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Abstract:

Background: Oral mucositis (OM) is a common and debilitating toxicity in head and neck cancer patients
undergoing radiotherapy (RT). Circadian rhythms influence cell cycle phases, with radiosensitivity varying
across phases. Radiosensitivity is lowest in G1 and highest in G2/M, suggesting that timing of RT may
influence mucosal toxicity. This study aimed to evaluate whether morning RT, coinciding with predominant G1
phase in oral mucosal cells, reduces the incidence and severity of OM compared to afternoon RT.

Methods: In this prospective randomised controlled study, 200 patients with squamous cell carcinoma of the
oral cavity, oropharynx, pharynx, or larynx scheduled for RT with or without chemotherapy were assigned to
receive RT between 8:00-10:00 AM (Arm A) or 4:00-6:00 PM (Arm B). Total doses ranged from 66 to 70 Gy.
The primary endpoint was the incidence of Grade >3 OM using RTOG criteria. Secondary endpoints included
time to onset and duration of OM, weight loss, quality of life (QOL), treatment interruptions, and oncologic
outcomes.

Results: Grade >3 OM occurred in 53% (Arm A) vs. 62% (Arm B) of patients (p = 0.17). In patients receiving
>66 Gy (n = 100), morning RT significantly reduced Grade >3 OM (45.1% vs. 68.3%, p = 0.021) and delayed
onset (7.9 vs. 5.6 weeks, p = 0.034). Among smokers (n = 84), morning RT reduced Grade >3 OM (43% vs.
77%, p = 0.025). Weight recovery plateaued earlier in Arm A, with a significant treatment-by-time interaction
(p = 0.024). Fatigue was significantly lower in Arm A post-treatment (1.5% vs. 9%, p = 0.02). No significant
differences were found in QOL (except early time points), loco-regional control.

Conclusions: Morning RT was associated with reduced severity and delayed onset of OM in patients receiving
higher radiation doses or who smoked, along with improved weight recovery. Although no significant difference
was observed in the overall cohort, these subgroup findings support further investigation of circadian-based RT
timing strategies, particularly in patients at high risk for mucosal toxicity.
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Introduction

Head and neck cancer in India accounts for compared to conventional radiotherapy.

approximately 30% of all cancers. In India, 60—
80% of patients present with advanced disease [1].
Radiotherapy (RT) is an integral part of the
management of head and neck cancer. Almost 75%
of patients require radiotherapy, either in definitive,
adjuvant, or palliative form [2].

The predominant radiotherapy technique used
today is Intensity-Modulated Radiation Therapy
(IMRT), as it results in less severe late toxicities

Sharma et al.

Radiotherapy to the head and neck region causes
acute toxic effects such as oral mucositis (OM),
erythema, pain, difficulty in swallowing, and taste
disturbances [3].

Acute oral mucositis is a major problem in patients
receiving RT for head and neck cancer. Severe OM
and the associated dysphagia can adversely affect
disease control and quality of life (QOL) [4]. OM
progresses from initial erythema to pinpoint
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ulcerations, which may develop into confluent
ulcerations. OM is more severe in patients who
undergo concurrent chemoradiation or altered
fractionation schedules [5].

OM can become very painful and so severe that it
significantly affects oral intake, leading to
clinically relevant weight loss. Interruptions in
cancer therapy caused by severe OM occur in
approximately 10-25% of patients [6], although
rates as high as 47% have been reported.
Psychosocial consequences of severe OM can be
profound, often leading to anxiety and depression
[7]. For these reasons, patients may require
hospitalization and nasogastric tube feeding [8].

Analgesics appear to have limited effectiveness in
managing OM. In clinical practice, benzydamine
with  anti-inflammatory ~ and  antibacterial
properties—is the only agent with proven activity
in preventing radiation-induced OM [9]. Vitamin
supplements, such as vitamins A, C, and E, which
have strong antioxidant properties, have also been
investigated for their potential radioprotective
effects on normal tissues [10].

The purpose of this study was to evaluate the effect
of RT timing, based on the documented circadian
rhythm in cell cycle progression in gastrointestinal
mucosa [11]. The molecular control of the
mammalian circadian timing system has recently
been elucidated. Several core “clock genes” have
been identified, and their interactions through
intracellular  transcriptional and translational
feedback loops have been defined. The rhythmic
expression of clock genes in all organs regulates
metabolic rhythms and gene expression via “clock-
controlled genes.” Several genes that regulate key
transition points in the cell cycle are clock-
controlled, including MYC (GO/G1 transition),
cyclin-D1 (G1/S transition), and WEE1 (G2/M
transition) [12-15].

We had demonstrated rhythmic expression of core
clock genes in human oral mucosa. A significant
circadian rhythm was found for all proteins studied,
with peak expression times as follows: p27 at 6:00
AM (early Gl-phase marker), p53 at 10:50 AM
(late G1-phase marker), cyclin-E at 2:50 PM (S-
phase marker), cyclin-A at 4:00 PM (G2-phase
marker), and cyclin-B1 at 9:10 PM (M-phase
marker). The mean change in the number of cyclin-
A-—positive cells (130% increase, afternoon peak)
suggests that at least twice as many cells are in the
G2/M phase in the afternoon compared to the
morning. Conversely, p27 staining (mean change of
170%, morning peak) suggests that at least twice as
many cells are in the G1 phase in the morning than
in the afternoon.

These findings in human oral mucosa are consistent
with earlier research demonstrating circadian
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rhythms in mitotic activity and DNA synthesis in
the tongue, oesophagus, stomach, duodenum,
jejunum, rectum of mice, and in human rectal
mucosa. Experimental data have also documented
time-dependent variations in normal tissue toxicity
and lethality in animal models following RT [16].

Furthermore, the capacity of radiation to induce
apoptosis in rodent gut mucosa is time dependent.
The highest levels of apoptosis were observed
during the late activity phase, coinciding with the
G2/M phase in most target cells. In contrast, the
lowest levels occurred in the early activity phase,
when most target cells were in the G1 phase.
Although RT did cause a therapy-time—dependent
M-phase delay, the daily timing of the peak mitotic
index in mouse corneal epithelium was not
disrupted. Studies of synchronously dividing
cultured cells have shown that radiosensitivity is
highest during the G2 and M phases, lowest during
the late S phase, with intermediate sensitivity in
between [17].

Based on these data from rodent models and our
own findings on circadian cell cycle rhythms in
healthy oral mucosa [18], we hypothesize that RT
administered in the morning (when most cells in
the G1 phase) would be associated with less
mucositis compared to RT given in the late
afternoon (when most cells are in the G2/M phase).

Methods and Materials

A total of 200 patients with histologically proven
squamous cell carcinoma of the oral cavity,
oropharynx, pharynx, or larynx were included in
the study. Eligible patients were received
definitive radiotherapy (RT) by IMRT technique
with or without chemotherapy with an Eastern
Cooperative Oncology Group (ECOQG)
performance status of 0-2, and adequate organ
function (haemoglobin >10 gm%, granulocytes
>1.5 x 10°/L, platelets >100 x 10%/L).

Exclusion Criteria included shift workers; patients
who had received previous RT or cytotoxic therapy
within the last 6 months; and those with connective
tissue disease or human immunodeficiency virus
infection (due to increased sensitivity to RT).
Ethical approval and informed consent were
obtained as per institutional protocols.

Patients were randomized into two arms:

e Arm A: RT in a single daily fraction, Monday
to Friday, between 8:00-10:00 AM.

e Arm B: RT in a single daily fraction, Monday
to Friday, between 4:00-6:00 PM.

The total planned RT doses was 66 Gy in 33
fractions, or 70 Gy in 35 fractions. Prior to
randomization,  patients  underwent  dental
assessment, and prophylactic extractions were
performed as necessary.
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Patients were instructed to rinse their mouths every
2 hours with a dilute sodium bicarbonate solution.
In cases of Grade 2 mucositis, benzydamine gargle,
nonsteroidal  anti-inflammatory  drugs  were
permitted; however, steroid-containing mouthwash
was prohibited. Oral candidiasis was managed with
oral clotrimazole. Documented infections were
treated with antibiotics. For painful oral
ulcerations, Xylocaine gel or Xylocaine viscous
was permitted.

Evaluations before and during RT: Prior to
starting RT and weekly thereafter, the following
assessments were performed: weight measurement,
ECOG performance status, Radiation Therapy
Oncology Group (RTOG) mucositis score,
mucositis scores from a validated mucositis scoring
system [19], quality-of-life (QOL) score using a
head-and-neck RT questionnaire (HNRQ), and a
smoking and alcohol questionnaire [20-21]. The
HNRQ was selected for its relevance in assessing
head-and-neck RT outcomes and includes six
domains—oral, skin, throat, energy, psychosocial,
and digestive—where higher scores indicate worse
QOL and greater symptom burden.

Post-RT evaluations: After completing RT,
patients were evaluated weekly until mucositis
peaked, then every 2 weeks until mucositis
resolved to <Grade 2. The RTOG mucositis score,
validated mucositis scoring system [19], and
HNRQ were used at each assessment [20-21]. The
HNRQ was also administered at every follow-up
visit until 24 weeks post-treatment. Weight, ECOG
performance status, and non-mucositis toxicities
were assessed at 2-3, 6-8, 12, and 24 weeks after
the last radiation dose.

Statistical Analysis: The primary endpoint was the
incidence of Grade 3 or greater RTOG oral
mucositis, defined as the proportion of patients
experiencing at least one episode during or after
RT. Comparisons between treatment arms were
adjusted for smoking status and planned RT dose.

On reviewing prior literature, data from 1,358
patients across 17 randomized trials with
comparable RT schedules were identified. In these
studies, grade >3 oral mucositis (RTOG or
equivalent) occurred in 416 patients (30.6%). We
hypothesized that late-afternoon RT would be
associated with higher mucositis rates than morning
RT, assuming a 35% incidence with afternoon RT.
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We further hypothesized a 50% relative reduction
(35% to 17.5%) with morning RT.

Based on this, a sample size of 200 patients was
calculated to provide 80% power to detect the
difference at a two-sided 0.05 significance level,
accounting for a potential 5% withdrawal rate.

Secondary endpoints included:

1. Time from first RT session to development of
Grade >2 mucositis (adjusted for smoking
status and planned RT dose).

2. Duration of each mucositis grade (time from
onset to change in grade).

3. Proportion of patients with treatment days lost
due to toxicity.

4. Incidence of other acute and late toxicities
(compared using Fisher’s exact test).

5. QOL changes, with a 0.5-point difference
considered clinically significant.

6. Weight loss during and after treatment.

For the validated mucositis scoring system [19], the
following were calculated at each assessment point:
extent of severe mucositis score, mean mucositis
score, weighted mean mucositis score, and worst
site score. Final values for each score were
computed as the average of the three highest values
per patient. The Wilcoxon test was used to compare
scores between arms. All p-values were two-sided.

Results

A total of 200 patients were enrolled between
January 2023 and December 2023. Pre-treatment
evaluations were performed before initiation of RT
(Table 1). Patients were stratified into two arms (A
and B) of 100 patients each.

Treatment compliance was comparable between the
arms. The proportion of patients completing the full
course of RT was 92.3% in Arm A and 95.1% in
Arm B, while the proportion receiving the intended
radiation dose was 80.7% and 78.5%, respectively.
Table 2 summarizes compliance with allocated RT
timing and the use of supportive measures.
Deviations from assigned treatment times were
minimal, with 40-50% of patients receiving one or
two sessions within <1 hour outside the allocated
time. Nutritional methods and supplementation
were similar in both arms. The prevalence of
smoking (43% vs. 42%) and alcohol consumption
(28% vs. 26.5%) was also similar.
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Table 1: Pre-treatment characteristics

Variables ArmA ArmB Total
Smoking status
Smoker 43 42 85
Non smoker 57 58 115
Gender:
Male 85 87 172
Female 15 13 28
Age: 04 03 07
<40 24 15 39
41-50 38 30 68
51-60 20 31 51
61-70 14 21 35
>71
Weight (kg): 20 19 39
<40 46 48 94
41-50 26 22 48
51-60 06 09 15
61-70 02 02 04
>70
ECOG status:
0 35 39 74
1 59 53 112
2 06 07 13
Disease site: 20 18 38
Oral cavity 34 38 72
Oropharynx 29 27 56
Hypopharynx 14 16 30
Larynx 01 00 01
Nasopharynx 02 01 03
Unknown primary
Target dose (Gy)/ fractions:
66/33 58 54 112
70/35 42 46 88
TNM stage: Tx 02 01 03
T1 11 16 27
T2 24 25 49
T3 39 29 68
T4 24 29 56
NO 04 05 09
N1 28 18 46
N2a 24 19 43
N2b 19 24 43
N2c 23 31 54
N3 02 03 05
Table 2: Treatment compliance and supportive care:
Variable Arm A (n=100) Arm B (n=100)
RT timing:
All fractions within allocated time 42 53
>1 session outside allocated time 58 47
1 outside 42 26
2 outside 16 21
At least once with < 1h outside 34 30
At least once with 1 -2h outside 11 08
At least once with 2-3h outside 05 04
At least once with >3h outside 08 05
Sharma et al. International Journal of Current Pharmaceutical Review and Research
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Method of nutritional intake during week 1-4: 63 54
Oral 30 37
Intravenous Tube feeding Others 07 09

00 00
Method of nutritional intake during week 5-8: 83 78
Oral 13 17
Intravenous 04 05
Tube feeding Others 00 00

Toxicity-related endpoints are summarized in
Table 3. Among the 200 patients evaluable for
toxicity, 53 patients (53%) in Arm A and 62
patients (62%) in Arm B experienced at least one
episode of Grade >3 RTOG mucositis (p = 0.17).
No significant difference was observed between
arms in the time to onset of Grade >2 mucositis or
in the duration of Grade 2 or Grade 3 mucositis.
Additionally, there was no statistically significant
difference between arms for any of the four
mucositis scores derived from the validated
mucositis scoring system [19].

In the subgroup of 100 patients receiving a
radiation dose of >66 Gy (30 patients receiving 66
Gy in 33 fractions and 70 patients receiving 70 Gy
in 35 fractions), morning RT was associated with a
significantly lower incidence of Grade >3 mucositis
(45.1%) compared with afternoon RT (68.3%, p =
0.021). The median time to development of Grade
>3 mucositis was also significantly longer with
morning RT (>7.9 weeks) than with afternoon RT
(5.6 weeks, p = 0.034).

In a subgroup of 84 patients who smoked during
therapy, morning RT significantly reduced the
incidence of Grade >3 mucositis (43%) compared
with afternoon RT (77%, p = 0.025).

For other Grade >3 acute toxicities, the difference
between arms was 8% for dysphagia during
treatment (8.5% in Arm A vs. 16.1% in Arm B, p =
0.10) and 7.5% for fatigue after treatment (1.5% in
Arm Avs. 9% in Arm B, p = 0.02).

Treatment interruptions due to toxicity were
recorded in 3 patients (3.0%) in Arm A and 8
patients (8.0%) in Arm B.

Weight changes are shown in Figure 1. Both arms
exhibited similar weight loss during the first 5
months; however, patients in the afternoon RT arm
continued to lose weight beyond 5 months, while
those in the morning RT arm reached a plateau.
The interaction between treatment arm and time
from therapy initiation was statistically significant
(p = 0.024).

QOL compliance was high, with rates of 96% at
baseline and >91% at all subsequent time points,
except for Week 4 of treatment (81%). Afternoon
RT was associated with significantly worse mean
QOL scores only at Week 1 in the oral domain (p =
0.043) and Week 2 in the throat domain (p =
0.020). No significant overall difference in QOL
was found between arms.

Table 3: Comparison of oral mucositis toxicity scores between two treatment arms:

Endpoint Arm A (n=100) Arm B(n=100)
Mucositis by RTOG criteria Grade> 3 53 62

Median interval to mucositis development

(wk.)

Grade 2 2.2 2.6

Grade > 3 >7.9 5.6

Median duration of mucositis (wk.)

Grade 2 2 2.2

Grade 3 3 35

Grade 4 5.1 2.8

Extent of severe mucositis score 2 2.3

Mean mucositis score 1.3 14

Weighted mean mucositis score 0.9 1

Worst site score 2.1 2.18
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Figure 1: Average body weights plotted against interval after starting radiotherapy for all patients in the
both arms

Discussion

In this study, we analysed whether morning
radiotherapy (RT) would be associated with less
oral mucositis (OM) compared to afternoon RT.
The reduction in the incidence of RTOG Grade >3
mucositis from 62% with afternoon RT to 53%
with morning RT was not statistically significant.
Similarly, there was no significant difference
between the two arms in the four scores derived
from the validated mucositis scoring system.
However, weight loss—an important functional
sequela of RT—showed a statistically significant
difference between the two arms (p = 0.025) (Fig.
1). Patients receiving morning RT reached a
plateau in weight loss at 5 months, whereas those
receiving afternoon RT continued to lose weight.
Weight loss and associated micronutrient
deficiencies have been shown to be important
prognostic factors.

In Arm A (morning RT), early recovery in weight
was likely due to less dysphagia, earlier recovery of
taste, and reduced hypersensitivity. No significant
difference was found in locoregional recurrence or
survival between the arms. This finding is
theoretically important, as protecting the oral
mucosa through optimal RT timing may also
protect the tumor.

The interval to the development of Grade >3
mucositis was significantly longer in the morning
RT group (median > 7.9 weeks vs. 5.6 weeks).
Among 48 patients who smoked during therapy,
morning RT was associated with a significant
reduction in Grade >3 mucositis (43% vs. 75%).
Smoking is known to worsen RT-associated
mucositis [20-21]. These subgroup analyses
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suggest that the reduction in OM with morning RT
may be greatest in patients receiving higher
radiation doses or in those exposed to mucosal-
sensitizing agents such as smoking or
chemotherapy.

The main limitation of this study was the failure to
demonstrate a statistically significant difference in
severe mucositis between morning and afternoon
RT in the overall cohort, except in specific
subgroups. Several factors may explain this. First,
the evaluation of mucositis was subjective, and the
radiation oncologists performing the assessments
were aware of the treatment arm. Although efforts
were made to standardize reporting using a
validated scoring system [19], this system had been
validated in a different patient cohort—most of
whom  also  received  chemotherapy—and
assessments were conducted more frequently than
in our study. Furthermore, formal evaluator
training, which has been shown to improve scoring
reliability [22], was not implemented.

Second, the separation of treatment times between
arms may have been too narrow to fully capture
differences in mucosal cell cycle phases. Treating
patients before 8 AM or after 6 PM was not
feasible in our government hospital setting, and
may not be clinically relevant.

Finally, recent data on whole-genome RNA
expression patterns in human oral mucosa revealed
significant gender-specific circadian rhythms for
hundreds of genes involved in multiple pathways,
including the cell cycle. This suggests that the
optimal RT timing to reduce mucositis might differ
between males and females. The cell cycle timing
data that formed the basis for this study were
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obtained from both male and female volunteers
[11-18].

Conclusion

This study demonstrates that morning RT is
associated with significant improvements in weight
loss outcomes and an apparent reduction in oral

mucositis.  The

findings  support  further

investigation into RT timing in patients receiving
chemoradiation or targeted therapy for head-and-
neck cancer, as well as in other malignancies where
gastrointestinal mucosal toxicity is dose-limiting.

Established circadian

rhythms in cell cycle

progression should be considered in the design of
future radiobiological studies.
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