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Abstract: Objective To explore the short- and long-term efficacy and toxic and side effects of hyperfractionated radiotherapy
with different fractionation doses in patients with limited stage small cell lung cancer (SCLC). Methods From August 2017 to
August 2019, 70 patients with limited-stage SCLC admitted to Zhangye People's Hospital were selected and divided into
control group (n=35) and observation group (n=35) according to the random number table method. Conventional
chemotherapy and hyperfractionated radiotherapy were used in both groups, with a total dose of 45 Gy in the control group
and 60 Gy in the observation group. A three-year follow-up was carried out to compare the short- and long-term efficacy
(survival and local control rate), and the occurrence of toxic side effects between the two groups. Results The total effective
rate in the observation group was obviously higher than that in the control group (91.43% vs 71.43%, χ2=4.629, P=0.031). The
1-, 2-, and 3-year local control rates and survival rates of patients in the observation group were significantly higher than those
in the control group (P<0.05). There was no statistically significant difference in the total incidence of adverse reactions
between the two groups (P>0.05), and most of adverse reactions were grade Ⅰ-Ⅱ , which did not affect the course of
treatment. After treatment, the scores of life quality in both groups increased significantly (P<0.05), and the observation group
showed a significant increase compared to the control group (P<0.05). Conclusion Hyperfractionnated radiotherapy with
appropriately increased fractionated dose for patients with limited-stage SCLC has better short- and long-term efficacy, higher
local control rate and survival, and no significant increase in toxic and side effects, which is safe and can improve the quality of
patients’ life.
Keywords: Hyperfractionated radiotherapy; Limited stage; Small cell lung cancer; Efficacy, short-term, long-term; Toxic and
side effects

Lung cancer is a common malignant tumor. In 2020,
China had the largest number of new lung cancer cases in
the world [1]. Lung cancer is mainly divided into small cell
lung cancer (SCLC) and non-small cell lung cancer [2].
SCLC is a highly invasive neuroendocrine tumor,
accounting for about 15% of lung cancer patients. Due to
the rapid proliferation of cancer cells, rapid development
and high malignancy of SCLC, about 70% patients were
diagnosed as extensive SCLC, and only about 30% were
diagnosed as localized SCLC, but its prognosis is still
poor [3-4]. Radiotherapy includes oncology, radiobiology,
clinical radiotherapy, radiation physics and other
technologies, which have good therapeutic effects on
many malignant tumors. Because SCLC is sensitive to
chemotherapy and radiotherapy, limited-stage SCLC is
mainly treated by radiotherapy combined with
chemotherapy [5]. In radiotherapy, most of them use
fractionated radiotherapy. With the development of
technology, some studies have shown that
hyperfractionated radiotherapy is superior to conventional
fractionated radiotherapy [6]. At present, there are few

reports on the short-term and long-term efficacy and side
effects of different fractionated doses. Moreover, there is
no uniform standard for the optimal dose in the
concurrent chemoradiotherapy regimen of limited-stage
SCLC, and different fractionated doses will increase the
toxicity and side effects of treatment. Therefore, the aim
of this study is to investigate the effects of
hyperfractionated radiotherapy at different fractionated
doses on the short-term and long-term efficacy and
toxicity of patients with limited-stage SCLC.

1. Materials and Methods

1.1 General information

Seventy patients with limited-stage SCLC who were
admitted to Zhangye People's Hospital Affiliated to Hexi
University from August 2017 to August 2019 were
selected, including 44 males and 26 females.

Inclusion criteria:
(1) limited-stage SCLC was confirmed by
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pathological examination;

(2) having an indication for the treatment regimen
used in the study;

(3) good compliance;
(4) complete clinical data;
(5) Patients voluntarily enrolled in the study and

signed the informed consent.
Exclusion criteria:
(1) contraindications to radiotherapy and

chemotherapy;
(2) patients with a history of myocardial infarction;
(3) patients with severe liver and kidney

dysfunction;
(4) patients with a chemotherapy history;
(5) those who gave up treatment.
All patients were divided into two groups by a

random number table method. The control group (n=35),
21 males and 14 females; The average age was
(54.82±9.56) years. The maximum diameter of tumor was
(3.18±1.01) cm. There were 17 cases of central type and
18 cases of peripheral type. The observation group (n=35),
23 males and 12 females; The average age was
(55.48±9.37) years old. The maximum diameter of tumor
was (3.11±0.98) cm. There were 19 cases of central type
and 16 cases of peripheral type. There was no significant
difference in basic data between the two groups (P>0.05).
This study was approved by the ethics committee of our
hospital (2017-06201).

1.2 Treatment Methods

Conventional chemotherapy and hyperfractionated
radiotherapy were used in both groups. Conventional
chemotherapy: 100 mg/m2 etoposide, day 1-5; 80 mg/m2

cisplatin, day 1-3. Concurrent radiotherapy was
performed after one cycle of chemotherapy (3 weeks),
and chemotherapy was continued for 4 cycles.
Hyperfractionated radiotherapy: a linear accelerator was
used and a vacuum bag was used to fix the patient's
lesions for operation. Enhanced CT simulation
positioning was performed with a thickness of 5 mm, and
the patient needed to breathe smoothly. The scanning was
performed from the thoracic inlet to the horizontal plane
of the costophrenic angle, and the three-dimensional
image was reconstructed according to the returned image.
The target volume was determined by discussion between
oncologists and radiologists, the position of lesions was
determined through the lung window, and the position of
lymph nodes was determined through the mediastinal
window. The clinical target volume was defined
according to the range of lymph nodes and the range of
tumors before chemotherapy. The planning target volume
was defined according to the setup error and respiratory
activity. Patients were given chest X-ray examination
once a week, and the treatment target volume was
adjusted according to the condition before treatment.
The total dose of radiotherapy in the control group and

the observation group was 45 Gy and 60 Gy, 1.5 Gy each
time, 2 times a day, no more than 5 times a week, a total
of 4 cycles of radiotherapy.

1.3 Observation indicators

1.3.1 Short-term efficacy
After the treatment, the efficacy of all patients was

evaluated (no dropout).
Complete remission: the clinical symptoms and

imaging examination of the tumor disappeared, and lasted
for more than 30 days.

Partial response: the clinical symptoms were
relieved, the tumor diameter decreased by more than 50%,
and no new lesions appeared for more than 30 days.

Stable disease: the tumor was reduced by 25%-50%
on imaging examination, and no new lesions appeared.

Disease progression: appearance of new lesions or
tumor enlargement by 25%.

Total effective rate = (complete remission + partial
remission)/ total number of patients ×100% [7].

1.3.2 Long-term efficacy
All patients were followed up for 3 years, mainly by

telephone follow-up and regular review (no dropout). The
survival rate and local control rate within 1, 2 and 3 years
were statistically analyzed and compared between the two
groups.

1.3.3 Toxic and side effects
During the treatment period, patients with toxic and

side effects were checked once a week for routine blood
tests, and the occurrence of adverse reactions was
recorded to judge the toxic and side effects. According to
the standard of WHO toxic and side effects, they were
divided into grades Ⅰ-Ⅳ [8].
1.3.4 Quality of life

Patients were evaluated by quality-of-life scale
before and after 1 month of treatment, mainly including
mental and physiological function, etc. The full score was
100 points, and the higher the score, the better the quality
of life [9].

1.4 Statistical methods

The data were analyzed by SPSS 25.0 software.
Count data were expressed as case (%) and compared by
test. Measurement data with non-normal distribution were
represented as M(P25, P75), and Mann-Whitney U test was
used for comparison between and within groups. P<0.05
was considered statistically significant.

2 Results

2.1 Comparison of short-term efficacy between the
two groups

The total effective rate of the observation group
was significantly better than that of the control group,
and the difference was significant (P<0.05). [Table 1]
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2.2 Comparison of local control rate and survival
rate between the two groups in each year

The 1 -, 2 -, and 3-year local control rate and survival
rate of the observation group were significantly higher
than those of the control group (P < 0.05). See Table 2.

2.3 Comparison of adverse reactions between the
two groups

Most of the adverse reactions in the two groups were
grade Ⅰ-Ⅱ, which did not affect the treatment course.
There was no significant difference in the total incidence

of nausea and vomiting, abnormal liver function,
abnormal renal function, pneumonia, and leukopenia
between the observation group and the control group
(P>0.05). See Table 3.

2.4 Comparison of quality-of-life scores between the
two groups before and after treatment

There was no significant difference in the
quality-of-life scores between the two groups before
treatment (P>0.05). After treatment, the quality-of-life
scores in the two groups were significantly increased
(P<0.01), and the quality-of-life score in the observation
group was significantly higher than that in the control
group (P<0.01). See Table 4.

Tab. 1 Comparison of recent therapeutic effects between two groups of patients [n=35, case (%)]

Group Complete remission Partial response Stable disease Disease Progression Total Effective Rate
Observation Group 12(34.28) 20(57.14) 2(5.71) 1(2.86) 32(91.43)
Control Group 8(22.86) 17(48.57) 7(20.00) 3(8.57) 25(71.43)
χ2 value 4.629
P value 0.031

Tab.2 Comparison of local control rates and survival within 3 years between two groups of patients [n=35, case (%)]

Group Local Control Rates Survival Rates
1 year 2 years 3 years 1 year 2 years 3 years

Observation Group 29(82.86) 27(77.14) 25(71.43) 30(85.71) 24(68.57) 19(54.29)
Control Group 21(60.00) 19(54.29) 16(45.71) 22(62.86) 15(42.86) 10(28.57)
χ2 value 4.480 4.058 4.769 4.786 4.690 4.769
P value 0.034 0.044 0.029 0.029 0.030 0.029

Tab.3 Comparison of toxic and side effects between two groups of patients [n=35, case (%)]

Group Nausea and Vomiting Abnormal Liver Function Abnormal Renal Function Pneumonia Leukopenia
Observation Group Ⅰ-Ⅱ 15(42.86) 18(31.43) 21(60.00) 18(51.42) 21(60.00)

Ⅲ-Ⅳ 0 1(2.86) 0 1(2.86) 2(5.71)
Total 15(42.86) 19(54.28) 21(60.00) 19(54.28) 23(65.71)

Control Group Ⅰ-Ⅱ 16(45.71) 18(51.43) 18(51.43) 17(48.57) 18(51.43)
Ⅲ-Ⅳ 1(2.86) 0 0 0 1(2.86)
Total 17(48.57) 18(51.43) 18(51.43) 17(48.57) 19(54.29)

χ2 valuea 0.230 0.057 0.521 0.229 0.952
P valuea 0.631 0.811 0.47 0.632 0.329

Note: Compared with the group before treatment, aP<0.01

Tab.4 Comparison of quality of life scores between two groups of patients before and after treatment [n=35,M(P25,P75)]

Group Before treatment After treatment Z value P value
Observation Group 36.00(34.00,40.00) 80.00(77.00,82.00) 7.205 <0.001
Control Group 37.00(34.00,38.00) 59.00(57.00,61.00) 7.207 <0.001
Z value 0.195 7.205
P value 0.846 <0.001

3 Discussion

SCLC is a common malignant disease in respiratory
medicine, accounting for about 15% of lung cancer. It has
the characteristics of rapid spread, rapid growth and a

high degree of malignancy. The main manifestations are
sputum blood, cough, fever, chest pain, hoarseness and so
on. At present, the pathogenesis and etiology of SCLC is
still unknown and may be due to the damage of epithelial
cells by carcinogen [10-11]. Although the drugs and
methods for treating lung cancer have developed rapidly,
the 5-year survival rate of lung cancer patients is still
relatively low, and their mortality ranks first among
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malignant tumors in China [12-13].

Chemotherapy is a systemic treatment, while
radiotherapy is a local treatment. Studies have shown that
chemotherapy combined with radiotherapy can work
together to achieve the purpose of improving efficacy [14].
Limited-stage SCLC is mainly treated with radiotherapy
and chemotherapy. Theoretically, increasing the
radiotherapy dose is more conducive to killing tumor
cells. Studies have shown that the increase of
radiotherapy dose will enhance the killing of tumors and
improve the treatment effect [15]. Other studies have found
that with the increase of radiotherapy dose, the toxic side
effects and corresponding risks also increase [16]. In this
study, both groups of patients were treated with
hyperfractionated radiotherapy on the basis of
conventional chemotherapy, and the difference was that
the radiation dose of the observation group was
appropriately increased. The results showed that the total
effective rate of the observation group was significantly
better than that of the control group. Although the two
groups of patients had toxic side effects, most of them
were grade Ⅰ-Ⅱ, which did not affect the course of
treatment, and the total incidence of toxic side effects
between the two groups was small. It is suggested that
increasing the radiation dose appropriately can improve
the clinical efficacy without increasing the risk of side
effects, and the safety is good.
In this study, all patients with limited-stage SCLC were

treated with hyperfractionated radiotherapy, and the
tumor cells did not metastasize or spread. Due to the rapid
reproduction rate of lung cancer cells, studies have shown
that the survival rate of patients will be reduced by about
2% for every day of treatment delay [17].
Hyperfractionated therapy can reduce the total treatment
time, thereby reducing the risk of lung cancer cell
proliferation and improving the survival rate of patients
[18]. The results of this study showed that compared with
the control group, the control rate and survival rate of 1, 2
and 3 years in the observation group were significantly
higher. The quality-of-life scores of the two groups were
significantly increased after treatment, and the
observation group was significantly higher than the
control group, suggesting that appropriately increasing
the dose can effectively inhibit the proliferation of lung
cancer cells, improve the curative effect, survival rate and
quality of life of patients. Studies have found that an
appropriate increase in radiotherapy dose can enhance the
efficacy of locally advanced non-small cell carcinoma
without increasing toxic and side effects, with high safety
[19-20]. The results of the present study were similar.
In conclusion, hyperfractionated radiotherapy in the

treatment of LS-SCLC has better short-term and
long-term efficacy, better control rate and survival rate,
and does not increase the toxic side effects. It is safe and
can improve the quality of life of patients. However, this
study also has certain limitations. The selected sample
size is small, which may lead to a certain bias in the
results of the study.
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7̂8" )%$O" ))$=%!$%%D

?

$%%HE

**+@

g�

"

ék

"

�q

E

YµÌ4�ÏÐÇ�y«ê��5���X

Ylm7�(�Xå_IBCy«

* +̀E

_×�)P#e�

"

)%$=")=$O%!)%

?

)'E

g5.Ue" f:; G" B:7. cESRU:;1CPBM9-5670. 7[56;5V0>. >X60X7

\;560VR0. -5.-71W5V07.V9* +̀EB:0.5`̂ >8 7̂8" )%$=" )=$O%!

)%

?

)'E

*$%+

ç¹º

"

»ô"

"

�e

E

òDÉ01234Á=ÙÐuKI?@

¥noÊ¶9ÛI¢!

* +̀E

}g4�e�

")%))"'O$=%!*$%

?

*$)"*)$E

g; eT" B5>GT" B;0GEA767-V0>. >X-:79V1580>V:715WR5.8 W1>U3

.>909X5-V>190. ->.X0.78 94566-7666;.U-5.-71* +̀Ec15-V̀ B5.-71"

)%))" 'O$=%! *$%

?

*$)" *)$E

*$$+

G¼®

"

qlè

"

½®P

"

§

E

òDÉ01234Á=ÙIÏÐI

JKLM

* +̀E

*nR##A

$

P#Ì

%")%$H"(($$%!HDO

?

H=)E

Q; BK" G0; dG" K>.UAG" 7V56EL79751-: W1>U17990. V:>15-0-153

80>V:715WR0. 6040V783809759794566-7666;.U-5.-71* +̀È 0̀60. S.0[
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