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Background: Previous studies have observed how the time of radiotherapy delivery can impact toxicities
and outcomes. The goal of this study was to determine whether treatment time influenced radiotherapy
response for bone metastases.

Methods: Patients who received radiation treatment to painful bone metastases from January 2000
to December 2010 were included in our analysis. Demographic and treatment information including
performance status, primary site, treatment dose and fraction, and response were collected prospectively.
Treatment times were extracted from patient medical records. Patients were allocated to 8:00 AM-11:00 AM,
11:01 AM-2:00 PM, or 2:01 PM-5:00 PM cohorts based on their treatment times. To compare treatment
response between the three cohorts, the Fisher exact test was used. A two-sided P value of <0.05 was
considered statistically significant. Analysis was repeated with males and females separately.

Results: A total of 194 patients were included. The median age was 68 years and 55.5% of patients responded
to treatment. The dose and fraction of radiation received differed significantly between treatment cohorts
using all allocation methods. Females in the 11:01 AM-2:00 PM cohort exhibited a significantly higher
response rate (P=0.02) and differing proportions of response types (P=0.03) compared to the 8:00 AM-
11:00 AM and 2:01 PM-5:00 PM cohorts when allocated using all treatment times. No significant differences
in response were seen between cohorts when all patients were analysed together or analysed for males only.
Conclusions: Treatment time may affect response in female patients receiving radiotherapy for painful

bone metastases. Subsequent chronotherapy studies in radiation should investigate these gender differences.
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Introduction may cause complications including hypercalcemia,
pathologic fracture, and spinal cord compression which can
significantly impact patients’ quality of life (QOL) (1-3).

Bone metastases are a common cause of cancer-related pain

and occur in 65-75% of advanced breast and prostate cancer Radiotherapy is a frequently prescribed treatment for the
patients (1,2) and 15-40% of lung, thyroid and renal cell palliation of painful bone metastases, with a typical response
cancer patients (1,2). In addition to pain, bone metastases rate of 72-74% (4). Radiation also benefits patient QOL
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by relieving pain and improving physical function, as well
as reducing psychological distress (5). Radiation for bone
metastases results in good response rates, however this may
be improved by aligning treatment times with circadian
rhythms, also referred to as chronotherapy.

Chronotherapy describes the delivery of anti-cancer
treatments according to circadian rhythms in order to
improve treatment outcomes (6). Previous studies have
investigated the efficacy of chronotherapy in several
patient populations treated with radiotherapy, but had
inconsistent findings (7-15). Some studies reported
differences in radiation-induced side effects (11-13,15)
based on treatment time, while others have also observed
an impact on treatment response (7,14). Research regarding
the applications of chronotherapy in chemotherapy is more
abundant, with studies showing that the efficacy of over
30 chemotherapy drugs can vary by over 50% based on
administration time (16). Studies in non-small cell lung
cancer (NSCLC), as well as colorectal cancer patients have
shown that administering chemotherapy during the time
in which normal cells are the least susceptible to damage
can reduce treatment toxicities (6,17,18). This allows
higher doses of chemotherapy to be administered resulting
in improved efficacy. Particularly for colorectal cancer
patients, chronotherapy has allowed them to undergo
surgical resections of metastases that were previously
unresectable (6). In one of several phase III multicentre
trials in metastatic colorectal cancer patients, those with
chronomodulated chemotherapy infusions had a 51%
objective response rate (tumour shrinkage of 50% or
more) in comparison to only 29% with flat infusions
(P=0.003) (19). Potentially, chronotherapy could be
extended to radiotherapy as a way of improving the
therapeutic index.

The objective of our study was to determine the effect
of treatment time on response rates in cancer patients with
painful bone metastases treated with radiotherapy. Previous
studies have noted differential responses to chronotherapy
based on gender (11,20). As such our study examined
response in males and females separately to elucidate these
gender-specific outcomes.

Methods

Patients who received conventional radiation treatment for
painful bone metastases from January 2000 to December
2010 were eligible for the study. Patients who received
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treatment to only one site of metastasis with corresponding
treatment response data (analgesic information and pain
score) were included. This study was approved by the
Research Ethics Board.

Data collection

Demographic information including age, gender, Karnofsky
Performance Status (KPS), primary cancer site, site of
treatment, dose, fraction, treatment response, total daily
oral morphine equivalent, and pain score were recorded in
a prospectively collected database. Pain score was reported
for each patient on a scale of 0 to 10 (where 0 indicates
absence of pain and 10 worst possible severity). Treatment
time was defined as the start of radiation delivery and was
extracted from patient medical records.

Determination of treatment response

Treatment response was defined as complete response,
partial response, pain progression, or indeterminate
response as defined by the international consensus on
palliative radiotherapy endpoints for future clinical trials
in bone metastases (21). A complete response was achieved
when patients scored pain at the treated site as 0, without
any increase in analgesic intake (daily oral morphine
equivalent). A reduction of 2 or more in pain on a scale
from 0 to 10 without an increase in analgesics, or a 25%
reduction in analgesics with no associated increase in pain
from baseline was considered a partial response. Pain
progression was defined as an increase in pain score of 2
or more with no change in analgesics, or a 25% increase in
analgesics but no change or an increase of 1 in pain score
above baseline. Any response that did not fall in the previous
3 categories was defined as an indeterminate response (21).
Patients with complete or partial response were considered
responders, and those with pain progression or an
indeterminate response were considered non-responders.

Treatment response was collected at varying months
following treatment; therefore, if patients had response
data from 2 months following treatment, this response was
used in analysis. For patients without 2-month follow-up,
response from 3 months following treatment was used, and
if patients did not have response at either of these periods,
the response 1 month following treatment was used.
Months to follow-up was defined as the difference between
the date of first treatment and date of follow-up.
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Segregation of treatment coborts

Patients were assigned to either the 8:00 AM-11:00 AM
(including before 8 AM), 11:01 AM-2:00 PM, or 2:01 PM
-5:00 PM (including after 5 PM) cohort based on all of
their treatment times falling into one of these time frames.
If patients received multiple fractions of treatment that
fell into different time frames, they were re-allocated
and analysed requiring >80%, >70%, and >60% of their
treatment times to fall into one time frame. Treatment time
intervals were selected based on a prior study conducted by
Bjarnason et al. that examined protein indicators of cell cycle
activity expressed throughout the day (22). Radiotherapy is
delivered at our center from 7:00 AM to 7:00 PM, therefore
expression of late G1 phase, G1/S boundary, G2 phases were
chosen which corresponded to peaks of 11:00 AM, 3:00 PM,
4:00 PM, respectively.

Statistical analyses

Descriptive statistics were conducted on demographic
information for all patients using median and inter-quartiles
for continuous variables, and proportions for categorical
variables. Patient demographics were compared between
treatment cohorts (8:00 AM~11:00 AM, 11:01 AM-2:00 PM,
and 2:01 PM-5:00 PM) using the Kurskal-Wallis
nonparametric or Fisher exact test for continuous or
categorical variables, respectively. A two-sided P value of
<0.05 was considered statistically significant.

Response type and the number of responders were
compared between the three treatment cohorts using the
Fisher exact test. For patients receiving multiple fractions,
response was compared between those who received
treatment at consistent or inconsistent times of day. Patients
who received >80% of their treatment times within 2 hours
of each other, regardless of which time frame they fell
in, were considered to have consistent treatment times;
those who did not fit this criterion were considered to
have inconsistent treatment times. The statistical analyses
described above were repeated with males or females
exclusively in order to observe any gender differences. All
statistical analyses were performed using statistical analysis
software (SAS version 9.4 for Windows). A two-sided P
value of <0.05 was considered statistically significant.

Results
Patient characteristics

A total of 194 patients treated with conventional radiotherapy
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were eligible for the study and were included in analysis
with a median age of 68 years (inter-quartiles, 58-76 years;
range, 33-88 years). The majority of patients were male
(62.4%) and most patients had a KPS <70 (58.7%). The
most prevalent cancer sites were prostate (30.4%), breast
(25.3%), and lung (19.6%). Common treatment sites were
the pelvis, hips, and lower limbs (45.4%). A majority of
patients were treated with 8 Gy in 1 fraction (57.2%),
65 patients (33.5%) received 20 Gy in 5 fractions, 12 patients
(6.19%) received 30 Gy in 10 fractions, and the remaining
patients were treated with various other doses and fractions.
When all treatment times were used to allocate patients to
treatment cohorts, 113 patients were analysed; 128 patients
were included when >80% of treatment times were used
for allocation. Table 1 describes patient characteristics and
Table 2 summarizes the number of patients allocated to each
cohort based on the allocation method.

Using the available response data, 19.4% of patients
achieved a complete response to treatment. Most patients
had a partial response (36.1%) or indeterminate response
(35.6%) to treatment. The remaining 8.9% of patients
experienced pain progression. Overall, 106 patients were
considered responders (55.5%).

The demographic information of the 8:00 AM-
11:00 AM, 11:01 AM-2:00 PM, and 2:01 PM-5:00 PM
cohorts did not differ statistically aside from the dose and
fraction of radiation received whether all, >80%, >70%,
and >60% of treatment times were used for allocation.
No significant associations were found between treatment
response (or number of responders) and treatment time for
all allocation methods (7izble 3).

Females

In females, significant differences in dose and fraction of
radiation were again seen between cohorts for all allocation
methods except when all treatment times were used.
Additionally, when >80% and >70% of treatment times were
used, a significant difference in age was observed between
the cohorts (P=0.03), in which the 8:00 AM-11:00 AM
cohort consisted of older patients compared to the other
two cohorts (Tuble 4).

When female patients were allocated using all of their
treatment times, a significant difference in treatment
response type (P=0.03) and number of responders (P=0.02)
was observed. Patients in the 11:01 AM-2:00 PM cohort
had significantly higher proportions of responders (complete
or partial response, 72.7%) in comparison to the other 2

Ann Palliat Med 2017;6(1):14-25



Annals of Palliative Medicine, Vol 6, No 1 January 2017

Table 1 Patient characteristics (n=194)
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Table 1 (continued)

Characteristics n=194 (%) Characteristics n=194 (%)
Age (years) Dose/fraction
Median (inter-quartiles) 68 [58, 76] 2,000/5 65 (33.51)
Min, max 33, 88 3.000/10 12 (6.19)
Gender 800/1 111 (57.22)
Male 121 (62.37) Other 6 (3.09)
Female 73 (37.63) KPS, Karnofsky Performance Status.
KPS
N 184
Median (inter-quartiles) 70 [60, 80] Table '2 Number of patients in each treatment cohort according to
allocation method
KPS distribution Allocation method n (%)
1040 7(3.80) All treatment times allocated in 1 time frame (n=113)
50-70 101 (54.89) 8-11 AM 3 (2.65)
80-100 76 (41.30) >11 AM-2 PM 44 (38.94)
KPS >70 >2-5 PM 66 (58.41)
<70 108 (58.70) >80% of their treatment times allocated in 1 time frame (n=128)
>70 76 (41.30) 8-11 AM 8 (6.25)
KPS >80 >11 AM=2 PM 50 (39.06)
<80 154 (83.70) >2-5 PM 70 (54.69)
>80 30 (16.30) >70% of their treatment times allocated in 1 time frame (n=132)
Primary cancer site 8-11 AM 9 (6.82)
Breast 49 (25.26) >11 AM=2 PM 51 (38.64)
Prostate 59 (30.41) <9_5 PM 72 (54.55)
Lung 38 (19.59) >60% of their treatment times allocated in 1 time frame (n=167)
Renal cell/kidney 16 (8.25) 8-11 AM 17 (10.18)
Unknown 6(3.09 >11 AM=2 PM 67 (40.12)
Other 26 (13.40) >2-5 PM 83 (49.70)
Site of metastases Consistent vs. inconsistent treatment (n=84)
Pelvis, hips, lower limbs 88 (45.36) Inconsistent time of the day 65 (77.38)
Lumbo-sacral spine 44 (22.68) Consistent time of the day 19 (22.62)
Ribs, scapula, sternum, skull 19 (9.79)
Upper limbs 9 (4.64)
Cervical-thoracic spine 34 (17.53) cohorts (0% and 27.3% for the 8:00 AM-11:00 AM and

Table 1 (continued)
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2:01 PM-5:00 PM cohorts, respectively). However, this was
not significant when >80%, >70%, or >60% of treatment
times were used (7able 5).
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Table 3 Treatment responses for three treatment cohorts using all or >80% of treatment times

Treatment time allocations, n (%)

Treatment response type P value
8:00 AM-11:00 AM 11:01 AM-2:00 PM 2:01 PM-5:00 PM
All treatment times allocated in one time frame
Overall response during month 1-3 0.3001
Complete response 0 (0.00) 11 (26.19) 11 (16.92)
Partial response 0 (0.00) 16 (38.10) 22 (33.85)
Pain progression 1(33.33) 3(7.14) 5 (7.69)
Indeterminate response 2 (66.67) 12 (28.57) 27 (41.54)
Overall responder during month 1-3 0.0604
No 3 (100.00) 15 (35.71) 32 (49.23)
Yes 0 (0.00) 27 (64.29) 33 (560.77)
>80% of treatment times allocated in one time frame
Overall response during month 1-3 0.8714
Complete response 1(12.50) 11 (22.92) 12 (17.39)
Partial response 3 (37.50) 19 (39.58) 23 (33.33)
Pain progression 1(12.50) 4 (8.33) 6 (8.70)
Indeterminate response 3 (37.50) 14 (29.17) 28 (40.58)
Overall responder during month 1-3 0.4057
No 4 (50.00) 18 (37.50) 34 (49.28)
Yes 4 (50.00) 30 (62.50) 35 (50.72)

P value was obtained by Fisher exact test, and a two-sided P value <0.05 was considered statistically significant. KPS, Karnofsky

Performance Status.

Males

Males exhibited no significant differences in demographic
information except for primary site of malignancy when
>80% (P=0.03) or 270% (P=0.04) of treatment times
were used. With these allocation methods, the 11:01 AM—
2:00 PM and 2:01 PM-5:00 PM cohorts had many more
prostate and lung cancer patients, while the 8:00 AM-
11:00 AM cohort had none due to low patient numbers.
No differences in treatment response were seen at any time

after treatment for all allocation methods.

Inconsistent vs. consistent treatment times

Treatment response types did not differ between patients
who received treatment at consistent or inconsistent times

of day (P=0.6), nor did the amount of responders when all
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patients were analysed together (P=0.4). When comparing
the amount of responders for females, a significant
difference was seen where patients treated at inconsistent
times of day had a response rate of 71.4% in contrast to
33.3% in patients with consistent treatment times (P=0.04)
(1able 6). No significant differences were seen in males for
treatment response type (P=0.1) or amount of responders

(P=0.4).

Discussion

The present study is the first to look at the effect of treatment
time on radiotherapy response in patients with bony
metastases. All patients were separated into the 3 time
cohorts (8:00 AM-11:00 AM, 11:01 AM-2:00 PM, and
2:01 PM-5:00 PM) using different allocation methods.
The overall response rate of the 194 patients analysed

Ann Palliat Med 2017;6(1):14-25
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Table 4 Patient demographics for three treatment cohorts using all or >80% of treatment times—females only

Treatment time allocations, n (%)
Patient demographics P value
8:00 AM-11:00 AM 11:01 AM-2:00 PM 2:01 PM-5:00 PM

All treatment times allocated in 1 time frame (n=35)

Age (years) 0.2108
N 1 11 23
Median (inter-quartiles) 85 [85, 85] 60 [47, 69] 60 [50, 69]

KPS 0.9172
Median (inter-quartiles) 70 [70, 70] 70 [70, 80] 70 [60, 80]

KPS >70 0.6428
<70 1(100.00) 6 (54.55) 12 (52.17)
>70 0 (0.00) 5 (45.45) 11 (47.83)

KPS >80 0.7444
<80 1(100.00) 10 (90.91) 19 (82.61)
>80 0 (0.00) 1(9.09) 4 (17.39)

Primary cancer site 0.3341
Breast 0 (0.00) 9 (81.82) 13 (56.52)
Lung 1(100.00) 1(9.09) 3 (13.04)
Renal cell/kidney 0 (0.00) 0 (0.00) 2 (8.70)
Unknown 0 (0.00) 0 (0.00) 0 (0.00)
Other 0 (0.00) 1(9.09) 5(21.74)

Site of metastases 0.2491
Pelvis, hips, lower limbs 0 (0.00) 7 (63.64) 12 (52.17)
Lumbo-sacral spine 0 (0.00) 2(18.18) 3 (13.04)
Ribs, scapula, sternum, skull 1 (100.00) 1(9.09) 1(4.35)
Upper limbs 0 (0.00) 1(9.09) 2 (8.70)
Cervical-thoracic spine 0 (0.00) 0 (0.00) 5(21.74)

Dose/fraction 0.5748
2,000/5 0 (0.00) 0 (0.00) 1(4.35)
3,000/10 0 (0.00) 0 (0.00) 0 (0.00)
800/1 1(100.00) 10 (90.91) 22 (95.65)
Other 0 (0.00) 1(9.09) 0 (0.00)

Table 4 (continued)
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Table 4 (continued)

Treatment time allocations, n (%)
Patient demographics P value
8:00 AM-11:00 AM 11:01 AM-2:00 PM 2:01 PM-5:00 PM

>80% of treatment times allocated in one time frame (n=44)

Age (years) 0.0260
N 4 15 25
Median (inter-quartiles) 77 [68, 84] 59 [46, 63] 62 [56, 68]

KPS 0.3101
N 3 15 25
Median (inter-quartiles) 60 [40, 70] 70 [70, 80] 70 [60, 80]

KPS >70 0.4334
<70 3 (100.00) 10 (66.67) 14 (56.00)
>70 0 (0.00) 5(33.33) 11 (44.00)

KPS >80 0.7491
<80 3(100.00) 14 (93.33) 21 (84.00)
>80 0 (0.00) 1(6.67) 4 (16.00)

Primary cancer site 0.1462
Breast 1(25.00) 13 (86.67) 15 (60.00)
Lung 2 (50.00) 1(6.67) 3 (12.00)
Renal cell/kidney 0 (0.00) 0 (0.00) 2(8.00)
Unknown 0 (0.00) 0 (0.00) 0 (0.00)
Other 1(25.00) 1(6.67) 5 (20.00)

Site of metastases 0.1674
Pelvis, hips, lower limbs 1 (25.00) 9 (60.00) 13 (52.00)
Lumbo-sacral spine 0 (0.00) 3 (20.00) 3 (12.00)
Ribs, scapula, sternum, skull 1 (25.00) 1(6.67) 1 (4.00)
Upper limbs 0 (0.00) 2(13.33) 2(8.00)
Cervical-thoracic spine 2 (50.00) 0 (0.00) 6 (24.00)

Dose/fraction 0.0165
2,000/5 2 (50.00) 4 (26.67) 3 (12.00)
3,000/10 1(25.00) 0 (0.00) 0 (0.00)
800/1 1(25.00) 10 (66.67) 22 (88.00)
Other 0 (0.00) 1(6.67) 0 (0.00)

P value was obtained by Kruskal-Wallis nonparametric test for age and KPS, or by Fisher exact test for categorical variables. A two-sided
P value <0.05 was considered statistically significant. KPS, Karnofsky Performance Status.

© Annals of Palliative Medicine. All rights reserved. apm.amegroups.com Ann Palliat Med 2017;6(1):14-25



Annals of Palliative Medicine, Vol 6, No 1 January 2017

21

Table 5 Treatment responses for three treatment cohorts using all or >80% of treatment times—females only

Treatment time allocations, n (%)

Females only P value
8:00 AM-11:00 AM 11:01 AM-2:00 PM 2:01 PM-5:00 PM
All treatment times allocated in one time frame
Overall response during month 1-3 0.0331
Complete response 0 (0.00) 3(27.27) 1 (4.55)
Partial response 0 (0.00) 5 (45.45) 5(22.73)
Pain progression 1 (100.00) 0 (0.00) 3(13.64)
Indeterminate response 0 (0.00) 3(27.27) 13 (59.09)
Overall responder during month 1-3 0.0230
No 1(100.00) 3(27.27) 16 (72.73)
Yes 0 (0.00) 8 (72.73) 6 (27.27)
>80 of treatment times allocated in one time frame
Overall response during month 1-3 0.2821
Complete response 1 (25.00) 3 (20.00) 14.17)
Partial response 1 (25.00) 6 (40.00) 6 (25.00)
Pain progression 1 (25.00) 1(6.67) 3(12.50)
Indeterminate response 1 (25.00) 5(33.33) 14 (58.33)
Overall responder during month 1-3 0.1381
No 2 (50.00) 6 (40.00) 17 (70.83)
Yes 2 (50.00) 9 (60.00) 7(29.17)
P value was obtained by Fisher exact test, and a two-sided P value <0.05 was considered statistically significant.
Table 6 Treatment responses for consistent vs. inconsistent treatment times—females only
Treatment time
Treatment response type P value
Inconsistent Consistent
Overall response during month 1-3 0.0628
Complete response 4 (14.29) 2 (16.67)
Partial response 16 (57.14) 2 (16.67)
Pain progression 2(7.14) 1(8.33)
Indeterminate response 6 (21.43) 7 (58.33)
Overall responder during month 1-3 0.0367
No 8 (28.57) 8 (66.67)
Yes 20 (71.43) 4(33.33)

was 55.5%, which was lower than the reported 72-74%
response rate for patients receiving radiotherapy for painful
uncomplicated bone metastases (4). Females treated in the
11:01 AM-2:00 PM cohort exhibited a significantly higher
proportion of patients with complete or partial response
(P=0.03), and higher proportion of responders (P=0.02) in
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comparison to the remaining two cohorts. Also, significant
differences in the proportion of responders were observed
between females with inconsistent and consistent treatment
times (P=0.04). However, these differences were not seen
in males or when all patients were analysed together. Time
of radiotherapy delivery and response may be correlated in
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female patients only.

To date, nine studies have looked at the relationship
between radiation treatment time and outcomes in cancer
patients with varying results (7-15). Of the eight studies
that evaluated treatment response (7,9-15), only two
retrospective studies observed significant differences
in outcomes between cohorts based on treatment time
(7,14). The retrospective study by Rahn ez /. observed
improved local control (LC) in NSCLC patients treated
with stereotactic radiosurgery (SRS) for brain metastases
in the morning (10:00 AM-12:30 PM) relative to those
treated in the afternoon (12:30 PM-3:00 PM) (P=0.014) (7).
However, a larger subsequent study by Badiyan et a/. could
not reproduce these results potentially indicating that
when controlling for confounders and in large patient
populations there is no true effect of chronoradiotherapy (8).
In a retrospective study conducted by Hsu ez 4l., receiving
treatment after 5:00 PM was predictive of a worse 6-year
rate of biochemical failure-free survival (BFFS) for prostate
cancer patients in a matched cohort (HR =1.95, P=0.05) (14).
There are conflicting studies in the literature in regards to
the efficacy of chronoradiotherapy of which the true utility
is still to be elucidated.

Bones are constantly undergoing bone formation
processes by osteoblasts and bone resorption processes by
osteoclasts (23). Several studies suggest that the regulation
of these complementary processes may be influenced by
circadian rhythmicity. Studies by Shao ez 4/. on rats and
Generali et al. on breast cancer patients with lytic bone
metastases observed circadian rhythmicity in markers of
both bone resorption and formation (24,25). The latter
study compared these patterns to those in healthy women
and found they were very similar (25). Bone mineralization
also seems to exhibit circadian rhythmicity as shown in the
study by McElderry er al. where 24-hour patterns in mineral
deposition and Perl expression were seen in calvarial
organs (26). Additionally, the blocking of certain clock genes
in mice resulted in increased bone mass, suggesting that the
equilibrium of bone remodelling is dependent on circadian
rhythms (27). The rate of production of osteoblasts by
bone mesenchymal stem cells has also been correlated to
the expression levels of specific clock genes (28). Circadian
rhythms may alter rates of osteogenesis and impact bone
remodelling; this effect could extend to osteolytic and
osteoblastic metastases as well, thus potentially producing
differential responses to radiotherapy depending on the
time of day. Our study found that treatment time was
correlated to response in females, supporting the theory
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that circadian rhythms can impact the radiosensitivity of
bone metastases.

A previous prospective study by Bjarnason et /. observed
that men and women exhibited opposing trends in the
incidence of mucositis in response to timing of radiotherapy
for head and neck cancer patients (11). In chemotherapy
trials, female colon cancer patients had more toxicity, as
well as worse survival in comparison to males undergoing
the same chronomodulated treatment (18,20). Specifically,
Lévi et al. saw that female patients experienced almost
twice as many severe toxicities as men overall after treating
patients at different times of day (18). The chronotolerance
profile in females and males varied in that men experienced
the greatest tolerability at the previously determined
optimal treatment time, while females seemed to have
the best tolerability 6 hours later (18). The underlying
reason for these sex-dependent responses are unknown, but
females may be more susceptible to external stimuli that
impact the circadian system (18). For instance, one study
used light to suppress melatonin rhythmicity and observed
a larger degree of suppression in females than males (29).
Therefore, suboptimal timing of chronotherapy may
have a larger impact in females as they exhibit increased
variability in circadian rhythmicity. This variability may
explain why differences in radiotherapy treatment response
as a function of treatment time only occurred in females, as
reported by our study. The role of gender-specific rhythms
in chronotherapy warrants further investigation in future
studies.

Circadian rhythms may differ based on the area of
the body. Scheving et a/. looked at five regions of the
gastrointestinal tract in male mice and found that the peak
rates of DNA synthesis differed in amplitude and timing
depending on the region studied (30). In our study, the sites
of metastases included the pelvis, spine, ribs, skull, scapula,
and limbs. Therefore, it is possible that we observed no
significant difference in response based on treatment time
because several sites with different circadian rhythms
were analysed. It may be necessary in future prospective
studies to compare response rates between time cohorts
by treatment site, in order to account for the potential
differences in circadian rhythms of these sites.

Disruptions in circadian rhythms may increase cell
proliferation and genome instability, contributing to the
progression and development of cancer (31,32). Potentially,
restoring disrupted circadian rhythms or maintaining these
rhythms may improve the efficacy of chronotherapy as
a higher abundance of normal cells will be in a state less
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susceptible to damage during treatment administration.
This circadian synchronization may be achieved using a
variety of methodologies including regular scheduling
of meals, ongoing physical activity, bright light therapy,
and pharmaceuticals (31). Melatonin has been shown
to influence rhythms in the circadian pacemaker, the
suprachiasmatic nuclei (33), while glucocorticoids have
been shown to entrain peripheral circadian clocks in other
tissues (34). However, data is scarce regarding the ability
of pharmaceuticals to synchronize rhythms in cancer
patients (31). In the present study, the desynchronization
of circadian rhythms between patients may have
contributed to our negative findings. The efficacy of
circadian synchronization and its subsequent impact on
chronotherapy may be an endpoint of interest in future
studies.

Our study analysed prospectively collected databases;
however, this did not allow for patients to be segregated
equally into the different time groups. As well the
composition of the different groups was skewed, with
certain time intervals consisting of a higher proportion of
particular primary cancer sites, which may in fact impact
response rates. The patients included in this study attended
a morning rapid referral radiation clinic, where consultation
and planning occurs in the morning and treatment is
often delivered in the afternoon on the same day, which
may account for the large deficiency of patients in the
8:00 AM-11:00 AM cohort. Due to low patient numbers
and inconsistent follow-up times, it was difficult to assess
differences in treatment response at follow-up months 1,
2, and 3 separately. Thus patients with differing times to
follow-up were analysed together, even though patients’
response to treatment may change depending on how long
after treatment it was assessed.

In our study, a significant difference in the dose and
fraction of radiation received differed between the three
treatment cohorts, independent of allocation method.
However, studies have shown that patients treated with
20 Gy in 5 fractions or 8 Gy in 1 fraction for painful bone
metastases have similar treatment response rates (4,35,36).
Over 90% of our patients received either 20 Gy in
5 fractions or 8 Gy in 1 fraction, therefore the significant
difference in radiation dose and fraction between cohorts is
not a limitation of our study.

Conclusions

The present study is the first to investigate how treatment
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time affects radiotherapy response in cancer patients with
painful bone metastases. We conclude that radiotherapy
delivery between 11:01 AM and 2:00 PM may improve
response rates for women. Future studies should
prospectively allocate patients to different times of therapy,
with stratification by gender, location and tumour type.
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