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Purpose: This study aimed to evaluate the relationship of the percentage decrease of
maximal esophageal wall thickness with pathological complete response (pCR) and recur-
rence in esophageal squamous cell carcinoma (ESCC).

Patients and Methods: A total of 146 ESCC patients treated with neoadjuvant chemor-
adiotherapy (NCRT) and surgery were included. The prognostic factors for overall survival
(OS) and disease-free survival (DFS) were analyzed. The recurrence site, time, and fre-
quency were included in the analysis. The percentage decrease of maximal esophageal wall
thickness after NCRT was determined with the formula: [(pre-post)/pre] x 100.

Results: Overall, only 42 patients achieved pCR. Multivariable logistic analyses showed that the
percentage decrease of maximal esophageal wall thickness (HR: 2.504; 95% CI: 1.112-5.638,
P=0.027) was independently correlated with pCR. In multivariable Cox analyses, a <40% percen-
tage decrease of maximal esophageal wall thickness was an independent adverse factor for both OS
(HR: 1.907, 95% CI: 1.149-3.165; P=0.012) and DFS (HR: 2.054, 95% CI: 1.288-3.277,
P=0.003). Compared with patients with a <40% percentage decrease, those with a >40% percen-
tage decrease had better 5-year OS (29.0% vs 60.1%, P<0.05) and DFS (27.8% vs 54.4%, P<0.05).
Perineural invasion (PNI) was also an unfavorable factor for OS (HR: 2.138, 95% CI: 0.094-4.178;
P=0.026). Lymph vessel invasion (HR: 2.874, 95% CI: 1.574-5.248; P=0.001) and PNI (HR:
2.050; 95% CI: 1.044-4.023; P=0.037) were independent prognosticators for DFS. The rates of
local and distant recurrence were also significantly difference between those with a percentage
decrease of <40% and of >40% (P<0.05).

Conclusion: The percentage decrease of maximal esophageal wall thickness is associated
with pCR and recurrence in ESCC patients who undergo NCRT and surgery and can thus be
used to independently predict prognosis.

Keywords: neoadjuvant, esophageal squamous cell carcinoma, esophageal wall thickness,
pathological complete response, recurrence

Introduction

Esophageal cancer (EC) remains to be a common malignancy and a leading cause
of cancer death worldwide, with approximately more than 572,000 incident cases
and 508,000 related deaths reported in 2018." Esophageal squamous cell carcinoma
(ESCC) is the predominant histological subtype, accounting for more than 85% of
cases.” The mortality and incidence rates of ESCC are currently higher in East
Asian countries, especially in China.®> Previously, surgery alone was the standard

submit your manuscript

Dove n

http:

in 3

Cancer Management and Research 2021:13 2433-2445 2433
© 2021 Wu and Li. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
Famrrm 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati g/li /by-nc/3.0/). By accessing the work

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-0049-4077
mailto:jianchengli_jack@126.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Wu and Li

Dove

primary treatment modality for early ESCC, offering
a S-year survival rate of up to 80%. However, surgery
alone yields poor outcomes, and the mortality rate is up
to 5% for locally advanced ESCC.*® At present, surgery
combined with neoadjuvant chemotherapy (NCRT) has
become the standard treatment for locally advanced
ESCC, based on the results of the CROSS trial.
Approximately 20-51% of ESCC patients treated with
NCRT achieve pathological complete response (pCR),
and these patients survive longer than those with a non-
pCR.”? Considering the complexity and risks of esopha-
gectomy, surgery may be unnecessary for patients who
achieve pCR after NCRT, and active surveillance may be
a safer approach in these patients.'® However, effective
factors to accurately predict pCR are lacking.

Computed tomography (CT) is frequently used for
patient assessment before and after chemoradiotherapy
because it is easy to perform. Accordingly, we envisioned
whether meaningful information to predict pCR and recur-
rences can be obtained from CT. Previous studies have
evaluated treatment benefits according to changes in the
maximum esophageal wall thickness on CT. Swisher et al
showed that the maximal esophageal wall thickness after
chemoradiotherapy corrected  with
Further, Li et al that
chemoradiotherapy maximal esophageal wall thickness of
pCR and better
chemoradiotherapy.'> However, there are few studies on the

was treatment

response.'’ found a pre-

>20 mm predicts survival after
predictive value of the percentage decrease of maximal eso-
phageal wall thickness for ESCC treated with NCRT. Hence,
we aimed to assess the relationship of the percentage
decrease of maximal esophageal wall thickness with the

probability of pCR and recurrence in patients with ESCC.

Patients and Methods
Study Design and Patients

This was a retrospective study of 146 patients with locally
advanced ESCC who underwent neoadjuvant chemora-
diotherapy followed by surgery at Fujian Cancer Hospital
between February 2009 and December 2019. The eligibil-
ity criteria were as follows: (1) histologically confirmed
locally advanced squamous cell carcinoma of the thoracic
esophagus; (2) no history of malignancy or second primary
tumor; (3) age 1870 years; (4) Karnofsky performance
status score >70; and (7) absence of severe organic dis-
ease. In total, 13 patients were excluded because of (1)
other primary cancer history or a second malignancy

(n=6); (2) a survival time <l month after surgery (n=3);
and (3) loss to follow-up (n=8). All patients were staged
according to the S8th edition of the American Joint
Committee on Cancer TNM staging system.

Treatment

The median dose of neoadjuvant radiotherapy was 40
(range, 36-50.4) Gy in 1.8-20 Gy per fraction, 5 days
per week. Overall, 70 patients underwent intensity-
and 8
dimensional conformal radiotherapy. The patient was

modulated radiotherapy underwent  three-
placed in the supine position, fixed with a vacuum bag or
styrofoam, and underwent CT simulation for positioning.
The gross tumor volume, clinical target volume, and plan-
ning target volume were all delineated according to the
National Comprehensive Cancer Network criteria. There
were 68 patients who underwent two-dimensional conven-
tional radiotherapy that used the anterior and posterior
opposing techniques.

Neoadjuvant chemotherapy comprised a two-drug
combination regimen based on platinum and was adminis-
tered for at least 1 cycle of full-dose chemotherapy. The
chemotherapeutics included (1) paclitaxel 135 mg/m2 D1
or docetaxel 75 mg/m2 D1 + cisplatin or nedaplatin
75 mg/m2 D2 and (2) S-fluorouracil (5-FU)
700-1000 mg/m2 D1-2 + cisplatin 75 mg/m2 D2 were
administered every 3 weeks. Surgery was conducted 4 to 6
weeks after the end of neoadjuvant chemoradiotherapy. All
surgical procedures included three-field lymph node dis-
section, except for esophagectomy.

Computed Tomography

CT was performed using a Philips 256-slice spiral CT
scanner (Philips Netherlands) at 120 kV and 350 mAs.
The first CT scans were performed to evaluate the max-
imal esophageal wall thickness within 1 month before
neoadjuvant chemoradiotherapy, and the second scans
were performed approximately 46 weeks after the com-
pletion of CRT. The scan range included the neck, double
locks, chest, and upper abdomen. We injected 100 mL of
a non-ionic iodine contrast agent (iohexol) from the
cubital vein at a speed of 3 mL/s. Arterial and venous
imaging was performed at 40 and 70 seconds after the
injection, and we used a 0.625 mm image to compare the
original venous phase. The images were reconstructed in
the axial, coronal, and sagittal positions and were trans-
mitted to the PACS workstation. Image analysis was
independently performed by two experienced radiologists
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who measured the maximum esophageal wall thickness.
Discrepancies were resolved by involving a third
radiologist.

Follow-Up

All patients were followed up until death or the last fol-
low-up. Assessments were performed regularly every 3
months in the first year, every 6 months for the next 2
years, and once a year thereafter. Follow-up assessments
included physical examination, blood routine, biochemis-
try, tumor markers, CT, and esophageal barium.

Endpoints

The primary endpoint was overall survival (OS), and the
secondary endpoint was disease-free survival (DFS). OS
was calculated as the time from the date of the surgery to
the date of any-cause death or the date of the last follow-
up. DFS was defined as the time from after surgery to the
first recurrence or cancer-related death. Local recurrence
was defined as recurrence in the primary tumor site or
locoregional lymph nodes. Recurrence in lymph nodes in
the abdominal trunk or supraclavicular area was consid-
ered to be regional lymph node recurrence, which was also
categorized as local recurrence. Distant recurrence was
defined as non-regional lymph node recurrence or sys-
temic metastasis.

Statistical Analysis

Categorical data were compared using the chi-square test
or the Fisher exact test, while continuous data were com-
pared using the Wilcoxon—-Mann—Whitney nonparametric
test. Survival curves were generated using the Kaplan—
Meier method and compared using the Log rank test.
Significant factors in the univariate analysis (ie, P<0.10)
were included in the multivariate Cox analysis to identify
independent predictors of survival. Multivariable logistic
analyses was uesd to identify factors associated with pCR.
All statistical analyses were performed using SPSS 25.0
statistical software (version 25.0; IBM Inc., Armonk, NY,
USA). All tests were two-sided, and P<0.05 was consid-
ered statistically significant.

Results

Patient Characteristics

Of the 146 patients included, 128 (87.7%) were male, and 18
(12.3%) were female. The median patient age was 57 years
(range, 38—71 years). There were 40, 85, and 21 patients with

upper, middle, and lower esophageal cancer, respectively.
The patient characteristics are listed in Table 1. The median
percentage decrease of maximal esophageal wall thickness
after NCRT was 40% (range, 0-82.6%). Overall, 35 (24.0%)
and 111 (76.0%) patients underwent <40 Gy and >40 Gy RT,
respectively. Most patients had ¢T3 (65.8%) and cN+
(81.5%) disease. A total of 19 (13.0), 79 (54.1), and 48
(32.9) patients were diagnosed with stage II, III, and IV
disease, respectively.

Adjuvant chemotherapy was administered in 64/146
(43.8%) patients.

Factors Associated with Pathological

Complete Response

A total of 42 patients achieved pCR, while 104 patients
achieved non-pCR. The pCR group demonstrated better
5-year OS (78.6% vs 44.8%, P<0.005) and DFS (77.0% vs
35.2%, P<0.005) than did the non-pCR group (Figure 1).
There were significantly more females in the pCR group
than in the non-pCR (P=0.039). Further, patients with
a higher percentage decrease of maximal esophageal wall
thickness and higher radiation dose were more likely to
achieve pCR. Additionally, patients who achieved pCR
were less likely to have lymph vessel invasion (LVI) and
perineural invasion (PNI) in the final esophagectomy than
non-pCR patients.

Multivariable logistic analyses (Table 2) showed that
the percentage decrease of maximal esophageal wall thick-
ness (HR: 2.226; 95% CI: 1.005-4.930, P=0.049) and sex
(HR: 0.283; 95% CI: 0.097-0.827, P=0.021) were inde-
pendently correlated with achieving pCR. Further, the pCR
rate was higher in those who received >40 Gy than those
who received <40 Gy (33.3% vs 14.3%), but the difference
was not significant (P=0.057). Patients with a >40%
decrease of maximal esophageal wall thickness showed
a significantly higher pCR rate compared with those with
<40% decrease (35.4% vs 20.9%, P=0.049).

Factors Associated with Survival

The median follow-up time was 53 months. The results of
the univariate and multivariate Cox regression analyses of
the influencing factors of OS are shown in Table 3.
Univariate analysis revealed that the percentage decrease
of maximal esophageal wall thickness, ypT stage, ypN
stage, ypTNM, PNI, and LVI were significant prognostic
factors associated with OS (P<0.05 for all). Factors that
in the

were highly correlated were not included
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Table | Patient Characteristics

Characteristics Total (n=146), % PCR (n=42), % Non-pCR (n=104), % P

Age 0.992

<55 59(40.4) 17(40.5) 42(40.4)

>55 87(59.6) 25(59.5) 62(59.6)

Sex 0.039

Male 128(87.7) 33(78.6) 95(91.3)

Female 18(12.3) 9(21.4) 9(8.7)

KPS 0.717

Median (range) 80(70-90) 80(70-90) 80(70-90)

Smoking history 0.231

Yes 74(50.7) 18(42.9) 56(53.8)

No 72(49.3) 24(57.1) 48(46.2)

Tumor location 0.189

Upper 40(27.4) 16(38.1) 24(23.1)

Middle 85(58.2) 21(50.0) 64(61.5)

Distal 21(14.4) 5(11.9) 16(15.4)

Decrease of maximal esophageal wall thickness (%) 0.055

<40% 67(45.9) 14(33.3) 53(50.1)

>40% 79(54.1) 28(66.7) 51(49.0)

Clinical T stage 0217

T2 3(2.1) 1(2.4) 2(1.9)

T3 96(65.8) 32(76.2) 64(61.5)

T4 47(32.2) 9(21.4) 38(36.5)

Clinical N stage 0.859

NO 27(18.5) 9(21.4) 18(17.3)

NI 70(47.9) 21(50.0) 49(47.1)

N2 45(30.8) 11(26.2) 34(32.7)

N3 4(2.7) 1(2.4) 3(29)

Clinical TNM stage 0.208

I 19(13.0) 8(19.0) 11(10.6)

n 79(54.1) 24(57.1) 55(52.9)

v 48(32.9) 10(23.8) 38(36.5)

(Continued)
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Table | (Continued).
Characteristics Total (n=146), % pCR (n=42), % Non-pCR (n=104), % P
Radiation dose (Gy) 0.030
<40 35(24.0) 5(11.9) 30(28.8)
240 I11(76.0) 37(88.1) 74(71.2)
Radiotherapy modality 0.497
2DCR 68(46.6) 22(52.4) 46(44.2)
3DCR 8(5.5) 3(7.1) 5(4.8)
IMRT 70(47.9) 17(40.5) 53(51.0)
Chemotherapy cycle 0.552
| 47(32.2) 12(28.6) 35(33.7)
22 99(67.8) 30(71.4) 69(66.3)
Number of lymph node examined 0.895
Median (range) 25(3-75) 24(6—48) 25(3-75)
Lymph vessel invasion <0.001
Yes 28(19.2) 1(2.4) 27(26.0)
No 118(80.8) 41(97.6) 77(74.0)
Perineural invasion 0.001
Yes 20(13.7) 0 20(19.2)
No 126(86.3) 42(100) 84(80.8)
Adjuvant chemotherapy 0.003
Yes 64(43.8) 10(23.8) 54(51.9)
No 82(56.2) 32(76.2) 50(48.1)

Notes: While N240 and |<theoretical frequency (T) <5, the Fisher exact test was used.
Abbreviations: KPS, Karnofsky performance status; 2DRT, two-dimensional conformal radiation therapy; 3DRT, three-dimensional conformal radiation therapy; IMRT,

intensity-modulated radiation therapy.

multivariate analysis to prevent multicollinearity. For
instance, ypTNM was obviously correlated with ypT
stage and ypN stage, and thus ypTNM was not included
in the multivariate analysis. Finally, the percentage
decrease in maximal esophageal wall thickness, ypT
stage, ypN stage, PNI, and LVI were included in the
multivariate analysis. The results showed that a <40%
decrease of maximal esophageal wall thickness (HR:
1.907, 95% CI. 1.149-3.165; p=0.012) and PNI (HR:
2.138, 95% CI: 1.094-4.178; P=0.026) were independent
adverse prognosticators for OS. The 5-year OS was sig-
nificantly higher in patients with >40% decrease of

maximal esophageal wall thickness than in those with
a <40% decrease (60.1% vs 29.0%; P=0.005; Figure 2A).

For DFS, the percentage decrease of maximal eso-
phageal wall thickness, ypT stage, ypN stage, ypTNM,
PNI, and LVI showed significant influence in the uni-
(P<0.05 for all) (Table 4).
Multivariate analysis showed that the significant pre-

variable analyses
dictors of DFS were a <40% decrease of maximal
esophageal wall thickness (HR: 2.054, 95%
CI: 1.288-3.277; P=0.003), LVI (HR: 2.874, 95%
CIL: 1.574-5.248; P=0.001), and PNI (HR: 2.050;
95% CI: 1.044-4.023; P=0.037). Patients with >40%
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Figure | Comparison of overall (A), disease-free survival (B) between pCR group and non-pCR.

percentage decrease of maximal esophageal wall thick-
ness had a better 5-year DFS than those with a <40%
decrease (54.4% vs 27.8%; Figure 2B).

Recurrence Site

Tumor recurrence occurred in 52/146 (35.6%) patients;
these included including 40 loco-regional recurrences
and 35 distant recurrences (Table 5). Among those
with locoregional recurrences, more than half (35/40)
presented with recurrence in the regional lymph nodes,
including cervical (17/40), mediastinal (19/40), and
abdominal lymph nodes (12/40). Meanwhile, the most
frequent sites of distant metastases were lung (18/35),
bone (15/35), and liver (10/35). The percentage decrease
of maximal esophageal wall thickness was corrected
with tumor recurrence. Patients with >40% decrease of
maximal esophageal wall thickness were 3.229 times
more likely to have cervical lymph node recurrence
than with  <40% (P=0.037).

patients decrease

Table 2 Multivariable Logistic Analyses for pCR

Meanwhile, the rates of mediastinal and abdominal
lymph node recurrences were similar between those
with >40% and with <40% decrease. Meanwhile, there
was a significant difference in distal recurrence. Patients
who developed liver and bone metastasis were more
likely to have <40% decrease of maximal esophageal
wall thickness than >40% (HR: 5.22, P=0.0461;
HR: 3.683, P=0.033, respectively).

Recurrence Time and Frequency

The median time to the first recurrence was 9 months (range,
1-45 months) in the overall population, while it was 8
months (range, 1-45 months) and 10 months (range, 2—32
months) for those with a <40% and >40% decrease of max-
imal esophageal wall thickness, respectively. Figure 3 shows
the frequency of recurrence according to the percentage
decrease of maximal esophageal wall thickness. All patients
with >40% decrease of maximal esophageal wall thickness
developed recurrence within 3 years of surgery. Meanwhile,

HR 95% CI P
Sex
Female vs male 0.283 0.097-0.827 0.021
Decrease of maximal esophageal wall thickness (%)
<40% vs >40% 2.226 1.005—4.930 0.049
Radiation dose (Gy)
<40 vs 240 2.784 0.971-7.977 0.057

Abbreviations: HR, hazard ratio; Cl, confidence interval.
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Table 3 Predictors of Overall Survival in ESCC Patients After Neoadjuvant Chemoradiotherapy and Surgery

Clinicopathologic Parameters Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

Age

<55 vs>55 1.644(0.659—4.102) 0.287

Sex

Female vs Male 0.867(0.527—-1.427) 0.575

Smoking history

No vs Yes 1.193(0.723-1.969) 0.489

Decrease of maximal esophageal wall thickness (%)

<40% vs >40% 2.017(1.223-3.326) 0.006 1.907(1.149-3.165) 0.012

Tumor location

Upper vs Middle/Distal 1.569(0.877-2.807) 0.129

Clinical T stage

T2 vs T3/T4 0.651(0.089-4.74) 0.672

Clinical N stage

NO vs N+ 2.008(0.914-4413) 0.083

Clinical TNM stage

Il vs 1I/V 1.770(0.710—4.415) 0.221

yp T stage

TO0-2 vs T34 2.133(1.298-3.505) 0.003 1.361(0.780-2.373) 0.278

yp N stage

NO vs N+ 1.959(1.194-3.216) 0.008 1.487(0.869-2.542) 0.148

yp TNM stage

111 vs HNIVI 2.599(1.566-4.312) <0.001

Radiation dose (Gy)

<40 vs 240 0.713(0.412-1.232) 0.225

Chemotherapy cycle

I vs 22 0.682(0.41-1.132) 0.138

Number of LN examined

<25 vs 225 1.158(0.705—-1.902) 0.563

Lymph vessel invasion

No vs Yes 2.498(1.411-4.420) 0.002 1.729(0.921-3.247) 0.088

Perineural invasion

No vs Yes 2.977(1.597-5.548) 0.001 2.138(1.094—4.178) 0.026

(Continued)
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Table 3 (Continued).

Clinicopathologic Parameters

Univariate Analysis Multivariate Analysis

HR (95% CI) P

HR (95% CI) P

Adjuvant chemotherapy

No vs Yes

1.626(0.991-2.669)

0.054

Abbreviations: HR, hazard ratio; Cl, confidence interval.

although most patients (84.6%) with a <40% decrease also
developed recurrence within 3 years of surgery, 6 patients
(15.4%) developed recurrence more than 3 years after sur-
gery. In addition, among patients with >60% decrease of
maximal esophageal wall thickness, only 5 patients devel-
oped recurrence, and all recurrences occurred within the 2
years after surgery.

Discussion

The usefulness of the change in maximal esophageal wall
thickness for predicting pCR, survival, and recurrence in
locally advanced ESCC patients undergoing NCRT fol-
lowed by surgery remains unclear to date. In this study,
a <40% decrease of maximal esophageal wall thickness
after NCRT was strongly associated with a low pCR rate,
short survival time, and a high risk of recurrence.

A
== <40% == >40%
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o
2 sof
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>
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5 25
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>40% 479 38 1 1

) 50 100 150

Surgery combined with NCRT has become the standard
treatment modality for locally advanced EC. Nearly one-
third of patients who undergo NCRT achieve pCR.>'"* The
treatment response to NCRT is crucial for selecting subse-
quent treatment and preventing overtreatment, and thus its
accurate evaluation is crucial. Several studies have attempted
to establish effective methods to predict pCR.'* A recent
multicenter prospective study found that changes in 18F-
FDG positron emission tomography (PET)-CT after NCRT
could identify pCR in esophageal cancer.'> However, PET is
not commonly used in clinical practice because of its high
cost; CT is more commonly performed.

Swisher et al and Li et al showed that pre- or post-
chemoradiotherapy maximal esophageal wall thickness was
associated with the response to chemoradiotherapy and
survival.'""'? Furthermore, Djuric-Stefanovic et al found that

B
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[V
I} L e
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Figure 2 Comparison of overall (A), disease-free survival (B) according to the percentage decrease of maximal esophageal wall thickness.
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Table 4 Predictors of Disease-Free Survival in ESCC Patients After Neoadjuvant Chemoradiotherapy and Surgery

Clinicopathologic Parameters Univariate Analysis Multivariate Analysis

HR (95% CI) P HR (95% CI) P

Age

<55 vs>55 0.930(0.586—1.477) 0.759

Sex

Female vs Male 1.777(0.771-4.098) 0.177

Smoking history

No vs Yes 1.061(0.671-1.678) 0.799

Decrease of maximal esophageal wall thickness (%)

<40% vs >40% 1.994(1.258-3.161) 0.003 2.054(1.288-3.277) 0.003

Tumor location

Upper vs Middle/Distal 1.339(0.800-2.242) 0.266

Clinical T stage

T2 vs T3/T4 0.860(0.119-6.230) 0.881

Clinical N stage

NO vs N+ 1.966(0.978-3.951) 0.058

Clinical TNM stage

Il vs 1I/IV 1.908(0.828—4.399) 0.129

yp T stage

TO0-2vs T34 2.088(1.321-3.302) 0.002 1.167(0.658-2.070) 0.598

yp T stage

NO vs N+ 1.775(1.123-2.806) 0.014 1.263(0.759-2.103) 0.368

yp TNM stage

111 vs HNIVI 2.208(1.391-3.505) 0.001

Radiation dose(Gy)

<40 vs 240 0.656(0.398-1.080) 0.098

Chemotherapy cycle

I vs 22 0.771(0.47-1.240) 0.283

Number of LN examined

<25 vs 225 1.028(0.649—1.626) 0.908

Lymph vessel invasion

No vs Yes 3.442(2.037-5.817) <0.001 2.874(1.574-5.248) 0.001

(Continued)
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Table 4 (Continued).
Clinicopathologic Parameters Univariate Analysis Multivariate Analysis

HR (95% CI) [ HR (95% CI) [

Perineural invasion
No vs Yes 2.543(1.413-4.575) 0.002 2.050(1.044-4.023) 0.037
Adjuvant chemotherapy
No vs Yes 1.491(0.945-2.354) 0.086

Abbreviations: HR, hazard ratio; Cl, confidence interval.

Table 5 Tumor Recurrence Site According to the Percent of Decrease of Maximal Esophageal Wall Thickness
Site of Recurrence Total (n=146, %) <40% (n=67, %) >40% (n=79, %) HR (95% CI) P
Locoregional recurrence 40 (27.4) 25 (37.3) 15 (19.0) 2.540 (1.201-5.372) 0.015
Anastomosis 7 (4.8) 5(7.5) 2 (2.5) 3.105 (0.582-16.553) 0.185
Regional lymph node 35 (24.0) 21 31.3) 14 (17.7) 2.120 (0.977-4.599) 0.057
Cervical 17 (11.6) 12 (17.9) 5(6.3) 3.229 (1.075-9.107) 0.037
Mediastinum 19 (13.0) 12 (17.9) 7 (8.9) 2.244 (0.829-6.076) 0.112
Abdominal 12 (8.2) 7 (10.4) 5(6.3) 1.727 (0.522-5.716) 0.371
Distant recurrence 35 (24.0) 19 (28.4) 13 (16.5) 2.010 (0.905-4.461) 0.086
Liver 10 (6.8) 8 (11.9) 2 (2.5) 5.220 (1.069-25.501) 0.041
Lung 18 (12.3) I (16.4) 7 (8.9) 2.020 (0.736-5.547) 0.172
Bone 15 (10.3) I (16.4) 4 (5.1) 3.683 (1.114-12.174) 0.033
Others 534 2 (3.0 3(23) 0.779 (0.126—4.809) 0.788

a significant correlation between post-NCRT maximal esopha-
geal wall thickness measured via CT and pCR. Further, they
reported that the combination of maximal esophageal wall
thickness <9 mm and average post-contrast density <64 HU
could correctly predict pCR.'® However, the results of their
studies did not show whether patients with a higher percentage
decrease of maximal esophageal wall thickness had a better
response to NCRT and survival.'""'*!'® Evaluation of the ther-
apeutic response and prognosis solely by pre- or post-
chemoradiotherapy maximal esophageal wall thickness is
often influenced by individualized differences. In contrast,
the percentage decrease of maximal esophageal wall thickness
is less influenced by patient characteristics, and thus it may
have more prognostic value.

Many studies have reported that pCR is a favorable factor
for improving survival and reducing recurrence.'”'® Similarly,

the pCR group in our study demonstrated significantly better
5-year OS and DFS than did the non-pCR group. Although
there had been several studies on the relevant factors affecting
pCR,"”?!' few had investigated the predictive value of the
percentage decrease of maximal esophageal wall thickness
for ESCC treated with NCRT. In this study, the pCR rate
was significantly higher in those with a >40% decrease of
maximal esophageal wall thickness than in those with <40%.
A previous study by Li et al'> showed that treatment response
to chemoradiotherapy was significantly correlated with pre-
treatment maximal esophageal wall thickness among patients
with locally advanced ESCC. However, there was no signifi-
cant difference in treatment response according to the percen-
tage decrease of esophageal wall thickness. One possible
explanation for this result was that their study divided the
percentage decrease of esophageal wall thickness into >10%
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Figure 3 Frequency of recurrences in different percentage decrease of maximal
esophageal wall thickness.

and <10%. In addition, their study had a small sample size of
only 91 cases, which may have affected the results.

Our result may provide a new perspective that patients
with a >40% decrease of esophageal wall thickness could be
safely followed through active surveillance without surgery.
However, 51 of the 71 patients with >40% decrease of eso-
phageal wall thickness did not achieve pCR after NCRT, and
14 of the 67 patients with <40% decrease achieved pCR. This
indicates that the percentage decrease of esophageal wall
thickness alone is inadequate to predict pCR. In addition,
most studies showed that endoscopic biopsy, CT, PET, and
endoscopic ultrasonography lack precision for evaluating
tumor response to NCRT.'***2* Given the lack of effective
methods to accurately predict pCR, international guidelines
recommend esophageal resection in all patients after neoadju-
vant therapy.> Our results provide new perspectives and
warrant further research.

In addition to treatment response, we also found that
the percentage decrease of esophageal wall thickness
was correlated with tumor recurrence. Patients with
a >40% decrease of maximal esophageal wall thickness
were 3.229 times more likely to have cervical lymph
node recurrence than patients with a <40% decrease.
Furthermore, there was a significant difference in the
rate of distal recurrence according to the percentage
decrease. Patients who developed liver and bone metas-
tasis were more likely to have <40% decrease of max-
imal esophageal wall thickness than >40%. With respect
to recurrence time

and frequency, as expected,

recurrences were more frequent in those with a <40%
decrease of maximal esophageal wall thickness than
those with a >40% decrease. Thus, more intensive fol-
low-up of the percentage decrease of maximal esopha-
geal wall thickness <40% may be needed. Furthermore,
although most of the patients developed recurrence
within 3 years after surgery, some of the patients with
<40% decrease of maximal esophageal wall thickness
developed recurrence more than 3 years after surgery.
Therefore, we recommend active surveillance for the
first 3 years after surgery, which complies with the
current National Comprehensive Cancer Network guide-
lines. For patients with <40% decrease of maximal
esophageal wall thickness, we recommend prolonging
the postoperative surveillance time to more than 5 years.

PNI was also identified to be an independent prog-
nostic factor of both OS and DFS in our study. Lagarde
et al and Tu et al concluded that the presence of PNI had
an adverse impact on survival time.’**’ In addition, we
found that LVI was independently associated with
a shorter DFS. Previous studies by Lagarde et al and
Gu et al proposed that LVI was an indicator of adverse
prognosis.?”*® Collectively, these findings support the
predictive value of PNI and LVI for OS and DFS in
ESCC.

This study had some limitations. It was a single-center
retrospective study with a small sample size. Prospective
studies in a larger number of patients are needed to con-
firm our results. Furthermore, other important covariables
such as baseline body weight status or PET data were
lacking. Thus, we could not evaluate the incremental ben-
efit from the change in maximal thickness. In addition, we
exclusively evaluated ESCC patients, and thus the general-
izability of our findings to patients with other adenocarci-
noma warrants additional investigation.

Conclusion

The percentage decrease of maximal esophageal wall
thickness is independently associated with pCR and recur-
rence among ESCC patients who undergo NCRT and
surgery, thus making it a potential predictive factor.
Treatment decisions following NCRT and postoperative
surveillance strategies may be individualized according
to the preoperative percentage decrease of maximal eso-
phageal wall thickness.
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