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Abstract

Background: Breast cancer is a common term for a malignant tumor that arises from the epithelial component of the breast. Concurrent
chemoradiotherapy’s efficacy and safety are controversial, considering the impact on patients’ quality of life.

Objectives: The aim of this study was investigating the efficacy and safety of concurrent chemoradiotherapy with docetaxel in locally
advanced breast cancer who have received a modified radical mastectomy.

Methods: A cohort of 110 female patients with locally advanced breast cancer were included in the present study and divided by
chemoradiotherapy mode into a concurrent chemoradiotherapy group (n=58) and a sequential chemoradiotherapy group (n=52).
Docetaxel was administered concurrently during radiotherapy in the concurrent group, whereas the sequential group underwent adjuvant
radiotherapy 1-3 weeks after chemotherapy. Then, the two groups were compared with respect to clinical efficacy, levels of tumor markers
across vascular endothelial growth factor (VEGF) and Carcinoembryonic antigen (CEA), adverse reactions, and the 3-year overall survival
(OS) rate.

Results: The results showed that the mean age, operation, evaluation of Post treatment VEGF (pg / mg) and Post treatment CEA (/g / L),
effectiveness of treatment in two sequential and concurrent treatment groups was not significant The results showed that the amount of
Prior treatment VGEF (pg / mg) and Post treatment VGEF (pg / mg) in the two groups were statistically significant difference. Which shows
the positive effect of this treatment before and after the intervention. Comparison of survival time in the two groups did not show a
significant difference.

Conclusion: The chemotherapy protocol with a combination of cyclophosphamide, fluorouracil and epirubicin with concurrent docetaxel
presented higher efficacy and prolonged the overall survival in locally advanced breast cancer patients who had undergone a radical

mastectomy, while it did not significantly increase the toxicity.

Keywords: Breast cancer, Concurrent chemoradiotherapy, Docetaxel, Modified radical mastectomy

1. Background

Breast cancer is a common term for a malignant
tumor that arises from the epithelial component of the
breast, with 99% cases in women and only 1% in men.
In China, the incidence of breast cancer has been
reported to rank first among female malignancies and
seriously endangers people's physical and mental
health (1). Clinically, radical mastectomy is frequently
performed for treating breast cancer, but it fails to
appreciably rise the OS rate because the symptoms of
the disease are too mild to be confirmed at an early
stage and therefore the operation is primarily
manipulated for advanced patients (2). Moreover, it
provides little improvement in prognosis, whilst
subsequent adjuvant chemotherapy can largely lower
the risk of local recurrence and distant metastasis (3).
Currently, concurrent chemoradiotherapy is given
after radical mastectomy to locally advanced
breast cancer patients who show postoperative
chemoradiotherapy indications, but its efficacy and
safety are controversial, considering the impact on
patients' quality of life (4,5). Also, traditional
sequential modes suffer disadvantages across
prolonged radiotherapy cycle, an increased risk of

local recurrence, and reported higher incidence of
distant metastasis in patients with delayed
chemotherapy (6). Sequential chemoradiotherapy
with anthracyclines and taxanes, for example, is
subject to a long treatment cycle, although being
preferred among clinical options to treat high-risk
invasive breast cancer (7). Chemotherapy is used in
three ways in the treatment of advanced
cancers: Induction or neoadjuvant, concurrent and
Sequentional. Induction chemotherapy can eliminate
latent metastases and thus improve treatment
outcomes (8).

2. Objectives

With that, the study was designed to compare
concurrent chemoradiotherapy using docetaxel with
sequential chemoradiotherapy in terms of efficacy
and safety on locally advanced breast cancer who had
received modified radical mastectomy.

3. Methods

Patients with locally advanced breast cancer
treated in our hospital from January 2017 to January
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2018 were recruited in the study. Allocation of
patients to two treatment groups was done based on
random allocation (Figure 1). Inclusion criteria:
Patients (I) whose symptoms met the diagnostic
code of breast cancer in the China Anti-Cancer
Association (CACA) Guidelines 9) and
Specifications for the Diagnosis of Breast Cancer
(2016); (II) who had been diagnosed preoperatively
by histopathology or cytology; (III) who were
assigned to III-IV clinical stages according to the
TNM classification system; (IV) who had undergone
radical mastectomy for breast cancer and showed
relevant indications; (V) whose Karnofsky
performance status (KPS) score > 60; and (VI) who
provided complete clinical data were included in the
study. Exclusion criteria: Patients were excluded if

they (I) were found with distant metastasis via
ultrasound imaging or X-ray examination; (II) were
in poor physical condition or allergic constitution;
(II1) had received targeted therapy or endocrine

therapy; (IV) presented any other malignant
complication; (V) suffered complications of
hematopoietic, nervous, digestive and immune

systems; (VI) had a prognosis for survival of less
than 6 months; (VII) lived with mental illness; (VIII)
had got severe dysfunction or disorder of vital
organs like heart, liver and kidney; or (IX) were
lactating or pregnant women. The research
conducted by the Ethics Committee of the Institute
met the requirements of relevant laws and ethics,
and was discussed at the Hospital Medical Ethics
Conference. All subjects had informed consent.

Enrollment

Assessed for eligibility (n = 110)

Excluded (n=0)
® Not meeting inclusion criteria (n = 0)
® Declined to participate (n = 0)

® Other reasons (n = 0)

Randomized (n = 110)

!

l Allocation l

Allocated to sequential (n = 52)

® Received allocated sequential (n = 52)

l

Received adjuvant radiotherapy 1-3 weeks after
chemotherapy

Allocated to concurrent (n = 58)

® Received allocated concurrent (n = 58)

l

Underwent radiotherapy during docetaxel
chemotherapy

| omm |

Lost to follow-up (n = 0)

® Death (n = 16)

Lost to follow-up (n = 0)

® Death (n=12)

1 |

Analyzed (n=52)

® Excluded from analysis (n = 0)

Analyzed (n=58)

® Excluded from analysis (n = 0)

Figure 1. Consort Algorithm

Both groups received the chemotherapy protocol
by a combination of fluorouracil, epirubicin, and
cyclophosphamide (FEC) with docetaxel (T) within 3
weeks after radical mastectomy: Cyclophosphamide,
fluorouracil and epirubicin were concurrently
administrated via intravenous infusion at the doses of
500 mg/m2, 500 mg/m2, and 100 mg/m?2,
respectively, on Day 1 of three 28-day circles; After
the three circles terminated, docetaxel was given at
100 mg/m2 intravenously on Day 1 of three
subsequent 28-day circles. Then the concurrent
group underwent radiotherapy during docetaxel
chemotherapy via 6MV X-ray intensity-modulated

radiation therapy for chest wall with a dose of 50 Gy
in 25 fractions over 5 weeks; while the sequential
group received adjuvant radiotherapy 1-3 weeks
after chemotherapy: the clavicle was irradiated with
6MV X-ray photon beam with a dose of 50 Gy in 25
fractions over 5 weeks. Both were subject to close
monitoring of routine blood indexes during
radiotherapy and chemotherapy and, if necessary,
can be administrated granulocyte colony stimulating
factor (G-CSF) to offset chemoradiotherapy-triggered
neutropenia, enhance the anti-tumor effect during
radiotherapy and ensure that radiotherapy and
chemotherapy proceed as scheduled.
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The two groups were assessed with regard to
clinical efficacy according to the modified Response
Evaluation Criteria in Solid Tumors (10): Complete
response (CR), Partial response (PR) and Stable
disease (SD).

Before and after treatment, 3-5 ml of blood
samples were isolated from the peripheral veins of
the two groups, and then centrifuged at 3,000 r/min
(centrifugal radius = 15 cm) for 15 minutes for serum
collection. The collected serum samples were stored
at -20°C and subjected to the enzyme-linked
immunosorbent assay for vascular endothelial
growth factor (VEGF) measurement and the enzyme-
luminescence assay for Carcinoembryonic antigen
(CEA) detection.

The patients were followed up every 3 months for
3 years by outpatient service, telephone call and visit.
The long-term efficacy was evaluated with overall
consideration of chief complaints, clinical symptoms
and imaging findings with chest X-ray,
electrocardiogram, color Doppler ultrasound and
blood routine examination at the last follow-up. The 3-
year OS rate was compared between the two groups
with death or the termination of the 3-year follow-up
after discharge as the endpoint of the study.

The adverse reactions of the two groups were
evaluated and categorized into grades 0-4 as per the
Acute Radiation Morbidity Criteria and Hematologic
Toxicity Criteria of the Radiation Therapy Oncology
Group (RTOC) (11).

All the data were statistically analyzed using SPSS
Statistics V22.0. Of them, the measurement data
were expressed by mean * standard deviation (x * s)
and subjected to grouped comparison with an
independent sample T test and intergroup
comparison with a paired T test; the counting data
were represented in number and rate (%) and
compared by x2 test between the two groups. The
data were plotted into survival curves by the Kaplan-
Meier method. A P- value less than 0.05 was
considered statistically significant.

4. Results

The results of the study showed that out of 110
patients participating in the study, 52 patients are in
sequential treatment group and 58 patients are in
the treatment group concurrent with radiotherapy
and chemotherapy. Demographic variables and
clinical characteristics of patients are shown in
Table 1.

The mean age of patients in sequential treatment
group is 43.7+7.9 years and in concurrent treatment
group is 42.848.7 years. Also, the average duration of
surgery in sequential group therapy is 72.5+8.0
minutes and in concurrent group therapy is 73.4+7.5
minutes. Examination of TNM stage in sequential
group therapy showed that 30 people in the third
stage and 22 in concurrent group therapy are also in
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this stage. Examining the location of the tumor in the
two treatment groups, the results showed that in the
sequential treatment group, 27 patients had tumors
on the right side and 25 patients had the tumor site
on the left side. In the concurrent treatment group,
there are 30 tumors on the right side and 28 tumors
on the left side.

The results of treatment (clinical) effectiveness in
two groups showed that Stable disease (SD) was
observed in 22 patients in sequential and concurrent
treatment. Complete Responses (CR) showed that 13
patients in sequential treatment group and 16
patients in concurrent treatment group had this
treatment outcome. The results also showed that the
result of partial response (PR) treatment was
observed in 8 patients in the sequential treatment
group and 11 patients in the concurrent treatment
group. And progressive disease (PD) was observed in
9 people in both groups.

The results showed that in the sequential group
therapy, 46 patients and in the concurrent group
therapy 51 patients had no side effects. In sequential
treatment group, gastrointestinal complications were
observed in 3 patients, leukopenia in 1 patient and
thrombocytopenia in 2 patients. In concurrent group
therapy, gastrointestinal = complications were
observed in 1 patient, leukopenia in 4 patients,
thrombocytopenia in 1 patient and hepatic and renal
complications in one patient.

The final outcome of the disease in patients of the
two treatment groups showed that 16 people died in
the sequential treatment group and 12 people in the
concurrent treatment group. The mean survival time
(month) in the sequential treatment group was
25%4.727 and in the concurrent treatment group was
26+5.197.

The results showed that the mean age of
individuals in the two treatment groups was not
statistically significant (P= 0.553). Also, the operation
time in the treatment groups is not statistically
significant (P-value= 0.548). Evaluation of Post
treatment VEGF (pg / mg) and Post treatment CEA
(/g / L) in two sequential and concurrent treatment
groups was not significant and shows their
ineffectiveness in the treatment groups (P= 0.812 and
0.91). Also, the mean survival time was not
significantly different between the two treatment
groups (P=0.293) (Table 2).

The effectiveness of treatment in both groups was
also evaluated (Table 3). The results showed that the
effectiveness of treatment in the two groups were not
statistically significant (P = 0.609).

Table 4 showed that the amount of Prior treatment
VEGF (pg / mg) and Post treatment VEGF (pg / mg) in
the two groups were statistically significant difference
(P<0.001) which shows the positive effect of this
treatment before and after the intervention.

Table 5 showed that there was no statistically
significant difference between the two treatment
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Table 1. Demographic characteristics and clinical characteristics of patients participating in the study

. Group
Variable Sequential (%)* Concurrent (%)*
11 30 (57.7) 31 (53.4%)
TNM stage v 22 (423%) 27 (46.6%)
. Right 27 (51.9%) 30 (51.7%)
ey Left 25 (48.1%) 28 (48.3%)
SD 22 (42.3%) 22 (37.9%)
. . CR 13 (25%) 16 (27.6%)
Clinical efficacy PR 8 (15.4%) 11 (19%)
PD 9 (17.3%) 9 (15.5%)
Gastro intestinal 3 (5.8%) 1(1.7%)
Leukopenia 1(1.9%) 4 (6.9%)
Adverse reaction Thrombocytopenia 2 (3.8%) 1 (1.7%)
Liver / kidney injury 0 1(1.7%)
No 46 (88.5%) 51 (87.9%)
State Alive 36 (69.2%) 46 (79.3%)
Dead 16 (30.8%) 12 (20.7%)
Age ** 43.788 (7.924) 42.844 (8.686)
Operation time ** 72.538(8.013) 73.431 (7.464)
Time ** 25 (4.727) 26 (5.197)
*F (%)
** Mean (SD)
Table 2. Evaluation of clinical features and treatment measures of patients participating in the study
Variable Sequential Concurrent P-value* Cl: 95%
Age 43.788 (7.924) 42.844 (8.689) 0.553 -2.196 - 4.083
Operation time 75.538 (8.013) 73.431 (7.464) 0.548 -3.818-2.033
Post treatment VEGF (pg/mg) 112.046 (28.736) 110.703 (30.167) 0.812 -9.759 - 12.480
Post treatment CEA (ng/L) 4.125 (0.978) 4.103 (1.015) 0.91 0.355-0.398 -
Time 26 (5.197) 25 (4.727) 0.293 - 2.875 - 0.875
* P-value based on independent sample T test
Table 3. Clinical efficacy of treatment measures in two groups
Clinical efficacy . *
Group ) CR PR PD X df P-value
Sequential 22 13 8 9
Concurrent 22 16 11 9 0.262 3 0.609

* P-value based on chi-square (fisher exact test)

groups in terms of side effects (therapeutic side
effects) (P=0.931). This probably indicates that the
selected treatment methods in the two treatment
groups have the least side effects and this small
number of side effects is not statistically significant.
Tumor, nodes, metastasis (TNM) stage system
for breast cancer is an internationally accepted
system used to determine the stage of the disease.

This stage of the disease is used to determine the
prognosis and management of treatment. The
results regarding the stage variable showed that
there was no statistically significant difference
between the two groups (P=0.655) (Table 6). Also,
no significant difference was observed in the study

of the two groups in terms of tumor location
(P=0.983) (Table 7).

Table 4. The effect VEGF (pg/mg) and CEA (ug/L) before and after intervention in treatment groups

Group Prior treatment VEGF (pg/mg)  Post treatment VEGF (pg/mg) P-value**
Sequential 135* 115* 0.001
Concurrent 6.2* 4.3*% 0.001
Prior treatment CEA (pg/L) Post treatment CEA (pg/L)
Sequential 135* 115* 0.001
Concurrent 6.2* 4.3* 0.001
*MEDIAN
** P-value based on Paired t-test
Table 5. Evaluation of adverse reaction of patients participating in the study
Grade 3-4 adverse reaction
2 R *
Group Gastro intestinal Leukopenia  Thrombocytopenia  Liver / kidney injury  No X df  P-value
Sequential 46 3 1 2 0
Concurrent 51 1 4 1 1 0.007 4 0.931

* P-value based on chi-square (fisher exact test)
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Comparison of survival time in the two groups did
not show a significant difference. The treatment

methods chosen may not have an effect on increasing
patients' survival time (Figure 2).

Table 6. Evaluation of TNM stage of patients participating in the study

Group I TNM stage v X2 df P-value*

gzﬁzﬁ::git 3,(1) 3; 0.2 1 0.655
*P-value based on chi-square

Table 7. Evaluation of Tumor location of patients participating in the study

Group Right Tumor location e X2 df P-value*

Concurrent 30 22 0125 : 0983

*P-value based on chi-square
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Figure 2. Comparison of survival time in the two groups

5. Discussion

The study was designed to compare concurrent
chemo radiotherapy using docetaxel with sequential
chemo radiotherapy in terms of efficacy and safety on
locally advanced breast cancer who had received
modified radical mastectomy. The results showed
that the mean age, operation, evaluation of Post
treatment VEGF (pg/mg) and Post treatment CEA (/g
/ L), effectiveness of treatment in two sequential and
concurrent treatment groups was not significant The
results showed that the amount of Prior treatment
VGEF (pg/mg) and Post treatment VGEF (pg/mg) in
the two groups were statistically significant
difference. Which shows the positive effect of this
treatment before and after the intervention. The
results showed that there was no statistically
significant difference between the two treatment
groups in terms of side effects. Comparison of
survival time in the two groups did not show a
significant difference. The treatment methods chosen
may not have an effect on increasing patients'
survival time.

IranRed Crescent Med]. 2022; 24(7):e1992.

The mean age of patients in sequential treatment
group is 43.733+7.924 years and in concurrent
treatment group is 42.844+8.686 years.

The results showed that the mean age in the
consecutive group therapy was 43 years and in the
simultaneous group therapy was 42 years while in
the study of Brackstone et al. (2011) the mean age of
the two in the chemotherapy group was 51 years and
in the radiotherapy group was 49 years, which
showed a higher mean age than the present study
(12). Also in the study by Li, L, et al (2018) on breast
cancer patients, the mean age of patients was higher
than the mean age of the present study however,
there was no significant difference between the two
treatment groups in terms of mean age (13), which is
also consistent with the results of the present study.
The mean duration of surgery in the two treatment
groups was 72 and 73 minutes while this time was
obtained in the study of et al Haixia Zhao (2015) in
two groups of 43 and 58 minutes (14), which is
higher than the average duration of surgery in the
present study.

TNM classification is a system for classifying
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malignancies. It is used primarily in solid tumors
(masses of abnormal cells that lack cysts and fluid
areas) and can be used to aid in the prognosis of
cancer. A standard classification system improves
communication between providers and enables better
information sharing and research among populations.
The system is based on the evaluation of tumors,
regional lymph nodes and distant metastases.
Examination of TNM stage in consecutive group
therapy showed that 30 patient in the third stage and
22 patient in the simultaneous group therapy are in
this stage and considering that most patients are in
these stages, which is consistent with the results of
other studies in which most patients are in these
stages (15). This lack of difference in TNM stage is also
consistent with the study of Lu, Y et al (2017) who
were not significantly different in TNM stage (16).

Examination of the location of the tumor on which
side it is located showed that the tumors are
scattered on both the right and left sides. There is no
significant difference between the two treatment
groups in terms of tumor location, which is consistent
with the results of other studies (17,18).

Clinical effectiveness is a measure of the success
of a treatment in achieving a goal. Most patients in
the two treatment groups showed clinical response to
Stable disease (SD) and Complete responses (CR),
which is consistent with the results of the study
Malgorzata K Tuxen et al (2014) (19). The
effectiveness of therapeutic measures performed in
the two treatment groups did not show a statistically
significant difference that is consistent with the
results of other studies (20,21).

Any therapeutic action or intervention may have
unpleasant side effects for the patient. Gastrointestinal
complications and leukopenia were the most common
complications observed in the two groups of patients
and these complications did not show a significant
difference between the two groups. In the study et al.
(2011) H. Wildiers, the two complications observed in
most patients was gastrointestinal complications and
leukopenia, which is consistent with the results of the
present study (22).

Vascular Endothelial Growth Factor (VEGF)
(pg/mg) is one of the most important antagonistic
regulators that the association between increased
growth factor expression and tumor progression has
been reported in several cancers, including breast
cancer. The results of this study showed that the
expression of genes due to intervention in both
sequential treatment group and concurrent
treatment group showed a significant decrease that is
consistent with the results of other studies (23,24).
CEA (Carcinoembryonic Antigen) levels should be
increased in both benign and malignant diseases.
CEA levels are low or normal in patients who are in
the early stages of the disease and have a small
tumor. Patients with progressive tumors or
metastases are likely to have higher CEA levels.

Therefore, this test is useful for determining the
effectiveness of treatment measures. The results of
the present study showed that interventional
measures were associated with CEA levels and the
results of various studies have shown that
therapeutic interventions can be useful in reducing
CEA levels (25,26).

Finally, the comparison of survival time between
the two groups did not show a significant difference,
which could indicate that the chosen treatment
methods may not have an effect on increasing the
survival time of patients. While the mean survival
time in other studies in different treatment groups
showed a significant difference (27,28).

5.1. Limitation

The follow-up time of the participants in the study
seems to be longer than this time to reveal the effect
of treatment measures and interventions in
increasing the average survival time.

6. Conclusion

To sum up, concurrent chemoradiotherapy with
docetaxel presented high clinical efficacy and
prolonged the survival cycle, though not significantly,
in locally advanced breast cancer patients who
received modified radical mastectomy, while it did
not significantly increase the toxicity.
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