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Background: Esophageal fistula (EF) is a serious complication in patients with ¢T4b esophageal squamous
cell carcinoma (ESCC) with adjacent organ involvement. Among EFs, aortoesophageal fistula (AEF),
forming a fistula with the aorta, could be fatal. This study aimed to identify the risk factors for AEF in
patients with ¢T4b ESCC with obvious or suspected aortic invasion who underwent definitive radiotherapy
(DRT).

Methods: Forty-four patients with ¢T4b ESCC with obvious or suspected invasion to the aorta who
underwent DRT were included. Blood tests and computed tomography (CT) findings before and after DRT
were compared between the patients with and without AEF to identify the potential risk factors for AEE.
Results: Nine patients (20.5%) developed AEF after DRT. Comparing between patients with and without
AEF, pre-DRT white blood cell counts and post-DRT C-reactive protein (CRP) levels were significantly
higher in patients with AEF. Furthermore, pre-DRT CT findings were similar between the two groups.
However, post-DRT CT findings demonstrated significantly larger picus angle and lower esophageal wall
thickness on the aortic side in patients with AEF. Multivariate analysis identified elevated post-DRT CRP
levels [<3.3 versus >3.3 mg/dL; odds ratio (OR): 30.7; 95% confidence interval (CI): 2.92-323.2; P=0.004]
and esophageal wall thinning on post-DRT CT scans (>6 versus <6 mm; OR: 13.2; 95% CI: 1.24-140.1;
P=0.033) as risk factors for AEF.

Conclusions: We found that post-DRT esophageal wall thinning on the aortic side, as observed on CT
scans, and elevated CRP levels were predictive factors for AEF in patients with ¢T4b ESCC with obvious or

suspected invasion to the aorta.
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Introduction
Background

The standard treatment in patients with ¢T4b esophageal
squamous cell carcinoma (ESCC) with adjacent organ
invasion, localized disease, and no distant metastases is
definitive chemoradiotherapy (DCRT) (1-3). Although the
prognosis of advanced esophageal cancer with localized
c¢T4b disease is poor, some cases could respond to DCRT,
with a reported survival rate of 20-30% at 2 to 3 years (2-4).
However, in addition to tumor progression, fistula formation
with invading adjacent organs may define the prognosis.
The risk of fistula formation in patients with locally
advanced ESCC has been reported to be 14-30% (5-7).
In the case of esophagobronchial fistula or esophageal
perforation, stenting or bypassing may be effective after
disease onset (8,9). On the other hand, aortoesophageal
fistula (AEF) is an urgent condition that often has a fatal
course (10,11).

Rationale and knowledge gap

The usefulness of thoracic endovascular aortic repair (TEVAR)
in the setting of AEF has been reported in several cases (12,13).
In addition, the efficacy of prophylactic TEVAR has also been
reported (14), as AEF could have a rapid and life-threatening
course. However, the risk of developing AEF is controversial,
and there is no standardized indication for prophylactic TEVAR.

Highlight box

Key findings

* Post-definitive radiotherapy (DRT) esophageal wall thinning on
the aortic side and elevated C-reactive protein (CRP) levels were
predictive factors for aortoesophageal fistula (AEF) in patients with
cT4b esophageal squamous cell carcinoma (ESCC) with obvious
or suspected invasion to the aorta.

What is known and what is new?

¢ Esophageal fistula (EF) is a severe complication of ¢T4b ESCC
with adjacent organ involvement. Among EFs, AEF can be fatal.

® The findings of this study led to the identification of potential risk
factors for AEF in patients with ¢T4b ESCC who underwent DRT.

What is the implication, and what should change now?

* Close monitoring for post-DRT computed tomography scans and
CRP levels could aid in the identification of high-risk patients.

¢ Clinicians should take these risk factors into consideration and
implement appropriate interventions to prevent or manage AEF in
high-risk patients.
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Objective

This retrospective analysis aimed to identify the risk factors
for AEF development in patients with ¢T4b ESCC who
received definitive radiation therapy (DRT). We present
this article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-23-848/rc).

Methods
Patients and diagnosis of AEF

Patients with ¢T4b ESCC who underwent DRT from
December 2004 to December 2021 were included in this
study. Of these, patients diagnosed with ¢T4b due to
invasion of organs other than the aorta, without obvious
or suspected invasion of the aorta; those with missing data
6 months after DRT initiation were excluded. The patients
with ¢T4b ESCC with aortic invasion who underwent
DRT were divided into two groups, those with and without
AEF. The risk factors of AEF were determined (Figure I).
AEF was diagnosed based on sudden massive hematemesis,
sudden deterioration in hemodynamic status, disruption of
the esophageal wall on the aortic side on contrast-enhanced
computed tomography (CT), and bleeding into the lumen
of the esophagus on aortogram.

All tumors were histologically diagnosed as squamous
cell carcinoma based on biopsy samples obtained
before treatment. The patients underwent physical
examination, standard laboratory tests, chest radiography,
esophagography, upper gastrointestinal endoscopy, biopsy,
and enhanced CT before and after DRT.

"The measured variables were age, sex, Eastern Cooperative
Oncology Group Performance Status (ECOG PS), tumor
location, tumor-node-metastasis (TNM) classification,
histological type, presence of induction chemotherapy (ICT),
and irradiation dose. Blood tests included baseline and post-
DRT white blood cell counts, serum albumin level, C-reactive
protein (CRP), carcinoembryonic antigen (CEA) levels, and
squamous cell carcinoma (SCC) antigen levels. Blood tests
after DRT were generally performed within 2 weeks after
the end of DRT. Additionally, the test data closest to the end
of DRT were used for analysis. The median time from the
end of DRT to the test date was 0 days (-18 to 18 days from
the end of DRT). Three patients had missing data within
2 weeks; thus, data up to 18 days before and after the end
of DRT was analyzed. The TNM classification was based
on the 8th edition of the Union for International Cancer
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Figure 1 Flow diagram of patient selection and examination details in patients who underwent definitive radiation therapy. ESCC,

esophageal squamous cell carcinoma; DRT, definitive radiation therapy; CT, computed tomography; AEF, aortoesophageal fistula.

Control (UICC) (15). The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). This
study was approved by the Institutional Review Board of
Hiroshima University (Ethical Committee for Epidemiology
of Hiroshima University: E-2225). Informed consent was
obtained from all participants included in the study.

DRT

One patient received radiotherapy alone due to comorbidities,
and 43 patients received DCRT. Radiotherapy consisted
of 60-66 Gy (30-33 fractions). Moreover, concurrent
chemotherapy comprised 5-fluorouracil, docetaxel, cisplatin,
or a combination of these agents, as previously described (16).
Furthermore, patients with elevated serum creatinine levels
were administered nedaplatin instead of cisplatin. Concurrent
chemotherapy regimens were 5-fluorouracil, docetaxel with
S-fluorouracil, cisplatin with 5-fluorouracil, or nedaplatin
with 5-fluorouracil for 2 (4.5%), 8 (18.2%), 24 (54.5%), and
9 (20.5%) patients, respectively. Four patients received DRT
for curative intent after ICT.

cr

The diagnosis of ¢T4b with aortic invasion was defined
as the contact angle with the aorta of more than 90° and

disappearance of the fat layer between the aorta and the
esophagus on CT, before starting DRT (17). The patients
who did not meet the criteria for ¢T'4b with aortic invasion
but whose aortic invasion could not be ruled out were
treated as ¢T4b with suspected aortic invasion. In addition,
the criteria were that the aorta and esophagus were in
close contact at nearly 90° and the fat surface was partially
missing, as previously described (18).

CT parameters were measured in the same axial slices
with the widest angle in contact with the aorta. The picus
angle, CT values of the esophageal wall on the aortic side,
and esophageal wall thickness on the aortic side were
measured as CT parameters. The angle comprising the
bilateral edges of the area where tumor and the aorta came
into contact, without the fat layer, and the center of the
aorta was measured as the picus angle. The CT values of
the esophagus were measured by drawing a circular region
of interest (ROI) with the diameter of the esophageal wall
on the aortic side and measuring the average of the CT
values within the circle. CT parameters obtained from CTs
performed before the start of DRT and within 3 months
after its completion were included in the analysis.

Statistical analysis

Continuous variables are presented as medians and ranges
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or mean = standard deviation (SD), whereas categorical
variables are presented as numbers (percentages).
Continuous variables were compared using the Mann-
Whitney U test, and categorical variables were compared
using the i’ test. Statistical significance was set at a P value
of less than 0.05. In the logistic regression analysis to
predict AEF, multivariate analysis was performed using
forward selection (likelihood ratio) for factors that showed
significant differences (P<0.05) in the univariate analysis. All
statistical analyses were performed using SPSS version 28.0

(IBM Corp., Armonk, NY, USA).

Results
Patient selection and outcomes after the onset of AEF

During the study period, DRT was performed in 134 patients,
of which, 47 patients diagnosed with ¢1T4b due to invasion
of organs other than the aorta, 87 patients without obvious
or suspected invasion of the aorta; and 3 with missing data
6 months after the start of DRT were excluded. Therefore
data of 44 cases was used for the final analysis. Among
44 patients with ESCC with ¢T4b who underwent DRT, 9
(20.5%) developed AEE. The time from the end of DRT to
the onset of AEF was 151£116 days (mean = SD).

Of the 9 patients with AEF, 6 patients were not
salvageable and 3 underwent TEVAR after hemorrhage.
All patients who underwent TEVAR achieved successful
hemostasis. Of the patients who underwent TEVER, two
underwent emergent TEVAR after developing AEF, one of
whom experienced re-bleeding 3 months after TEVAR and
expired, and another underwent esophageal by-pass after
TEVAR but developed stent infection and expired 6 months
after TEVAR. The other patient was scheduled for
prophylactic TEVAR due to esophageal wall thinning
after CRT. However, the day before surgery, the patient
developed massive hematemesis and cardiopulmonary arrest
and underwent TEVAR, which could not rescue the patient.

Clinical characteristics of patients with and without AEF

Table 1 presents the clinical characteristics of the patients
with and without AEF. There were no significant
differences in age, ECOG PS, histological type, TNM
stage, and radiation dose between the two groups. However,
the patients with AEF were significantly more likely to
be female (55.6% with AEF versus 17.1% without AEF;
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P=0.030) and significantly more likely to have received ICT
(33.3% with AEF versus 2.9% without AEF; P=0.023).

The relationship between AEF and laboratory data

Table 2 summarizes a comparison of pre- and post-DRT
laboratory tests in patients with ¢T4b with and without
AEF. In the nine patients who developed AEF, pre-
treatment white blood cell counts were significantly higher
than those of patients without AEF (P=0.032). Serum
albumin, CRP, CEA, and SCC levels were not significantly
different between the two groups. Regarding laboratory
tests after DRT, there were no significant differences in
white blood cell counts and serum albumin, CEA, and SCC
levels between the patients with or without AEF. However,
CRP levels in the patients with AEF were significantly
higher compared with those in those without AEF (median
CRP, 5.3 mg/dL with AEF versus 0.9 mg/dL without AEF;
P=0.001).

CT parameters in the patients with and without AEF

Representative CT images in the patients with and without
AEF before and after DRT are shown in Figure 2. Tuble 3
presents a comparison between the CT parameters in the
patients with and without AEF. There was no significant
difference in any of the pre-treatment CT parameters
between the two groups. However, regarding post-
treatment CT parameters, the contact angle with the aorta
was significantly larger in the patients with AEF than in
those without AEF (median, 116.2° with AEF versus 95.1°
without AEF; P=0.047). In addition, CT values of the
esophageal wall on the aortic side were significantly lower
in the patients with AEF than those without it [median,
56.2 Hounsfield unit (HU) with AEF versus 69.9 HU
without AEF; P=0.017], and the esophageal wall thickness
on the aortic side was significantly thinner (median, 6 mm
with AEF versus 7 mm without AEF; P=0.012) after DRT
in the patients with AEF than in those without it.

Risk factors for developing AEF

Table 4 presents the optimal cutoff values established by
receiver operating characteristic (ROC) curve analysis
using continuous variables that show significant differences
between the patients with and without AEF. In addition
to sex and presence of ICT, which showed significant
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Variables cT4b with AEF, n=9 cT4b without AEF, n=35 P
Age (years) 63 [49-77] 65 [44-82] 0.731
Sex 0.030"
Male 4 (44.4) 29 (82.9)
Female 5 (55.6) 6(17.1)
ECOG PS 0.494
PS 0-1 9 (100.0) 32 (91.4)
PS 2 0 3(8.6)
Histology (biopsy) 0.443
POR 1(11.1) 7 (20.0)
Others 8 (88.9) 28 (80.0)
Tumor diameter (mm) 70 [50-110] 75 [30-120] 0.954
Location 0.418
Ut 3(33.3) 6(17.1)
Mt 6 (66.7) 26 (74.3)
Lt 0 3(8.6)
cT 0.514
cT4b (invasion to aorta) 6 (66.7) 21 (60.0)
cT4b (invasion to other organs, suspected aortic invasion) 3(33.3) 14 (40.0)
cN 0.578
cNO-1 6 (66.7) 22 (62.9)
cN2-4 3(33.3) 13 (37.1)
cM 0.241
cMO0 5 (55.6) 26 (73.3)
cM1 (LYM) 4 (44.4) 9 (25.7)
Induction chemotherapy 0.023*
Without 6 (66.7) 34 (97.1)
With 3(33.3) 1(2.9
Radiation dose 0.278
<60 Gy 6 (66.7) 17 (48.6)
>60 Gy 3(33.3) 18 (51.4)

Qualitative variables are expressed as median [range] or number (%). *, indicates statistical significance (P<0.05). AEF, aortoesophageal
fistula; ECOG PS, Eastern Cooperative Oncology Group Performance Status; POR, poorly differentiated; Ut, upper thoracic esophagus;
Mt, middle thoracic esophagus; Lt, lower thoracic esophagus; cM1 (LYM), clinical metastasis to the supraclavicular lymph node.
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Table 2 Hematological data of patients with and without AEF

Variables cT4b with AEF, n=9 cT4b without AEF, n=35 P

Pre-DRT laboratory data

WBC (/L) 10,450 (6,910-18,800) 8,500 (4,210-18,740) 0.032*
Alb (g/dL) 3.6 (2.2-4.4) 3.8 (2.4-4.7) 0.456
CRP (mg/L) 2.0 (0.4-11.0) 1.0 (0.1-5.6) 0.075
CEA (ng/mL) 4.1(1.3-7.9) 3.2(0.8-91.8) 0.528
SCC (ng/mL) 2.4 (0.6-46.9) 2.0 (0.6-14) 0.829

Post-DRT laboratory data

WBC (/uL) 4,030 (1,170-6,070) 4,270 (1,610-15,520) 0.606
Alb (g/dL) 2.8 (2.5-3.6) 3.4 (1.7-4.1) 0.067
CRP (mg/L)" 5.3 (0.4-20.3) 0.9 (0.09-14.0) 0.001*
CEA (ng/mL) 3.2(1.2-5.2) 3.1(0.7-59.1) 0.562
SCC (ng/mL) 1.2 (0.6-2.9) 1.4 (0.4-3.9) 0.591

*

Continuous variables are expressed as median (range). *, indicates statistical significance (P<0.05); *, post-DRT CRP was missing in
one case in the group with AEF. AEF, aortoesophageal fistula; DRT, definitive radiation therapy; WBC, white blood cell count; Alb, serum
albumin level; CRP, C-reactive protein; CEA, carcinoembryonic antigen; SCC, squamous cell carcinoma antigen.

Patients with AEF Patients without AEF

-

Pre-DRT CT imaging

Post-DRT CT imaging

Figure 2 Representative pre- and post-definitive radiation therapy CT imaging and measurement of the aortic lateral wall thickness, CT
values, and aortic contact angles of the tumor area in patients with and without AEF. The esophageal wall thickness on the aortic side is
indicated by white arrows, ROI for CT value measurement is indicated by yellow dotted lines, and the aortic contact angle is indicated by

black arc lines. AEF, aortoesophageal fistula; DRT, definitive radiation therapy; CT, computed tomography; ROI, region of interest.
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Table 3 CT parameters of the patients with or without AEF
Variables cT4b with AEF, n=9 cT4b without AEF, n=35 P
Pre-DRT CT parameters
Picus angle (°) 108 [71.5-175] 101.3 [65.8-159.4] 0.373
Esophageal wall thickness on aortic side (mm) 10 [7-14] 11 [3-32] 0.405
CT value of esophageal wall on aortic side (HU) 81.1 [75.9-90.1] 78.3 [51.8-106.7] 0.350
Post-DRT CT parameters
Picus angle (°) 116.2 [78.7-205.6] 95.1 [60.3-214] 0.047*
Esophageal wall thickness on aortic side (mm) 6 [3-9] 7 [4-16] 0.012*
CT value of esophageal wall on aortic side (HU) 56.2 [27.5-87.9] 69.9 [50.5-98.8] 0.017*

Continuous variables are expressed as median [range]. *, indicates statistical significance (P<0.05). CT, computed tomography; AEF,
aortoesophageal fistula; DRT, definitive radiation therapy; HU, Hounsfield unit.

Table 4 ROC curve analysis for predicting AEF

Variables Cut-off value AUC 95% Cl P
Pre-DRT parameters
WBC 9,800 0.732 0.56-0.91 0.034
Post-DRT parameters
CRP (mg/dL) 3.3 0.852 0.69-1.00 0.002
Contact angle to aorta (°) 150 0.717 0.52-0.91 0.046
Esophageal wall thickness on aortic side (mm) 6 0.770 0.60-0.94 0.013
CT value of the esophageal wall on aortic side (HU) 64 0.760 0.56-0.96 0.018

ROC, receiver operating characteristic; AEF, aortoesophageal fistula; AUC, area under curve; 95% Cl, 95% confidence interval; DRT,
definitive radiation therapy; WBC, white blood cell count; CRP, C-reactive protein; CT, computed tomography; HU, Hounsfield unit.

differences between the two groups using the univariate
analysis, multivariate logistic regression analysis was
performed using CT parameters calculated based on ROC
curve analysis and cutoff values of blood tests (Zable 5). The
multivariate analysis identified elevated CRP levels after
DRT [odds ratio (OR): 30.7; 95% confidence interval (CI):
2.92-323.2; P=0.004] and thinning of the esophageal wall
on the aortic side after DRT (OR: 13.2; 95% CI: 1.24-140.1;
P=0.033) as significant risk factors for the development
of AEF.

Among the factors identified as risk factors for AEF,
post-DRT CRP levels of 3.3 or greater were identified
in nine patients, six of whom developed AEF (66.7%).
The thickness of the esophageal wall on the aortic side
after DRT was less than 6 mm in 17 patients, 7 of whom
developed AEF (41.2%). Five patients had both post-DRT
CRP levels of 3.3 or greater and a post-DRT thickness of

© Journal of Thoracic Disease. All rights reserved.

esophageal wall on the aortic side of 6 mm or less, and four

of them developed AEF (80%).

Discussion
Key findings

Esophageal fistula (EF) is a condition causing a variety of
complications that directly affect prognosis due to worse
outcomes and delays of anti-tumor treatment. The patients
who developed EF are reported to have a poor prognosis
(19-21), and several risk factors for EF formation in
esophageal squamous cell carcinoma have been reported.
The risk factors for EF formation are as follows: T4 lesions
(19,22), formation of ulcers (19,23), total circumferential
lesions (20,21), esophageal stricture (6,22), low body mass
index (24), tumor length and diameter (21), high platelet-
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Table 5 Logistic regression analysis to predict AEF
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Univariate analysis

Multivariate analysis

Variables

OR 95% CI P OR 95% CI P
Female 6.04 1.24-29.4 0.026 - - -
With induction chemotherapy 17.00 1.51-191.9 0.022 - - -
Pre-DRT WBC =9,800 5.78 1.19-28.0 0.030 - - -
Post-DRT CRP >3.3 21.3 3.45-132.0 <0.001 30.7 2.92-323.2 0.004*
Post-DRT contact angle to aorta >150° 27.2 2.41-295.0 0.007 - - -
Post-DRT esophageal wall thickness on aortic side <6 mm 8.75 1.55-49.6 0.014 13.2 1.24-140.1 0.033*
Post-DRT CT value of esophageal wall on aortic side <64 HU  8.75 1.55-49.6 0.014 - - -

*, indicates statistical significance (P<0.05). AEF, aortoesophageal fistula; OR, odds ratio; 95% Cl, 95% confidence interval; DRT, definitive
radiation therapy; WBC, white blood cell count; CRP, C-reactive protein; CT, computed tomography; HU, Hounsfield unit.

to-lymphocyte ratio (25), and hypocholesterolemia (5).

Among EFs, AEFs that form fistulas with the aorta could
cause rapid and massive hemorrhage and have a fatal course.
In acute bleeding due to AEF, salvage TEVAR has been
reported to provide effective temporary hemostasis (26).
However, AEF could cause circulatory deterioration due
to rapid bleeding, which may result in failure in time for
surgery. Furthermore, when AEF develops, the direct
contact between the esophageal lumen and the artificial
stent may cause intractable infections and other problems
after TEVAR (27,28). Recently, elective TEVAR has
been reported to contribute to reduced complications and
improved prognosis compared with salvage TEVAR cases
after the onset of AEF (14). Therefore, predicting AEF
is an urgent issue, and we assessed the risk factors for the
development of AEF in patients with ¢T4b ESCC who
received DRT.

Strengths and limitations

In this study, we identified the risk factors for AEF in cases
where judging the indication for prophylactic TEVAR could
be challenging in real-world clinical practice. Notably, only
the patients with ¢T'4b ESCC whose primary lesion was
widely adjacent to the aorta were selected for evaluation,
excluding cases in which ¢T4b was diagnosed due to the
invasion of other organs without suspected aortic invasion.
To the best of our knowledge, there have been no reports
of AEF-specific risk factors in only obvious or suspected
invasion of the aorta after DRT.

Our study has several limitations. First, this was a single-
center, retrospective study with a relatively small sample

© Journal of Thoracic Disease. All rights reserved.

size. Second, this study included blood tests and CT scans,
but there were minor variations in the dates of the tests due
to the retrospective nature of the study. Third, concurrent
chemotherapy regimens and treatment strategies varied
depending on the date and the concomitant disease. This
study included four patients who received ICT, three of
whom (75%) developed AEF. The patients with DRT after
ICT had higher CRP levels (median 6.6 versus 0.9 mg/dL,
P=0.018) and thinner esophageal walls (median 5 versus
7 mm, P=0.027) after DRT than did those with DRT alone.
It is possible that DRT after ICT, which is considered
stronger treatment intensity, might have caused greater
tumor shrinkage and ulceration. In addition, reduced
systemic immunity due to stronger treatment induced
infection, resulting in elevated CRP. However, due to the
small number of ICT cases in this study, ICT was not
a significant risk factor for AEF using the multivariate
analysis, and further study is needed to evaluate this
hypothesis.

Comparison with similar researches

CT scans, which are relatively easy to perform, are
frequently used in clinical practice, and there have been
several reports of their usefulness in predicting EFs. Gui
et al. reported on the prediction of EF based on nomograms
including gross tumor volume (GTV) obtained from CT
scans before radiotherapy and found an increase in the
maximum diameter of the GTV was a risk factor for EF (29).
Shi ez al. reported an increased tumor thickness and
formation of deep ulcerations on baseline CT imaging in
patients with EF (30). They reported that the ulcer depth

7 Thorac Dis 2023;15(10):5319-5329 | https://dx.doi.org/10.21037/jtd-23-848
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was a risk factor for EF. In the present study, no significant
predictors of AEF could be identified on pretreatment
CT parameters, but thinning of the aortic side of the
esophageal wall of less than 6 mm after DRT was identified
as a predictor of AEF in ¢'T4b with clear or undeniable
involvement of the aorta. Although pre-DRT esophageal
ulcerations could not be identified on pre-DRT CT, post-
DRT thinning of the aortic side of the esophageal wall may
reflect that esophageal ulcerations appeared deeper and
more apparent after DRT.

Additionally, we identified post-DRT CRP levels of
3.3 mg/dL or greater as a risk factor for AEF. Kawakami et a/.
reported baseline elevated CRP levels as risk factors for EF
in patients who received DCRT (20). They suggested that
elevated CRP levels may reflect tissue damage. Similarly,
in our analysis, baseline CRP levels were higher in patients
who developed AEF, but the difference was not significant.

Explanations of the findings

In our study, post-DRT CRP levels and thinning of
the aortic side of the esophageal wall after DRT were
significantly higher and were identified as a significant risk
factor of AEF in the multivariate analysis. The possibility
that infection of ulcerative lesions increases the risk of EF
has been reported (30), and the elevated CRP levels and
thinning of the esophageal wall at the end of DRT that we
identified may reflect the manifestation of esophageal ulcer
and concomitant infection.

Implications and actions needed

This study identified risk factors that are indications
for potential prophylactic TEVAR in ¢T4b esophageal
squamous cell carcinoma with or suspected aortic invasion.
The presence of elevated CRP and esophageal wall
thickness at the end of DRT may indicate the possibility
of developing AEF within a few months. Therefore, close
follow-up should be switched and prophylactic TEVAR
should be considered in case of worsening of these
findings. Since the timing of follow-up after DRT varied,
we compared CT and hematological findings at the start
and end of DRT, and found that the findings at the end
of DRT were risk factors for subsequent development of
AEF. Since there is a relatively long period of time between
the end of DRT and AEF onset, it is undeniable that there
may be other findings and optimal timing of examinations
that could more accurately reflect AEF onset, other than
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the findings at the end of DRT that were identified as risk
factors for AEF in this study. Therefore, a prospective
study with a standardized post-DRT examination protocol
is needed to validate the usefulness of the risk factors
identified in this study.

Conclusions

In conclusion, we found that thinning of the esophageal
wall on the aortic side on CT scan and elevated CRP levels
on blood tests at the end of DRT were predictive factors
for AEF in ¢T4b ESCC with obvious or suspected invasion
of the aorta. Particularly, patients meeting both of these
risk factors developed AEF at a high frequency of 80%. We
suggest that if these risk factors are present at the end of
treatment, prophylactic TEVAR may be considered.
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