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Abstract: Objective: The purpose of this study was to investigate the clinical significance of tumor response assessment at a twentieth fraction of radiotherapy when predicting the survival of patients with potentially resectable
esophageal squamous cell carcinoma (ESCC). Methods: A total of 123 ESCC patients with clinical stages II to IVa
were enrolled and analyzed. Gross tumor volume (GTV) of the esophagus (GTVe) and GTV of the metastatic lymph
node (GTVnd) were manually contoured by at least 2 senior professional radiotherapists on the simulated computed
tomography (CT) images in a process that followed the delineating rules for ESCC. Results: The GTVe reduction
ratio (RR) and GTVnd RR were calculated based on the evaluation of the tumor volume at a twentieth fraction of
radiotherapy. Univariate analysis showed that GTVe and GTVnd before treatment, and GTVe RR and GTVnd RR at the
twentieth fraction of radiotherapy were all significantly associated with complete clinical response (cCR) and overall
survival (OS). The Kaplan-Meier method was used to estimate OS and locoregional recurrence-free survival (LRRFS).
Conclusions: The GTVe RR ≥27.92% and GTVnd RR ≥21.49% at a twentieth fraction of radiotherapy are positive
predictive factors of LRRFS, and according to multivariate analysis, only GTVe RR at the twentieth fraction of radiotherapy ≥27.92% is prognostic for a favorable OS.
Keywords: Esophageal neoplasms, definitive chemoradiotherapy, computed tomography, interim response, prognosis

Introduction
Esophageal squamous cell carcinoma (ESCC) is
the main histological type of esophageal cancer (EC) in Asian countries, comprising about
90% of the total cases of EC in China reported
in 2016 [1]. Since the early symptoms of ESCC
are not obvious, ESCC is often diagnosed in
the advanced clinical stage, which results in
poor efficacy of simple surgical treatment. An
increasing amount of evidence from studies
such as the ChemoRadiotherapy for Oesophageal cancer followed by Surgery Study (CROSS) and an important Chinese clinical trial suggests that the survival of patients with locally
advanced ESCC is prolonged by neoadjuvant
chemoradiotherapy (CRT) followed by surgery
[2, 3]. However, the effectiveness and safety of

this approach still remains controversial in
China and other Asian countries.
Various factors, such as tumor location and histological type, influence the treatment approach
for esophageal cancer between Asian and
European or North American countries, therefore the treatment strategies adopted in Asian
countries, especially in China, are often different from those in European or North American
countries [4]. In China, considering surgical
complications and quality of life, many patients
with potentially resectable ESCC often choose
concurrent chemoradiotherapy (CCRT) instead
of surgery, but the local recurrence rate is
still high after CCRT [5]. For patients with potentially resectable ESCC, if we can predict which
patients may have short-term recurrence after
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CRT during definitive CCRT, physicians can
make follow-up surgery plans for these patients
as soon as possible after reaching the neoadjuvant CRT dose. Therefore, we can convert definitive CCRT to neoadjuvant CRT plus surgery in
patients who are initially reluctant to undergo
surgery first. With this, we can further improve
the clinical outcome of potentially resectable
ESCC.
Computed tomography (CT) is currently widely
used globally and is the most commonly used
imaging method for evaluating the treatment
response of solid tumors, especially in developing countries such as China. There is growing
evidence that primary tumor volume as measured by CT is an important prognostic factor to
predict disease recurrence and survival in
patients with ESCC [6-8]. Recently, Yeom et al.
[9] reported the important value of interim
response to predict the prognosis of locally
advanced ESCC during definitive CCRT. In their
study, the clinical significance of intermediate
remission was assessed using spiral CT images, including the reduction in area and maximum diameter of the primary lesion and lymph
nodes. Although the area and maximal diameter of the primary lesion and lymph node were
compared at the same level of axial CT image,
we found it difficult to determine whether the
area measured at the time of image acquisition was representative of the overall tumor
burden.

surgery and received definitive CCRT in the
First Affiliated Hospital of Bengbu Medical
College between January 2014 and December
2018. Patients enrolled in the study had biopsy-confirmed ESCC with CT-measurable esophageal primary lesions and metastatic lymph
nodes. Before treatment, all patients were
assessed with color Doppler ultrasonography
of the neck and abdomen, chest, and abdominal CT scans and 18F-fluorodeoxy glucose positron emission tomography (PET-CT) scans were
selected if the physician deemed it necessary.
All patients were staged according to the eighth
edition of the American Joint Commission on
Cancer (AJCC) staging system criteria, and the
staging of patients prior to 2017 was based on
retrospective data (Table 1).
Radiotherapy

Patients and methods

The gross tumor volume (GTV) of esophageal
carcinoma (GTVe) was identified by diagnostic
and radiotherapy planning CT images, esophagography, esophagoscopy, and/or endoscopy.
The GTV of metastatic lymph nodes (GTVnd) was
identified by diagnostic and radiotherapy planning CT images, lymph node ultrasound, and/or
PET-CT. The delineation of target volumes and
organs at risk (OARs) was conducted based on
the Radiotherapy and Oncology Group (RTOG)
guidelines. The clinical target volume (CTV) of
the esophageal primary lesion was defined as
the upper and lower margin of the esophageal
tumor plus 3 cm, without lateral margin expansion. The planning target volume (PTV) was
generated by measuring 1 cm outside of the
CTV. For lymph nodes, a 1 cm expansion was
made from the GTVnd to planning GTVnd (PGTVnd).
All radiotherapy plans were generated in the
Pinnacle system (Philips Medical Systems
[Cleveland] Inc., Cleveland, OH, USA; version
9.8) and were administered using a 6 MV photon beam. Simultaneous integrated boost (SIB)
intensity-modulated radiotherapy technology
was used in all radiotherapy plans. The prescribed radiotherapy doses of GTVe and GTVnd
were 54-66 Gy at 1.8-2.2 Gy per fraction, once
daily, for 5 fractions per week. Plans were normalized to 95% of the PTV and received more
than 98% of the prescribed dose.

Patient characteristics

Chemotherapy

This retrospective study included 123 cases of
potentially resectable thoracic ESCC who were
inoperable for medical reasons or who declined

The main concurrent or sequential CRT chemotherapy regimen was a platinum-based 2-drug
regimen. One regimen was platinum plus fluo-

Therefore, the primary aim of our study was to
evaluate whether tumor volume changes of
the primary esophageal lesion and metastatic
lymph node during treatment were associated
with disease recurrence and overall survival
(OS) in patients with locally advanced thoracic
ESCC who received definitive CCRT. For potentially resectable ESCC patients who are initially
reluctant to accept surgery, it is very important
to evaluate their treatment response to neoadjuvant CRT to quickly identify patients who are
unlikely to achieve a complete response and
subsequently advocate for intensification of
treatment, such as surgery.

4777

Am J Transl Res 2022;14(7):4776-4785

Significance of tumor volume change during chemoradiotherapy for ESCC
Table 1. Characteristics of patients and tumors
Characteristics
Age (years)
<60
≥60
Gender
Male
Female
TNM stage
II
III
IVA
GTVe (cm3)

Total
cCR
Non-cCR
n=123 n=47 (%)
n=76 (%)
123
47
76
7
3 (6.38%)
4 (5.26%)
116 44 (93.62%) 72 (94.74%)
123
47
76
86
31 (65.96%) 55 (72.37%)
37
16 (34.04%) 21 (27.63%)
123
47
76
46
21
25
34
15
19
43
11
32
123
47
76

P-value
0.543

0.289

0.116

0.001

<26.62
≥26.62
GTVe RR (%)

56
67

30 (63.83%) 26 (34.22%)
17 (36.17%) 50 (65.78%)
47
76
0.000

<27.92
≥27.92
GTVnd (cm3)

70
53
65

16 (34.04%) 54 (71.05%)
31 (65.96%) 22 (28.95%)
23
42
0.016

of radiotherapy and 1 month after completion of radiotherapy. The thickness of the
enhanced simulated CT scan which was
transferred to the Pinnacle treatment
planning system was 3-5 mm. The esophageal primary tumor was delineated on
each relevant slice of the planning CT
scan. Metastatic lymph nodes were delineated by enhanced simulated CT, neck,
and abdominal ultrasound or PET-CT. The
volume of GTVe or GTVnd was then calculated using the volume computation function integrated into the Pinnacle system.
The GTVe reduction ratio (RR) at the twentieth fraction of radiotherapy was calculated according to the following formula:
GTVe RR = 100% × (pretreatment GTVe GTVe at the twentieth fraction of radiotherapy)/pretreatment GTVe. The same method was used to calculate GTVnd RR.

All participants were followed up 1 month
after CRT, then every 3 months for 2 years
<2.34
24
13 (56.53%) 11 (26.19%)
after treatment, and every 6 months for
≥2.34
41
10 (43.47%) 31 (73.81%)
2 to 5 years, following the Response
GTVnd RR (%)
65
23
42
0.000
Evaluation Criteria for Solid Tumors
<21.49
40
6 (26.09%) 34 (80.95%)
(RECIST) version 1.1 [10]. At each follow≥21.49
25
17 (73.91%) 8 (19.05%)
up visit, the participants underwent a
cCR, clinical complete response; GTVe, GTV of esophageal carciphysical examination, blood routine examnoma; RR, reduction ratio; GTVnd, GTV of lymph node; TNM stage,
ination, ultrasound of the abdomen, neck,
clinical cancer stage according to the American Joint Committee of
and supraclavicular regions, and a chest
Cancer the eighth edition TNM classification and staging system.
CT scan. A PET-CT or biopsy of the primary
site or lymph node was performed at the
rouracil, while the other was platinum comdiscretion of the treating physician. Clinical
complete response (cCR) was defined as the
bined with paclitaxel. The dose and schedule
esophageal primary tumor or metastatic lymph
were 20-30 mg/m2 of cisplatin on days 1-3,
node not being visible on the histological exam100-150 mg/m2 of paclitaxel on day 1, and
ination, endoscopy, chest CT, and/or PET-CT
600 mg/m2 of 5-fluorouracil on days 1-4, every
scan. Local treatment failure was defined as
4 weeks in most locally advanced ESCC patidisease recurrence after achieving cCR or nonents. Concurrent chemotherapy was adminiscCR after CRT.
tered in the first and fourth weeks of radiotherapy and adjuvant chemotherapy was performEthics approval statement
ed 1 month after the end of radiotherapy. Of
the 123 ESCC patients, 104 (84.55%) patients
This study complied with the Declaration of
chose adjuvant chemotherapy. The median
Helsinki and was approved by the Ethics
number of chemotherapy cycles was 4. Some
Committee of the First Affiliated Hospital of
elderly patients who could not tolerate intraveBengbu Medical College (No. 2021KY032), and
nous chemotherapy chose S-1 or capecitabine
written informed consent was provided by all
oral chemotherapy.
participants.
Assessment of overall treatment response

Statistical analyses

All participants underwent spiral CT exams
before undergoing CRT at the twentieth fraction

The enrollment date was the start date of CRT
of the potentially resectable thoracic ESCC. All
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participants were followed up at the specified
time, for which the deadline was their last visit,
death, or 31 July 2021. Continuous variables,
such as GTVe, GTVnd, GTVe RR, and GTVnd RR,
were converted into binary variables by using
the receiver operating characteristic (ROC)
curve. Chi-square test was used to compare
GTVe, GTVnd, GTVe RR, GTVnd RR, and other clinic
characteristics in different cCR groups. Prognostic factors with P<0.1 in univariate analysis, such as data of GTVe, GTVnd, GTVe RR, and
GTVnd RR, were included in further analysis
with multivariate Cox proportional hazards
models. We calculated OS from the date of
diagnosis to the date of death or the last day of
follow-up. Local regional recurrence-free survival (LRRFS) was calculated from the date of
diagnosis until primary tumor progression or
recurrence in a local regional lymph node. We
analyzed OS and LRRFS using the Kaplan-Meier
method. A P-value <0.05 was considered significant. All statistical analyses were conducted
with IBM SPSS statistics 20.0 software (IBM
Corp., Armonk, NY, USA).
Results
Patient and tumor characteristics
Of all the 123 ESCC patients, 86 were male,
37 were female, and the median age was 70
(range, 52 to 85) years. All patients completed
radiation therapy as planned, and 99 (80.49%)
patients completed 2 cycles of intravenous
chemotherapy. The last day of follow-up was 31
July 2021, with a median follow-up time of 54
months (31 to 87 months). The clinical characteristics of all patients are listed in Table 1.
The optimal cut-off values of GTVe, GTVnd, GTVe
RR, and GTVnd RR were 26.62 cm3 (range, 4.72
to 101.30 cm3; sensitivity 65.79%; specificity
63.83%; 95% confidence interval [CI]: 0.540
to 0.762), 2.34 cm3 (range, 0.65 to 38.29 cm3;
sensitivity 76.19%; specificity 66.67%; 95% CI:
0.606 to 0.880), 27.92% (range, 6.11 to
48.11%; sensitivity 71.5%; specificity 65.96%;
95% CI: 0.0.609 to 0.795), and 21.49% (range,
5.96 to 40.06%; sensitivity 73.91%; specificity
80.95%; 95% CI: 0.682 to 0.927), respectively.
During the follow-up period, 86 (69.9%) participants reported treatment failure, including distant metastasis, incomplete remission, and
recurrence after achieving cCR. Among these
86 failure cases, 42 (48.8%) were locoregion-
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ally uncontrolled, including esophageal recurrence or periesophageal regional lymph node
metastasis, 10 (11.6%) were recurrence after
achieving cCR, 22 (25.6%) were distant metastasis, and 11 (12.8%) were both locoregional
failure and distant metastasis.
Interim analysis and clinical complete response
Efficacy was evaluated 1 month after CCRT. A
total of 47 patients (38.2%) were assessable
for cCR, and 76 patients (61.8%) were assessable for non-cCR. The proportion of pretreatment GTVe ≥26.62 cm3 and GTVnd ≥2.34 cm3
in the cCR group was significantly lower than
that in the non-cCR group (36.2% vs. 65.8%,
P=0.001 and 43.8% vs. 73.81%, P=0.016,
respectively). The interim response evaluation
indexes, such as GTVe RR ≥27.92% and GTVnd
RR ≥21.49%, in the cCR group were significantly higher than those in the non-cCR group
(65.9% vs. 28.9%, P=0.000; and 73.9% vs.
19.1%, P=0.000, respectively). However, there
were no differences between the cCR and nonCCR groups in baseline clinical characteristics,
such as gender, age, tumor location, and clinical stage.
Interim analysis and LRRFS
Next, we investigated the first site of disease
progression in all enrolled ESCC patients after
CCRT. Univariate analysis showed that GTVe
(P=0.036), GTVe RR (P=0.000), GTVnd (P=0.037),
and GTVnd RR (P=0.010) were significantly
associated with 3 year- LRRFS (Table 2).
Multivariate analysis showed that GTVe RR
≥27.92% (P=0.000) and GTVnd RR ≥21.49%
(P=0.023) at the twentieth fraction of radiotherapy were positive predictive factors for
LRRFS (Table 3). Figure 1 presents the KaplanMeier curves for LRRFS. Participants with pretreatment GTVe <26.62 cm3 had favorable
LRRFS, the median regional LRRFS was 32.0
(95% CI: 5.0 to 70.0) vs. 20.0 (95% CI: 4.0 to
74.0) months (P=0.043) in patients with GTVe
<26.62 cm3 vs. GTVe ≥26.62 cm3, respectively
(Figure 1A). The GTVe RR ≥27.92% (P=0.002;
Figure 1C) and GTVnd RR ≥21.49% (P=0.024;
Figure 1D) at the twentieth fraction of radiotherapy were positive predictive factors of
LRRFS. In contrast, GTVnd (P=0.650; Figure 1B)
was not significantly associated with LRRFS.
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Table 2. Univariable analysis of 3 years OS and LRRFS for all
patients
Factors
Age (years)
<60
≥60
Gender
Male
Female
TNM stage
II
III
IVA
GTVe (cm3)

Univariable analysis
3 years OS (%) P-value 3 years LRRFS (%)
0.287
14.29
14.29
32.76
26.72
0.057
26.74
22.09
43.24
35.13
0.143
32.61
23.91
32.35
29.41
30.23
25.58
0.042

<26.62
≥26.62
GTVe RR (%)

35.71
28.36

<27.92
≥27.92
GTVnd (cm3)

20.00
47.17

<2.34
≥2.34
GTVnd RR (%)

37.50
14.63

P-value
0.414

0.100

0.182

0.036

30.36
22.39
0.001

0.000
5.71
52.83

0.037

0.037
29.17
12.20

(95% CI: 4.0 to 60.0) months in participants with GTVe RR ≥27.92% versus GTVe RR <27.92%, respectively
(P=0.002; Figure 2C).
Discussion
In recent years, the emergence of
neoadjuvant CRT for locally advanced EC has benefited a considerable
number of patients in Western countries [11]. However, ESCC in China is
fundamentally different from esophageal adenocarcinoma in Western
countries in terms of its incidence
site, sensitivity to CRT, and treatment failure pattern [12, 13]. For
patients with potentially resectable
locally advanced ESCC, the use of
neoadjuvant CRT remains controversial in Asian countries, especially
in China and Japan, where treatment strategies are often different
from those in Western countries.

In China, considering surgical complications and quality of life, many
<21.49
10.00
5.00
patients with potentially resectable
≥21.49
44.00
40.00
ESCC often choose radical CCRT
OS, overall survival; LRRFS, locoregional recurrence-free survival; GTVe, GTV
instead of surgery. However, for
of esophageal carcinoma; RR, reduction ratio; GTVnd, GTV of lymph node;
patients with locally advanced ESCC
TNM stage, clinical cancer stage according to the American Joint Commitwho refuse surgery, the 5-year OS
tee of Cancer the eighth edition TNM classification and staging system.
rate after radical CCRT is only about
30-40%. The challenge of radical
Interim analysis and OS
chemoradiotherapy is subsequent development of locally uncontrolled cancer or recurPretreatment GTVe (P=0.042) and GTVnd (P=
rence, of which the incidence is as high as
0.037), and GTVe RR (P=0.001) and GTVnd RR
40-60% [5, 14]. In our study, the initial site of
(P=0.020) at the twentieth fraction of radiodisease progression for 46 patients (37.4%)
therapy were significantly associated with 3
was the esophagus, and 25 patients (20.3%)
year-OS in univariate analysis (Table 2). Mulhad the first recurrence of regional lymph
tivariate analysis showed that only GTVe RR
nodes, which is similar to findings from existing
≥27.92% (P=0.000) was a positive predictive
research.
factor of OS. In contrast, GTVnd RR was not sigAlthough it is well known that local recurrence
nificantly associated with OS (P=0.063) (Table
is the main mode of failure in ESCC after CRT,
3). Figure 2 presents the Kaplan-Meier curves
there is still a lack of specific and sensitive indifor OS; participants with GTVe <26.62 cm3 had
cators to predict local recurrence after CRT in
better OS than those with GTVe ≥26.62 cm3
ESCC [15, 16]. Generally, a larger GTV indicates
before treatment (P=0.043; Figure 2A), while
a larger tumor load and a higher local recurGTVnd (P=0.129; Figure 2B) and GTVnd RR
rence rate after CRT in patients with ESCC.
(P=0.051; Figure 2D) were not significantly
Chen et al. [17] reported that the survival rate
associated with OS. Patients with GTVe RR
of patients with esophageal tumor volume
≥27.92% also had favorable OS. The median
(GTVe) ≤20 cc before treatment was better than
OS was 34.0 (95% CI: 5.0 to 72.0) versus 22.0
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Table 3. Multivariable analysis of 3 years OS and LRRFS for all
patients
Factors

3 years
OS (%)

GTVe (cm3)
<26.62
≥26.62
GTVe RR (%)

35.71
28.36

Multivariable analysis
3 years
P-value
RR
P-value
LRRFS (%)
0.149 1.352
0.062

RR
1.584

that patients with lymph node
metastasis may have a greater chance of distant metastasis, which offsets the survival
benefit of smaller lymph node
size.

30.36
22.39

Currently, the RECIST is the
most widely used tool to eval0.000 0.261
0.000
0.132
uate the efficacy and prognosis of tumor treatment [18].
<27.92
20.00
5.71
As a tool for evaluating the
≥27.92
47.17
52.83
therapeutic response to tumor
3
GTVnd (cm )
0.764 1.098
0.698
1.152
treatment, CT is a low cost
<2.34
37.50
29.17
and good quality technology,
≥2.34
14.63
12.20
especially in developing counGTVnd RR (%)
0.063 0.867
0.023
0.298
tries such as China. Esoph<21.49
10.00
5.00
ageal tumors will gradually
≥21.49
44.00
40.00
shrink with the increase of
OS, overall survival; LRRFS, locoregional recurrence-free survival; GTVe, GTV of
radiotherapy dose and the raesophageal carcinoma; RR, reduction ratio; GTVnd, GTV of lymph node; TNM stage,
te of GTVe and GTVnd change
clinical cancer stage according to the American Joint Committee of Cancer the
which we defined as GTVe RR
eighth edition TNM classification and staging system.
and GTVnd RR is more important than GTVe and GTVnd when
predicting tumor prognosis.
Univariate analysis showed
that GTVe <26.62 cm3 (P=
0.036) before treatment and
GTVe RR ≥27.92% (P=0.001)
at the twentieth fraction of
radiotherapy were both positive predictive factors of OS.
However, in the multivariate
analysis, GTVe RR at the twentieth fraction of radiotherapy
was the only predictor of OS.
The prognostic value of GTVe
RR and GTVnd RR varies greatly from study to study. Similar
to our results, Yang et al. [19]
found that the change rate of
tumor volume during radioFigure 1. Kaplan-Meier analysis of LRRFS rates shows different GTVe, GTVnd,
therapy can be used as an
GTVe RR, and GTVnd RR with LRRFS. A. GTVe and LRRFS rates. B. GTVnd and
independent factor affecting
LRRFS rates. C. GTVe RR and LRRFS rates. D. GTV and RR and LRRFS rates.
the survival rate of patients
LRRFS, locoregional recurrence-free survival; GTVe, GTV of esophageal carciwith head and neck tumors.
noma; RR, reduction ratio; GTVnd, GTV of lymph node.
Therefore, the change rate of
esophageal tumor volume durthat of patients with GTVe >20 cc. In our study,
ing radiotherapy can be a feasible predictor to
patients with GTVe <26.62 cm3 had significantly
find patients who will not reach cCR after radiobetter median OS than those with GTVe ≥26.62
therapy, for which we can then carry out indicm3 (P=0.043; Figure 2A). In contrast, GTVnd
vidualized remedial treatment plans as soon as
<2.34 cm3 (P=0.650; Figure 2B) had no signifipossible. Voncken et al. [20] studied tumor volcant correlation with OS. Our analysis showed
ume change rates of 56 patients with EC before
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According to the latest assessment of Concord-3 (2018),
the survival rate of EC in
China increased from 22.9%
in 2000-2004 to 27.1% in
2005-2009 and to 29.7% in
2010-2014 [22]. The survival
rate of EC has been improving,
which is largely due to the
change from a single-subject
treatment mode to a multisubject treatment mode based on surgery. However, in the
NEOCRTEC5010 study [3], the
postoperative pCR rate in the
neoadjuvant CRT group reached 43.2%. So, is there any
need for patients receiving
Figure 2. Kaplan-Meier analysis of overall survival (OS) rates shows different
pCR to undergo resection of
GTVe, GTVnd, GTVe RR, and GTVnd RR with OS. A. GTVe and OS rates. B. GTVnd
esophageal cancer? A recentand OS rates. C. GTVe RR and OS rates. D. GTVnd RR and OS rates. OS, overall
ly published meta-analysis by
survival; GTVe, GTV of esophageal carcinoma; RR, reduction ratio; GTVnd, GTV
Wang et al. [23] showed that
of lymph node.
surgery did not improve the
long-term survival of patients
and after neoadjuvant chemoradiotherapy.
with EC who achieved cCR after neoadjuvant
Their results showed that the relative reduction
CRT, compared with non-operative treatment,
of primary tumor volume ≥20% was significantbut only increased disease-free survival (DFS)
ly correlated with a higher pathologic complete
for 2 years (hazard ratio [HR] =3.186; 95% CI:
response (pCR) ratio and longer local recur2.071 to 4.901). Therefore, for potentially resrence rate.
ectable ESCC, a surgery exemption is acceptable if chemoradiotherapy can achieve cCR or
Recently, Huang et al. [21] reported the predicpCR. In clinical practice, it is necessary to pretive value of intratreatment primary tumor voldict local recurrence after CRT in advanced
ume change during definitive CRT for ESCC
ESCC patients, which can help us to find potentreatment outcomes. For potentially resectable
tial radiotherapy-sensitive patients and select
EC, local regional lymph node metastasis is
personalized treatment strategies according to
very common, but the article did not mention
individual sensitivity. Doing so can improve the
the clinical value of volume changes in lymph
quality of life, improve the local control rate,
nodes in the analysis. Therefore, the other priand prolong survival time [24, 25]. In our study,
mary purpose of our research was to study the
pretreatment GTVe <26.62 cm3 (P=0.001),
GTVnd and GTVnd RR during CRT for EC with CT.
GTVnd <2.34 cm3 (P=0.016), GTVe RR ≥27.92%
In our study, GTVnd RR ≥21.49% (P=0.023) at
(P=0.000), and GTVnd RR ≥21.49% (P=0.000)
the twentieth fraction of radiotherapy was powat the twentieth fraction of radiotherapy were
erful predictor for LRRFS but not for OS. The
positive predictive factors of cCR in univariate
main reason may be that the patients with
analysis.
lymph node metastasis have a later clinical
stage and a shorter OS time; conversely, the
In the future, for patients with potentially
group with lymph node metastasis may have
resectable thoracic ESCC who are initially relucgreater distant metastasis rates, which leads
tant to first undergo surgery, if we can predict
to the effect of GTVnd RR on LRRFS but no effect
which patients may have short-term recurrence
on OS. So far, our study was the first to evaluate
in the primary esophageal lesion after CRT durGTVnd and GTVnd RR for potentially resectable
ing definitive CCRT, we can make follow-up surthoracic ESCC patients undergoing definitive
gery plans for these patients as soon as possiCCRT.
ble after reaching the neoadjuvant CRT dose.
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Therefore, we can convert definitive CCRT to
neoadjuvant CRT plus surgery.
This study had certain limitations which may
limit the generalizability of its results. First, this
was a retrospective analysis; some patients
did not receive the same chemotherapy regimen or radiation dose. Second, certain diagnostic radiology methods, such as PET-CT and
intra-esophageal ultrasound, were not mandatory in our study protocol and may have affected GTVe size to some extent. Last, although
GTVnd and GTVnd RR were involved in prognostic
analysis in our study, only about 30% of participants had measurable lymph node metastasis,
which led to a smaller study population.
Conclusion
For ESCC patients, as conducted by univariate
analysis, pretreatment of GTVe, GTVnd, GTVe RR,
and GTVnd RR at the twentieth fraction of radiotherapy are all significantly associated with cCR
and OS. The GTVnd RR ≥21.49% and GTVe RR
≥27.92% at the twentieth fraction of radiotherapy are positive predictive factors of LRRFS.
Only GTVe RR at the twentieth fraction of radiotherapy ≥27.92% is a prognostic factor for a
favorable OS according to multivariate analysis.
For patients with potentially resectable thoracic ESCC who are initially reluctant to have surgery first, GTVe RR is a reliable indicator to predict their survival after reaching the neoadjuvant CRT dose. Therefore, we can convert CCRT
to neoadjuvant CRT plus surgery and create
individualized treatment plans.

mittee on Cancer; GTVe RR, GTVe reduction ratio; GTVnd RR, GTVnd reduction ratio; cCR, complete clinical response; pCR, pathologic complete response; LRRFS, locoregional recurrence-free survival; WHO, World Health Organization; CROSS, chemoradiotherapy for oesophageal cancer followed by surgery study; CCRT,
concurrent chemoradiotherapy.
Address correspondence to: Xianming Li, Department of Radiation Oncology, The Second Clinical
Medical College (Shenzhen People’s Hospital) of
Jinan University, Shenzhen 518020, Guangdong,
China. Tel: +86-75525533018; E-mail: li.xianming@
szhospital.com

References
[1]

[2]

[3]

Acknowledgements
This work was supported by the Natural Science
Foundation of Anhui Education Department
(No. KJ2021A0699) and Anhui Province Key
Laboratory of Cancer Translational Research
(No. KFDX202204).
Disclosure of conflict of interest
None.

[4]

Abbreviations
ESCC, esophageal squamous cell carcinoma;
GTV, gross tumor volume; GTVe, GTV of esophageal; GTVnd, GTV of metastatic lymph node; OS,
overall survival; AJCC, American Joint Com-

4783

[5]

Chen WQ, Zheng RS, Baade PD, Zhang SW,
Zeng HM, Bray F, Jemal A, Yu XQ and He J.
Cancer statistics in China, 2015. CA Cancer J
Clin 2016; 66: 115-132.
van Hagen P, Hulshof MC, van Lanschot JJ,
Steyerberg EW, van Berge Henegouwen MI,
Wijnhoven BP, Richel DJ, Nieuwenhuijzen GA,
Hospers GA, Bonenkamp JJ, Cuesta MA,
Blaisse RJ, Busch OR, ten Kate FJ, Creemers
GJ, Punt CJ, Plukker JT, Verheul HM,
SpillenaarBilgen EJ, van Dekken H, van der
Sangen MJ, Rozema T, Biermann K, Beukema
JC, Piet AH, van Rij CM, Reinders JG, Tilanus
HW and van der Gaast A; CROSS Group.
Preoperative chemoradiotherapy for esophageal or junctional cancer. N Engl J Med 2012;
366: 2074-2084.
Yang H, Liu H, Chen Y, Zhu C, Fang W, Yu Z,
Mao W, Xiang J, Han Y, Chen Z, Yang H, Wang J,
Pang Q, Zheng X, Yang H, Li T, Lordick F,
D’Journo XB, Cerfolio RJ, Korst RJ, Novoa NM,
Swanson SJ, Brunelli A, Ismail M, Fernando
HC, Zhang X, Li Q, Wang G, Chen B, Mao T,
Kong M, Guo X, Lin T, Liu M and Fu J; AME
Thoracic Surgery Collaborative Group. Neoadjuvant chemoradiotherapy followed by surgery
versus surgery alone for locally advanced
squamous cell carcinoma of the esophagus
(NEOCRTEC5010): a phase III multicenter, randomized, open-label clinical trial. J Clin Oncol
2018; 36: 2796-2803.
Koyanagi K, Kanamori K, Ninomiya Y, Yatabe
K, Higuchi T, Yamamoto M, Tajima K and Ozawa
S. Progress in multimodal treatment for advanced esophageal squamous cell carcinoma:
results of multi-institutional trials conducted in
Japan. Cancers (Basel) 2020; 13: 51.
Chen Y, Ye JJ, Zhu ZF, Zhao WX, Zhou JL, Wu CY,
Tang HR, Fan M, Li L, Lin Q, Xia Y, Li YH, Li JC,
Jia HX, Lu SQ, Zhang Z and Zhao KL. Comparing

Am J Transl Res 2022;14(7):4776-4785

Significance of tumor volume change during chemoradiotherapy for ESCC

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

4784

paclitaxel plus fluorouracil versus cisplatin
plus fluorouracil in chemoradiotherapy for locally advanced esophageal squamous cell
cancer: a randomized, multicenter, phase iii
clinical trial. J Clin Oncol 2019; 37: 1695-1703.
Chen Y, Zhang Z, Jiang GL and Zhao KL. Gross
tumor volume is the prognostic factor for squamous cell esophageal cancer patients treated
with definitive radiotherapy. J Thorac Dis 2016;
8: 1155-1161.
Boggs DH, Hanna A, Burrows W, Horiba N and
Suntharalingam M. Primary gross tumor volume is an important prognostic factor in locally
advanced esophageal cancer patients treated
with trimodality therapy. J Gastrointest Cancer
2015; 46: 131-137.
Chen CZ, Chen JZ, Li DR, Lin ZX, Zhou MZ, Li
DS and Chen ZJ. Long-term outcomes and
prognostic factors for patients with esophageal cancer following radiotherapy. World J
Gastroenterol 2013; 19: 1639-1644.
Yeom JG, Kim JH, Kim JW, Cho Y, Lee IJ, Lee
CG, Chun J, Youn YH and Park H. Prognostic
significance of interim response evaluation
during definitive chemoradiotherapy for locally
advanced esophageal squamous cell carcinoma. Cancers (Basel) 2021; 13: 1255.
Eisenhauer EA, Therasse P, Bogaerts J,
Schwartz LH, Sargent D, Ford R, Dancey J,
Arbuck S, Gwyther S, Mooney M, Rubinstein L,
Shankar L, Dodd L, Kaplan R, Lacombe D and
Verweij J. New response evaluation criteria in
solid tumours: revised RECIST guideline (version 1.1). Eur J Cancer 2009; 45: 228-247.
Eyck BM, van Lanschot JJB, Hulshof MCCM,
van der Wilk BJ, Shapiro J, van Hagen P, van
Berge Henegouwen MI, Wijnhoven BPL, van
Laarhoven HWM, Nieuwenhuijzen GAP, Hospers GAP, Bonenkamp JJ, Cuesta MA, Blaisse
RJB, Busch OR, Creemers GM, Punt CJA,
Plukker JTM, Verheul HMW, Spillenaar Bilgen
EJ, van der Sangen MJC, Rozema T, Ten Kate
FJW, Beukema JC, Piet AHM, van Rij CM,
Reinders JG, Tilanus HW, Steyerberg EW and
van der Gaast A; CROSS Study Group. Ten-year
outcome of neoadjuvant chemoradiotherapy
plus surgery for esophageal cancer: the randomized controlled CROSS trial. J Clin Oncol
2021; 39: 1995-2004.
Xi M, Xu C, Liao ZX, Hofstetter WL, Blum
Murphy M, Maru DM, Bhutani MS, Lee JH,
Weston B, Komaki R and Lin SH. The impact of
histology on recurrence patterns in esophageal cancer treated with definitive chemoradiotherapy. Radiother Oncol 2017; 124: 318324.
Yang H, Liu H, Chen Y, Zhu C, Fang W, Yu Z,
Mao W, Xiang J, Han Y, Chen Z, Yang H, Wang J,
Pang Q, Zheng X, Yang H, Li T, Zhang X, Li Q,

[14]

[15]

[16]

[17]

[18]
[19]

[20]

[21]

[22]

Wang G, Chen B, Mao T, Kong M, Guo X, Lin T,
Liu M and Fu J. Long-term efficacy of neoadjuvant chemoradiotherapy plus surgery for the
treatment of locally advanced esophageal
squamous cell carcinoma: the NEOCRTEC5010
randomized clinical trial. JAMA Surg 2021;
156: 721-729.
Xu YJ, Zhu WG, Liao ZX, Kong Y, Wang WW, Li
JC, Huang R, He H, Yang XM, Liu LP, Sun ZW,
He HJ, Bao Y, Zeng M, Pu J, Hu WY, Ma J, Jiang
H, Liu ZG, Zhuang TT, Tan BX, Du XH, Qiu GQ,
Zhou X, Ji YL, Hu X, Wang J, Ma HL, Zheng X,
Huang J, Liu AW, Liang XD, Tao H, Zhou JY, Liu
Y and Chen M. A multicenter randomized prospective study of concurrent chemoradiation
with 60 Gy versus 50 Gy for inoperable esophageal squamous cell carcinoma. Zhonghua Yi
Xue Za Zhi 2020; 100: 1783-1788.
Wu AJ and Goodman KA. Clinical tools to predict outcomes in patients with esophageal
cancer treated with definitive chemoradiation:
are we there yet? J Gastrointest Oncol 2015; 6:
53-59.
Lin CH, Hung TM, Chang YC, Hsieh CH, Shih
MC, Huang SM, Yang CK, Chang CF, Chan SC
and Yap WK. Prognostic Value of lymph nodeto-primary tumor standardized uptake value
ratio in esophageal squamous cell carcinoma
treated with definitive chemoradiotherapy.
Cancers (Basel) 2020; 12: 607.
Watanabe M, Otake R, Kozuki R, Toihata T,
Takahashi K, Okamura A and Imamura Y.
Recent progress in multidisciplinary treatment
for patients with esophageal cancer. Surg
Today 2020; 50: 12-20.
Rustgi AK and El-Serag HB. Esophageal carcinoma. N Engl J Med 2014; 371: 2499-2509.
Yang SN, Liao CY, Chen SW, Liang JA, Tsai MH,
Hua CH and Lin FJ. Clinical implications of the
tumor volume reduction rate in head-and-neck
cancer during definitive intensity-modulated
radiotherapy for organ preservation. Int J
Radiat Oncol Biol Phys 2011; 79: 1096-1103.
Voncken FE, Jiang H, Kim J, Guindi M, Brierley
J, Knox J, Liu G, Horgan AM, Lister J, Darling G,
Metser U and Wong RK. Degree of tumor
shrinkage following neoadjuvant chemoradiotherapy: a potential predictor for complete
pathological response in esophageal cancer?
Dis Esophagus 2014; 27: 552-559.
Huang RH, Guo H, Chen JZ, Zhai TT, Chen JW,
Lin K, Chen ZJ, Li DR and Chen CZ.
Intratreatment tumor volume change during
definitive chemoradiotherapy is predictive for
treatment outcome of patients with esophageal carcinoma. Cancer Manag Res 2020; 12:
7331-7339.
Allemani C, Matsuda T, Di Carlo V, Harewood R,
Matz M, Nikšić M, Bonaventure A, Valkov M,

Am J Transl Res 2022;14(7):4776-4785

Significance of tumor volume change during chemoradiotherapy for ESCC
Johnson CJ, Estève J, Ogunbiyi OJ, Azevedo E
Silva G, Chen WQ, Eser S, Engholm G, Stiller
CA, Monnereau A, Woods RR, Visser O, Lim GH,
Aitken J, Weir HK and Coleman MP; CONCORD
Working Group. Global surveillance of trends
in cancer survival: analysis of individual records for 37,513,025 patients diagnosed with
one of 18 cancers during 2000-2014 from
322 population-based registries in 71 countries (CONCORD-3). Lancet 2018; 391: 10231075.
[23] Wang J, Qin J, Jing S, Liu Q, Cheng Y, Wang Y
and Cao F. Clinical complete response after
chemoradiotherapy for carcinoma of thoracic
esophagus: is esophagectomy always necessary? A systematic review and metanalysis.
Thoracic Cancer 2018; 9: 1638-1647.

4785

[24] Zhang YW, Gao JH, Zheng AP, Yang HJ, Li J, Wu
SX, Zhao JM, Meng P and Zhou FY. Definition
and risk factors of early recurrence based on
affecting prognosis of esophageal squamous
cell carcinoma patients after radical resection.
Transl Oncol 2021; 14: 101066.
[25] Wang CS, Zhao KW, Hu SL, Huang Y, Ma L,
Song YP and Li MH. A predictive model for
treatment response in patients with locally advanced esophageal squamous cell carcinoma
after concurrent chemoradiotherapy: based
on SUVmean and NLR. BMC Cancer 2020; 20:
544.

Am J Transl Res 2022;14(7):4776-4785

