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Abstract. Background/Aim: Unresectable oesophageal
cancer with surrounding invasion carries a particularly
poor prognosis. The chemoradiotherapy treatment for
locally-unresectable oesophageal cancer aims to initially
control local invasion before proceeding to the next
treatment, and is ideally used with curative intent. The
aim of this study was to investigate patient treatment
course and survival to determine the best treatment and
evaluate surgical intervention for these advanced cancers.
Patients and Methods: A total of 147 patients who were
diagnosed with clinical T4b oesophageal cancer were
included in this study. Results: Forty-three patients had
undergone curative resection of the tumour and
surrounding invasion at midterm evaluation, 104 patients
continued with definitive chemoradiotherapy, and salvage
surgery was performed in 21 patients. Multivariate
analysis of disease-specific survival showed that response
at the midterm evaluation and surgical intervention
(conversion surgery + salvage surgery) were significant
prognostic factors. Conclusion: Surgical intervention was
an independent prognostic factor, and operation should be
performed in eligible patients after considering the risks
and proper timing.

Oesophageal cancer is the sixth-leading cause of cancer-
related mortality worldwide because of its high malignant
potential and poor prognosis (1). The prognosis of this
cancer is one of the worst among malignant digestive
neoplasms because of its aggressive tumour biology and
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delayed detection of early oesophageal cancer. Standard
therapy for locally-advanced, but resectable squamous cell
carcinoma of the oesophagus is neoadjuvant chemotherapy
or chemoradiotherapy followed by surgery or definitive
chemoradiotherapy. However, oesophageal cancers have an
increased tendency to invade adjacent organs, such as the
trachea, lungs, heart and aorta, because of the lack of serosa
in the oesophagus. A study comparing the effect of surgery
alone or neoadjuvant chemoradiation plus surgery
demonstrated an increased survival benefit in the latter case
(2). However, the chemoradiotherapy treatment strategy for
clinical stage T4b (cT4b) aims initially to control local
invasion before proceeding to the next treatment, and is
ideally curative. Bedenne et al. have reported no benefit with
the addition of surgery after chemoradiation compared with
additional chemoradiation in a large-scale randomised
controlled study (FFCD 9102) (3). Moreover, Stahl et al.
have conducted a randomized controlled trial and reported
that adding surgery to chemoradiotherapy improves local
tumour control but it does not increase survival in patients
with locally-advanced oesophageal squamous cell carcinoma
(4). In addition, a follow-up report of non-randomised
patients in the FFCD 9102 phase III trial has shown that
overall survival did not differ between responders to
induction chemoradiation and patients had undergone
surgery after clinical failure of chemoradiation (5). However,
operable patients were included in these previous reports.
Unresectable c¢T4b oesophageal cancer with surrounding
invasion carries a particularly poor prognosis, and
chemoradiotherapy is the initial treatment for this cancer at
a stage without distant organ metastasis. Usually, the
tumours are unresectable if peripheral invasion is not
resolved by chemoradiotherapy, and the treatment strategy
for cT4b oesophageal cancer without distant organ metastasis
is unclear.

In this study, we investigated the possibility and
significance of surgical intervention for c¢T4b advanced
oesophageal cancer without distant organ metastasis.
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Figure 1. Treatment course for all patients with cT4b oesophageal cancer.

Materials and Methods

Patients. This was a single-centre retrospective study. Data from
147 patients (119 men and 28 women) diagnosed with cT4b
oesophageal squamous cell carcinoma without distant organ
metastasis at the Department of General Surgical Science, Gunma
University, Gunma, Japan between November 1997 and December
2016, were evaluated. Patients with supraclavicular lymph node
metastasis were included in this study. This study was approved
(approved Nol561) by the institutional review board of our
hospital, and all patients provided written informed consent to use
their data.

Treatment flow and tumour evaluation. Patients were evaluated by
oesophagoscopy, computed tomography, endoscopic ultrasonography
and positron emission tomography. These were performed at the time
of diagnosis and preoperatively, or whenever disease recurrence was
suspected. Clinical staging and pathological examination for resected
specimens were performed according to the Guidelines for Clinical
and Pathological Studies on Carcinoma of the Oesophagus of the
Japanese Society for Oesophageal Diseases (6). The tumour stage
was classified according to the seventh edition of the tumour-node-
metastasis classification system developed by the International
Union Against Cancer (7). Standard clinical measurements and
radiological examinations were performed to assess tumour
response according to the Response Evaluation Criteria in Solid
Tumours version 1.1 (8).

Chemoradiotherapy was performed in patients with unresectable
tumours invading other organs without distant organ metastasis, as
an initial treatment. Following 40 Gy radiation, all patients were
evaluated to determine whether peripheral invasion had resolved
and whether surgical resection was an option. If curative resection
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was deemed possible and the patient was able to tolerate surgery,
chemoradiotherapy was stopped and conversion surgery was
performed after approximately 4 weeks and after obtaining adequate
informed consent. Conversely, if curative resection was impossible
because of insufficient tumour reduction or because the patient
declined surgery, patients underwent continued chemoradiotherapy
(60 Gy).

Chemoradiotherapy responses were categorized in accordance
with the Guidelines for Clinical and Pathological Studies on
Carcinoma of the Oesophagus of the Japanese Society for
Oesophageal Diseases and Response Evaluation Criteria in Solid
Tumours as complete response, partial response, stable disease and
progressive disease (6). Based on the patients' clinical findings,
primary tumours were classified into two groups: complete clinical
response or not. Patients experiencing complete response and partial
response were defined as responders, and all other patients as non-
responders according the Response Evaluation Criteria In Solid
Tumours version 1.0. Surgical resection after chemoradiotherapy
was performed with a curative intent. Resection was indicated for
residual tumours or local recurrences of oesophageal squamous cell
carcinoma.

Chemotherapy regimens. Several chemotherapeutic regimens were
performed during chemoradiotherapy based on patients' histories
and wishes. Docetaxel, cisplatin, and 5-fluorouracil chemotherapy
in combination with radiation was performed in 59 patients (9);
39 patients underwent hyperthermochemoradiotherapy with
docetaxel (10); 25 patients underwent nedaplatin plus 5-
fluorouracil (11) and 24 patients underwent cisplatin plus 5-
fluoruracil. Treatment selection was based on patients’
expectations and doctors’ judgement, including a pretreatment
evaluation of each patient.
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Table I. Comparison of background between conversion surgery and
salvage surgery.

Table II. Postoperative outcome between conversion surgery and
salvage surgery

Variable Conversion Salvage p-Value Variable Conversion  Salvage  p-Value
surgery surgery surgery surgery
(n=43) (n=21) (n=43) (n=21)
Age (mean+SEM) 64.8+1.27 68.6+1.82 0.088 Operative procedure
Gender Mckeown 38 13
Male 38 17 0.432 Ivor-Lewis 3 0
Female 5 4 Tranhiatal resection 1 4 0.007
location Cervical esophageal resection 1 2
Ce 1 4 Lymphadenectomy 0 2
Ut 8 4 0.026 Residual tumor
Mt 28 7 RO 34 14 0.282
Lt 6 6 Rlor2 9 7
TNM (pre CRT) Postoperatve complication
cN Cordiovascular complication
0 8 7 ) 33 19 0.166
1 21 9 0.512 (+) 10 2
2 4 Pulumpnary conplicatiuon
3 1 1 © 36 14 0.129
cM (lymph) (+) 7 7
0 32 19 0.115 Anastomotic leakage
1 11 2 ©) 35 15 0311
Stage +) 8 6
3C 32 19 0.115 Clavian-Dingo(CD) classification
4 11 >3 20.0% 35.7% 0.056
Regimen of chemotherapy Treatment related death
DCF 18 4 =) 43 18 0.011
CF 0 8 0.001 +) 0 3
NF 11 5
Docetaxel 14 4
Preopertive comorbidity
Diabetes melitus
=) 37 20 0.238
) 6 1 Results
Reaspiratory disease
(:_) 32 ]z 0.798 Study population and treatment course. Figure 1 shows the
Cz(miiovascular disease treatment course for all 147 patients with cT4b advanced
©) 32 16 0.878 oesophageal cancer without distant organ metastasis. Curative
(+) 22 5 resection was diagnosed as possible for tumours in 43

SEM: Standard error of the mean.

Follow-up. Patients were assessed 1 month after completing
treatment, every 3 months for the first 2 years and every 6 months
thereafter. Complete response was established by oesophageal
endoscopy, biopsy and computed tomography. The date of the first
progression and death were recorded. The median follow-up was 21
months (range=2-144 months), and the median survival of the 147
patients was 11 months.

Statistical analysis. All statistical analyses were performed using the
JMP Pro Version 14 software (SAS Institute Japan, Tokyo, Japan).
Continuous data were assessed using Student’s z-test or the Mann—
Whitney U-test and categorical data using Person’s Chi-square test,
Fisher’s exact test or the Mann—Whitney U-test, as appropriate. We
considered p-values <0.05 to be statistically significant.

patients (29.3%) based on resolution of surrounding invasion
at the midterm evaluation. Conversely, 104 patients (70.7%)
continued with definitive chemoradiotherapy because the
tumour was evaluated as impossible to resect curatively
because of insufficient tumour reduction, patients were
judged intolerant of surgery or patients declined surgery. At
the final evaluation following definitive chemoradiotherapy,
27 patients (18.4%) were considered as having complete
response and nine of these maintained complete response
with subsequent examination revealing recurrence in the
remaining 18 patients (66.7%). Twelve of the 18 patients
experiencing relapse underwent salvage surgery. Seventy-
seven patients (81.6%) were considered as non-responders,
and nine of them, who were judged intolerant of surgery, but
wished to undergo surgery, underwent salvage surgery. As a
result, salvage surgery was performed in 21 patients in the
definitive chemoradiotherapy group.
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Figure 2. Survival comparison between the conversion surgery group and the definitive chemoradiotherapy group. A: Five-year disease-specific
survival in the conversion group and definitive chemoradiotherapy group was 44.0% and 29.1%, respectively (p=0.106). B: Five-year overall
survival in the conversion group and definitive chemoradiotherapy group was 40.3% and 20.4%, respectively (p=0.063).
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Figure 3. Survival comparison between the conversion surgery group and the definitive chemoradiotherapy group (excluding patients who underwent

salvage surgery).

Comparison between patients undergoing conversion surgery
with those undergoing salvage surgery. Patients who
underwent conversion surgery (conversion group, n=43)
were compared with patients who underwent salvage surgery
(salvage group, n=21) to clarify the contribution of surgery
to cT4b oesophageal cancer. Table I shows the comparison
of the backgrounds of patients who underwent conversion
surgery vs. salvage surgery. Regarding tumour location, the

incidence of midthoracic oesophageal cancer was
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significantly higher in the conversion group (p=0.026). Also,
docetaxel, cisplatin, and 5-fluorouracil or docetaxel regimens
were selected significantly more often in the conversion
group (p=0.001); cisplatin plus 5-fluorouracil was selected
only in the salvage group. No significant differences were
found regarding age, sex, tumour progression or preoperative
comorbidity between the two groups.

Table II shows the comparison of postoperative outcomes
between the conversion surgery and salvage surgery groups.
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Figure 4. Survival comparison between patients achieving complete clinical response and those not achieving complete clinical response in the
definitive-chemoradiotherapy group. A: Five-year disease-specific survival in the complete clinical response group and the clinical non-response
group was 63.0% and 11.6%, respectively (p<0.0001). B: Five-year overall survival in the complete clinical response group and the clinical non-

response group was 49.9% and 9.1%, respectively (p<0.0001).
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Figure 5. Survival comparison between non-responders who underwent salvage surgery and non-responders did not undergo salvage surgery in the
definitive chemoradiotherapy group. Three- and 5-year disease-specific survival in the complete clinical response group and clinical non-response

group were 50.0% and 5.3%, and 50.0% and 0%, respectively (p<0.0001).

Standard surgery, including McKeown's and Ivor-Lewis'
techniques was performed significantly more often in patients
who underwent conversion surgery compared with those who
underwent salvage surgery (p=0.007). No significant
differences in the rate of postoperative complications were
observed between the groups; however, patients who
underwent salvage surgery tended to have postoperative
complication of Clavien-Dindo grade =3 compared to the

conversion-surgery group (20.0% vs. 35.7%, respectively;
p=0.056). Unfortunately, treatment-related death occurred in
three patients in the salvage group. Causes of death were
postoperative respiratory failure, thrombosis of the superior
mesenteric artery and postoperative chylothorax.

Survival analysis. Five-years overall survival and disease-
specific survivals of all patients were 33.6% and 26.4%,
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Figure 6. Survival comparison between patients who underwent salvage surgery and those who were not in the definitive-chemoradiotherapy group.
A: Three- and 5-year disease-specific survival in patients undergoing salvage surgery and patients who were not were 62.5% and 5.3%, and 54.8%
and 0%, respectively (p<0.0001). B: Three- and 5-year overall survival in patients undergoing salvage surgery and patients who were not were

45.5% and 5.2%, and 30.3% and 0%, respectively (p=0.0001).
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Figure 7. Survival comparison between patients who underwent RO resection and those with residual tumour in the surgical-intervention group. A:
Five-year disease-specific survival in patients who underwent RO resection and in those with residual tumour was 54.8% and 22.4%, respectively
(p=0.017). B: Three- and 5-year overall survival in patients who underwent RO resection and in those with residual tumour were 50.7% and 9.2%,

and 44.6% and 0%, respectively (p=0.002).

respectively. Figure 2A shows the disease-specific survival
for the conversion surgery group and definitive
chemoradiotherapy group. The conversion surgery group had
higher survival rates compared with the definitive
chemoradiotherapy group, but the difference was not
significant (p=0.106). Similarly, the conversion surgery
group tended to have higher overall survival rates compared
with the definitive chemoradiotherapy group (Figure 2B;
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p=0.06). Figure 3A and B show the disease-specific survival
rate and overall survival rate in the conversion group and
definitive chemoradiotherapy group (excluding patients
undergoing salvage surgery). The 5-year disease-specific
survival rate and overall survival rate in the definitive
chemoradiotherapy group (excluding patients undergoing
salvage surgery) were 22.8% and 17.6%, respectively, and
these patients had a significantly worse prognosis compared
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Figure 8. Survival comparison between responder and non-responder groups at the midterm evaluation. A: Five-year disease-specific survival in
the responder and non-responder groups was 43.5% and 8.2%, respectively (p<0.0001). B: Five-year overall survival in the responder and non-

responder groups was 34.0% and 7.4%, respectively (p<0.0001).

Table III. Disease-specific survival.

Variable Reference Univariate analysis Multivariate analysis

HR 95%C1 p-Value HR 95%C1 p-Value
cN &) +) 0.83 0.415-1.492 0.547 1.53 0.736-2.926 0.223
cM (lymph) () +) 0.64 0.410-1.036 0.069 0.64 0.402-1.549 0.072
Mid-term evaluation Responder Non-responder 0.31 0.198-0.479 <0.001 0.35 0.131-0.694 <0.001
Operatoin (+) =) 043 0.268-0.661 <0.001 0.32 0.153-0.734 0.007
Conversion +) =) 0.67 0.405-1.074 0.098 1.60 0.707-4.111 0.286

HR: Hazard ratio; CI: confidence interval.

with the conversion group (p=0.010 and p=0.013,
respectively). Moreover, patients with complete response
after definitive chemoradiotherapy proved to have better
prognoses than non-responders for both disease-specific- and
overall survival (Figure 4a and b; p<0.001). In addition, non-
responders who underwent salvage surgery experienced
significantly better prognosis than non-responders who did
not undergo salvage surgery, regarding disease-specific
survival (Figure 5A; p=0.016). Non-responders who did not
undergo salvage surgery had also extremely poor prognosis:
3- and 5-year disease-specific survival were 5.3% and 0%,
respectively; however, no significant difference in overall
survival were found (Figure 5B; p=0.169). In the definitive
chemoradiotherapy group, disease-specific- and overall
survival were significantly higher in patients who underwent
salvage surgery compared with patients who did not undergo
salvage surgery (Figure 6A and B; p<0.001, p<0.001,

respectively). Moreover, patients who underwent salvage
surgery for recurrence tended to have better prognosis
compared with salvage surgery for patients with residual
tumour (p=0.053). Patients with residual tumour had
significantly worse prognosis than patients who underwent
RO surgery regarding both disease-specific- and overall
survival (Figure 7A and B: p=0.017, p=0.002, respectively).
Moreover, treatment effect assessed at the midterm
evaluation was significantly reflected in the prognosis, and
the effect of 40 Gy radiation treatment in the responders’
group was significantly higher compared with the non-
responders’ group (Figure 8; p<0.001).

Univariate analysis revealed that for patients defined as
responders at the midterm evaluation, surgical intervention
(conversion and salvage surgery) was significantly related to
a favorable prognosis (Table III). Moreover, multivariate
analysis similarly confirmed that response and surgical
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intervention were independent prognostic factors in patients
who underwent chemoradiotherapy as initial treatment for
cT4b oesophageal cancer (Table III).

Discussion

Treatment of advanced oesophageal cancer is difficult. For
patients with local but unresectable lesions, chemo-
radiotherapy is the only treatment with a potentially
curative intent. JCOG9516, a multicentre phase II trial,
showed a 15% complete response rate and a 2-year survival
rate of 31.5% (12). The triple combination of 5-
fluorouracil, cisplatin, and docetaxel with concurrent
irradiation for T4 and/or M1 lymph node oesophageal
squamous cell carcinoma have been evaluated in a phase II
study (13); however, treatment guidelines for patients not
achieving complete response were lacking.

Surgical techniques and perioperative management have
improved greatly. Oesophagectomy with three-field lymph
node dissection contributes to improved survival compared
with two-field lymph node dissection for resectable
oesophageal cancer (14, 15). However, because surgical
treatment is not the first choice for unresectable oesophageal
cancer, sufficient information is needed to determine
whether surgical treatment should be added for these
locally-advanced oesophageal cancers. In this retrospective
study, we examined the possibility and timing of surgical
intervention, and whether surgical treatment contributes to
improved prognosis as part of multidisciplinary treatment
for ¢T4b oesophageal cancer. Our results showed that
conversion surgery and salvage surgery contribute to
improved prognosis for cT4b oesophageal cancer without
distant metastasis if surgical intervention is an option.
Completing  curative  treatment  with  definitive
chemoradiotherapy alone is important regarding short-term
surgical complications and organ preservation, although
serious adverse events are possible. Stopping
chemoradiotherapy and conversion surgery are also
important to improve prognosis in patients with change to
resectable tumours at the midterm evaluation. Salvage
surgery for remnant tumours or recurrence after definitive
chemoradiotherapy also improves the prognosis of patients
with cT4b oesophageal cancer. The role of surgical
treatment is of significant importance in prolonging survival
of patients with cT4b oesophageal cancer as well as of those
with resectable oesophageal cancer. Regarding operation
timing, conversion surgery is considered advantageous
because of the lower mortality compared with salvage
surgery, although postoperative complications and prognosis
do not differ between these groups. With regard to transition
to surgical intervention, careful judgement is required it is
ideal that complete response can be obtained by radical
chemoradiotherapy, short-term fatal complications may
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occur due to surgery, and organ preservation cannot be
performed. Moreover, it is difficult to predict a patient's
subsequent course at the midterm evaluation; therefore,
patients may undergo unnecessary surgery. Regardless,
surgical intervention (conversion and salvage surgery) is an
independent prognostic factor and, if it is an option, it
should be performed after considering the risks and proper
timing.

We also showed that patients with residual tumour had a
significantly worse prognosis than those who underwent RO
surgery, as seen in both disease-specific and overall survival,
similar to previous reports (16). RO surgery is a very
important and essential factor to improve survival in patients
with cT4b cancer undergoing surgery. Therefore, an accurate
diagnosis to determine whether resection is possible is
important for patients who are surgical candidates.

Univariate and multivariate analysis for disease-specific
survival showed that response by the midterm evaluation and
surgical intervention (conversion and salvage surgery) were
significant prognostic factors. This was expected because
responders by the midterm evaluation are more likely to have
a complete response or transition to salvage surgery
following definitive chemoradiotherapy compared with non-
responders; all patients who underwent conversion surgery
in our study were from the responder group.

It is interesting that the method of treatment was the most
important prognostic factor for improvement than were
factors related to tumour malignancy, namely, lymph node
metastasis or distant lymph node metastasis, which are the
usual prognostic factors in oesophageal squamous cell
carcinoma. The importance of the operative procedure may
be higher in patients with cT4b cancer than in those with
resectable oesophageal cancer.

Studying locally-advanced oesophageal cancer is difficult,
given the limited initial treatment options. Although in our
study the overall number of patients was reasonable, we
could not examine each treatment group in depth; therefore,
larger patient numbers and future studies are needed. In
addition, although our results showed that surgical
intervention for unresectable oesophageal cancer
significantly affected prognosis, we could not determine
which surgical treatment is clinically most useful. To predict
complete response at the midterm evaluation, more effective
chemotherapy, establishment of an accurate assessment
method for RO resection in surgical cases and evaluation of
individual risk factors that predict fatal complications, are
needed. Finally, regardless of the surgical approach, surgical
complications must be minimized.
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