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Abstract. The radiation response of cervical cancer is thought 
to be enhanced by the levels of melatonin due to its roles in the 
circadian cycle and cancer growth. In the present study, the 
roles of circadian rhythms and melatonin levels as prognostic 
factors for predicting the radiation response in patients with 
cervical cancer were examined. In this nested case‑control 
study, patients with good and poor responses to radiotherapy 
were assessed in terms of the time‑of‑day radiation treatment 
was administered and further influencing factors. The radiation 
time was determined, as the subjects were either irradiated in 
the morning (06.00‑10.00 am) or afternoon (04.00‑06.00 pm). 
Data on tumour size and other biological parameters were 
collected and analysed by binary logistic regression. Among 
the 56 patients examined, most subjects had good radiation 
responses. Most patients were <50 years old with an initial 
body weight of >50 kg, no pain prior to radiation, low eryth‑
rocyte sedimentation rates, normal intravenous urography 
results, moderate or good differentiation on pathology and 
histo‑pathologically non‑keratinised cells. According to the 
multivariate analysis, the irradiation time as a surrogate of 
the circadian cycle (morning vs. afternoon), the initial haemo‑
globin (Hb) level and the clinical tumour size were significant 
predictors of the radiation response. The circadian cycle, 

tumour size and Hb levels may affect the radiation response in 
patients with cervical cancer. In addition, the morning group 
had better 5‑year overall survival, but it was not significant, 
possibly due to the small cohort size. Further research is 
required to identify more relevant prognostic factors using 
different radiotherapy techniques [National Clinical Trial 
(NCT) no. NCT05511740, registration date, 08/20/2022].

Introduction

Cervical cancer is a global malignancy burden among females; 
it ranks 4th in both incidence and mortality worldwide based 
on GLOBOCAN 2020 (1). It is estimated that lower‑to‑middle 
income countries account for ~84‑90% of the global cervical 
cancer cases (2). Particularly in Indonesia, cervical cancer is 
the second most common and the second deadliest malig‑
nancy reported (1). It was also noted that the incidence rate 
of cervical cancer in Indonesia rose by ~17% between 1990 
to 2017; however, the death rate remains relatively similar (3). 
Increased efforts are required to improve the treatment of 
cervical cancer.

Radiotherapy has an essential role in the treatment of 
cervical cancer. Concurrent chemoradiotherapy may yield a 
5‑year overall survival rate of almost 70% for locally advanced 
cervical cancer (4). In comparison with radiotherapy alone, 
chemoradiotherapy also leads to a significant 6% improvement 
in 5‑year‑survival (5). Adjuvant radiotherapy may decrease 
disease recurrence with a relative risk of 0.53 compared to 
no treatment. Although chemoradiation is the mainstay treat‑
ment for locally advanced cervical cancer, the results of this 
treatment modality remain unsatisfactory. 

Based on radiobiology, the effect of radiation increases if 
the cell is in the radiosensitive phase when exposure is given. 
Radiotherapy failure occurs when the proportion of radiore‑
sistant cells is more significant, so that tumour proliferation 
cannot be prevented.
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It is critical to remember that cancer cells are most sensitive 
to radiation during the G2/M phase of the cell cycle. However, 
clinical identification and assessment of cell kinetics to obtain 
the timing of G2/M phases are difficult and impractical (6). A 
previous study by our group examined the DNA content using 
flow cytometry to assess the proportion of G2/M and S phases 
and to analyse whether the proportion of sensitive phases had 
a circadian pattern (7). However, the study was not able to 
provide objective results due to the limited number of samples.

It is worthwhile to explore factors affecting radiotherapy 
and cellular kinetics, which may potentially increase radio‑
sensitivity in cervical cancer. The circadian rhythm and the 
melatonin concentration are two such factors, which happen 
to be interrelated. The circadian cycle is a biorhythmic daily 
period in various body systems, featuring a specific, intricate, 
harmonious pattern. The circadian and cell cycles are two 
critical systems initially considered separate, but several 
studies have proven a close relationship between them (8‑14). 

Furthermore, melatonin protects cells against the side 
effects of radiation because it is a scavenger of OH‑containing 
molecules (15). However, it has remained elusive whether the 
circadian rhythm and the level of melatonin may clinically 
affect the radiation response.

The current standard conventional radiation therapy 
guideline does not specify the timing for radiation treatment 
(morning, afternoon or evening) and there is no adjustment 
or preference for the timing of radiation among individual 
patients. Differences in response to radiation are expected 
in patients with cervical cancer between the morning and 
afternoon radiation groups due to the circadian rhythm 
and melatonin levels. 

In the present study, it was hypothesised that the circadian 
cycle influences tumour radiosensitivity, including that of 
cervical cancer. A previous study by our group indicated that 
the melatonin concentration in patients with cervical cancer 
was significantly different when measured in the morning and 
in the afternoon (7). Based on these initial findings, a further 
study was performed and patients with cervical cancer were 
allocated into two groups: Patients who were irradiated in the 
morning and those irradiated in the afternoon. The pre‑treat‑
ment melatonin concentration in the blood was measured 
exactly prior to irradiation to closely represent the melatonin 
concentration in the two groups. 

The present study tested the hypothesis that a difference in 
radiation sensitivity of cervical cancer is present, depending 
on the time of day within 24 h. Based on previous findings, 
a study was designed to examine the effect of radiation 
administration at two different times in the circadian pattern 
on tumour response. The melatonin levels in each subject in 
the two groups were checked immediately prior to radiation 
to determine the melatonin levels corresponding to the time 
of radiation administration. Melatonin levels were examined 
three times in the irradiation period from the beginning of 
external radiation until the end of brachytherapy. It included 
the time‑points prior to the initial irradiation, in the middle 
of the radiation period (at the 15‑20th fraction) and after 
brachytherapy (7).

A case‑control study was herein performed following on 
from the previous research, aiming to enhance the significance 
of the results and evaluate the 5‑year survival rate. The present 

study aimed to identify prognostic factors, including the circa‑
dian cycle and melatonin levels, which may affect the response 
to radiation in patients with cervical cancer.

Patients and methods

Study population. The present study was conducted at the 
Radiotherapy Department at Cipto Mangunkusumo Hospital 
(Jakarta, Indonesia) in cooperation with the Department of 
Obstetrics and Gynaecology of the Faculty of Medicine, 
Universitas Indonesia‑Cipto Mangunkusumo Hospital 
(Jakarta, Indonesia). The subjects were initially enrolled in 
this study between March 2012 and August 2014. The target 
population included patients with International Federation of 
Gynaecology and Obstetrics (FIGO) stage IIB‑IIIB cervical 
cancer who received no previous treatment and had histopath‑
ologically confirmed squamous cell carcinoma. Patients with 
recurrent cancer, HIV‑positive status, and chronic diseases, 
including diabetes mellitus and hypertension, were excluded. 
Subjects were patients who completed regular standard radio‑
therapy treatment either in the morning (06.00‑10.00 am) or 
the afternoon (04.00‑06.00 pm). According to World Health 
Organization tumour response criteria (16), the subjects were 
classified based on post‑radiotherapy tumour response into 
subjects with a good response (complete and near‑complete 
response/<1 cm) and poor response (partial response, 
progressive disease or stable disease). Poor response cases 
were assigned to the case group. The remaining patients 
with complete melatonin data were randomized into the 
control group. To ensure good statistical power in the study, 
a ratio of 1:3 between the case and control groups was used 
(Fig. 1) (17,18). All other possible confounding variables were 
denoted and included in the analysis.

The patients included were aged 25‑70 years with a 
Karnofsky Performance Status >70, haemoglobin (Hb) levels 
>10 g/dl and had provided written informed consent to partici‑
pate in the study. The standard treatment in this study was 
radiation alone or combined with chemotherapy. Radiotherapy 
was administered based on the protocol adopted by our 
department, which was five times a week (25x2 Gy) followed 
by intracavitary brachytherapy (3x7 Gy) once a week for three 
weeks. The decision to add chemotherapy or not was at the 
clinician's discretion. Patients were excluded if they did not 
complete at least a regular irradiation schedule comprising 
20 sessions of external beam radiation therapy and two 
sessions of brachytherapy or if the patients received <25 frac‑
tions of the radiotherapy regimen. The response to radiation in 
the present study was assessed four weeks after the completion 
of brachytherapy. Blood samples for melatonin workup were 
taken in the morning or afternoon based on irradiation time. 
Melatonin was measured by ELISA using a melatonin kit (cat. 
no. IBL‑RE54021; IBL International GmbH) and peripheral 
blood specimens were obtained before the start of the first 
session of radiotherapy (19).

Other variables investigated that may contribute to treat‑
ment response included age, time of radiotherapy, overall 
treatment time, Hb level, pathological findings, and initial 
clinical tumour size. Time of radiation was defined as when 
the external irradiation or brachytherapy was performed; each 
patient had been randomly assigned for irradiation treatment 
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at 6‑10 am for the morning group or at 4‑6 pm for the after‑
noon group. The treatment was stationary and treatment time 
was according to the hospital's schedule. The time windows 
for the morning and afternoon groups were set according to 
the common melatonin level curve in the body. The overall 
treatment time was defined as the days between the first 
irradiation and the completion of brachytherapy. The Hb level 
was measured immediately before the initial irradiation treat‑
ment by using the standard Hb‑cyanide spectrophotometric 
method at the Department of Clinical Pathology, Dr Cipto 
Mangunkusumo Hospital (Jakarta, Indonesia) and patients 
were divided into normal Hb (>10 g/dl) and low Hb (≤10 g/dl) 
groups. The pathologists performed a histopathological exam‑
ination based on cell differentiation and keratinisation. The 
initial clinical tumour size was recorded at a gynaecological 
examination of the local tumour measuring the clinical tumour 
volume in the anteroposterior, latero‑lateral and craniocaudal 
aspects in centimetres at the initial visit. Other variables, 
including age, the combination of chemotherapy, body weight, 
blood transfusion, erythrocyte sedimentation rate and intrave‑
nous pyelography results, were collected from medical records.

Statistical analysis. The statistical analysis was performed 
using SPSS version 20.0 software (IBM Corporation). The 
relationship between potential prognostic factors and tumour 
response after irradiation was investigated by performing 
a univariate analysis using the χ2 test or Fisher's exact test. 
P<0.05 was considered to indicate statistical significance. In 
the univariate analysis, variables with P<0.25 were deemed 
suitable and included for multivariate analysis using binary 
logistic regression and Nagelkerke's R2 to identify the prog‑
nostic factors for radiation responses in patients with cervical 
cancer. Multicollinearity was assessed by correlation matrix. 
Kaplan‑Meier curves were drawn, and log‑rank tests were 
used to determine the 5‑year survival rate.

Results

Characteristics of subjects in the two groups. The complete 
medical records of 71 patients with cervical cancer were 

collected between March 2012 and August 2014 in Dr Cipto 
Mangunkusumo Hospital (Jakarta, Indonesia). Most patients 
were <50 years old; 57.1% had poor response and 64.3% with 
good response. From the 71 patients, the proportion of subjects 
in each group was adjusted using a 1:3 ratio of cases/controls. 
A total of 14 patients with poor response were included in 
the case group, while the control group consisted of 42 of 
57 patients with good response who were randomly selected 
from the control group. The clinical and laboratory data of the 
patients, including age, initial weight and the presence of pain, 
are presented in Table I. The tumour size was significantly 
related to the tumour response after irradiation (P=0.002).

A comparison between clinical tumour size and stage 
is included in Table II. Most patients were categorized into 
the stage III group, as they came for treatment after their 
symptoms developed into a more advanced stage. The patients 
with stage II and stage III were equally distributed based on 
clinical tumour sizes, as cervical cancer staging is determined 
by tumour size and parametrium invasion; thus, tumour size 
alone is insufficient to determine stages. 

In addition, the comparison of tumour responses according 
to melatonin levels between the subjects irradiated in the 
morning and the afternoon was presented in Table III. The 
results suggested that the influence of melatonin levels on 
the tumour response in both groups was insignificant.

Potential factors affecting the radiation response. Univariate 
analysis was performed to identify variables significantly 
predictive of the response to radiation. As indicated in 
Table IV, tumour size (P=0.002) and transfusion during radia‑
tion (P=0.004) were significantly associated with the response 
to radiation. Other predictive variables significantly related 
to tumour response were the time of radiation (P=0.045) and 
post‑treatment body weight (P=0.027).

Time of radiation affects the radiation response. According 
to the multivariate analysis, radiation time in the morning 
[adjusted odds ratio (OR)=8.70, 95% CI=1.25‑60.73, P=0.023], 
normal initial Hb level (OR=13.53, 95% CI=1.38‑132.25, 
P=0.017) and small clinical tumour size (OR=8.85, 95% 
CI=1.45‑54.16, P=0.039) were associated with a significantly 
better tumour response to treatment at 4 weeks after brachy‑
therapy. (Table V). The results of the multivariate analysis 
were based on this model with the Hosmer Lemeshow test 
(P=0.803), and Nagelkerke's R2 value was 0.441. It was 
revealed that the model was a good fit with 44.1% variability 
observed in the target variable. There were no multicol‑
linearity assumptions among the independent variables based 
on the correlation matrix.

Relationship between time of radiation and 5‑year overall 
survival. A total of 56 patients were included in the survival 
analysis. Among the subjects, three patients were lost to 
follow‑up. The median follow‑up duration was 11 months 
(interquartile range, 2.0‑24.0 months). During the 5‑year 
follow‑up period, 25 subjects died. Based on the Kaplan‑Meier 
curves (Fig. 2), the median survival time of the subjects irra‑
diated in the morning was 24 months (95% CI: 6.30‑41.70); 
meanwhile, the median survival time of the subjects irradiated 
in the afternoon was 20 months (95% CI: 0.00‑44.06; P=0.121). 

Figure 1. Flow chart of patient enrolment and grouping.
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In the Kaplan‑Meier curves, there was a trend of irradiation 
in the morning being associated with increased survival, but 
overall, the difference was not significant.

Discussion

The present study aimed to prove the role of the circadian 
cycle in the treatment of cervical cancer by examining the 
effects of different timing of administering radiation therapy. 

Radiotherapy administered in the morning achieved a better 
tumour size reduction than radiotherapy administered in the 
afternoon. However, there was no significant difference in 
survival results between morning and afternoon radiation. 

Table I. Subject characteristics (percentage based on column).

 Radiation response
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable Poor (n=14) Good (n=42) P‑value

Age, years   0.633a

  ≤50 8 (57.1) 27 (64.3) 
  >50 6 (42.9) 15 (35.7) 
Initial body weight, kg   0.106b

  ≤50 2 (14.3) 17 (40.5) 
  >50 12 (85.7) 25 (59.5) 
Pain   0.518b

  No 8 (57.1) 29 (69.0) 
  Yes 6 (42.9) 13 (31.0) 
Clinical tumour size, cm3   0.002a

  ≤40 (small) 2 (14.3) 26 (61.9) 
  >40 (large) 12 (85.7) 16 (38.1) 
Initial Hb level (g/dl)   0.058b

  >10  10 (71.4) 39 (92.9) 
  ≤10 4 (28.6) 3 (7.1) 
ESR   0.097b

  ≤40  10 (71.4) 38 (90.5) 
  >40  4 (28.6) 4 (9.5) 
Pathological differentiation   0.119b

  Moderate/well 9 (64.3) 36 (85.7) 
  Poor/moderate 5 (35.7) 6 (14.3) 
Pathological keratinisation   1.000b

  No 13 (92.9) 39 (92.9) 
  Yes 1 (7.1) 3 (7.1) 

aChi‑squared test; bFisher's exact test. Values are expressed as n (%). Hb, haemoglobin; ESR, erythrocyte sedimentation rate; IVP, intravenous 
pyelogram.

Table II. Association between tumor size and stage.

 Small tumor, Large tumor,
Stage ≤40 cm3 (n=28)  >40 cm3 (n=28)

Undefined 2 (7.1) 0 (0)
II 6 (21.4) 5 (17.9)
III 20 (71.4) 23 (82.1)

Values are expressed as n (%).

Table III. Relationship between melatonin levels and tumour 
response.

Group/melatonin Good Poor
levels, pg/ml response response P‑value

Morning   0.298
  ≤13 (low) 10 (66.7) 5 (33.3) 
  >13 (high) 10 (83.3) 2 (16.7) 
Afternoon   0.223
  ≤13 (low) 7 (63.6) 4 (36.4) 
  >13 (high) 15 (83.3) 3 (4.3) 

Values are expressed as n (%). Fisher's exact test was used to calcu‑
late P‑values.
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This may be worth further investigating. The initial response 
in the cohort of the present study is certainly more represen‑
tative of factors directly related to radiosensitivity, whereas 
survival may be influenced by numerous confounding factors, 
including disease severity, metastatic process, immune 
response, and side effects of treatment.

It has been proven that the difference in expression 
of genes between morning and afternoon is regulated 

by several CLOCK genes that work in accordance with 
circadian rhythms (20). The concept of circadian‑related 
radiotherapy aims to deliver radiation with maximum 
synergy with the radiosensitive atmosphere provided by 
the time system from the ‘internal’ body clock and the 
world clock. In a study using zebrafish, Peyric et al (21) 
demonstrated cell cycle regulation by the circadian clock. 
The M phase of the cell cycle occurs rhythmically and 

Table IV. Prognostic factors affecting the radiation response of patients (n=56) four weeks after brachytherapy.

 Clinical response
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable Good (n=42) Poor (n=14) P‑value

Time of radiation   0.045a

  Morning 25 (59.5) 4 (28.6) 
  Afternoon 17 (40.5) 10 (71.4) 
Chemotherapy   0.356b

  Yes 23 (54.8) 11 (78.6) 
  No 19 (45.2) 3 (21.4) 
Pathological keratinisation   1.000b

  Yes 3 (7.1) 1 (7.1) 
  No 39 (92.9) 13 (92.9) 
Differentiation status   0.119b

  Moderate/well 36 (85.7) 9 (64.3) 
  Poor/moderate 6 (14.3) 5 (35.7) 
Body weight after treatment, kg   0.027a

  >50 22 (52.4) 12 (85.7) 
  ≤50 20 (47.6) 2 (14.3) 
Reduction of body weight >5 kg   0.089a

  No 23 (54.8) 4 (28.6) 
  Yes 19 (45.2) 10 (71.4) 
IVP   0.070a

  Normal 26 (89.7) 19 (70.4) 
  Abnormal 3 (10.3) 8 (29.6) 
Reduction of Hb   0.310a

  No 10 (34.5) 6 (22.2) 
  Yes 19 (65.5) 21 (77.8) 
Pre‑radiation blood transfusion   0.080a

  No 29 (69.0) 6 (42.9) 
  Yes 13 (31.0) 8 (57.1) 
Blood transfusion during radiation   0.004a

  No 30 (71.4) 4 (28.6) 
  Yes 12 (28.6) 10 (71.4) 
Alignment with radiation time   1.000b

  Yes 36 (85.7) 12 (85.7) 
  No 6 (14.3) 2 (14.3) 
OTT   1.751b

  On‑time 29 (69.0) 9 (64.3) 
  Not on time 13 (31) 5 (35.7) 

aChi‑squared test; bFisher's exact test. Values are expressed as n (%). Hb, haemoglobin; ESR, erythrocyte sedimentation rate; IVP, intravenous 
pyelogram; OTT, overall treatment time.
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under circadian control (21). This may explain the better 
radiation response in the morning, as the probability of 
cancer cell death is higher when cells are in the G2M phase. 
Bjarnason et al (8) reported that mucous cells and human 
skin cells mainly divide in the evening between 6:00 pm 
to 12:00 am. Furthermore, three different studies by 
Klevec et al (22), Lakatua et al (23) and Smaaland et al (24) 
indicated that tumour‑cell division occurs at an opposite 
time to that of healthy cell division. Based on these results, 
it may be assumed that cancer cells are more likely to be 
in the radiosensitive G2/M phase between 6:00 pm and 
12:00 am, whereas normal cell proliferation occurs in the 
afternoon. This circadian pattern is evident in the melatonin 
hormone levels (22‑24).

The levels of melatonin produced by the pineal gland 
depend on the circadian patterns: Gradually increasing 
from ~08.00 pm, reaching a peak at 03.00 am, gradually 
decreasing until 11.00 am, and reaching their lowest levels 
between 11.00 am and 08.00 pm (25‑29). Certain studies 
revealed the different roles, functions and potential activities 

of melatonin, including its utility as a circadian biomarker, 
function in cancer development associated with circadian 
disruption (30,31), antioxidant activity and inhibition of 
cancer growth (15,32,33).

Prior studies reported the role and function of melatonin 
in cancer in the absence of radiation; to the best of our knowl‑
edge, no study has examined the effects of melatonin levels 
and the timing of radiotherapy (morning vs. afternoon) on 
the radiation response. Vijayalaxmi et al (33) suspected a role 
of pineal gland products in cancer development, particularly 
melatonin, which inhibited carcinogenesis in an in vitro study 
using MCF‑7 breast cancer cells. This hormone was specifi‑
cally demonstrated to increase the number of apoptotic cells 
and inhibit metastasis (34). The cancer‑inhibiting effects of 
melatonin are influenced by various factors, including the 
melatonin concentration in culture media, the pattern of mela‑
tonin administration, the oestrogen receptor status (35,36), 
growth hormone levels in culture media and the rate of cell 
proliferation (35). Melatonin inhibits tumour transduction 
signals and the metabolic activity of cancer cells through MT1 

Figure 2. Kaplan‑Meier survival curve of patients according to time of day of irradiation treatment (morning vs. afternoon). Cum, cumulative.

Table V. Factors affecting the tumour response after irradiation (n=56).

 Clinical response
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable Good (n=42) Poor (n=14) Adj. OR 95% CI

Radiation time, morning vs. afternoon 25 (59.5) 4 (28.6) 8.70 (1.25‑60.73)
Initial clinical tumour size, <40 cm3 (small) 26 (61.9) 2 (14.3) 8.85 (1.45‑54.16)
Initial Hb level, >10 g/dl (normal) 39 (92.9) 10 (71.4) 13.52 (1.38‑132.25)

Values are expressed as n (%). Nagelkerke‑R2=0.441; Hosmer Lemeshow test P=0.803. Adj. OR, adjusted odds ratio; CI, confidence interval; 
Hb, haemoglobin.
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receptor activity. Even though melatonin levels were noted 
to be higher in the morning compared to the afternoon, the 
present study does not sufficiently prove the effect of melatonin 
on the treatment response. This may be due to the difference 
in the concentration of melatonin among individuals, and thus, 
cut‑off values for high or low concentrations of melatonin 
should be individualised. Such a study design may be able to 
negate factors with a low influence. The present study has not 
been able to provide sufficiently objective results due to the 
limited number of samples.

The present study illustrated that Hb levels affect the 
radiation response, in line with prior findings that anaemia and 
decreased Hb levels are prognostic indicators (7). Decreased 
Hb levels result in hypoxia, making cancer cells resistant to 
radiation. Oxygen increases radiosensitivity through direct 
and indirect effects; it is generally known that oxygenation 
increases the sensitivity of cells to radiation (6).

The tumour volume is an essential factor influencing the 
success of cervical cancer treatment. Lee et al (37) assessed the 
outcomes of 75 patients with stage IIB cervical cancer treated 
with chemoradiotherapy using MRI and overall survival was 
strongly related to the tumour volume. Specifically, the 5‑year 
overall survival of patients with tumour volumes of 2.5‑10, 
10‑50 and >50 ml were 75, 70 and 48%, respectively (38). 
This is consistent with the results of the present study that a 
smaller tumour size increases the success of therapy. However, 
the present study analysed the tumour size only, which was 
insufficient to determine the stage of cervical cancer.

In the present study, the tumour response was measured 
after 20‑25 fractions of radiation, immediately after radia‑
tion and 2‑4 weeks after radiation. This is in line with the 
time‑points selected by Mayr et al (39), who performed MRI 
in 68 patients with advanced‑stage IB2‑IVB cervical cancer 
prior to radiation, after 10‑12 fractions of radiation, after 
20‑25 fractions of radiation and 1‑2 months after the comple‑
tion of radiation. According to their research, the best time to 
perform MRI in the context of outcomes, namely the tumour 
regression rate, was after 25 fractions of radiation. Their study 
determined that this measurement most accurately predicted 
local control (84 vs. 22%, P<0.0001) and disease‑free survival 
(63 vs. 20%, P=0.0005). 

Based on preliminary research on patients irradiated in 
the morning (7), it was indicated that the melatonin concentra‑
tion 2 h before radiation was high, even though its levels were 
already sharply declining. This phenomenon does not apply 
to patients irradiated in the afternoon. Although multivariate 
analysis did not indicate that melatonin levels affected clinical 
responses, it is possible that melatonin indirectly contributes 
to good responses, as the hormone influences variables that 
meaningfully predict response. It is also possible that the 
combination of radiation in the morning and melatonin levels 
influence the response to radiation.

One of the factors that may have induced bias in the present 
study was that during Hb level measurement, the patient's 
clinical status and blood transfusion status were not consid‑
ered. The application of the study results may be generalised 
to patients with cervical cancer with FIGO stage IIB‑IIIB who 
are indicated to receive radiotherapy.

The present study also did not implement the administration 
of radiotherapy during dawn (02.00‑06.00 am), when the level 

of melatonin is theoretically the highest, as it is impractical 
in a clinical setting. It was observed that the circadian cycle 
has an essential role in radiosensitivity; however, the present 
study did not find any significant difference in melatonin 
levels between groups. Other factors related to the circadian 
cycle should be investigated that may support the increased 
radiosensitivity in the morning (06.00‑10.00 am).

It was not the primary goal of the present study to find the 
highest levels of melatonin in an individual and then provide 
radiation at that time because, clinically, this would be difficult 
to apply. The present study simply aimed to prove the existence 
of a difference in radiosensitivity within a reasonable time in 
the daily clinical practice of radiation so that the results of the 
present study may be applied. 

There are several limitations to the present study. The 
initial response may reflect a more specific intrinsic radio‑
sensitivity that is unaffected by the stage and severity of the 
disease. Furthermore, this study did not assess numerous 
other factors that may influence the course of the disease, 
such as nutritional conditions, vitamin intake, immunity, 
and comorbidities, which may be associated with overall 
survival. The patients with comorbidities were excluded, so 
that it was not possible to further analyse this. Furthermore, 
the differences in adrenocorticotropic hormone levels 
between groups, which has an essential role in the circadian 
rhythm and may influence the tumour response, were not 
investigated (40). Those limitations should be considered in 
a future study.

In conclusion, the present case‑control study is a further 
step to analyse the strength of the significance of the results 
of the study, following up with a 5‑year survival analysis. 
While the study had a relatively small sample size, it pointed 
out that the circadian cycle may affect radiation treatment 
in cervical cancer. The circadian cycle, large tumour size 
and Hb levels affected the response of cervical cancer to 
radiation. Small tumour size, normal initial Hb level, and 
irradiation in the morning were associated with better 
tumour response after radiotherapy. However, the 5‑year 
survival analysis indicated no significant difference between 
irradiation in the morning and afternoon, which was prob‑
ably due to the small sample size and certain confounding 
factors related to overall survival that were not possible to 
control in this study.

Further research with a larger sample size is required to 
identify the optimal treatment for patients with radioresistant 
features. More sophisticated radiotherapy techniques such as 
Intensity‑Modulated Radiation Therapy, hyper‑fractionation 
and radiotherapy combined with chemosensitizers, and other 
methods should be applied to achieve a better treatment 
response. More accurate evaluations of the initial Hb level 
and tumour volume will be beneficial for designing treatment 
strategies and determining prognosis.
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