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Department of Radiotherapy, The Fourth Hospital of Hebei Medical University, Shijiazhuang, China

Objective: To analyze and compare the efficacy and safety of simultaneous integrated
boost intensity-modulation radiation therapy (SIB-IMRT) combined with systematic and
standardized management for esophageal cancer.
Methods: From January 2012 to January 2019, 200 patients with esophageal cancer
who received radical chemoradiotherapy in our hospital were treated with lymphatic
drainage area radiation prevention combined with systematic and standardized
management. According to difference in radiotherapy methods, the patients were
divided into local lesion 92 patients treated with simultaneous integrated boost
intensity-modulation radiation therapy (SIB-IMRT) combined with systematic
standardized management (SIB-IMRT group), and late course boost intensity-
modulation radiation therapy (LCB-IMRT) combined with systematic standardized
management 108 patients (LCB-IMRT group). The short-term eficacy of the two
groups were compared. The dose volume parameters of the organ in danger are
evaluated based on the dose volume histogram. The related adverse reactions during
chemoradiotherapy were compared between two groups. The local control rate and
survival rate were compared between the two groups.
Results: The recent total effective rates of rats in the SIB-IMRT group and LCB-IMRT
group were 95.65% and 90.74%, respectively, and there was no significant difference
between the two groups (p > 0.05). The mean doses to left and right lung, heart and
spinal cord in the SIB-IMRT group were significantly lower than that in the LCB-IMRT
group (p < 0.05). There was no significant difference in the incidence of adverse
reactions such as radiation esophagitis, radiation pneumonitis, radiation tracheitis,
gastrointestinal reaction and bone marrow suppression between the SIB-IMRT group
and LCB-IMRT groups (p > 0.05). The one-year and three-year overall survival rates in
the SIB-IMRT group and LCB-IMRT groups were 82.61%, 42.39% and 77.78%,
34.26%, respectively, and the median survival times were 38 and 29 months,
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respectively. The local control rates in the SIB-IMRT group and LCB-IMRT group in one and
three years were 84.78%, 56.52% and 75.93%, 41.67%, respectively. The 3-year local
control rate in the SIB-IMRT group was higher than that in the LCB-IMRT group (p < 0.05),
but there was no significant difference in the 1-and 3-year overall survival rates between the
two groups (p > 0.05).
Conclusion: SIB-IMRT combined with systematic and standardized management in the
treatment of esophageal cancer can reduce the amount of some organs at risk and improve
the local control rate of the lesion.

Keywords: simultaneous integrated boost intensity-modulation radiation therapy, systematic and standardized
management, dose-dependent intensity-modulated radiotherapy, esophageal cancer, efficacy and safe
INTRODUCTION

In recent years, with the constant changes in people’s daily life
and diet structure, the incidence of esophageal cancer is
increasing year by year, and it is more likely to occur in the
elderly (1). Early esophageal cancer is mainly treated by
surgery, but most patients are in the advanced stage at the
time of diagnosis, mainly by concurrent chemoradiotherapy.
In addition, radiotherapy is one of the main methods to treat
esophageal tumors for patients who can not receive surgical
treatment (2–4). Esophageal carcinoma is a dose-dependent
malignant tumor. The local control rate of esophageal cancer
is positively ralated to the dose of radiotherapy, but many
important organs are close to the periphery of the esophagus.
Considering that the normal area around the tumor tissue has
a certain dose limitation, it is difficult to obtain a more
suitable dose distribution in the total tumor volume with
conventional radiotherapy (5). Traditional radiotherapy
techniques, which is simulated by esophageal barium meal
radiography, may not be able to irradiate the tumor tissue
and/or there is a low dose area in the tumor tissue, and it is
difficult to increase the local dose of esophageal lesions due to
the tolerance dose limitation of surrounding normal tissues
and organs (6, 7).

With the extensive development of intensity-modulated
radiotherapy, the five-year survival rate of esophageal cancer
has been significantly improved compared with conventional
two-dimensional radiotherapy. At present, the commonly
used intensity-modulated radiation therapy commonly used in
clinic includes conventional dose intensity-modulated
radiation therapy, locally synchronous integrated intensity-
modulation radiation therapy (SIB-IMRT), etc. The
simultaneous integrated boost intensity-modulation radiation
therapy allows different doses to be given to different
irradiation areas in the same treatment, which not only
increases the irradiation dose of tumor bed area, but also does
not increase the tolerance dose of the surrounding normal
tissues, and shorten the whole treatment time (8–10).

In the past, traditional clinical management only paid
attention to the patients’s disease progress and treatment
status, and explained the disease and treatment status to the
patients orally, while ignoring the influence of psychological
and spiritual factors on the disease, which made the treatment
ersin.org 2
effect difficult to achieve clinical expectations. Systematic and
standardized management is a newly emerging mode in recent
years. It adheres to the service concept of “people-oriented”
under the mode of psychological-physiological-social
medicine, and implements a series of management
interventions according to patients’ specific condition,
psychology and mental state, so as to meet the their
psychological, physiological and social needs and improve
their quality of life (11). The purpose of this study was to
explore the curative effect of SIB-IMRT combined with
systematic and standardized management for the treatment of
esophageal cancer, and to provide reference for the
individualized plan for comprehensive radiotherapy for
esophageal cancer.
DATA AND METHODS

General Information
From January 2012 to January 2019, a total of 200 patients with
esophageal cancer who received radical chemoradiotherapy in
our hospital were selected, and treated with prophylactic
irradiation in lymphatic drainage area combined with
systematic and standardized management. According to
different radiotherapy methods, the patients were divided into
local lesion 92 patients treated with SIB-IMRT combined with
systematic standardized management (SIB-IMRT group),
and LCB-IMRT combined with systematic standardized
management 108 patients (LCB-IMRT group). Inclusion
criteria: The first treatment was confirmed as esophageal
squamous cell carcinoma by pathology; Fluid food can be fed
before radiotherapy, with KPS score ≥70; Receiving radical
chemoradiotherapy or radical radiotherapy (dose ≥50 Gy);
No signs of esophageal bleeding or perforation before
radiotherapy; No other history of malignant tumor; All
patients signed informed consent of radiotherapy or
chemoradiotherapy. Exclusion criteria: Endoscopic report of a
superficial tumor with no obvious esophageal lesion on CT
images or endoscopic ultrasonography showing only invasion
of the lamina propria and submucosa; Well-differentiated
cancer; Esophagus has perforation signs; Esophageal surgery
has been performed; There is distant organ metastasis;
Incomplete follow-up information or follow-up failure.
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Research Methods
Radiotherapy
All the patients received radiotherapy through 6MV-X-ray of
Elekta accelerator (Meda, Sweden). The patient took the
supine position, and lay flat on the positioning bed. The
positioning membrane was used to fix the body position.
The scans were performed under a CT analog positioner. The
scanning range from the cricoid cartilage to the celiac trunk
was selected according to the different lesion sites. The whole
neck should be scanned for patients with cervical esophageal
cancer. The scanning layer was 5 mm thick and was
transmitted digitally to the Treatment Planning System (TPS)
for three-dimensional image reconstruction. Diagnostic criteria
for a primary tumor were a thickness of the esophageal wall
>0.5 cm or a diameter of the airless esophageal lumen
>1.0 cm. The diagnostic criteria of metastatic lymph nodes
were as follows: short diameter of lymph nodes in
mediastinum ≥1.0 cm, and long diameter of paraesophageal,
tracheoesophageal groove, pericardial horn and abdominal
lymph nodes ≥0.5 cm.

Gross tumor volume delineation: The gross tumor volume
(GTV) consists of the primary esophageal tumor and the
metastatic lymph nodes (GTVnd); is delineated separately if
the metastatic lymph nodes are far from the esophageal
lesion); The clinical target volume (CTV) is the axial
abduction of the primary tumor GTV by 0.8–1.0 cm, and up
and down by 2.0–3.0 cm, with appropriate modifications
based on the anatomical barrier. CTVnd refers to the uniform
outward expansion of GTVnd of 0.5–0.8 cm in all directions.
The planned target volume (PTV) and PTVnd were expanded
evenly by 0.5–1.0 cm over the CTV and CTVnd.

The prescription doses of SIB-IMRT (different doses in
different target areas but with the same irradiation times)
were 58.05–65.10 Gy for 95%PTV and 95%PTVnd, with 28–
31 times, and a single dose of 1.95–2.15 Gy; The prescription
dose of LCB-IMRT was 46–54 Gy for 95%PTV in 23–27 times
with a single dose of 1.8–2.0 Gy, and 10–16 Gy for PTV and
PTVnd in 5–8 times to 58–66 Gy in 29–33 times with a single
dose of 2 Gy.

Systemic Normative Management and Treatment
Pre-radiotherapy preparation: Health education and individual
assessment before radiotherapy can improve patients’
cognition of the disease and radiotherapy, realize the
importance of radiotherapy and self-care, correct patients’
biased understanding of radiotherapy, meet patients’
psychological needs, alleviate patients’ adverse psychological
reactions, and ensure the smooth progress of chemotherapy
treatment. The contents of education included: concept of
radiotherapy, preparation before radiotherapy, adverse
reactions of radiotherapy, cooperation during radiotherapy,
psychological guidance, etc. Individual evaluation contents
include patients’ condition, psychological condition, family
and social support, disease cognition, disease behavior ability,
etc. In addition, we should also pay attention to the
psychological counseling of patients’ families to get their
understanding and cooperation.
Frontiers in Surgery | www.frontiersin.org 3
Quality control in radiotherapy: The problems existing in
patients during interviews were taken as the guidance for
patients to formulate systematic and standardized management
plan. Patients were regularly screened for risk during
chemotherapy, and nutritional support treatment was given
based on the screening results in combination with patients’
relevant blood indicators. After chemotherapy, the responsible
nurse completes the continuous evaluation list of radiotherapy
education, including the systematic evaluation and treatment of
patients’ adverse reactions, such as gastrointestinal reactions
and bone marrow suppression, and puts forward the
corresponding nursing measures and continuous improvement.

Quality management after chemotherapy: A personal file was
established when the patient was discharged from hospital. In
addition to the basic information such as the patient’s
condition, home address, and contact information, the
interview records were also recorded in the file. Subsequently,
for each follow-up visit, the time and method of follow-up
visit, patients’ various problems and improvements need to be
continuously recorded in personal files. All patients were
followed up for 3 consecutive years, one month after the end
of treatment, every 3 months for 2 years, and every 6 months
for 3 years. A patient communication area was established
through WeChat, and the WeChat contact information was
established for each patient. Face-to-face conversation
guidance was provided to patients during outpatient re-
examination or when they came to our hospital for radiation
therapy. Contact the relevant physicians for the individual
problems of the patients, and formulate the improvement plan
for the patients. According to the patients’ cultural level and
understanding ability, health education manuals, videos,
pictures and case presentations were used to guide the
patients to cultivate healthy behavior and self-care ability.

Observation Indicators
Comparison of Short-Term Efficacy of Patients
Between the Two Groups
The short-term efficacy is evaluated one month after
radiotherapy, and the lesion retraction is evaluated according
to the reexamination of chest CT changes before and after
treatment. The short-term efficacy is divided into complete
response, partial response, stability, and progression. Complete
remission: the known lesions completely disappeared, and no
new lesions appeared, which lasted for at least 4 weeks; Partial
remission: the sum of the largest diameters of lesions
decreased by ≥30% and maintained for at least 4 weeks;
Stability: the sum of the maximum diameters of target lesions
is reduced to the standard of partial remission, or increased to
the standard of disease progression; Disease progression: The
sum of the maximum diameters of target lesions increased
by at least ≥20%, and their absolute values increased by
at least 5 mm, or new lesions appeared. Total effective rate =
(complete response + partial response)/total cases × 100%.

According to the dose-volume histogram, the dose-volume
parameters of organs in danger were evaluated, including the
average radiation doses of left and right lungs, heart and
spinal cord.
2022 | Volume 9 | Article 905678
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TABLE 1 | Comparison of general data of patients.

Project SIB-IMRT group
(n = 92)

LCB-IMRT group
(n = 108)

t/χ2 p

Gender 0.466 0.495

Male 63 69

Woman 29 39

Age (years) 60.28 ± 6.37 59.92 ± 6.18 0.405 0.686

Lesion length (cm) 4.71 ± 1.16 4.92 ± 1.59 1.051 0.295

Food intake 0.060 0.806

Common food 27 30

Semi/liquid food 65 78

Hoarseness 1.047 0.306

Yes 5 10

No 87 98

Lesion site 0.322 0.570

Cervical segment 8 12

Thoracic segment 84 96

Clinical t staging 0.029 0.864

T1 33 40

T2–4 59 68

Clinical n-staging

N0 32 38 0.004 0.953

N1–2 60 70

Deng et al. Simultaneous Intensity-Modulation Radiation Therapy
Comparison of adverse reactions related to radiltherapy and
chemotherapy between the two groups. The patients’ condition
were recorded weekly during radiotherapy, and evaluated by
RTOG standard classification according to the existence of
acute radiation injury in patients who were followed up after
radiotherapy.

Comparison of Local Control Rate and Survival Rate
Between the Two Groups
Survival time was calculated from the date of diagnosis until
death or end of follow-up. The deadline for follow-up is
January 2022. Within 6 months after radiotherapy, local
uncontrolled lesions appeared at the original lesion site, and
tumor recurrence is defined as lesion lasting more than
6 months.

Statistical Methods
SPSS22.0 software was used for processing. The measurement
data of the experimental data were expressed as mean
standard ± deviation (�x+ s), and t test was used for pairwise
comparison. The enumeration data were expressed as (%) and
the comparison was conducted by χ2 test. Kaplan-Meier
method was used for survival analysis. The Kaplan-Meier
method was used to calculate the local control rate and
survival rate at 1 and 3 years. The test level was α = 0.05, and
p < 0.05 indicated that the difference was statistically significant.
Chemotherapy 0.363 0.547

Yes 55 60

No 37 48

TABLE 2 | Comparison of short-term efficacy between the two groups (n,%).

Complete
remission

Partial
response

Stable
condition

Disease
progression

Total
effective

rate

SIB-IMRT
group
(n = 92)

31 57 3 1 95.65%

LCB-IMRT
group
(n = 108)

28 70 6 4 90.74%

χ2 1.841

p 0.175
RESULTS

Patients with General Data Comparison
There was no significant difference in general information
such as gender, age and lesion length between the two groups
(p > 0.05). See Table 1.

Comparison of Short-Term Efficacy
Between the Two Groups
The recent total effective rates of the SIB-IMRT group and the
LCB-IMRT group in the same period were 95.65% and
90.74%, respectively, and there was no significant difference
between the two groups (p > 0.05). See Table 2.

Comparison of Exposure of Endangered
Organs Between the Two Groups
The average radiation doses to left and right lung, heart and
spinal cord in the same period of the SIB-IMRT group were
significantly lower than those in the LCB-IMRT group, and
the differences were statistically significant (p < 0.05). See
Figures 1–4.

Comparison of the Incidence of Adverse
Reactions Between the Two Groups
The incidences of radiation esophagitis, radiation pneumonitis,
radiation tracheitis, gastrointestinal reaction and bone marrow
suppression in the SIB-IMRT group and the LCB-IMRT
group were 80.43% and 79.63%, 9.78% and 10.19%, 17.39%
and 25.93%, 33.70% and 34.26%, 59.78% and 62.04%,
Frontiers in Surgery | www.frontiersin.org 4
respectively. There was no significant difference in the
incidence of adverse reactions between the two groups
(p > 0.05). See Figure 5.

Comparison of Long-Term Efficacy
Between the Two Groups
The one-year and three-year overall survival rates in the SIB-
IMRT group and the LCB-IMRT group were 82.61%, 42.39%
and 77.78%, 34.26%, respectively, and the median survival
times were 38 and 29 months, respectively. The local control
rates in the SIB-IMRT group and the LCB-IMRT group in
2022 | Volume 9 | Article 905678
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FIGURE 1 | Comparison of average left lung exposure between the two
groups. Note: Compared with the LCB-IMRT group, #p < 0.05.

FIGURE 2 | Comparison of average right lung exposure between the two
groups. Note: Compared with the LCB-IMRT group, #p < 0.05.

FIGURE 3 | Comparison of average heart exposures between the two
groups. Note: Compared with the LCB-IMRT group, #p < 0.05.

FIGURE 4 | Comparison of average spinal cord exposures between the two
groups. Note: Compared with the LCB-IMRT group, #p < 0.05.

Deng et al. Simultaneous Intensity-Modulation Radiation Therapy
one-year and three-year were 84.78%, 56.52% and 75.93%,
41.67%, respectively. The three-year local control rate in the
SIB-IMRT group was higher than that in the LCB-IMRT
group (p < 0.05), but there was no significant difference in the
one-year and three-year overall survival rates between the two
groups (p > 0.05). See Figures 6 and 7.
DISCUSSION

Esophageal cancer is one of the common digestive tract cancers
in China. Most patients have no obvious clinical symptoms in
the early stage. Therefore, when seeing a doctor, most patients
are in the advanced stage, and most of them are elderly
patients. And surgical radiotherapy and chemotherapy are the
main treatment methods (12, 13). Although intensity-
modulated radiation therapy has been increasingly used in the
treatment of esophageal cancer in recent years, local
uncontrolled and recurrence are still the main methods of
treatment failure. Therefore, it may be an important method
to improve the curative effect of esophageal cancer by using
Frontiers in Surgery | www.frontiersin.org 5
the maximum dose in the tumor area and reducing the
irradiated dose to the surrounding normal tissues (14–16).

The target area of the cervical and upper thoracic esophagus
is large and irregular in shape, which makes it difficult to
complete a single plan of conformal radiotherapy technology,
requiring segmental irradiation. In addition, due to the
limitation of normal tissue dose, the local dose in the target
area is relatively low (17). However, the local dose increase of
esophageal cancer should be carefully considered, especially
the single dose which is prone to perforation and bleeding. In
addition, the esophagus is located in the chest cavity, adjacent
to the lung, heart, spinal cord and other important organs,
with limited local stress increase (18–20). In this study, we
compared the short-term efficacy of patients in the two
groups who received SIB-IMRT and LCB-IMRT. The results
showed that there was no significant difference between the
two groups. However, the average exposure of left and right
lung, heart and spinal cord in patients treated with SIB-IMRT
was lower than that of LCB-IMRT. The SIB-IMRT not only
has the advantages of highly conformal dose distribution of
2022 | Volume 9 | Article 905678
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FIGURE 5 | Comparison of the incidence of adverse reactions between the two groups.

FIGURE 6 | Comparison of local control curves between the two groups. FIGURE 7 | Comparison of survival curves of patients between the two
groups.

Deng et al. Simultaneous Intensity-Modulation Radiation Therapy
intensity-modulated radiotherapy and effective protection of
surrounding normal organs, but also has the advantages of
high efficiency, accuracy, high biological effect and satisfactory
dose distribution in the target area by using field-in-field
irradiation technology, so as to reduce the dose to some
dangerous organs, especially to better protect heart and lung
(21–24).

This study showed that there was no significant difference
between the two groups in the incidence of adverse reactions
such as radiation esophagitis, radiation pneumonia, radiation
tracheitis, gastrointestinal reactions and bone marrow
suppression. Concurrent chemotherapy will inevitably
aggravate treatment-related adverse reactions, especially acute
radiation esophagitis, which often leads to the delay or
interruption of radiotherapy plans (25). Compared with the
traditional LCB-IMRT, the SIB-IMRT can achieve the purpose
of receiving different doses in different target areas at the
Frontiers in Surgery | www.frontiersin.org 6
same time, shorten the timeof radiotherapy and improve the
intensity and efficiency of treatment. From the perspective of
radiobiology, the increase of a single dose can make the total
tumor volume obtain a higher equivalent biological dose,
thereby improving the radiobiological effects and reducing the
radiation dose to the surrounding organs (26–29).

Chemotherapy is an effective method for the clinical
treatment of advanced esophageal cancer. However, as a
strong stressor, it will directly invade the patient’s immune
system, causing serious trauma to the body, resulting in
negative psychology such as anxiety and depression, further
affecting the patient’s immune system, reducing the body’s
immunity to tumor cells, and even failing to successfully
complete chemotherapy. Systematic and standardized
management of patients with esophageal cancer undergoing
chemotherapy can meet the nursing requirements at all stage
of chemotherapy. At the same time, paying attention to
2022 | Volume 9 | Article 905678
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individualzed nursing, strengthens psychological nursing,
improving patients’ compliance with treatment, and having
strong clinical applicability are of great significance to ensure
the normal progress of patients’ chemotherapy (30).

In this study, systematic and standardized management was
selected, while the advantages of SIB-IMRT were fully utilized,
in an attempt to kill the subclinical lesions and well control
the local lesion and metastatic lymph nodes within the limited
treatment time. The results showed that the local control rate
during the same period of three years by SIB-IMRT group
was superior to that by the LCB-IMRT group. These results
suggest that SIB-IMRT may be a better option for improving
long-term local control. Although the overall survival rates of
the patients in the two groups are similar, the survival curve of
the concurrent dosed intensity-modulated radiotherapy shows a
significant increase trend compared with the sequential dosed
intensity-modulated radiotherapy, and the survival curve
remains at about 50%. The effect of SIB-IMRT in radical
chemoradiotherapy for esophageal cancer was confirmed.

To sum up, the SIB-IMRT group can reduce the exposure of
some dangerous organs and has certain advantages in
improving the local control rate of esophageal cancer.
However, this study still has certain limitations. The
individualized treatment plan with sub-layers needs long-term
Frontiers in Surgery | www.frontiersin.org 7
results of multi-centers and more cases in the future to be
canfirmed.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be
directed to the corresponding author/s.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Consent for this study was approved by our
medical ethics committee. The patients/participants provided
their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS

WD, WS and XZ are the mainly responsible for the writing. JS is
mainly responsible for data analysis. CS, JX and XZ are
responsible for the guidance of the entire research. All authors
contributed to the article and approved the submitted version.
REFERENCES

1. Huang FL, Yu SJ. Esophageal cancer: Risk factors, genetic association, and
treatment. Asian J Surg. (2018) 41:210–5. doi: 10.1016/j.asjsur.2016.10.005

2. Watanabe M, Otake R, Kozuki R, Toihata T, Takahashi K, Okamura A, et al.
Recent progress in multidisciplinary treatment for patients with esophageal
cancer. Surg Today. (2020) 50:12–20. doi: 10.1007/s00595-019-01878-7

3. Lin SH, Hobbs BP, Verma V, Tidwell RS, Smith GL, Lei X, et al. Randomized
phase IIB trial of proton beam therapy versus intensity-modulated radiation
therapy for locally advanced esophageal cancer. J Clin Oncol. (2020)
38:1569–79. doi: 10.1200/JCO.19.02503

4. Shimada H. Revisiting radiation therapy for esophageal cancer. Esophagus.
(2020) 17:99. doi: 10.1007/s10388-020-00728-7

5. Chun SG, Skinner HD, Minsky BD. Radiation therapy for locally advanced
esophageal cancer. Surg Oncol Clin N Am. (2017) 26:257–76. doi: 10.1016/
j.soc.2016.10.006

6. Semenkovich TR, Samson PP, Hudson JL, Subramanian M, Meyers BF,
Kozower BD, et al. Induction radiation therapy for esophageal cancer: does
dose affect outcomes? Ann Thorac Surg. (2019) 107:903–11. doi: 10.1016/j.
athoracsur.2018.09.064

7. Gao HJ, Wei YC, Gong L, Ge N, Han B, Shi GD, et al. Role of radiation
therapy in node-negative esophageal cancer: A propensity-matched
analysis. Thorac Cancer. (2020) 11:2820–9. doi: 10.1111/1759-7714.13607

8. Gao LR, Wang X, Han W, Deng W, Li C, Wang X, et al. A multicenter
prospective phase III clinical randomized study of simultaneous integrated
boost intensity-modulated radiotherapy with or withou t concurrent
chemotherapy in patients with esophageal cancer: 3JECROG P-02 study
protocol. BMC Cancer. (2020) 20:901. doi: 10.1186/s12885-020-07387-y

9. Cai P, Yang Y, Li DJ. Efficacy and prognostic analysis of 315 stage I-IVa
esophageal cancer patients treated with simultaneous integrated boost-
intensity-modulated radiation therapy. Cancer Manag Res. (2021) 13:6969–75.
doi: 10.2147/CMAR.S329625

10. Yoshio K, Wakita A, Mitsuhashi T, Kitayama T, Hisazumi K, Inoue D, et al.
Simultaneous integrated boost volumetric modulated arc therapy for middle
or lower esophageal cancer using elective nodal irradiation: comparison with
3D conformal radiotherapy. Acta Med Okayama. (2019) 73:247–57. doi: 10.
18926/AMO/56868

11. Liu XY, Jiao CH, Zhao D, Chen Y, Zhang HM. Psychological impact of high-
quality nursing care on patients with esophageal cancer during perioperative
period: A protocol of systematic review. Medicine (Baltimore). (2020)
99:22270. doi: 10.1097/MD.0000000000022270

12. Uhlenhopp DJ, Then EO, Sunkara T, Gaduputi V. Epidemiology of
esophageal cancer: update in global trends, etiology and risk factors. Clin J
Gastroenterol. (2020) 13:1010–21. doi: 10.1007/s12328-020-01237-x

13. Jordan T, Mastnak DM, Palamar N, Kozjek NR. Nutritional therapy for
patients with esophageal cancer. Nutr Cancer. (2018) 70:23–9. doi: 10.
1080/01635581.2017.1374417

14. Martin JT. Consolidation Therapy in Esophageal Cancer. Surg Clin North
Am. (2021) 101:483–8. doi: 10.1016/j.suc.2021.03.009

15. Ristau J, Thiel M, Katayama S, Schlampp I, Lang K, Häfner MF, et al.
Simultaneous integrated boost concepts in definitive radiation therapy for
esophageal cancer: outcomes and toxicity. Radiat Oncol. (2021) 16:23.
doi: 10.1186/s13014-021-01749-x

16. Takakusagi Y, Kusunoki T, Kano K, Anno W, Tsuchida K, Mizoguchi N,
et al. Dosimetric comparison of radiation therapy using hybrid-VMAT
technique for stage I esophageal cancer. Anticancer Res. (2021) 41:1951–8.
doi: 10.21873/anticanres.14962

17. Mönig S, Chevallay M, Niclauss N, Zilli T, Fang W, Bansal A, et al. Early
esophageal cancer: the significance of surgery, endoscopy, and chemoradiation.
Ann N Y Acad Sci. (2018) 1434:115–23. doi: 10.1111/nyas.13955

18. Garant A, Spears G, Routman D, Whitaker T, Liao Z, Harmsen W, et al. A
multi-institutional analysis of radiation dosimetric predictors of toxicity
after trimodality therapy for esophageal cancer. Pract Radiat Oncol. (2021)
11:415–25. doi: 10.1016/j.prro.2021.01.004

19. Pinder-Arabpour A, Jones B, Castillo R, Castillo E, Guerrero T, Goodman K,
et al. Characterizing spatial lung function for esophageal cancer patients
undergoing radiation therapy. Int J Radiat Oncol Biol Phys. (2019)
103:738–46. doi: 10.1016/j.ijrobp.2018.10.024

20. Vermeulen BD, Jeene PM, Sijben J, Krol R, Rütten H, Bogers JA, et al. Low-
dose versus high-dose radiation therapy for the palliation of dysphagia from
2022 | Volume 9 | Article 905678

https://doi.org/10.1016/j.asjsur.2016.10.005
https://doi.org/10.1007/s00595-019-01878-7
https://doi.org/10.1200/JCO.19.02503
https://doi.org/10.1007/s10388-020-00728-7
https://doi.org/10.1016/j.soc.2016.10.006
https://doi.org/10.1016/j.soc.2016.10.006
https://doi.org/10.1016/j.athoracsur.2018.09.064
https://doi.org/10.1016/j.athoracsur.2018.09.064
https://doi.org/10.1111/1759-7714.13607
https://doi.org/10.1186/s12885-020-07387-y
https://doi.org/10.2147/CMAR.S329625
https://doi.org/10.18926/AMO/56868
https://doi.org/10.18926/AMO/56868
https://doi.org/10.1097/MD.0000000000022270
https://doi.org/10.1007/s12328-020-01237-x
https://doi.org/10.1080/01635581.2017.1374417
https://doi.org/10.1080/01635581.2017.1374417
https://doi.org/10.1016/j.suc.2021.03.009
https://doi.org/10.1186/s13014-021-01749-x
https://doi.org/10.21873/anticanres.14962
https://doi.org/10.1111/nyas.13955
https://doi.org/10.1016/j.prro.2021.01.004
https://doi.org/10.1016/j.ijrobp.2018.10.024
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org


Deng et al. Simultaneous Intensity-Modulation Radiation Therapy
esophageal cancer: a multicenter retrospective cohort study. Pract Radiat
Oncol. (2020) 10:255–63. doi: 10.1016/j.prro.2019.10.010

21. Sakanaka K, Ishida Y, Fujii K, Ishihara Y, Nakamura M, Hiraoka M, et al.
Radiation dose-escalated chemoradiotherapy using simultaneous itegrated
boost intensity-modulated radiotherapy for locally advanced unresectable
thoracic oesophageal squamous cell carcinoma: a single-institution Phase I
study. Clin Oncol (R Coll Radiol). (2021) 33:191–201. doi: 10.1016/j.clon.
2020.07.012

22. Rastogi M, Sapru S, Gupta P, Gandhi AK, Mishra SP, Srivastava AK, et al.
Prospective evaluation of Intensity Modulated Radiation Therapy with
Simultaneous Integrated Boost (IMRT-SIB) in head and neck squamous
cell carcinoma in patients not suitable for chemo-radiotherapy. Oral Oncol.
(2017) 67:10–6. doi: 10.1016/j.oraloncology.2017.01.005

23. Møller DS, Poulsen PR, Hagner A, Dufour M, Nordsmark M, Nyeng TB,
et al. Strategies for motion robust proton therapy with pencil beam
scanning for esophageal cancer. Int J Radiat Oncol Biol Phys. (2021)
111:539–48. doi: 10.1016/j.ijrobp.2021.04.040

24. Innocente R, Navarria F, Petri R, Palazzari E, Vecchiato M, Polesel J, et al.
Feasibility and oncological outcome of preoperative chemoradiation with IMRT
dose intensification for locally advanced esophageal and gastroesophageal
cancer. Front Oncol. (2021) 11:626275. doi: 10.3389/fonc.2021.626275

25. Modesto A, Dalmasso C, Lusque A, Vieillevigne L, Izar F, Moyal E, et al.
Tolerance and efficacy of dose escalation using IMRT combined with
chemotherapy for unresectable esophageal carcinoma: Long-term results of
51 patients. Cancer Radiother. (2020) 24:88–92. doi: 10.1016/j.canrad.2020.
01.006

26. Gao HM, Shen WB, Xu JR, Li YM, Li SG, Zhu SC. Effect of SIB-IMRT-based
selective dose escalation of local tumor on the prognosis of patients with
esophageal cancer. Int J Clin Oncol. (2021) 26:1640–9. doi: 10.1007/s10147-
021-01943-7

27. Huang BT, Huang RH, Zhang WZ, Lin W, Guo LJ, Xu LY, et al. Different
definitions of esophagus influence esophageal toxicity prediction for
esophageal cancer patients administered simultaneous integrat ed boost
Frontiers in Surgery | www.frontiersin.org 8
versus standard-dose radiation therapy. Sci Rep. (2017) 7:120. doi: 10.1038/
s41598-017-00168-x

28. Lan W, Lihong L, Chun H, Shutang L, Qi W, Liang X, et al. Comparison of
efficacy and safety between simultaneous integrated boost intensity-modulated
radiotherapy and standard-dose intensity-modulate d radiotherapy in locally
advanced esophageal squamous cell carcinoma: a retrospective study.
Strahlenther Onkol. (2022) 14:24. doi: 10.1007/s00066-021-01894-y

29. Wang D, Bi N, Zhang T, Zhou Z, Xiao Z, Liang J, et al. Comparison of
efficacy and safety between simultaneous integrated boost intensity-modulated
radiotherapy and conventional intensity-modulated radiotherapy in locally
advanced non-small-cell lung cancer: a retrospective study. Radiat Oncol.
(2019) 14:106. doi: 10.1186/s13014-019-1259-3

30. Zeng X, Li L, Wang W, Zhu L. Rehabilitation nursing intervention can
improve dysphagia and quality of life of patients undergoing radiotherapy for
esophageal cancer. J Oncol. (2021) 2021:3711699. doi: 10.1155/2021/3711699

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as
a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Deng, Zhang, Su, Song, Xu, Zhao and Shen. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.
2022 | Volume 9 | Article 905678

https://doi.org/10.1016/j.prro.2019.10.010
https://doi.org/10.1016/j.clon.2020.07.012
https://doi.org/10.1016/j.clon.2020.07.012
https://doi.org/10.1016/j.oraloncology.2017.01.005
https://doi.org/10.1016/j.ijrobp.2021.04.040
https://doi.org/10.3389/fonc.2021.626275
https://doi.org/10.1016/j.canrad.2020.01.006
https://doi.org/10.1016/j.canrad.2020.01.006
https://doi.org/10.1007/s10147-021-01943-7
https://doi.org/10.1007/s10147-021-01943-7
https://doi.org/10.1038/s41598-017-00168-x
https://doi.org/10.1038/s41598-017-00168-x
https://doi.org/10.1007/s00066-021-01894-y
https://doi.org/10.1186/s13014-019-1259-3
https://doi.org/10.1155/2021/3711699
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org

	Efficacy and Safety of Simultaneous Integrated Boost Intensity-Modulation Radiation Therapy Combined with Systematic and Standardized Management for Esophageal Cancer
	INTRODUCTION
	DATA AND METHODS
	General Information
	Research Methods
	Radiotherapy
	Systemic Normative Management and Treatment

	Observation Indicators
	Comparison of Short-Term Efficacy of Patients Between the Two Groups
	Comparison of Local Control Rate and Survival Rate Between the Two Groups

	Statistical Methods

	RESULTS
	Patients with General Data Comparison
	Comparison of Short-Term Efficacy Between the Two Groups
	Comparison of Exposure of Endangered Organs Between the Two Groups
	Comparison of the Incidence of Adverse Reactions Between the Two Groups
	Comparison of Long-Term Efficacy Between the Two Groups

	DISCUSSION
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	AUTHOR CONTRIBUTIONS
	REFERENCES


