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Abstract: Chemotherapy is one of the primary methods for the treatment of oral squamous cell carcinoma,
and it is also an essential part of the comprehensive treatment of oral squamous cell carcinoma. However,
the “double-edged sword” effect of chemotherapeutic drugs in killing both cancer cells and normal cells
in vivo has restricted its clinical application to a certain extent. Chrono-chemotherapy based on human
circadian rhythm is safer and more effective than traditional chemotherapy, which has been confirmed by
a large number of studies. In order to promote and standardize the clinical application of this technology,
we organized relevant experts to discuss and formulate the Chinese expert consensus. The consensus
provides standardized suggestions on the related concepts, principles, drug selection, administration time,
and methods of chrono-chemotherapy for oral squamous cell carcinoma, which can provide a reference for

clinical practice.
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Oral cancer includes cancer occurring in the buccal mucosa,
the floor of the oral, 2/3 in front of the tongue, alveolar
ridge, post-molar triangle, and hard palate (1,2). Oral
squamous cell carcinoma (OSCC) accounts for more than
90% of oral cancer (1). Chemotherapy is one of the main
treatments for OSCC and is also an essential component of
comprehensive treatment of OSCC (2-4). However, when
chemotherapy drugs kill cancer cells in the body, they also
have a destructive effect on normal human cells, especially
on actively proliferating bone marrow hematopoietic cells,
intestinal epithelial cells, hepatocyte, and nephrocyte,
causing adverse reactions such as bone marrow suppression,
nausea, vomiting, liver, and kidney dysfunction. The
double-edged sword effect of chemotherapy drugs limits its
clinical application. The chrono-chemotherapy developed
according to the circadian rhythm and the circadian clock
has the advantage of reducing the adverse reactions of
chemotherapy drugs and improving the therapeutic effect,
which has gradually been clinically confirmed (5-8). It is
getting increasing attention (9-11).

The current research (12-15) proves that the proliferation,
cycle distribution, DNA synthesis, molecular targets and
drug metabolism enzyme activity of normal human cells
and tumor cells have circadian rhythm fluctuations, and
their fluctuation variation difference often reaches several
times. Therefore, the circadian rhythm has an essential
influence on the pharmacokinetics and pharmacodynamics
of chemotherapeutic drugs. Animal experiments and clinical
studies (13,14) have also demonstrated that there are over
40 chemotherapeutic drugs whose efficacy and adverse
effects are significantly different when they are delivered
at different timepoints within 24 hours. For the same
individual, the drug is delivered at different time within the
24-hour timescale, the difference on efficacy can be more
than 2 times, and the difference on adverse reactions can
be as much as 10 times. Chrono-chemotherapy is based
on the law of fluctuation of circadian rhythms, such as cell
proliferation, cell cycle, DNA synthesis, drug metabolism
enzyme activity and target of the body, and at the same time
combined with the pharmacological mechanism of the drugs.
Chrono-chemotherapy is to optimize the drug delivery time
depending on comprehensive optimization, to maximize
the anti-cancer effect, minimize adverse reactions (14),
and improve the quality of life and survival of patients.

A large number of studies has confirmed that chrono-
chemotherapy is safer and more effective than conventional
chemotherapy (13-17), but the chrono-chemotherapy is
still far from being popularized in China; meanwhile, there
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is no expert consensus or clinical application guidelines of
chrono-chemotherapy for any cancer, including OSCC.
Therefore, there is crucial clinical significance to formulate
an expert consensus on chrono-chemotherapy for OSCC
timely. Given this, based on the reference to the domestic
and international research on the chrono-chemotherapy
related research, as well as a combination with the current
medical situation in China, we organized relevant experts
to discuss and formulate the expert consensus on the
clinical application of chrono-chemotherapy for OSCC.
We are aiming at promoting and standardizing chrono-
chemotherapy for OSCC and creating the benefit of the
majority of patients with OSCC.

Several important concepts of chrono-
chemotherapy

Circadian rhythm

More than 300 life activities are exhibiting a circadian
fluctuation of approximately 24 hours in mammals and
humans, such as rest-activity, body temperature, heart
rate, blood pressure, cell proliferation, synthesis and
repair of DNA, hormone secretion, and immune response.
It is called the circadian rhythm (10,18). The circadian
rhythm is an endogenous adaptation mechanism, which
is a long-term evolution of the biology on Earth to adapt
to the living environment of the Earth’s rotation. It is the
inherent basic feature and premise of life activities and still
exists even in the absence of light (9,10,18). The circadian
rhythm not only leads to rhythmic changes in the biological
behavior but also rhythmic changes in the cellular and
molecular levels (5,11). Since the biological rhythm of an
organism is easily interfered by various factors, and in order
to eliminate these interferences, it is necessary to divide
24 hours into several time points (generally 6) when we
determine whether a life activity shows a circadian rhythm.
The fluctuation value of each time point was detected, and
the cosine test showed that the day and night fluctuations
coincide with the cosine function law (P<0.05), which
means that the organism exhibit the circadian rhythm (18).

The circadian clock, circadian clock gene, and clock-
controlled genes (CCGs)

The circadian clock is an endogenous time-regulating
system formed by the long-term evolution of the biology
on the earth to adapt to the rotation of the earth. Its core is
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the rhythmic expression of the circadian clock gene (7,9,10).
The circadian clock gene is present in almost all cells in
the human (10,19), and 14 circadian clock genes have been
discovered so far, namely CLOCK, BMALI, PERI, PER2,
PER3, DEC1, DEC2, CRY1, CRY2, TIM, CKIe, RORa,
NPAS2 and REV-ERBa. The interaction between the
circadian clock genes forms multiple positive and negative
feedback loops, thus showing a periodic rhythm expression
of about 24 hours (7,18). In mammals, the clock gene
regulates approximately 43% protein-coding genes in the
genome, and these genes regulated by the clock gene are
called CCGs (10,20). CCGs also exhibit a circadian rhythm
of about 24 hours. CCGs are involved in the regulation
of various aspects of life activity, including cell cycle,
proliferation, cell metabolism, and secretion, which is the
molecular basis of circadian rhythms of life activities.

Activity pbase and rest phase

The time of circadian rhythm and chrono-chemotherapy
is often expressed as phase (11). The activity phase and rest
phase are vital concepts to understand the time changes in
circadian rhythm and chrono-chemotherapy. The circadian
rhythm within the 24-hour timescale is divided into 12-hour
activity phase and 12-hour rest phase (11,14). The activity
phase and rest phase can be further divided into three phases:
early phase, middle phase, and late phase (4 hours per each
phase). For humans, the activity phase means daytime, and
rest phase means nighttime. Due to the particularity of
circadian rhythms and chrono-chemotherapy, many findings
were obtained from rodents. It is currently believed that the
experimental results obtained from rodents can be inferred
to humans (14,21), but rodents are nocturnal animals, and
their rest phase and activity phase are opposite to humans.
Therefore, when the experimental results obtained from
rodents are extrapolated to human beings, they should be
judged from the concept of rest phase and activity phase,
that is, the rodents are in the rest phase or the activity phase,
and their circadian rhythm is highly correlated with the
corresponding rest phase or activity phase of human beings.
The time of the circadian rhythm of the rodent is defined
by hours after light onset (HALO) or zeitgeber time (ZT),
rather than clock time. Zero HALO is the light-on time, 12
HALO is the light-off time, that is before 12 HALO is the
rest phase, and after 12 HALO is the activity phase (14). The
understanding of the above phases is the basis for mutual
reference and verification of the results of human and mouse
chrono-chemotherapy.
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Mechanism of chrono-chemotherapy

Differences in circadian vhythms between tumor cells and
normal tissue cells

There is circadian rhythm in activities of that the growth,
proliferation, and DNA synthesis of normal human cells and
tumor cells, but the circadian rhythm of tumor cell growth
and proliferation is different from that of normal cells (7,13).
The peak of proliferation, DNA synthesis, and the proportions
of S- and G2/M-phase cells of human tumor cells occurs
mostly in the resting phase, especially in the early and middle
stages of the resting phase, while that of normal cells of bone
marrow and intestinal mucosal epithelium appears in the
early and middle active phase (7,12-14). Generally, there is a
time difference of 8-12 hours between the occurrence of the
peak of proliferation, DNA synthesis, and the proportions
of S- and G2/M-phase cells of human tumor cells and that
of normal cells (bone marrow, intestinal mucosal epithelium,
and so on). Since cells are more sensitive to chemotherapeutic
drugs when they proliferate and DNA synthesis actively,
delivering chemotherapeutic drugs at the time when normal
tissue cells are best tolerated (least sensitive) and tumor cells
are least tolerated (most sensitive) can achieve the purpose
of increasing the efficacy of drugs and reducing adverse drug
reactions. Current studies have also approved that the peak of
the proliferation of OSCC occurs at 6.60 HALO in the middle
of the resting phase, and the trough of it occurs in the middle
of the active phase of 18.16 HALO (22).

Effects of circadian rhythms on pharmacokinetics and
pharmacodynamics

The activity of some critical metabolic enzymes for the drug
in the body exhibits circadian rhythm fluctuations, and there
are often several times differences between the peaks and
troughs of fluctuations (7,12,14). Therefore, the processes
of bioavailability, blood concentration, transportation,
metabolism, and excretion of drugs in the body are affected
by the circadian rhythm of the body. There are the most
significant medicines whose metabolic enzyme activity
exhibiting the circadian rhythm as follows: dihydropyrimidine
dehydrogenase (DPD) is a crucial enzyme for the metabolism
of 5-fluorouracil (5-FU), whose activity is significantly higher
in resting phase than inactive phase both in healthy people
and cancer patients; and its activity changes exhibit circadian
rhythm. The DPD activity in the human increases by more
than 40% from 00:00 to 10:00 compared with other times,
and its activity peaks occur at around 04:00, the amplitude
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of fluctuations during day and night is 3 times. However, the
proportions of S and G2/M phase cells of human intestinal
mucosa, skin and bone marrow normal cells is the lowest
during this period, and the tolerant to drugs during this
period is better, so delivering drug during this period can
reduce toxicity and increase efficiency (7,12). Glutathione
(GSH) is an essential physiological antioxidant in the human
body. It participates in the detoxification process of cells in
the body and can reverse the toxicity of platinum, alkylating
agents and anthracyclines to normal cells iz vivo. It can
protect normal cells from oxidative damage without reducing
the anticancer activity of the drug. The secretion of GSH
also shows circadian rhythm, and the secretion difference at
different times of day and night can be more than 3 times
in the same individual. The peak of GSH is at often around
16:00 in the human body (7,14), and the drug delivery during
this period can reduce the adverse reactions of platinum,
alkylating agents and anthracyclines. Thymidylate synthetase
(TS) is a target of 5-FU and methotrexate, and it is a
crucial target for adverse reactions. The activity of TS also
shows circadian rhythm, and its activity of normal human
cells is significantly lower in the resting phase than in the
active phase, with a trough between 00:00 and 04:00 (12).
Therefore, administration of medicine in resting phase can
significantly reduce the occurrence of adverse reactions.

Blood flow of solid tumor blood flow exhibits circadian
rhythm

The blood flow of solid tumors and normal organs shows
circadian rhythm change and the blood flow of solid tumors
is significantly higher in the resting phase than that in the
active phase. In the middle of the resting phase (peak at
about 17 HALO), the blood flow of the tumor is highest,
while the circadian rhythm of the blood flow of normal
organs such as liver, lung, and kidney is roughly opposite to
that of the tumor (23,24). The circadian rhythm of blood
flow in tumors and normal organs will affect the local
concentration of the medicine, thereby affecting the efficacy
and adverse reactions of medicine delivered at different
times in the day and night.

Basis of chrono-chemotherapy for 0SCC

The pharmacological basis of chrono-chemotberapy for
oscc

Cisplatin, carboplatin, paclitaxel, docetaxel, and 5-FU
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are the first-line choice for the treatment of OSCC (2,3).
Moreover, current studies have shown that all of them show
the characteristic of chrono-pharmacology (7,12-17), so
they are suitable for the chrono-chemotherapy of OSCC.

The clinical basis of chrono-chemotherapy for OSCC

Clinical studies have shown that chrono-chemotherapy
for OSCC can reduce adverse drug reactions and increase
drug efficacy (15,16,24,25). Seventy-three patients with
T3 and T4 OSCC were randomized into the chrono-
chemotherapy group and the conventional chemotherapy
group in the study by Yang et 4l. (16). The chemotherapy
drugs were carboplatin and 5-FU (CF regimen) in their
study. In the chrono-chemotherapy group, the carboplatin
and 5-FU delivery time were 16:00-18:00, and 22:00-07:00
next day, respectively; the conventional chemotherapy
group was administered in the morning, ending before
getting off work. Two groups of patients underwent
2 chemotherapy cycles. The results showed that the total
effective rate (objective response rate) of the chrono-
chemotherapy group was significantly higher than that
of the conventional chemotherapy group (75.68% versus
52.78%), and the incidence of adverse reactions was
significantly reduced (24.32% versus 58.34%). Neo-
adjuvant chrono-chemotherapy for 43 elderly patients
with T3 and T4 OSCC with the same CF regimen and
delivery time also demonstrated that chrono-chemotherapy
significantly increased the objective response rate (69.57%
versus 45.00%), and reduced the incidence of adverse
reactions (34.78% versus 65.00%) (25). In another study of
palliative chemotherapy with the combination of paclitaxel,
carboplatin, and 5-FU for 49 patients with recurrent
and metastatic oral and oropharyngeal squamous cell
carcinoma, 49 patients were randomized into a chrono-
chemotherapy group and a conventional chemotherapy
group. The intravenous delivery time of paclitaxel,
carboplatin and 5-FU was 03:00-05:00, 16:00-20:00, and
22:00-07:00 next day, respectively. The drug delivery
in conventional chemotherapy group was completed
during normal working hours. The results showed that
the objective response rate of chrono-chemotherapy was
significantly higher than that of conventional chemotherapy
(71.43% versus 42.86%).

Moreover, the overall median survival time was
significantly prolonged (15.3 versus 10.6 months). Also, the
incidence rate of adverse reactions was significantly reduced
(46.43% versus 76.19%), especially the incidence rate of
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grade IIT to IV severe adverse reactions is significantly
reduced (7.14% versus 33.33%) (17). Tsuchiya et al. (26)
compared the adverse reactions of chrono-chemotherapy
and conventional chemotherapy with a combination of
docetaxel, cisplatin, and 5-FU for patients with stage III or
IV OSCC. Docetaxel and cisplatin were delivered at night
(rest phase) in the chrono-chemotherapy group, while
docetaxel and cisplatin were delivered in the morning (active
phase) in the conventional chemotherapy group. The
self-pairing cross design experiment proved that chrono-
chemotherapy significantly reduced the incidence of
adverse reactions. Also, the effect of chrono-chemotherapy
on increasing drug efficacy and reducing adverse drug
reactions has been confirmed in the clinical treatment of
various malignant tumors, such as colorectal cancer, gastric
cancer and lung cancer (6,7,11-15). Therefore, chrono-
chemotherapy is an effective chemotherapy method worth
promoting.

Indications and contraindications for chrono-
chemotherapy for OSCC

Indications

()  Neoadjuvant chemotherapy before surgical resection
and postoperative adjuvant chemotherapy in locally
advanced patients;

(II)  Palliative treatment of metastatic or (and) recurrent
and unresectable OSCC;

(II) Comprehensive therapy of combined radiotherapy,
targeted therapy, and biological therapy.

Contraindications

@ Severe heart failure, liver failure, kidney failure, lung
failure, and other critical organ failures;

(II)  Severe myelosuppression, coagulation disorders,
which are unrecoverable;

(IIT)  Hypertension, diabetes, neuropsychiatric, or immune
system diseases, which are not well controlled,;

(IV)  Pregnant or lactation women;

(V) Those who are allergic to platinum or paclitaxel or
5-FU drugs;

(VI) Eastern Cooperative Oncology Group (ECOG)
physical status scores >3 or Karnofsky (KPS)
behavior status score <70 points;

(VII) Expected survival time <3 months;

(VIII) Other patients who are not suitable for chemotherapy.
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Recommended drug, method and time of drug
delivery by chrono-chemotherapy for OSCC

Recommended drugs and regimens

Drugs used for chrono-chemotherapy for OSCC need to meet
two characteristics. The first is that it has been clinically proven
to be an effective drug for the treatment of OSCC, and the
second is that the drug must have the characteristics of chrono-
pharmacology. Based on the above principles, the expert
group recommended cisplatin (80-120 mg/m’/d), carboplatin
(300-400 mg/m’/d), paclitaxel (135-175 mg/m’/d), docetaxel
(70-75 mg/m’/d) and 5-FU (500-750 mg/m’/d) as chrono-
chemotherapy drugs for OSCC currently. The recommended
combination chemotherapy regimens are: cisplatin + 5-FU
(PF regimen), carboplatin + 5-FU (CF regimen), docetaxel
+ cisplatin + 5-FU (TPF regimen), paclitaxel + cisplatin +
5-FU (PCF regimen). The above regimens can be selected
according to the clinical situation (2). However, TPF or PCF
regimen is preferred for neoadjuvant chemotherapy and
sequential chemotherapy, and PF or CF regimen is preferred
for combined radiotherapy or targeted therapy.

Method of drug delivery

There are two methods of drug delivery of chrono-
chemotherapy currently: constant-rate infusion and sinusoidal
rate infusion. The method of constant-rate infusion is to set
a start time and a completion time during which the drug is
delivered at a constant velocity. A multi-channel programmable
infusion pump is used for sinusoidal flow rate administration
method. Start time and completion time are also set, but in
this specific period, a peak flow rate time point is also set at
the same time. That is, the velocity of drug delivery is sinusoid
gradually increased from the start time, and after reaching
the peak flow time point, the velocity gradually decreases
symmetrically to the completion time. Both methods of drug
delivery can achieve the purpose of chrono-chemotherapy for
OSCC. Therefore, the expert group recommended that either
of the two administration methods can be selected according
to the situation of their medical institutions. However,
sinusoidal rate infusion schedule is more consistent with the
change rule of the circadian rhythm in the body, and it can
accurately control the peak time of the drug. Therefore, it is
recommended first.

The time of drug delivery

The drug delivery time is expressed by the time scale of
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Figure 1 Time and method of sinusoidal curve flow rate method

for drug delivery. 5-FU, 5-fluorouracil.

24 hours per day, and the recommended drug delivery time
for each drug is as follows.

() Platinum drugs include cisplatin and carboplatin,
with the same chronological action mode and
the same delivery time. Constant-rate infusion
schedule: start time is 16:00, and the completed
time is 20:00. Sinusoidal rate infusion schedule:
start time is 10:15, completed time is 21:45, peak
flow time is 16:00 (Figure 1);

(II) Constant-rate infusion schedule for 5-FU: the start
time is 22:00, and the completed time is 07:00 the
next day. Sinusoidal rate infusion schedule: start
time is 22:15, completed time is 09:45 next day, and
peak flow time is 04:00 next day (Figure I);

(III) Paclitaxel includes paclitaxel and docetaxel, with
the same chronological action mode and the same
delivery time. Constant-rate infusion schedule:
start time is 03:00, and the completion time is
05:00. Sinusoidal rate infusion schedule: start time
is 00:00, completed time is 06:00, peak flow time is
03:00 (Figure 1).

Evaluation criteria of efficacy and adverse
reaction of chrono-chemotherapy and the
treatment of adverse reaction

Evaluation criteria of efficacy and adverse reaction

Efficacy evaluation is preferably recommended by
reference to solid tumor efficacy evaluation criteria in
RECIST (V1.1) (27,28); adverse reaction evaluation is
preferably recommended by reference to chemotherapy
adverse reaction severity evaluation criteria in CTCAE

(V4.0) (29).
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Treatment of chrono-chemotherapy adverse reaction

Compared with conventional chemotherapy, chrono-
chemotherapy can significantly reduce the total incidence
of adverse reactions and the incidence of serious adverse
reactions of grade III-IV, especially to the reduction of
blood adverse reactions (leukocytes and neutropenia) and
adverse reactions of the digestive tract (nausea, vomiting,
and oral mucositis), being more significantly. The principle
of treatment of adverse reactions to chrono-chemotherapy
is the same as that of conventional chemotherapy.

At present, the circadian clock and circadian rhythm have
been the research hotspots in life sciences and medicine
(8,9,19), and its research results provide a solid foundation
for chrono-chemotherapy. Meanwhile, the clinical practice
also proves that chrono-chemotherapy for OSCC can
reduce adverse reactions and increase the efficacy of drugs
(16,17,25,26) and value for clinical application. However,
there are still many issues that need further research:
(I) although the current general evidence that chrono-
chemotherapy for OSCC can reduce adverse drug reactions
and increase drug efficacy, there is still a lack of large-scale
randomized multi-center controlled clinical trial data, and
there is also a lack of further stratified analysis data under
the premise of large samples, such as the effects of factors
like gender, age, different stages of the tumor, different
genetic backgrounds and environment on the chrono-
chemotherapeutic effect; (II) due to the different factors,
such as rest-activity phases, living habits, dietary patterns
and work of individuals, will affect the circadian rhythm,
and even in the same individual the circadian rhythm may
change in the different stages of the disease, the circadian
rhythm may change. Therefore, how to accurately measure the
individualized circadian rhythm, and individualized or precise
chrono-chemotherapy according to the different individual
circadian rhythm will be the future development direction. This
consensus will also be revised in time with the development of
chrono-chemotherapy, to guide clinicians to standardize chrono-
chemotherapy for OSCC timely and expertly.
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