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Background: In breast cancer, painful bone metastases are common. Local radiotherapy is the standard
treatment of painful bone metastases. Pain control and overall response rateswere low in radiotherapy
alone.
The objectives of this study were to compare the safety and efficacy of external beam radiotherapy with

concurrent capecitabine vs. external beam radiotherapy alone in pain control of painful bone metastases
in breast cancer patients.
Materials and methods: Eighty-four patients with painful bone metastases from breast cancer participated
in this prospective study. We randomized the patients into two groups: group A treated with radiother-
apy 30 Gy in 10 fractions and group B treated with capecitabine 825 mg/m2 every 12 hrs. concurrently
with the same radiotherapy dose.
Results: There was no statistically significant difference between the two groups regarding early treat-
ment toxicity. Most of the toxicity was gastrointestinal (diarrhea and nausea) and mild (grade I or II).
The median pain score decreased from week one, and there was a marked response at week4. The differ-
ence in median pain score between both groups was statistically significant with p-value = 0.045. The
median analgesic score in both groups was statistically significant with a p-value = 0.032 at week 12.
A complete response to pain at week 4 was 19% and 42.9% in groups A and B, respectively.
Conclusion: Concurrent chemoradiation in painful bone metastases from breast cancer origin was toler-
able and safe; it had a higher overall response rate and pain palliation than radiotherapy alone.
� 2021 The Authors. Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Seventy percent of advanced breast cancer patients have bone
metastasis and this causes significant morbidity due to pain and
skeletal-related events. Bone metastasis affects the quality of life
of the patient and also decreases overall survival [1,2].

Bone is the commonest site of metastasis in breast cancer with
almost one-third of metastatic breast cancer patients having bone-
only metastasis [3].
Several biological factors are the cause of the high incidence of
bone metastases including greater blood flow in the red bone mar-
row and manufacturing of adhesive molecules, which are involved
in binding tumor cells with the stroma of bone marrow. Tumor
cells within hematopoietic cells go through variable periods of
inactivity, thus escaping the chemotherapy effect before becoming
cancer-initiating cells which develop into definite metastatic colo-
nies [4].

The trabecular bone is a vascular and preferred site to which
breast cancer cells metastasize in the case of hematogenous
spread. Most bone metastases seen in breast cancer patients are
osteolytic. Interaction between tumor cells and the bone microen-
vironment stimulates osteoclast which increases bone turnover,
releasing bone activity growth factor and cytokines [5].

Pain is the most common symptom of bone metastasis and the
standard therapy for pain is conventional radiotherapy, which
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improves skeletal integrity, reduces the risk of fraction, preserves
physical function, and palliates pain [6].

There is worldwide variation in dose fractionation of palliative
radiotherapy; it can be given in a single fraction (SF) or multiple
fractions (MF). Meta-analysis of 25 trials comparing single sched-
ule with multiple schedules showed that both had similar overall
pain responses. The complete pain response was 23%-24% only
for SF and MF, respectively, but there was more need for re-
irradiation and more pain flare at the treated metastatic site in
the case of SF [7,8].

Concurrent chemoradiation is used for many metastatic and
locally advanced primary tumors to improve the local control of
primary tumors and palliation of many local symptoms like pain,
bleeding, and compression as in esophageal cancer, non-small cell
lung cancer, and head and neck cancers [9–11].

Combining adjuvant radiotherapy with capecitabine was safe in
the adjuvant treatment of breast cancer, and had comparable tox-
icity to radiotherapy alone [12].

Capecitabine is an oral fluoropyrimidine and a prodrug of 5-
fluorouracil. It has enhanced efficacy on tumor tissue and reduces
gastrointestinal tract and bone marrow toxicities with low alopecia
and neuropathy. It is an interesting option for some patients due to
its route of administration and favorable toxicity profile. It is a
potent radiosensitizer which enhances the biologically effective
dose of radiotherapy [13].

The purpose of this study is to compare the safety and efficacy of
concurrent capecitabine radiotherapy with radiotherapy alone in
the treatment of painful bone metastasis in breast cancer patients.

2. Materials and methods

2.1. Study design

This prospective randomized phase II study included 84 breast
cancer patients with painful bone metastasis presented to the
Radiotherapy Department and Pain Clinic at South Egypt Cancer
Institute from January 2019 to January 2021. Patients were ran-
domly assigned into group A in which patients received radiother-
apy only and group B in which patients received the same
radiotherapy schedule with concurrent capecitabine. SPSS program
version 26 was used for randomizing patients by creating a cate-
gorical variable that contains two groups and assigning patients
into either of the two groups based on their enrollment number
in the study. We followed up the patients for 12 weeks.

2.2. Eligibility criteria

The patient must have histological confirmation of breast ade-
nocarcinoma. Radiographic manifest of bone metastasis was
required including plain radiographs, radionuclide bone scans, or
magnetic resonance imaging. The patients must have pain in the
sites of the radiographically documented metastasis. The patients
must be � 18 years of age. The estimated life expectancy of
patients was 3 months or greater according to Rades score [14],
Performance Status � 3 according to the ECOG scoring system.
Patients who had ALT and AST no greater than 3 times the normal
level, serum bilirubin and creatinine no greater than 1.5 times the
normal level, absolute neutrophil count � 1500/ml, and plate-
lets >100,000/mm3 were included in this study. Patients were
included in the study disregarding their previous exposure to
chemotherapy except capecitabine.

2.3. Exclusion criteria

We excluded patients with previous radiation therapy, pallia-
tive surgery to the painful site, having a threatening fracture of
2

the treatment site, or intended surgical fixation of the bone. In
addition, patients with evidence of spinal cord or cauda equina
compression clinically or radiographically were excluded from
the study. We also excluded the patients who previously received
capecitabine.

2.4. Radiation therapy

Treatment volume included the radiographic abnormality with
at least a 2 cm margin, In the case of vertebral metastasis treat-
ment volume was determined by adding the upper and lower ver-
tebra to the affected vertebra. The dose of radiotherapy was 30 Gy
in 10 fractions, 5 days per week. We used prophylactic antiemetic
before radiotherapy in the case of the large target volume in the
abdomen.

2.5. Chemotherapy

Oral capecitabine 825 mg/m2 was administered 5 days per
week, in twice-daily doses, concurrently with radiotherapy.

2.6. Evaluation of toxicity

We assessed toxicity during treatment once weekly. After the
end of treatment we evaluated patients every 4 weeks until
12 weeks according to NCI common terminology criteria for
adverse events (CTCAE) vertion0.5 [15].

2.7. Pain assessment

Patients were asked to describe their pain on the Visual Ana-
logue Scale (VAS) in which scores range from zero to 10; where
zero indicates (no pain) and 10 indicates (worst possible pain).
Mild pain was assigned a score of 1–4, moderate pain a score of
5–6, extreme pain a score of 7–8, and heavy pain a score of 9–10
[16]. We chose the most painful sit as index sit We assessed the
pain score before the onset of treatment, at week zero then at week
one, week 2, week 4, week 8, and week 12 after the end of treat-
ment in both studied groups.

2.8. Analgesic use assessment

The physician used the 5-point WHO Scale to measure analgesic
use based on the medical records: Level 0 requires no analgesics;
level 1 requires non-narcotic analgesics on occasion; level 2
requires non-narcotic analgesics on a regular basis; level 3 requires
narcotic analgesics on occasion; and level 4 requires narcotic anal-
gesics on a regular basis.

2.9. Response to treatment

We evaluated the response to treatment by the international
bone metastases consensus [17] which takes into account both
the patient’s pain score and analgesic consumption. Complete
response (CR) was defined as zero pain score at the treated site
with no increase in analgesic intake. Partial response (PR) reduc-
tion pain score by two or more at the treated site without increase
in analgesics need. Stable pain (SP) was a no change in pain score
or aone-point change. Progressive pain (PP) was a two or more
point increase in pain score with stable analgesic use or increased
analgesic use (with stable pain score or one-point increase above
baseline). Patients with complete or partial response were consid-
ered as overall response rates (OR), and patients with stable or pro-
gressive pain were considered as non-responders.



Table 1
Characteristics of the studied groups.

Variables Group A
(n = 42)

Group B
(n = 42)

P-value*

Age (years) Mean ± SD 47.29 ± 9.65 47.71 ± 8.82 0.832
Pathology
IDC 38 (90.5) 38 (90.5) 1.000
LC 4 (9.5) 4 (9.5)

Grade
2 20 (47.6) 24 (57.1) 0.280
3 12 (28.6) 6(14.3)
4 10 (23.8) 12 (28.6)

Hormonal receptor
Positive 32 (76.2) 30 (71.4) 0.620
Negative 10 (23.8) 12 (28.6)

her2/new
Positive 12 (28.6) 14 (33.3) 0.569
Negative 28 (66.7) 24 (57.1)
Unknown 2 (4.8) 4 (9.5)

NO of region treats with RTH
Single region 28 (66.7) 30 (71.4) 0.637
Multiple regions 14 (33.3) 12 (28.6)

Data is expressed as Mean ± SD, or frequency (%).
* Independent sample T test, Chi square test.

Table 2
Treatment related side effects in the treatment groups.

Variables Group A
(n = 42)

Group B
(n = 42)

P-value*

Diarrhea
No 38 (90.5) 34 (81.0) 0.270
Grade 1 4 (9.5) 6 (14.3)
Grade 2 0 (0.0) 2 (4.8)

Nausea
No 36 (85.7) 32 (76.2) 0.266
Grade 1 6 (14.3) 10 (23.8)
Grade 2 0 (0.0) 0 (0.0)

Hand and foot syndrome
No 42 (100.0) 40 (95.2) 0.152
Grade 1 0 (0.0) 2 (4.8)
Grade 2 0 (0.0) 0 (0.0)

Mucositis
No 42 (100.0) 40 (95.2) 0.152
Grade 1 0 (0.0) 2 (4.8)
Grade 2 0 (0.0) 0 (0.0)

Weakness
No 36 (85.7) 34 (81.0) 0.558
Grade 1 6 (14.3) 8 (19.0)
Grade 2 0 (0.0) 0 (0.0)

Radiation dermatitis
No 38 (90.5) 34 (81.0) 0.212
Grade 1 4 (9.5) 8 (19.0)
Grade 2 0 (0.0) 0 (0.0)

Data is expressed as frequency (%).
*Chi square test.
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2.10. Statistical analysis:

Power Calculation
Our primary outcome parameter was the efficacy of radiother-

apy concurrently with capecitabine versus radiotherapy alone in
pain palliation from painful bone metastases in breast cancer
patients. Secondary outcomes included the assessment of toxicity
and side effect of concurrent capecitabine with radiotherapy in
comparison with radiotherapy alone. Using the EBI program at a
power of 80%, with 95% confidence interval and a 2-sided type I
error of 5%, 40 patients in each group were required to detect a sig-
nificant difference between the two studied, and this raised the
sample size to 84 patients (42 patients in each group).

2.11. Data analysis

Data analysis was undertaken using SPSS version 26. Categori-
cal data were presented in the form of frequencies, and percent-
ages while the mean ± SD and median (range) were used to
present continuous variables. Mann Whitney U Test was used to
compare median pain and analgesic score between groups A and
B at each time point. Chi-square was used to compare the propor-
tion of response to treatment between groups A and B. The level of
significance was considered at a P-value < 0.05. All statistical tests
were two sided.

3. Ethics statement and consent to participate

The Ethical Committee of South Egypt Cancer Institute, Assiut
University, approved the study protocol. It was conducted in accor-
dance with the provisions of the Declaration of HelsinkiSECI-IRB
no.174. TheEthical Committee of South Egypt Cancer Institute
approved the study and an informed written consent was obtained
from all patients.

4. Results

4.1. Baseline characteristics

This study included 84 metastatic breast cancer patients with
painful bone metastases; each treatment group included 42
patients. The clinical characteristics are summarized in Table 1.

The mean age was 47.29 and 47.71 for groups A and B, respec-
tively. Most of our patients were hormonal receptor-positive, while
only 10 and 12 patients are negative for groups A and B, respec-
tively. The majority of patients in both groups were suffering from
grade 2 metastatic breast cancer. Only 12 patients in group A and
14 patients for a group B were HER2 positive. Patients’ characteris-
tics were comparable, and the differences were not statistically
significant.

Besides bone metastases, four patients in-group A had lung
metastases and four others had liver metastases, while 4 patients
in group B had lung metastases and 6 others had liver metastases.

All our patients completed the treatment protocol.

4.2. Toxicity

Early Treatment related toxicity according to the NCI CTCAE
version5 was summarized in Table 2. Concurrent chemoradiation
was generally well tolerated and side effects were mild. All the side
effects were (grade I or II).Most of the capecitabine side effects
were gastrointestinal. Grade 2 diarrhea occurred in two patients
(4.8%) in group B, and grade I nausea occurred in 10 patients
(23.8%) of group B versus 6 patients (14.3%) in group A. There
was no grade 3 or 4 toxicity in both treatment groups. Only two
3

patients in group B developed hand and foot syndrome which
was grade I. There was no statistically significant difference
between the two groups regarding treatment toxicity. Within
two weeks from the end of treatment, all toxicities improved.

4.3. Pain score

The median pain score was seven for both groups before the
start of treatment. The median pain score decreased from week
one to week 12 in both groups, but the reduction was more in



Table 4
Analgesic score between the two studied groups.

Analgesic score Group A Group B P-value*

Week 0 2.00 (1–4) 3.00 (0–4) 0.970
Week 1 2.00 (0–4) 2.00 (0–4) 0.112
Week 2 2.00 (0–4) 1.00 (0–4) 0.012
Week 4 1.00 (0–4) 0.00 (0–4) 0.001
Week 8 1.00 (0–4) 0.00 (0–4) 0.005
Week 12 1.00 (0–4) 0.00 (0–4) 0.002

Data expressed as median (range).
*Man-Whitney U test.
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group B as illustrated in Table 3. There was a statistically signifi-
cant difference in the median pain score between groups A and
group B from week one after treatment (8.00 compared to 5.00,
respectively, and p-value = 0.008),at 4 weeks after treatment
(5.00 compared to 2.00, respectively, and a p-value = 0.005), and
at 12 weeks after treatment (4.00 compared to 1.00, respectively,
and a p-value = 0.001) as shown in Table 3.

4.4. Analgesic score

An analgesic score of zero was documented in one patient in
group B and no patient in group A before the initiation of treat-
ment. After 4 weeks an analgesic score of zero was documented
in 8 patients in group A and 22 patients in group B. The use of anal-
gesics decreased with time and the main changes were noted dur-
ing the first 4 weeks as shown in Figure 1.

Before the start of treatment and at week one after treatment,
there was no statistically significant difference in the median anal-
gesic score between both groups with a p-value greater than 0.05.
However, there was a statistically significant difference in the
median analgesic score between groups A and B from week two
to week 12 after treatment with a p value = 0.001 at week 4 as
shown in Table 4.

4.5. Response to treatment

The response to treatment was determined based on pain
scores and analgesic scores.After one week PR was documented
Table 3
Median pain score between the two studied groups.

Pain score Group A Group B P-value*

Week 0 7.00 (4–10) 7.00 (4–10) 0.942
Week 1 8.00 (0–10) 5.00 (0–10) 0.008
Week 2 5.00 (0–10) 2.00 (0–9) 0.001
Week 4 5.00 (0–9) 2.00 (0–9) 0.005
Week 8 4.00 (0–9) 2.00 (0–9) 0.002
Week 12 4.00 (0–9) 1.00 (0–9) 0.001

Data expressed as median (range).
*Man-Whitney U test.

Fig. 1. Consumption of analg
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in 10 (23.8%) and 18(42.9%) patients in groups A and B, respec-
tively. At week 4 CR was determined in 8(19%) patients in group
A and 18 patients (42.9%) in group B. The rate of overall response
(OR) increased over time and then stabilized at weeks 8 and 12.
At week one OR was 12 (28.6%) and 24 (57.1%) for groups A and
B, respectively, while at week 4 it became 20 (47.6%) and 34
(81%) for groups A and B, respectively. The difference in response
between both groups was statistically significant from week one
to week12 with a p-value = 0.012 at week 4 as shown in Table 5.
5. Discussion

Despite advances and improvements following breast cancer
treatment, a large proportion of patients develop metastatic dis-
ease, especially bone which is the most common first site for dis-
tant metastasis. Due to interactions between the tumor and
hematopoietic stem cells [18].

Radiotherapy is a key treatment modality for painful bone
metastasis; it was highly effective in relieving pain independently
of whether single or multiple fractions were prescribed [19]. The
effect of radiotherapy on bone pain was due to its ability to pro-
duce ossification and reduced osteoclast activity of tumor cells
[20].

We used a radiotherapy dose of 30 Gy delivered in 10 fractions
to avoid higher incidence of reirridiation and pain flare that occur
more with single fraction radiotherapy courses although there is
no difference between SF and MF radiotherapy in pain palliation.
We suggested that concurrent chemoradiation had more pain con-
esics in groups A and B.



Table 5
Response to treatment between the two studied groups.

Response Group A (N = 42) Group B (N = 42) P-value*

Week 1
CR 2 (4.8) 6 (14.3) 0.018
PR 10 (23.8) 18 (42.9)
SP 20 (47.6) 16 (38.1)
PP 10 (23.8) 2 (4.8)

Week 2
CR 6 (14.3) 14 (33.3) 0.001
PR 10 (23.8) 20 (47.6)
SP 18 (42.9) 6 (14.3)
PP 8 (19.0) 2 (4.8)

Week 4
CR 8 (19.0) 18 (42.9) 0.012
PR 12 (28.6) 16 (38.1)
SP 16 (38.1) 6 (14.3)
PP 6 (14.3) 2 (4.8)

Week 8
CR 8 (19.0) 18 (42.9) 0.004
PR 10 (23.8) 16 (38.1)
SP 18 (42.9) 6 (14.3)
PP 6 (14.3) 2 (4.8)

Week 12
CR 8 (19.0) 18 (42.9) 0.004
PR 10 (23.8) 16 (38.1)
SP 18 (42.9) 6 (14.3)
PP 6 (14.3) 2 (4.8)

Data is expressed as frequency (%).
*Chi square test.
Complete response (CR), defined as no pain and no need for analgesics; partial
response (PR), defined by a decrease of 2 points in the pain score and no change in
analgesics consumption; stable pain (SP), defined as a decrease of one point or no
change in the pain score and no change in analgesics.
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trol than radiotherapy alone because concurrent chemoradiation
was used for the palliation of many local symptoms in metastatic
primary tumors. Therefore, our study aimed to compare the safety
and efficacy of radiotherapy concurrently with capecitabine versus
radiotherapy alone in palliating pain resulting from bone metas-
tases in breast cancer patients. Reviewing published literature,
we do not find any similar publications that made this comparison.

In our study, capecitabine with local radiation was well toler-
ated and associated with mild side effects, which resolved within
2 weeks from the end of treatment with no treatment interruption.
There was no statistically significant difference in toxicity between
the two groups.

These results are consistent with the results of a study con-
ducted by Kundel et al, which was a phase II prospective study.
They used capecitabine concurrent with radiotherapy to treat pain-
ful bone metastasis of breast cancer origin. They reported no grade
III or IV toxicity although they used a higher dose of capecitabine in
comparison to our study. Most of the toxicities observed were gas-
trointestinal symptoms such as diarrhea and nausea (either grade I
or II). Grade I diarrhea was reported in 24% of the patients versus
14.3% in our study. Grade I hand and foot syndrome was reported
in 7 % versus 4.8 % in our study, while grade I weakness was
reported in 21 % versus 19 % in our study, and mucositis was
reported in 10% [21].

Several studies showed that palliative radiotherapy alone was
associated with a decrease in mean pain score and a decrease in
analgesic consumption which reflected on the quality of life of
patients. For instance, McDonald et al reported that 40% of the
patients experience pain reduction at day 10 with further improve-
ment in pain response at day 42 [22]. It was similar to our result in-
group A

In our study, the median pain score in group B who received
radiotherapy concurrently with capecitabinedecreased from 7 to
5

5 after one week and then to 2 after 2 weeks of treatment. This
finding is in line with the finding reached by Kundel et al. who
reported a decrease in mean pain score from 2.93 to 2.28 after
one week, then to 1.45 after 2 weeks of treatment with a p-
value < 0.0001. Kundel et al documented an analgesic score of zero
in one patient, a score of 1 in 9 patients, a score of2 in 8 patients,
and a score of4 in 3 patients before the start of treatment. After
4 weeks of treatment, a score of zero was documented in15
patients, a score of1in 5 patients, a score of2 in 6 patients and a
score of3 in 3 patients. In our study after 4 weeks of treatment,
we documented an analgesic score of zero in 22 patients, a score
of1one in 12 patients, a score of2 in 6 patients, and a score of 4
in 2 patients [21].

The results of our research indicated that at week 12the CR rate-
was19.0%and the OR rate was 42.9% in group A, who received pal-
liative radiotherapy alone. These rates were lower than those
found by Wu et al. who reported CR rates of 32% and OR rates72
% in patients with painful bone metastasis [23]. Also, these rates
were lower than those found by Van et al. who reported OR rates
of 61 %, and the median response time was 4 weeks, but CR rates
were 13 % which were lower than the rates found in our research
[24]. Saito et al. reported CR rates of26% and OR rates of67% [25].
These rates were higher than our rates because a larger number
of patients participated in these studies. However, our results were
consistent with those reached by Chow et al. who reported CR rates
of23% and OR rates of50% [26]. Our results were also consistent
with those reached by ForoArnalot et al. who reported CR rates
of 13% and OR rates of55% [27].

We reported CR and OR rates of 42.9% and 81.0%, respectively,
at weeks 12 in group B, who received concurrent chemoradiation.
This finding was consistent with that reached by Kundel et al. who
reported CR rates of48 % and OR rates of 86% in patients who
received capecitabine concurrently with palliative radiotherapy
at weeks 12. In the phase II trial of Kundel et al., they reported
that14 % of the patients had CR at week 1, 38 % at week 2, and
48 % at weeks 12 [21].

6. Limitations of the study

This study was limited to a small number of subjects and a short
follow-up period, so we cannot assess the rate of recurrence in pain
and long-term toxicities.

7. Conclusion

Concurrent capecitabine with external beam radiotherapy in
painful bone metastases was safe. The toxicity was mild and com-
parable to that which occurred in palliative external beam radio-
therapy alone. It was effective in the palliating of pain from bone
metastases in breast cancer patients in comparison to palliative
external beam radiotherapy alone and associated with higher CR
and OR rates regarding pain control. This decreased analgesic con-
sumption and improved the quality of life.
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