2/TIM complex.
This giant complex acts as a negative autofeedback system, which has an essential role in
generation of circadian oscillation.
This biological clock generates signals
of circadian rhythm, which are conducted to the
supra-cervical sympathetic nucleus and the
pineal body. Generated biological rhythms
concern the control of biological functions
including those of the autonomic nerve system,
endocrine system, and immune system, which
are fundamental in homeostasis and in
protection against various diseases.
A study suggests that DNA synthesis
and repair is intimately linked to circadian
rhythm. Since the repair of DNA lesions
contributes to the resistance of chemotherapy
with DNA damaging agents such as cisplatin,
understanding the fundamental molecular
mechanism regulating DNA repair pathways
is important for cancer therapy11.
EVIDENCE
Chronomodulated Chemotherapy
Experimental
studies
in
cancer
chronotherapy were initially performed by
Halberg et al.12
Levi‟s group subsequently undertook
many experimental and clinical studies in this
field,
particularly
focusing
on
chronopharmacology and chronotherapeutics of
www.oncoexpert.org
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5–FU, both alone and in combination with other
anti-cancer agents13, 14,15,16,17
Hrushesky‟s group18, 19 undertook
research in chronotherapy for gynecological and
genitourinary cancers including advanced renal
cell carcinoma. These studies demonstrated the
superiority of chronotherapy with respect to
response and side effects when compared to
conventional chemotherapy.
The work of Giacchetti et al.20 and Adam
et al.21 has led us to consider cure as a
possibility in colorectal cancer patients with
liver metastases treated with chronotherapy and
surgery. Firstly, a result of lessening side
effects, chronomodulated administration has
made possible to administer anti-cancer agents
in full, effective doses. Secondly, newly
developed anti-cancer agents such as 1-OHP
have been demonstrated as appropriate for
chronotherapy. 1-OHP is a platinum complex
compound exhibiting a completely different
mechanism of action from Cisplatin.22
Phase II study in patients with advanced
or recurrent endometrial cancer of any cell type
having measurable disease was conducted to
determine the effectiveness and toxicity of
circadian-timed
doxorubicin-cisplatin
chemotherapy. Treatment initiated with
doxorubicin 60 mg/m2 over 30 minutes at 6:00
a.m., followed by cisplatin 60 mg/m2 over 30
minutes at 6:00 p.m. every 28 days and
continued for eight cycles or to a maximum
tolerable doxorubicin dose of 480 mg/m2 for
patients without progression. Thereafter,
responders continued on cisplatin alone. A
review of 30 evaluable patients showed 6 (20%)
complete responses, 12 (40%) partial responses,
and 7 (23%) with stable disease. The number of
treatment courses ranged from 2 to 14 with a
median of 6.5. The median white blood cell
nadir for 27 patients experiencing leucopenia
was 1,600/mm3 (range: 300-3,600/mm3). For 16
2
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patients experiencing thrombocytopenia the
median nadir was 48,500/mm3 (range: 8,000138,000/mm3). The study concluded that
circadian-timed delivery of doxorubicincisplatin chemotherapy was reasonably well
tolerated and demonstrated notable response
rates in patients with advanced or recurrent
endometrial carcinoma.23
Trial in ninety two patients with
previously untreated metastatic colorectal
cancer
was
conducted
to
compare
chronomodulated with constant-rate drug
delivery. Treatment courses consisted of the
daily administration of 5-FU (600 mg/m2 per
day), Folinic acid (FA) (300 mg/m2 per day),
and 1-OHP (20 mg/m2 per day) for 5 days and
were repeated every 21 days (16-day
intermission) in ambulatory patients with the use
of a programmable in-time pump. Drug delivery
was kept constant over a 5-day period in
schedule
A
(47
patients).
It
was
chronomodulated in schedule B (maximum
delivery of 5-FU and FA infusions at 0400
hours and maximum delivery of I-OHP at 1600
hours; 45 patients). A risk of partial chemical
inactivation of 1-OHP by its 2-hour exposure to
the basic pH of the 5-FU solution in the catheter
was documented in schedule A. Severe
stomatitis (grade 3 or 4 WHO grading system),
the dose-limiting toxic effect of 5-FU, was
observed in five times as many patients on
schedule A than on schedule B (89% versus
18%; x2 = 46; p < 0.001). The cumulative doselimiting toxicity of schedule B was peripheral
sensitive neuropathy (WHO grade 2). This side
effect was reversible following I-OHP
withdrawal. Higher doses of 5-FU were
administered in schedule B (median: 700 mg/m2
per day) compared with schedule A (median:
500 mg/m2 per day) (p < 0.0001; Mann-Whitney
U test). On schedule B, 24 of 45 patients (53%;
95 percent confidence interval [CI] = 38%–68
www.oncoexpert.org
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percent) exhibited an objective response
compared with 15 of 47 patients (32%; 95% CI
= 18%–46%) on schedule A (x2 = 4.3; p = 0
.038). The median progression-free survival
was, respectively, 11 and 8 months (p = 0.19;
log rank). The median survival was 19 months
(95% CI = 14.8–23.2) of schedule B and 14.9
months (95% CI = 12.1–17.8) of schedule A (p
= 0.03; log rank). This study has concluded that
chronomodulated drug delivery is both more
effective and less toxic.24
Another phase III trial using 5-FU,
Leucovorin & Oxaliplatin in one hundred and
eighty six cases of metastatic colorectal
carcinoma comparing 5 days circadian infusion
(5-FU + Leucovorin peak 4a.m. and Oxaliplatin
peak at 4p.m.) versus flat infusion every 3
weeks also revealed less toxicity in circadian
arm, allowing more dose delivery and better
response rate.25
The efficacy and toxicity of the new
anthracycline,
4'-0tetrahydropyranyl
doxorubicin (THP) (50 mg/m2 intravenous
bolus) in association with cisplatin (100 mg/m2
IV as a 4-hour infusion) was assessed in 31
patients with advanced ovarian carcinoma.
Twenty-eight patients were assessable for
toxicity among whom, 25 were assessable for
response (FIGO stage IIIa, four patients; IIIb, 15
patients; IV, six patients). Nine patients had
received prior treatment. Patients were
randomized to receive schedule A (THP at 6
hours, then cisplatin from 16 to 20 hours) or
schedule B (THP at 18 hours, then cisplatin
from 4 to 8 hours). Schedule A was
hypothesized as less toxic since THP was best
tolerated in the late rest span and cisplatin near
the middle of the activity span in experimental
studies. The rate of clinical complete response
was 52%, that of partial response was 12%, and
the overall clinical response rate (CR plus PR)
was 64% (schedule A, 73%; schedule B, 57%).
3
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Median progression-free survival and survival
times were, respectively, 10 and 19 months. Of
12 patients in clinical CR evaluated at secondlook laparotomy, four had a pathological CR
(33%), and three had microscopic residual
disease. The overall rate of pathological CR was
16%. Schedule A was associated with less
neutropenia (p = 0.10), thrombocytopenia (p <
0.01), anemia (p < 0.01), and renal toxicity (p <
0.05) than schedule B. Of four patients
withdrawn for toxicity, three were on schedule
B (one death). Mean dose intensities of THP
and cisplatin, respectively, decreased by 30%
and 47% over the five initial courses. Such
decrease was significantly more pronounced for
schedule B than for schedule A in previously
untreated patients (p < 0.01 from 2-way analysis
of variance). Study concluded that THPcisplatin combination toxicities can be
significantly decreased by dosing THP in the
early morning and cisplatin in the late afternoon
as compared with THP in the evening and
cisplatin the next morning.26
In a pilot study of chronotherapy, using
Cisplatin and 5-FU in sixty patients of
Nasopharyngeal carcinoma (NPC), who were
randomly designated for induction chronochemotherapy plus radiotherapy (CC, 30
patients) or for induction routine-chemotherapy
plus radiotherapy (RC, 30 patients); the
differences in immediate response, side effects
and changes in immunologic parameters
between these two groups were analyzed. The
chemotherapy regimen of the CC group
consisted of cisplatin (DDP) 80 mg/m2d1 at
10:00–22:00 h, 5-Flourouracil (5-FU) 750
mg/m2/d1–3 at 22:00–10:00 on the next day and
5-CHO-FH4 (CF) 200 mg/m2/d1–3 starting at
10:00 h, and repeated every 14 days. The
regimen of the RC group was the same as the
CC group, with the delivery of cisplatin at a
conventional rate and the CF via a continuous
www.oncoexpert.org
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24 h venous injection. The radiotherapy regimen
was same in the two groups. Results revealed
Complete response rate (CRR) 36.7% vs. 20%,
Overall response rate (ORR) 96.7% vs. 73.3%,
Myelosuppression grade I,II 43.3% vs. 70% in
chronotherapy based treatment and control
respectively.27
Verma et al compared the efficacy and
toxicity of chronomodulated concomitant
chemotherapy using weekly Cisplatin at 0600
hour or 1800 hour along with radical external
beam radiotherapy (EBRT) in the management
of locally advanced head and neck carcinoma
(LAHNC). The study concluded that
administration of cisplatin; in the evening is
better compared to morning administration in
terms of disease control and toxicity profile;
given concurrent with EBRT, for management
of LAHNC.28
Now optimal times of administration of
more than 20 cytotoxic agents have been
proposed for treatment of various cancers and
studies are going on. The optimal time has been
justified either in terms of better effects or in
terms of reduced side effects.29, 30, 31
Clinical trials of chronomodulation for
many anti-cancer agents are in progress in
various malignant diseases, under the control of
European Organization for Research and
Treatment of Cancer (EORTC).32
Chronomodulated
Immunotherapy

Radiotherapy

and

The chronomodulation method has also
been tried with radiotherapy and could extend to
immunotherapy, the area being underexplored.
Only a few studies have addressed the issue.
Shukla et al33 conducted a randomized
prospective trial, in 229 patients to discover any
correlation between radiation-related mucositis
and the time of radiation. They evaluated the
4
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incidence of grade III/IV mucositis in patients
with carcinoma of the cervix treated between
8:00 to 10:00 AM and between 6:00 to 8:00 PM
and found that the patients undergoing radiation
in the morning showed a significantly higher
incidence of grade III and IV mucositis. Also,
emphasis was made on theoretical possibility of
treating the patients more effectively when the
tumor cells are in a radiosensitive phase, with
treatment at the same time being less toxic to
the surrounding tissues, which are in radioresistant phase. Marking the time of the day
when normal cells and tumor tissues are in
different phases is an experimental possibility
that could be investigated in studies of cyclindependent kinases and other cell cycle marker
proteins.
Contrary to this, Bashir et al34 assessed
the incidence of mucositis in patients receiving
radiation during morning (before 12:00 noon)
and evening (after 4:00 p.m.) hours and the
impact of timing of radiation on mucositis in 60
patients of head and neck cancers. Severe
mucositis free interval (SMFI) was analyzed.
After 3 weeks of treatment, 28.6% patients
developed RTOG grade 3 mucositis in the
morning group compared to 43.7% in the
evening group. SMFI was 33 days (95% CI
22.4, 31.5) for the morning group compared to
22 days (95% CI 31.7, 34.3) for the evening
group (p<0.001). Study concluded that patients
undergoing radiotherapy during the morning
hours have less severe oral mucositis and a
significantly longer SMFI.
CONCLUSION
Chronotherapy in cancer management
may be the future approach considering the
feasibility & simplicity of the concept and has
shown that existing standard of care may further
be explored to extend the benefit without adding
cost, especially when infrastructure constraints
www.oncoexpert.org
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are there. Both radiation and chemotherapy
(may be targeted agents too) can be combined
with their best possible administration timings
to get better outcomes, in terms of tumor control
as well as reduced normal tissue toxicity. The
only additional requirement is motivation and
compliance.
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