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Background: Esophageal cancer is one of the most common malignant tumors in China. Patients
with advanced esophageal cancer often cannot be treated by surgery; in these cases, radiation therapy is
usually applied. However, there are currently few studies on the clinical efficacy of this treatment method.
The present study aimed to investigate and observe the clinical efficacy and related prognostic factors of
simultaneous integrated boost-intensity modulated radiation therapy (SIB-IMRT) in esophageal squamous
carcinoma, and to provide a reference for clinicians in radiotherapy (RT) departments.

Methods: The clinical and follow-up data of 220 patients with esophageal squamous carcinoma admitted
to the First Affiliated Hospital of Bengbu Medical College from January 2017 to December 2018 were
retrospectively analyzed to assess the relevant prognostic factors and analyze their effects on 3-year overall
survival (OS) and progression-free survival (PFS). The prognostic influencing factors were analyzed using
the log-rank test and Cox multi-factor regression analysis.

Results: The median follow-up time was 56.0 months (3.0 to 66.0 months). The 1-, 2-, and 3-year survival
rates were 68.6%, 49.1%, and 36.3%, respectively, for the entire cohort, and the 1-, 2-, and 3-year PFS rates
were 52.3%, 37.7%, and 25.5%, respectively. The median OS time was 24 months [95% confidence interval
(CD): 19.16-28.84 months] and the median PFS time was 15 months (95% CI: 11.04-18.96 months). The
multifactorial analysis results showed that gender, RT dose, treatment modality, absolute lymphocyte count
(ALC), and gross tumor volume (GTV) were independent prognostic factors affecting 3-year OS (P<0.05);
while gender, N-stage, RT dose, and GTV were independent prognostic factors affecting 3-year PFS
(P<0.05).

Conclusions: In the SIB-IMRT era, the survival of esophageal squamous cell carcinoma (ESCC) patients
treated with radical (chemo)radiotherapy is relatively satisfactory. As a single-institution study on radiation
therapy for esophageal cancer, this study yielded accurate results that help to provide references for

subsequent related studies and clinicians’ selection of treatment options.
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Introduction

Esophageal cancer is a common malignant tumor in China,
ranking third in incidence and fourth in mortality among
malignant tumors according to a national epidemiological
study conducted in 2015 (1). Due to its insidious onset and
the lack of specific clinical symptoms in the early stage of
the disease, 50-60% of esophageal cancer patients have
already progressed to the middle and late stages when
they are first diagnosed, and some of them have lost the
opportunity for surgical treatment (2). Since more than
90% of the pathological types of esophageal cancer are
squamous carcinoma (3), which is sensitive to radiation,
radiation therapy is a commonly used treatment for patients
with intermediate to advanced esophageal cancer that
cannot be treated surgically. Conventional radiation therapy
techniques make it difficult to increase the local dose of
esophageal lesions due to the dose limitation tolerated by
the surrounding normal tissues and organs (4). With the
widespread introduction of intensity-modulated radiation
therapy, the five-year survival rate for esophageal cancer
has improved significantly compared to conventional two-
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® In the SIB-IMRT era, the survival of ESCC patients treated with
radical (chemo)radiotherapy is relatively satisfactory. Gender, N
stage, treatment modality, radiotherapy dose, ALC, and GTV
were independent factors affecting the prognosis of patients with
esophageal cancer.

What is known and what is new?

¢ Radiotherapy is an effective treatment for locally advanced
esophageal cancer.

e All patients in this study received SIB-IMRT, and the patient
baseline characteristics, radiotherapy target area size, and
hematologic indicators were combined in the data analysis to
produce a more comprehensive study result.

What are the implications, and what should change now?

e SIB-IMRT is a better mode of radiotherapy, and a higher dose of
radiotherapy and smaller GTV are recommended for patients who
can tolerate it. If a more thorough understanding of the relationship
between radiotherapy-induced lymphopenia and patient survival is
desired, a prospective study could be the next step.
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dimensional radiation therapy, and several studies have
demonstrated that radical radiotherapy (RT) can yield the
same survival rate as surgery (5-7). Simultaneous integrated
boost-intensity modulated radiation therapy (SIB-IMRT)
is one of the commonly used intensity-modulated RT
methods in clinical practice, which can increase the dose
to the tumor bed area without increasing the dose to the
surrounding normal tissues (8). This can reduce the risk
of adverse effects while improving the efficacy of the
treatment. However, in non-surgical patients, traditional
prognostic factors such as staging tumor, node, metastasis
(TNM) staging cannot be accurately determined (9,10).
Therefore, there is a need to identify more feasible and
effective clinical factors to improve the prognosis prediction
of esophageal squamous cell carcinoma (ESCC) patients
undergoing radical radiation therapy. The present study
summarized the survival of esophageal cancer patients who
received SIB-IMRT = chemotherapy at the First Affiliated
Hospital of Bengbu Medical College in recent years and
analyzed the prognostic factors to provide an important
basis and reference for clinical treatment selection. We
present the following article in accordance with the
STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-6462/rc).

Methods

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was reviewed
and approved by the Ethics Committee of the First
Affiliated Hospital of Bengbu Medical College (approval
No. 2021KY032). All the patients included in this study
gave their informed consent for the treatment.

Study population

This is a retrospective cohort study. Patients with
esophageal squamous carcinoma who were unable or
unwilling to undergo surgery and received SIB-IMRT
at the Department of Radiotherapy, The First Affiliated
Hospital of Bengbu Medical College between January
2017 and December 2018 were collected. Variables
including demographic, clinicopathological, and treatment
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Table 1 Patients, tumors, and treatments characteristics

Variables No. of patient (N=220) %
Sex

Male 147 66.8

Female 73 33.2
Age

<70 years 75 34.1

>70 years 145 65.9
Tumor location

Cervical 15 6.8

Upper 55 25.0

Middle 97 441

Lower 53 241
N stage

NO 34 15.5

N1 162 73.6

N2 24 10.9
EQD2

40.0-49.9 Gy 25 11.4

50.0-59.9 Gy 42 19.1

>60.0 Gy 153 69.5
Treatment modality

RT alone 46 20.9

CCRT 154 70.0

sCRT 20 9.1
ALC

<0.2x10°%/L 44 20.9

>0.2x10%/L 176 79.1
GTV

<78.5cm?d 142 64.5

>78.5 cm? 78 35.5

EQD2, equivalent dose in 2 Gy; RT, radiotherapy; CCRT,
chemoradiotherapy; sCRT, sequential chemoradiotherapy; ALC,
absolute lymphocyte count; GTV, gross tumor volume.

characteristics were obtained from the electronic medical
record system. Study variables collected at baseline included
age, gender, tumor location, N stage, RT dose, treatment

modality, clinical stage, grading, size of gross tumor
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volume (GTV) at the tumor site, and absolute lymphocyte
count (ALC) minimum during RT. Patients with missing
follow-up information, imperfect clinical data, Karnofsky
Performance Status (KPS) score <70, abnormal lymphocytes
in routine blood examination before the start of RT, distant
organ metastases at the initial diagnosis, other malignant
tumors diagnosed within 5 years before treatment, and less
than 3 months of follow-up were excluded, and a total of
220 patients were enrolled in this study.

Among them, 147 (66.8%) were male and 73 (33.2%)
were female; age ranged from 40 to 90 years, with a mean of
72.37 [95% confidence interval (CI): 71.25-73.50] years,
including 145 (65.9%) patients >70 years old and 75 (34.1%)
patients <70 years old. There were 15 patients (6.8%) in the
cervical segment, 55 patients (25.0%) in the upper thoracic
segment, 97 patients (44.1%) in the middle thoracic segment,
and 53 patients (24.1%) in the lower thoracic segment.
Regarding the N stage, there were 34 cases (15.5%) in the
NO stage, 162 cases (73.6%) in the N1 stage, and 24 cases
(10.9%) in the N2 stage.

The RT doses for the entire cohort ranged from 46 to
66 Gy, with a median of 60 Gy; for the purpose of dose
uniformity, the RT doses for the whole cohort were converted
according to the equivalent dose of 2 Gy/fraction (EQD?2).
153 patients (69.5%) had a RT dose of >60.0 Gy in the
tumor area, 42 patients (19.1%) had a dose of 50.0-59.9 Gy,
and 25 patients (11.4%) had a dose of <50.0 Gy. There were
46 patients (20.9%) in the RT alone group, 154 patients
(70.0%) in the chemoradiotherapy (CCRT) group, and
20 patients (9.1%) in the sequential chemoradiotherapy
(sCRT) group (patients who did not receive concurrent
chemotherapy but received induction chemotherapy and (or)
adjuvant chemotherapy were defined as patients receiving
sCRT) (Table I).

Treatment

RT

All patients were treated with RT using the SIB-IMRT
technique. The GTV was defined as the primary focus of
the esophagus identified by various imaging modalities
such as upper gastrointestinal tract imaging and computed
tomography (CT).

Chemotherapy

For patients who received concurrent RT, the most
common regimens were oral single-agent tegeo (S-1)
(n=100, 64.94%) and a two-drug combination of paclitaxel
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Figure 1 Kaplan-Meier curves for OS and PFS in 220 patients
with SIB-IMRT esophageal cancer. OS, overall survival; PES,
progression-free survival; SIB-IMRT, simultaneous integrated

boost-intensity modulated radiation therapy.

and platinum (n=38, 24.68%), with a few patients also
receiving a two-drug combination of tegeo and platinum
and single-agent platinum. In contrast, for patients who
received sCRT, the most commonly used regimens were
single-agent tegeo and paclitaxel + platinum.

Follow-up and evaluation criteria

Patients were followed up by telephone once every
3 months for the first 2 years and every 6 months thereafter,
and the number of patients who died was recorded in
detail. The study endpoints were overall survival (OS) and
progression-free survival (PFS) rates, with OS defined as
the time interval between the start of patient treatment
and patient death due to any cause, and PFS defined as
the time interval between the end of patient treatment
and patient tumor recurrence, progression, or death from
any cause. Grade 4 lymphopenia was defined as an ALC
nadir <0.2x10°/L according to the Common Terminology
Criteria for Adverse Events version 5.0.

Statistical analysis

SPSS 25.0 software (IBM, USA) was used to perform
statistical analysis. The Kaplan-Meier (KM) method was
employed to calculate the survival rate, the log-rank test
was used for single-factor survival analysis, and the Cox
regression model was used for multi-factor survival analysis.
The optimal cut-off point (i.e., the point where the sum
of sensitivity and specificity is the maximum point of the
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Jorden index) for esophageal cancer tumor volume was
determined by applying the subject receiver operating
characteristic (ROC) curve, and the area under the curve
(AUC). P<0.05 was considered statistically significant.

Results
Survival

The median follow-up time for the entire cohort was
56.0 months (3.0-66.0 months), with 1-, 2-, and 3-year
survival rates of 68.6%, 49.1%, and 36.3%, respectively;
and 1-, 2-, and 3-year PFS rates of 52.3%, 37.7%, and
25.5%, respectively. The median OS time was 24 months
(95% CI: 19.16-28.84 months) and the median PFS time
was 15 months (95% CI: 11.04-18.96 months) (Figure I).

Univariate and multivariate analysis of prognosis

The univariate analysis results showed that gender, N
stage, treatment modality, RT dose, ALC, and GTV were
associated with the 3-year OS and 3-year PFS of patients
with esophageal cancer (P<0.05, Table 2). Multifactorial
analysis showed that gender, RT dose, treatment modality,
ALC, and GTV were independent prognostic factors
affecting 3-year OS (P<0.05); while gender, N-stage, RT
dose, and GTV were independent prognostic factors

affecting 3-year PES (P<0.05, Table 3).

Effect of different RT doses on survival

The median OS of patients in the EQD2 (equivalent dose
in 2 Gy/fraction) >60.0 Gy, 50.0-59.9 Gy, and 40.0-49.9 Gy
groups were 30.0, 19.0, and 13.0 months, respectively
(Figure 2). The median OS of patients in the >60.0 Gy
group was better than those in the 50.0-59.9 Gy (P=0.016)
and 40.0-49.9 Gy (P=0.000) groups. There was no
statistically significant difference in median OS between
patients in the 50.0-59.9 and 40.0-49.9 Gy groups
(P=0.128).

Impact of different treatment modalities on survival

The median OS was 30.0, 17.0, and 16.0 months for
patients in the CCRT, RT alone, and sCRT groups,
respectively (Figure 3). The prognosis of patients who
received CCRT was significantly better than that of patients
who received RT alone (P=0.005); the survival curve was
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Table 2 Univariate analysis of the prognosis of 220 patients with

esophageal cancer

Variables
3-year (%) P 3-year (%) P
Sex 0.002 0.002
Male 30.5 19.0
Female 47.9 38.4
Age 0.237 0.351
<70 years 41.3 32.0
>70 years 33.6 22.1
Tumor location 0.185 0.304
Cervical 33.3 26.7
Upper 46.9 34.5
Middle 35.1 25.8
Lower 28.3 15.1
N stage 0.002 0
NO 58.8 55.9
N1 35.0 21.0
N2 12.5 12.5
EQD2 0 0
40.0-49.9 Gy 16.0 12.0
50.0-59.9 Gy 25.3 11.9
>60.0 Gy 42,5 31.4
Treatment modality 0.007 0.037
RT alone 21.7 15.2
CCRT 41.4 29.9
sCRT 30.0 15.0
ALC 0 0
<0.2x10%/L 6.8 4.5
>0.2x10°%/L 43.7 30.7
GTV 0.001 0.003
<78.5cm® 44.2 31.0
>78.5 cm’ 21.8 15.4

OS, overall survival; PFS, progression-free survival;
EQD2, equivalent dose in 2 Gy; RT, radiotherapy; CCRT,
chemoradiotherapy; sCRT, sequential chemoradiotherapy; ALC,

absolute lymphocyte count; GTV, gross tumor volume.
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also superior to that of patients who received sCRT but it
was not statistically significant (P=0.085). In contrast, the
survival of patients in the sCRT group tended to be higher
than that in the RT-alone group but the difference was not
statistically significant (P=0.802).

Discussion

In China, most patients with esophageal cancer have
advanced disease at the time of initial diagnosis, with only
20-30% of these patients being operable at the time of
initial diagnosis according to statistics. Therefore, non-
surgical treatment, mainly radiation therapy, is particularly
important in Chinese patients with esophageal cancer. SIB-
IMRT is a method of irradiation with different split doses
for different dose requirements in the same field, which can
achieve additional local dose irradiation for large tumors
in the same plan without increasing the dose to normal
tissues, and its dosimetric advantages have been confirmed
by previous study (11). The OS rates at 1 and 3 years in this
study were 68.6% and 36.3%, which are consistent with the
results of Lan et 4., who utilized SIB-IMRT for esophageal
cancer and reported OS rates of 65.2% and 36.2% at 1
and 3 years, respectively (12). In addition, the survival
outcome of patients in the RT-alone group in this study
was satisfactory, with a 3-year OS of 21.7%, which is higher
than previously reported in the 2D/3D RT era, which
may be related to recent advances in radiation therapy
and imaging techniques. These results suggest that in the
era of SIB-IMRT, single radiation therapy can still lead
to promising survival outcomes for patients who cannot
tolerate CCRT.

Previous study has shown that the combination of
chemotherapy and RT can increase the sensitivity of
malignant tumors to RT, while RT can increase the
cytotoxicity of chemotherapy drugs (13). The combined
application can enhance the effect of inactivating tumor
cells, thus avoiding the accelerated re-proliferation of
tumor cells after RT to affect the effect of RT . In a phase 3
randomized clinical trial of older patients with esophageal
cancer by Ji e al., the CCRT (combined with S-1) group
had a higher 2-year OS rate (53.2% versus 35.8%; hazard
ratio (HR): 0.63; 95% CI: 0.47-0.85; P=0.002), with a
significant benefit compared with RT alone (14). The
3-year survival rate in the CCRT group in this study was
41.4%, including 113 patients (73.38%) who received the
S-1 chemotherapy regimen, and although the OS rate was
lower than that reported by Ji ez 4l. (14), the results were
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Table 3 Multifactorial analysis of factors affecting the prognosis of 220 patients with esophageal cancer

oS PFS
Variables
HR (95% CI) P HR (95% Cl) P

Sex

Male 1 1

Female 0.678 (0.468-0.982) 0.04 0.646 (0.472-0.886) 0.007
N stage

NO 1 1

N1 1.630 (0.941-2.821) 0.081 1.871 (1.198-2.922) 0.006

N2 1.962 (0.969-3.973) 0.061 2.072 (1.123-3.824) 0.02
EQD2

>60.0 Gy 1 1

50.0-59.9 Gy 1.591 (1.054-2.400) 0.027 1.963 (1.356-2.843) 0

40.0-49.9 Gy 1.953 (1.198-3.185) 0.007 1.519 (0.948-2.433) 0.082
Treatment modality

RT alone 1 1

CCRT 0.577 (0.392-0.851) 0.006 0.741 (0.516-1.065) 0.105

sCRT 1.014 (0.559-1.839) 0.963 1.350 (0.773-2.355) 0.291
ALC

<0.2x10%/L 1 1

>0.2x10%L 0.581 (0.392-0.863) 0.007 0.777 (0.535-1.128) 0.184
GTV

<78.5cm® 1 1

>78.5 cm’ 1.6083 (1.132-2.271) 0.008 1.551 (1.139-2.110) 0.005

OS, overall survival; PFS, progression-free survival; EQD2, equivalent dose in 2 Gy; RT, radiotherapy; CCRT, chemoradiotherapy; sCRT,
sequential chemoradiotherapy; ALC, absolute lymphocyte count; GTV, gross tumor volume.

still consistent. The survival outcome of the CCRT group
was better than that of the RT-alone group (median OS 30
vs. 17 months, P=0.005), indicating that CCRT remains
the best treatment option in the SIB-IMRT era for patients
with esophageal cancer who can tolerate concurrent
chemotherapy.

The value of sequential chemotherapy for esophageal
cancer is controversial; to date, there are no large
prospective clinical trials to confirm the efficacy of
sequential chemotherapy in patients with esophageal
cancer after RT, and published retrospective studies have
come to different conclusions (15,16). In our analysis,
patients receiving sequential chemotherapy did not show
a better survival outcome than patients receiving radiation

© Annals of Translational Medicine. All rights reserved.

alone (median OS: 16.0 vs. 17.0 months, P=0.802).
However, due to the small number of patients in the
sCRT group (20 cases, 9.1%), no further exploration was
performed.

In terms of radiation dose, the majority (69.5%) of
patients used a radical radiation dose of >60 Gy, which
is the current radical dose commonly used in most Asian
countries. This dose is different from the current dose
(50.4 Gy) recommended by most guidelines. After Radiation
Therapy Oncology Group (RTOG) 85-01 (17) and RTOG
94-05 (18) in the RTOG, 50.4 Gy became the standard
dose for definitive RT; however, these two prospective
clinical trials were conducted in the era of 2 dimensional
RT. A study in recent years has confirmed that local area
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Figure 3 Overall survival curves of 220 esophageal cancer patients
receiving different treatment modalides. RT, radiotherapy; CCRT,
chemoradiotherapy; sCRT, sequential chemoradiotherapy.

control using such doses is very ineffective (19). In a phase
III multicenter randomized clinical trial of 60 versus 50 Gy
CCRT for inoperable esophageal squamous carcinoma, the
survival endpoints of the 60 Gy group were similar to those
of the 50 Gy group, except that the incidence of severe
pneumonia was higher in the 50 Gy group (20). In this
study, we observed that patients receiving EQD2 >60 Gy
had better OS than those receiving 50.0-59.9 Gy or
40.0-49.9 Gy (median OS: 42.5 vs. 25.3 vs. 16.0 months,
P=0.000). This difference may be because all patients in Xu
et al.’s study (20) completed CCRT, whereas patients in the
60 Gy group in this study had a higher rate of concurrent
chemotherapy (72.55%) and a larger patient base. On the
other hand, there are still many large retrospective studies
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that suggest that higher radiation doses may provide better
local control and survival benefits for patients with advanced
esophageal cancer, especially in patients with ESCC (21-23).
These results support the idea that patients with esophageal
squamous carcinoma may indeed require a higher radical
radiation dose.

However, higher radiation doses necessarily entail
higher therapeutic toxicity. For some patients, pathological
complete response (pCR) was achieved even after irradiation
doses as low as 40-50 Gy (24). Therefore, we believe that it
would be useful in the future to be able to correctly predict
the sensitivity of patients to radiation therapy and to stratify
the radiation dose according to the sensitivity of patients.

The different prognoses of patients with the same
stage of esophageal cancer given the same treatment plan
may be related to the differences in immune function and
nutritional status among individuals. RT can reduce the
number of lymphocytes, which is associated with a state of
radiation-induced immunosuppression, and a study of RT
for esophageal cancer reported grade 4 lymphopenia in
about 31% of patients during CCRT (25). Davuluri et al.
found that the probability of decreased grade 1, 2, 3, and
4 lymphocytes during CRT in esophageal cancer was 2%,
12%, 59%, and 27%, respectively, but only decreased grade
4 ALC was associated with poorer OS time (26). One study
reported significantly shorter OS in patients who developed
grade 4 lymphopenia during CRT than in patients who did
not (median OS 34.7 vs. 63.1 months) (27).

In this study, KM survival analysis showed that the OS
time was significantly lower in the group with grade 4 ALC
reduction (ALC <0.2x10°/L) than in the group without
grade 4 ALC reduction (median OS 14 vs. 29 months,
P=0.000). Yet, grade 4 ALC reduction was not an
independent prognostic factor for PFS in the multifactorial
analysis, suggesting an independent association between
grade 4 ALC reduction and decreased OS in esophageal
cancer. However, the relationship with short-term outcomes
needs to be further investigated. Also, the presence or
absence of concurrent chemotherapy during RT was
not significantly associated with lymphocyte changes in
patients with esophageal cancer, which is consistent with
the findings of van Rossum ez a/. (27). In further analysis,
patients who developed grade 4 lymphocytopenia had
greater G'TVs and higher irradiation doses compared with
those who did not; the mean dose to both lungs and the
mean dose to the body of patients in the ALC <0.2x10°/L
group were significantly higher than those with esophageal
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Table 4 ROC curve predicting the survival of patients with esophageal cancer

Variable

Area

95% ClI

Sensitivity

Specificity

Asymptotic Sig.

GTV

0.616

0.539-0.693

0.429

0.818

0.006

ROC, receiver operating characteristic; GTV, gross tumor volume; Cl, confidence interval; Sig., significance.
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Figure 4 ROC curve predicting the survival of patients with

esophageal cancer. ROC, receiver operating characteristic.

cancer in the ALC >0.2x10°/L group (P<0.05). However,
there was no significant difference between the two groups
in the comparison between myelosuppression, radiation
pneumonia, and radiation esophagitis (P>0.05). Intensity-
modulated radiation therapy decreases the total number
of lymphocytes in patients with esophageal cancer, and
although the lymphocytes improve to some extent upon
completion of radiation therapy, they remain lower than
the pre-RT level in the short term. The presence of
lymphopenia during RT is one of the predictors of OS time
in patients with esophageal cancer. Therefore, optimizing
the RT schedule to reduce the dose of irradiation to normal
organs and enhancing nutritional support for esophageal
cancer patients during RT (as a way of mitigating the impact
on the body’s immune function) can reduce the effect of RT
on lymphocytes and potentially improve the prognosis of
patients with esophageal cancer.

At present, the clinical staging standards for non-
surgical treatment of esophageal cancer are not uniform
but most are based on the thickness of the esophageal
wall without considering the length of the tumor. The
main judgment indexes of the current clinical staging of

© Annals of Translational Medicine. All rights reserved.

esophageal cancer include the maximum diameter of the
lesion shown in a chest CT scan, the relationship between
the lesion and surrounding tissues and organs in CT, and
the length of the lesion in a barium meal esophagogram.
GTV is a comprehensive display of the lesion length and
cross-sectional diameter, which is clinically advantageous
for reflecting the overall condition of a local tumor.
Larger tumor volumes reflect a greater tumor cell load,
more frequent intratumor blood flow disorders, and a
greater lack of oxygen cells; these factors can affect the
treatment outcome, leading to an uncontrolled local area
or recurrence after treatment, which in turn affects long-
term survival. Tumor volume factors are closely related to
tumor treatment outcomes such as the local tumor control
rate and long-term patient survival. In the study by Chen
et al., GTV accurately predicted the prognosis of patients
with esophageal squamous carcinoma without distant
metastases (28).

In this study, ROC curve analysis was performed to
determine the cut-off value of the GTV (78.5 cm”’) taking
mortality status as an endpoint, which was used to divide
the patients into two groups (1able 4, Figure 4). KM survival
analysis showed that patients in the GTV >78.5 cm’ group
had a significantly shorter survival time than those in the
GTV <78.5 ecm’ group (median OS 31 vs. 13 months,
P=0.001). This result suggests that GTV may become a
clinical staging criterion for the non-surgical treatment
of esophageal cancer in the future, thus predicting the
prognosis of patients.

Conclusions

In summary, there is a significant improvement in survival
for patients with esophageal cancer receiving SIB-IMRT
compared with previous RT techniques. CCRT remains
the best option for the non-surgical treatment of patients
who are clinically evaluated to tolerate concurrent RT,
with a recommended radiation dose of >60.0 Gy to the
tumor area, a smaller GTV associated with better survival
outcomes, and lymphopenia due to RT associated with
patient survival. Prospective studies are still needed to
obtain approaches that can alleviate severe lymphopenia,
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which may eventually translate into survival benefits.

Limitations

This study has some limitations that should be noted.
Firstly, this was a single-institution retrospective study
with a relatively small sample size. Also, we could only
include a limited number of items for analysis and lacked
information on several detailed variables (i.e., performance
status, nutritional status, comorbidities, treatment-related
side effects, quality of life, etc.), which affected our ability
to further investigate these factors in this study, so our
findings may not be generalizable to other clinical settings.
Therefore, prospective studies with larger sample sizes are
needed to explore the survival and prognosis of patients with
esophageal squamous carcinoma treated with SIB-IMRT.
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