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Abstract

Background Endoscopic submucosal dissection (ESD) is a potentially efficient therapeutic intervention for superficial
esophageal cancer. Additional treatment such as chemoradiotherapy (CRT) or esophagectomy is recommended

in cases of muscularis mucosa invasion with positive resection margins or lymphovascular invasion or submucosal
layer invasion, which are considered noncurative ESD, due to an increased risk of lymph node metastasis. However,
the adequacy of additional CRT after near-circumferential or full-circumferential noncurative ESD has not been

fully discussed. In this study, we retrospectively evaluated the efficacy and toxicity of additional CRT for superficial
esophageal squamous cell carcinoma (SCC) after near-circumferential or full-circumferential noncurative ESD, which
was defined as a mucosal defect measuring > 3/4 of the esophageal circumference.

Methods We retrospectively evaluated 24 patients who received additional CRT for superficial esophageal SCC after
near-circumferential or full-circumferential noncurative ESD between 2012 and 2018. Elective nodal irradiation (ENI)
was performed in all patients and boost irradiation (Bl) was performed after ENI'in 4 patients with positive resection
margins. The prescription doses of ENI and Bl were 41.4 Gy in 23 fractions and 9 Gy in 5 fractions, respectively.
Concurrent chemotherapy (a combination of cisplatin or nedaplatin and 5-fluorouracil) was administered to all
patients.

Results The 3-year and 5-year overall survival rates were 92% and 78%, respectively, while the 3-year and 5-year
progression-free survival rates were 83% and 70%, respectively. Grade 2 esophageal stenosis occurred in 8 (33%)
patients. There was no case of Grade 3 or worse esophageal stenosis. Among them, 4 (17%) patients developed
stenosis before additional CRT, which persisted after the completion of additional CRT. The remaining 4 (17%)
patients developed de novo stenosis within 5 months following the completion of additional CRT. One patient
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recurrence died with acute myeloid leukemia.

(4%) still requires regular bougie dilation. Grade 3 and Grade 4 acute toxicity, including anemia, neutropenia,
thrombocytopenia, and esophagitis occurred in 1 (4%) and 0 (0%), 6 (25%) and 1 (4%), 1 (4%) and 0 (0%), and 1 (4%)
and 0 (0%) patients, respectively. One (4%) patient who underwent salvage CRT for the out-of-field lymph node

Conclusions Additional CRT is a viable treatment option even in patients who have undergone near-circumferential
or full-circumferential noncurative ESD. Esophageal stenosis after additional CRT following near-circumferential or full-
circumferential noncurative ESD is manageable and acceptable.

Keywords Chemoradiotherapy, Esophageal cancer, Endoscopic submucosal dissection, Muscularis mucosae

Background

Recently, owing to advancements in endoscopic can-
cer screening technology, early-stage esophageal cancer
detection rates have increased [1, 2]. Endoscopic submu-
cosal dissection (ESD) is a potentially efficient curative
intervention for superficial esophageal cancer. However,
in patients with muscularis mucosae (MM) or more pro-
found invasion, there is an increased risk of lymph node
metastasis. Lymph node metastasis occurs in 10-20% of
cases of MM or upper submucosal layer (SM1) invasion
and 40-60% of the middle submucosal layer (SM2) or
lower submucosal layer (SM3) invasion [3, 4]. Additional
treatment such as chemoradiotherapy (CRT) or esopha-
gectomy is recommended in cases of MM invasion with
positive resection margins or lymphovascular invasion
(LVI) or SM invasion, which are classified as noncurative
ESD [5]. Recent studies on superficial esophageal cancer
have reported that survival outcomes of definitive CRT
are comparable with those of esophagectomy; increasing
attention has been given to the combination of ESD and
CRT as a minimally invasive organ-preservation strategy,
unlike esophagectomy [6]. However, the combination of
ESD and additional CRT is commonly performed for lim-
ited primary tumors [7], and the adequacy of additional
CRT after near-circumferential or full-circumferential
noncurative ESD has not been fully discussed. In this
study, we retrospectively evaluated the efficacy and tox-
icity of additional CRT for superficial esophageal squa-
mous cell carcinoma (SCC) after near-circumferential or
full-circumferential noncurative ESD, which was defined
as the presence of mucosal defects measuring>3/4 of the
esophageal circumference.

Methods

Patients

This retrospective analysis was approved by the institu-
tional review board (No0.20,061,507) of Nagasaki Univer-
sity Hospital. Figure 1 summarizes the selection process
of the patients. Between 2012 and 2018, we performed
ESD for superficial esophageal SCC in consecutive 534
patients. The inclusion criteria were as follows: (1) his-
tologically proven esophageal SCC, (2) near-circumfer-
ential or full-circumferential ESD, which was defined as

the presence of mucosal defects measuring>3/4 of the
esophageal circumference, (3) pathological noncurative
ESD, which includes MM invasion with positive resec-
tion margins or LVI or SM invasion, (4) clinically node-
negative (cNO) and no metastasis to other organs (cM0),
(5) absence of synchronous thoracic cancer, and (6)
received additional CRT [7]. Of the 47 patients with non-
curative ESD, 4 underwent additional esophagectomy, 2
received additional radiotherapy (RT) alone, 2 received
additional chemotherapy alone, and 12 were followed up
without additional treatment. The decision between CRT
and esophagectomy was made based on patient prefer-
ence after explanation by radiation oncologists and gas-
trointestinal surgeons. Of the 2 patients who received
radiotherapy alone, one refused esophagectomy and
chemotherapy, while other was unsuitable for both due
to liver dysfunction. Two patients who received chemo-
therapy alone refused esophagectomy, and radiotherapy
was contraindicated due to history of thoracic irradia-
tion. Among the 12 patients who were followed without
additional treatment, 7 declined further treatment based
on their preferences, while the remaining 5 were consid-
ered ineligible for additional therapy owing to poor per-
formance status, advanced age or organ dysfunction.

Treatment

Written informed consent was obtained from all patients
before treatment initiation. After ESD, all patients
received prophylaxis for stenosis (oral prednisolone in
4 patients, intralesional steroid injection in 9 patients, a
combination of oral prednisolone and steroid injection
in 8 patients, and endoscopic transplantation of tissue-
engineered cell sheets in 3 patients) [8]. Prior to conduct-
ing a planning computed tomography (CT), metallic clips
were endoscopically placed to mark the excision region.
CT simulation was performed with a dedicated pillow
for RT [9]. The arms of the patients were not elevated
above their heads. The clinical target volume (CTV) for
the primary lesion (CTV-p) was defined as an area of
excision region with a 2-cm margin in the longitudinal
direction. The clinical target volumes for the subclini-
cal region (CTV-s) according to the primary tumor sites
were supraclavicular, upper mediastinal, and subcarinal
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lymph node areas for cervical and upper thoracic tumors,
upper-to-lower mediastinal, and perigastric lymph node
areas for middle thoracic tumors, and middle-to-lower
mediastinal, perigastric, and celiac artery lymph node
areas for lower thoracic tumors [7]. The planning target
volumes for primary tumor (PTV-p) and for subclini-
cal regional lymph node areas (PTV-s) were defined as
CTV-s with 0.5-cm margins. Elective nodal irradiation
(ENTI) was performed for PTV-p and PTV-s in all patients
and boost irradiation (BI) was performed for PTV-p
after ENI in 4 patients with positive resection margins.
The prescription doses of ENI and BI were 41.4 Gy in 23
fractions and 9 Gy in 5 fractions, respectively. Patients
underwent additional CRT, with a median period of 96
days (range: 35-200 days) from ESD to the start of addi-
tional CRT. RT was administered as three-dimensional
conformal RT (3D-CRT).

Concurrent chemotherapy (a combination of cisplatin
(CDDP) or nedaplatin (NDP) and 5-fluorouracil (5-FU))
was administered to all patients. The use of chemother-
apy regimens was determined based on each patient’s
renal function. Fifteen patients received two cycles of
CDDP (70 mg/m?/day on day 1) and 5-FU (700 mg/m?/
day on days 1-4) at 4—5-week intervals and 2 patients
received one cycle of the same regimen. Seven patients
received two cycles of NDP (100 mg/m?/day on day 1)
and 5-FU (700 mg/m?*/day on days 1-4) at 4—6-week
intervals.

Table 1 Patient and tumor characteristics

N (%)
Sex
Male 20 (83)
Female 4(17)
Median age (years; range) 70 (55-81)
Location of tumor
Cervical 14)
Upper thoracic 2(8)
Middle thoracic 12 (50)
Lower thoracic or abdominal 9 (38)
Median diameter of tumor (mm; range) 32 (7-59)
Pathological invasion depths
MM 11 (46)
SM1 5(1)
SM2 8(33)
Resection margin status
Negative 20 (83)
Positive 4(17)
LVI
No 5@21)
Yes 19 (79)

MM: muscularis mucosae; SM:submucosal layer; LVI:lymphovascular invasion
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Follow-up

Patients were monitored at 4—6-month intervals; endos-
copy was performed during each follow-up visit, and CT
imaging with or without ['®F] fluorodeoxyglucose posi-
tron emission tomography/CT (**F-FDG PET/CT) imag-
ing was performed annually. Toxicity was assessed per
the National Cancer Institute Common Toxicity Criteria
ver. 5.0.

Statistical analysis

Overall survival (OS) and progression-free survival (PES)
were calculated from the initiation of additional CRT.
Progression was defined as local recurrence, lymph node
metastasis, and/or distant metastasis. Local recurrence
was defined as a neoplastic lesion detected at the site of
the ESD scar [10]. Survival rates were determined using
the Kaplan—Meier method. Univariate analyses were
performed using the Log-rank test to identify potential
determinants of OS and PFS. P-values of <0.05 were con-
sidered statistically significant.

Results

Survival

The patient and tumor characteristics are summarized
in Table 1. The median follow-up period was 74 months
(range: 28—123 months). The 3-year and 5-year OS rates
were 92% and 78%, respectively, while the 3-year and
5-year PES rates were 83% and 70%, respectively (Fig. 2).
Our univariate analyses revealed that there was no statis-
tically significant risk factor for OS or PES (Table 2).

Failure patterns and salvage treatments

Progression was detected in 4 patients (local recurrence
in 1, lymph node metastasis in 2, and distant metastasis
in 1). Those who experienced local recurrence 25 months
after the completion of additional CRT underwent sal-
vage argon plasma coagulation and stayed alive thereafter
without experiencing recurrence anymore. Among the
2 cases of lymph node metastasis, one patient presented
an in-field metastasis 18 months after the completion
of additional CRT and received salvage chemotherapy,
achieving disease control and currently remaining alive.
The other demonstrated an out-of-field metastasis 47
months after the completion of additional CRT and
underwent salvage CRT, achieving disease control but
dying 20 months after the initiation of salvage CRT due
to acute myeloid leukemia (AML). The patient who had
distant metastases in the lungs 66 months after the com-
pletion of additional CRT underwent surgery through
which he achieved disease control and remained alive
thereafter.
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Fig.2 Overall (A) and progression-free (B) survival curves of patients who received additional chemotherapy for esophageal cancer after near-circumfer-

ential or full-circumferential noncurative endoscopic submucosal dissection

Table 2 Univariate analyses of OS and PFS

N  Five-yearOS Five-year
PFS
% pvalue % P
value

Sex
Male 20 84 022 75 078
Female 4 50 50
Age (years)
<70 12 92 023 75 095
>70 12 65 66
Location of tumor
Cervical or Upper thoracic 3100 032 100  0.20
Middle thoracic, Lower thoracic, 21 75 66
or abdominal
Diameter of tumor (mm)
<30 1 90 015 90 0.09
>30 13 69 54
Pathological invasion depths
MM 1 70 0.88 52 0.08
SM 13 85 85
Resection margin status
Negative 20 73 074 69 094
Positive 4 100 75
LVI
No 5 80 090 80 042
Yes 19 78 68

OS:overall survival; PFS:progression-free survival; MM:muscularis mucosae;
SM:submucosal layer; LVI:lymphovascular invasion

Toxicity

Grade 2 esophageal stenosis occurred in 8 (33%) patients.
No Grade 3 or worse esophageal stenosis was detected.
Of the 8 patients with Grade 2 stenosis, 4 (17%) patients
initially presented Grade 2 esophageal stenosis before
additional CRT and stenosis persisted after the com-
pletion of additional CRT (Table 3). These patients

underwent balloon and/or bougie dilatation. Three of the
4 patients improved to Grade 1 or lower within 5 months
from additional CRT, while the other patient still requires
regular bougie dilatation 8 years after the completion of
additional CRT. The remaining 4 (17%) patients devel-
oped de novo stenosis within 5 months after the com-
pletion of additional CRT (Table 4). These patients also
underwent balloon dilation and/or bougie dilatation.
Three of the 4 patients improved to Grade 1 or lower
within 3 months from the initial dilatation for esophageal
stenosis, whereas this improvement required 18 months
in the last patient. Table 5 summarizes the acute and late
toxicity other than esophageal stenosis. Grade 3 or worse
acute toxicity, including anemia, neutropenia, thrombo-
cytopenia, and esophagitis occurred in 1 (4%), 7 (29%),
1 (4%), and 1 (4%) patients, respectively. None of these
patients had symptomatic radiation pneumonitis. Late
toxicity of Grade 2 pericardial effusion was observed in 3
(13%) patients; however, no Grade 3 or worse pericardial
effusion was observed. As described above, one patient
(4%) developed AML and died, which was recorded as
a Grade 5 late toxicity of secondary malignancy because
we could not rule out the relationship between AML and
additional CRT.

Discussion

Some groups have retrospectively reported on the out-
comes of additional CRT after noncurative endoscopic
resection. Nishibuchi et al. [11] retrospectively reviewed
37 patients with superficial esophageal cancer who
received additional RT with or without chemotherapy
after noncurative endoscopic resection. The circumfer-
ence of the tumor was <3/4 in 25 (68%) patients, >3/4
in 8 (22%) patients, and unknown in 4 (11%) patients.
ENI was performed with 40-48 Gy followed by either
an external-beam RT boost with a total median dose of
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Table 3 Patients with Grade 2 esophageal stenosis before additional chemoradiotherapy

ESD circumference Tumor location Tumor diam- Pathological inva- Resection mar-  LVI Time required
eter (mm) sion depths gin status for improve-

ment after CRT
(months)

full Middle thoracic 57 pl1a-MM Negative Yes 4

7/8 Lower thoracic 24 pT1b-SM2 Negative Yes 5

full Cervical 30 pT1b-SM2 Negative No 5

full Middle thoracic 40 pT1b-SM1 Positive No No improvement

ESD:endoscopic submucosal dissection; LVI:lymphovascular invasion; CRT: chemoradiotherapy; MM: muscularis mucosae; SM: submucosal layer

Table 4 Patients with de novo Grade 2 esophageal stenosis after additional chemoradiotherapy

ESD circumference Tumor location Tumor Pathologi- Resection LVI Time required for de-  Time-lapse from
diameter cal invasion margin velopment after CRT initial dilatation
(mm) depths status completion (months)  to improvement

(months)

9/10 Lower thoracic 55 plla-MM Positive Yes 1 2

full Lower thoracic 38 pl1a-MM Positive No 5 18

full Middle thoracic 59 pl1a-MM Negative Yes 5 1

4/5 Middle thoracic 21 plla-MM Negative No 2 3

ESD:endoscopic submucosal dissection; LVI:lymphovascular invasion; CRT: chemoradiotherapy; MM: muscularis mucosae

Table 5 Toxicity other than esophageal stenosis

Toxicity N (%)

Grade 2 Grade 3 Grade 4 Grade 5
Acute
Anemia 4(17) 14 0(0) 0(0)
Neutropenia 8(33) 6 (25) 1(4) 0(0)
Thrombocytopenia 5 (21) 1(4) 0(0) 0(0)
Dermatitis 4(17) 0(0) 0(0) 0(0)
Esophagitis 4(17) 1(4) 0(0) 0(0)
Renal function 1(4) 0(0) 0(0) 0(0)
Late
Pericardial effusion 3 (13) 0(0) 0(0) 0(0)
Secondary AML 0 0 0 1(4)

AML: Acute myeloid leukemia

60 Gy in 30 fractions or an intraluminal brachytherapy
boost with an RT dose of 10 Gy in four fractions. Twenty-
five patients received concurrent chemotherapy with
a combination of platinum-based drugs and 5-FU. The
reported 5-year OS and PFS rates were 78% and 64%,
respectively. Hisano et al. [12] retrospectively analyzed
13 superficial esophageal cancer patients who underwent
additional RT with or without chemotherapy after non-
curative ESD. Of the 13 patients, 6 (46%) with mucosal
defects involving>3/4 of the esophageal circumference
after ESD were included. All patients received ENI with
RT doses of 40-41.4 Gy in 20-23 fractions. Among them,
8 patients received BI. One patient with positive resec-
tion margins received a total RT dose of 61.4 Gy, while
the remaining 7 received total RT doses of 50-50.4 Gy.
Concurrent chemotherapy (a combination of CDDP and
5-FU or S-1 alone) was administered to 4 patients. They
showed that the 3-year OS and cause-specific survival

were 67% and 82%, respectively. Even though our study
only included esophageal SCC patients with muco-
sal defects affecting>3/4 of the esophageal circumfer-
ence after noncurative ESD, which might have a poorer
prognosis than those with limited mucosal defects, our
results were similar to theirs. These findings suggested
that additional CRT is effective even in patients who have
undergone near-circumferential or full-circumferential
noncurative ESD.

Some reports have demonstrated that survival out-
comes of additional CRT after ESD are comparable to
those of additional esophagectomy. Tanaka et al. [13] ret-
rospectively investigated the outcomes of 52 patients who
underwent ESD for superficial esophageal cancer with
SM invasion. Of the 52 patients, 33 received additional
CRT, while 19 underwent additional esophagectomy after
ESD. The 5-year OS and PFS rates for the additional CRT
group were 80% and 70%, and those for the additional
esophagectomy group were 90% and 90%, respectively.
No significant differences were observed between the
groups in terms of both OS (p=0.17) and PFS (p=0.13).
Suzuki et al. [1] retrospectively reviewed 60 patients who
underwent additional treatment after noncurative ESD
for superficial esophageal cancer with positive resec-
tion margin or LVI or SM invasion. Thirty-four patients
received additional CRT, while 26 patients underwent
additional esophagectomy. The 4-year OS and PFS rates
for the additional CRT group were 84% and 65%, and
those for the additional esophagectomy groups were
92% and 73%, respectively. No significant differences
were observed between the groups in terms of both OS
(p=0.87) and PFS (p=0.41). Meanwhile, the mortality of
additional esophagectomy was not negligible; similar to
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conventional esophagectomy, the mortality rate of addi-
tional esophagectomy after ESD has been reported as
approximately 5% [12—-15]. On the contrary, the reported
Grade 5 acute toxicity of additional CRT was zero [7, 11,
12, 17]. These findings suggest that additional CRT is an
alternative treatment option to additional esophagec-
tomy after noncurative ESD and it could be valuable as
a part of the esophagus-preserving strategy in patients
with superficial esophageal cancer.

Previous reports suggested that the combination of
near-circumferential or full-circumferential ESD and
additional CRT is associated with a certain frequency of
esophageal stenosis [11, 12]. As described above, Nishi-
buchi et al. [11] performed additional RT with or without
chemotherapy after noncurative endoscopic resection
in 37 patients with superficial esophageal cancer. They
reported that 6/8 (75%) patients with tumor circumfer-
ences>3/4 developed Grade 2 or worse esophageal ste-
nosis, while no patients with tumor circumference <3/4
experienced this complication. Tumor circumfer-
ence>3/4 was significantly associated with stenosis
(p<0.001). Similarly, as described above, Hisano et al.
[11] performed additional RT with or without chemo-
therapy after noncurative ESD in 13 patients with super-
ficial esophageal cancer. They reported that 2 of 6 (33%)
patients with mucosal defects occupying>3/4 of the
esophageal circumference developed Grade 2 or worse
esophageal stenosis, whereas none of the patients with
<3/4 circumference had such clinical manifestations.
Our results of esophageal stenosis were consistent with
their reports. The development of de novo esophageal
stenosis in some patients after additional CRT may be
mainly attributed to the combined effects of muco-
sal damage caused by ESD itself and fibrosis due to the
healing process of ESD mucosal damage [18]. Further-
more, additional CRT may lead to esophageal stenosis.
Late adverse effects of esophageal stenosis due to CRT-
induced fibrosis have been reported in patients with
esophageal cancer even if they do not undergo ESD [19].
In our study, two patients developed de novo esopha-
geal stenosis five months after the completion of addi-
tional CRT. Although we cannot clarify the degree of the
effect, additional CRT could have a certain effect on the
esophageal stenosis of these patients. Our results suggest
that an improvement in esophageal stenosis is obtained
over time with balloon and/or bougie dilation, with only
one patient experiencing refractory esophageal steno-
sis. This patient had undergone full-circumferential ESD
and received BI owing to the presence of positive mar-
gins, which may have contributed to the development of
refractory stenosis. The extensive mucosal defect from
full-circumferential ESD, combined with the increased
radiation dose to the esophageal mucosa from BI poten-
tially promoting radiation-induced fibrosis, might have
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increased the risk of developing refractory stenosis in
this patient. However, despite mild dysphagia, very little
esophageal stenosis was observed on endoscopy, and
the patient maintained a satisfactory dietary intake. The
number of patients requiring long-term management is
minimal, and esophageal stenosis that occurs as a result
of additional CRT is manageable.

Grade 3 or worse esophagitis has been reported in
4-13% of patients [7, 11, 12, 17]. Our rate of esophagitis
was within the reported results, and the esophagitis could
be medically managed. Regarding hematological toxicity,
anemia, neutropenia, and thrombocytopenia are mainly
caused by chemotherapy. In this study, the rate of such
toxicity was similar to that reported in previous studies
[7, 11, 12, 17], and this toxicity could also be medically
controlled.

We could not determine whether the initial CRT, sal-
vage CRT, or other factors yielded AML in our patients.
However, there have been some reports of secondary
AML observed after definitive CRT for esophageal can-
cer [20, 21]. Nishimura et al. [21] reported the long-term
follow-up results of a randomized Phase II trial that
compared short-term infusion with protracted CDDP
and 5-FU infusion for concurrent CRT in patients with
esophageal cancer. Of the 91 patients who underwent
definitive CRT, 1 (1%) developed AML (which was
defined as Grade 5 late toxicity) and died. Although
secondary malignancy is not common in patients who
undergo CRT, radiation oncologists should be mindful of
this potential risk.

The main limitation of the study is that it is a single-
center retrospective study with a small study sample. We
cannot exclude the potential bias of physicians on the
indication of additional CRT and surgery after ESD in
our institution.

Conclusion

Additional CRT is a viable treatment option even in
patients who have undergone near-circumferential or
full-circumferential noncurative ESD as well as those
with limited tumors. Esophageal stenosis after additional
CRT following near-circumferential or full-circumferen-
tial noncurative ESD is manageable and acceptable.

Abbreviations

ESD Endoscopic submucosal dissection
CRT Chemoradiotherapy

RT Radiotherapy

ENI Elective nodal irradiation

BI Boost irradiation

MM Muscularis mucosae

SM Submucosal layer

LI Lymphovascular invasion

SCC Squamous cell carcinoma

cTv Clinical target volume

PTV Planning target volumes

3D-CRT  Three-dimensional conformal radiotherapy
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CDDP Cisplatin

NDP Nedaplatin

5-FU 5-fluorouracil ®F-FDG: ['®F] fluorodeoxyglucose
PET Positron emission tomography

oS Overall survival

PFS Progression-free survival

AML Acute myeloid leukemia
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