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Abstract
Aim: This study aimed to clarify the prognostic factors, the advantageous factors of 
R0 curative resection, and optimal extents of lymph node dissection for conversion 
esophagectomy after induction therapy.
Methods: Among 1903 patients with esophageal cancer at Toranomon Hospital be-
tween January 2006 to May 2020, 151 patients with locally advanced T4b thoracic 
esophageal cancer were divided into two groups according to treatment: conversion 
surgery group (n = 54) and non-surgical treatment group (n = 97) for comparison.
Results: The patients who underwent R0 curative resection showed preferable sur-
vival comparable to the survival rate of patients with cCR in the non-surgical treat-
ment group (1-, 3- and 5-year survival: 96.9%, 82.1% and 76.7% vs 94.1%, 86.3%, 
and 86.3%; P = 0.770). Multivariate analysis revealed that the T4b tumor invasion by 
primary site (odds ratio (OR) = 6.100; 95% CI, 1.439-25.865: P = 0.014) and time to 
conversion surgery from start of induction therapy within four months (OR = 5.229; 
95% CI, 1.296-21.102: P = 0.020) were all independent advantageous factors of 
R0 curative resection. Actuarial 1-, 3- and 5-year survival rates in patients who un-
derwent conversion surgery with D2-3 lymphadenectomy were 90.9%, 48.6%, and 
40.8%, respectively.
Conclusions: R0 resection led to improved prognosis in conversion esophagectomy 
for cT4b esophageal cancer. The T4b tumor invasion by primary site and time to con-
version surgery from start of induction therapy within 4 months were independent 
advantageous factors of R0 curative resection. In addition, standard radical es-
ophagectomy including prophylactic D2-/3- lymphadenectomy should be performed 
if it is possible, while taking adequate care regarding the increased risk after induc-
tion therapy.
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1  | INTRODUC TION

The standard treatment for stage II and III esophageal cancer is neo-
adjuvant chemotherapy (NACT) or neoadjuvant chemoradiotherapy 
(NACRT) + radical surgery. However, definitive chemoradiotherapy 
(DCRT) with organ preservation is an option for esophageal cancer 
and has become one of the most common nonsurgical treatments 
for locally advanced esophageal cancer particularly when difficulty 
in R0 resection is suspected. In our hospital, we tend to opt for DCRT 
for patients with unresectable cT4b cancer. However, the complete 
response (CR) rate of patients with cT4 cancer who received DCRT 
was about 17%–39%, which is considerably lower than that of T3 
cases; 64%–69.2%.1–4 Therefore, if the tumor invasion is relieved 
by induction chemotherapy or chemoradiotherapy, conversion 
esophagectomy emerges as one of the radical treatment options. 
However, a suitable treatment strategy for cT4b cases has not been 
established and remains unclear. The aim of the present study was 
to clarify the effectiveness of conversion esophagectomy after in-
duction therapy, the advantageous factors of R0 curative conver-
sion esophagectomy and the treatment strategies such as extent of 
lymphadenectomy especially for locally advanced T4b esophageal 
cancer.

2  | METHODS

2.1 | Study population

In this single-center retrospective study, a total of 1903 con-
secutive patients with esophageal cancer were identified from a 
database that was prospectively constructed at Toranomon hos-
pital between January 2006 and May 2020. Among these, 151 
patients who had thoracic esophageal cancer invading adjacent 

vital structures (aorta and/or trachea/bronchus) without distant 
organ metastases were selected for this study. Patients with cervi-
cal lymph node metastases were included. We indicate by “bulky 
T3,” a T3 tumor which has the potential of direct invasion to ad-
jacent organs but safe resection is highly probable regardless of 
microscopic radial margin diagnosis. We think it is very difficult to 
clearly differentiate resectable bulky T3 and real T4 tumors. In this 
study, we selected only T4b tumors which were clearly diagnosed 
before treatment. We did not include the patients with bulky T3 
tumors. We present an example of a patient with apparent T4b 
selected in this study in Figure 1. These 151 patients were divided 
into two groups according to treatment: conversion esophagec-
tomy group (n = 54) and non-surgical treatment group (n = 97) for 
comparison. We evaluated the prognostic factors, surgical indica-
tions, optimal extent of lymph node dissection and the effective-
ness of conversion esophagectomy compared with non-surgical 
treatment. Furthermore, we analyzed the advantageous factors of 
R0 curative resection by comparing the R0 resection group and 
the R1/2 resection group using univariate and multivariate analy-
sis. We judged whether or not R0 resection had occurred by path-
ological findings after operation in the conversion esophagectomy 
group. We investigated the association between these significant 
factors and the tumor differentiation for the interpretation of 
these advantageous factors. Assessment of invasion of adjacent 
structures was performed using enhanced computed tomography 
(CT) scan, magnetic resonance imaging (MRI), endoscopy, endo-
scopic ultrasonography (EUS) and bronchoscopy before treatment 
and before surgery. EUS was an excellent method for evaluating 
tumor invasion of aorta and trachea/bronchus, but sometimes the 
endoscopy could not pass the tumor because of stenosis caused 
by the esophageal tumor. In contrast, enhanced CT scan was ap-
plied to all the patients even when the esophageal lumen was 
stenotic. The overall circumference of contact between the tumor 

F I G U R E  1   Patient who underwent R0 
curative resection after induction therapy 
(5-fluorouracil+cisplatin:FP + 40 Gy). 
A, Primary tumor and metastatic lymph 
node invading the aorta before induction 
therapy in non-contrast-enhanced 
computed tomography (CT) scan. B, 
Primary tumor and metastatic lymph 
node invading the aorta before induction 
therapy in contrast-enhanced CT scan. C, 
The tumor immediately after induction 
therapy. D, The tumor after about 4 wks 
after induction therapy
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and the aortic wall has been shown to be a useful predictor, with 
an interface arc greater than 90 degrees, suggesting invasion, as 
reported by Picus et al.5 Bronchoscopy was a useful method for 
evaluating tumor invasion of the trachea/bronchus. These modali-
ties were used to comprehensively assess the presence or absence 
of tumor invasion of aorta and/or trachea/bronchus at a multidis-
ciplinary conference (surgeons, gastroenterologists, oncologists, 
radiologists, and pathologists). Diseases were staged according 
to the UICC TNM grading system, 7th edition.6 Although direct 
invasion of metastatic lymph nodes to the aorta and/or trachea/
bronchus are not clearly included in the UICC TNM system, it was 
included in this study as cT4b. All postoperative complications 
were graded based on the Clavien-Dindo classification (CDc),7 and 
grade ≥ III events were documented as complications. This study 
was conducted with approval from the Institutional Review Board 
of Toranomon Hospital (approval number 2026).

2.2 | Non-surgical treatment

In the present study, induction therapy included chemoradiother-
apy (CRT), chemotherapy (CT) alone, CT followed by CRT (CT-CRT), 
and CRT followed by CT (CRT-CT). The chemotherapy regimens 
in the induction CRT protocol were either 5-fluorouracil (5-FU) 
700 mg/m2 on days 1-4 and cisplatin 70 mg/m2 on day 1 (FP) or 
docetaxel 75 mg/m2 on day 1, cisplatin 75 mg/m2 on day 1, and 
5-fluorouracil 750 mg/m2 on days 1-5 (DCF). In the radiation pro-
tocol, fraction of 2 Gy/day was given up to 40-60 Gy. DCRT was 
defined as chemotherapy combined with ≥50.4 Gy of radiation to 
the main tumor and detected metastases, and more than 40 Gy of 
prophylactic radiation to the regional lymph nodes. Induction CT 
regimen was either FP (800 mg/m2 5FU on days 1-5, 80 mg/m2 cis-
platin on day 1) or DCF (75 mg/m2 docetaxel on day 1, 75 mg/m2 
cisplatin on day 1, 750 mg/m2 5 FU on days 1-5). Induction CT-CRT 
or CRT-CT protocol was mixed these chemotherapy and chemora-
diotherapy protocols mentioned above.

2.3 | Tumor response

The clinical response was assessed by endoscopy with esophageal 
biopsy, computed tomography (CT, with PET-CT in some cases), and 
ultrasonography of the abdomen and neck. Especially, we diagnosed 
whether or not there was T4b relief after induction therapy using 
the same modalities before treatment such as enhanced CT, MRI, 
bronchoscopic and endoscopic examinations. The clinical response 
was determined using the RECIST (Response Evaluation Criteria In 
Solid Tumors) guidelines8,9 and the 11th edition of the Japanese 
Classification of Esophageal Cancer parts II and III.10 Responses 
were classified as follows: CR, PR (partial response), PD, (progres-
sive disease), and SD (stable disease). We selected conversion es-
ophagectomy when the tumor invasion is estimated to be relieved 
by these induction therapies. Our basic policy for management of 

patients presenting with cCR is patients’ self-decision-making after 
receiving detailed informed consent regarding the risks and benefits 
of each treatment option (surveillance or surgery). The cCR for the 
main lesions was defined as: (a) disappearance of endoscopic find-
ings suggesting presence of a tumor, (b) negative endoscopic biopsy 
findings from the area of the primary tumor, (c) observation of the 
entire esophagus is possible using endoscopy, and (d) no endoscopic 
findings of active esophagitis; the response for lymph node metasta-
ses was defined as a reduction in the short axis of the affected lymph 
nodes to <10 mm on CT and on ultrasonography of the abdomen 
and neck.

The histopathological effects of induction therapy were de-
fined according to the Japanese Classification of Esophageal 
Cancer, 11th edition.10 The grading systems; Grade 0: Ineffective, 
no recognizable cytological or histological therapeutic effect. 
Grade 1: Slightly effective, apparently viable cancer cells account 
for 1/3 or more of the tumor tissue, but there is some evidence of 
degeneration of the cancer tissue or cells. Grade 1a: viable can-
cer cells accounting for 2/3 or more tumor tissue. Grade 1b: via-
ble cancer cells accounting for 1/3 or more, but less than 2/3, of 
tumor tissue. Grade 2: Moderately effective, viable cancer cells 
account for less than 1/3 of the tumor tissue, while the other can-
cer cells are severely degenerated or necrotic. Grade 3: Markedly 
effective, no viable cancer cells are evident. In this study, multiple 
pathologists carried out the routine pathology. However, a single 
chief pathologist reviewed all pathological materials and routinely 
made a final diagnosis of the histopathological response; namely 
grade 0 to 3 of induction therapy.

2.4 | Surgical procedure

We carry out esophagectomy with two- or three-field lymph node 
dissection depending on the degree of progression and surgical risk 
involved.11 The operative thoracic approach is by video-assisted 
thoracoscopic surgery (VATS) or thoracotomy, and the abdominal 
approach is hand-assisted laparoscopic surgery (HALS) or open 
laparotomy depending on individual cases. We generally resected 
the thoracic duct (TD) in cases with cStage ≥ II for the purpose of 
lymphadenectomy. However, we try to preserve TD in patients with 
high risk particularly in hepatic or pulmonary function. We preserved 
bilateral bronchial arteries to maintain the bronchial blood flow, al-
though they were resected when we suspected tumor invasion to 
the bronchial artery by primary tumor or metastatic lymph node. A 
manually sutured esophagogastric or esophago-ileal anastomosis in 
the neck was fashioned for all patients. We used three groups of 
lymph node basins defined in relation to the main tumor location by 
Japan Esophageal Society to describe the extent of lymph node dis-
section in an esophagectomy: D0 dissection: no or incomplete dis-
section of group 1 lymph nodes; D1 dissection: complete dissection 
of group 1 lymph nodes, but no or incomplete dissection of group 
2 lymph nodes; D2 dissection: complete dissection of group 1 and 
group 2 lymph nodes, but no or incomplete dissection of group 3 
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lymph nodes; and D3 dissection: complete dissection of groups 1, 2, 
and 3 lymph nodes.10

2.5 | Determination of treatment policy

In all the T4b cases, we assessed the esophageal cancer itself and 
the appropriate management of therapy at a multidisciplinary 
conference (surgeons, gastroenterologists, oncologists, radiolo-
gists, and pathologists). Therefore, at this conference, our hospital 
decided on the chemotherapy regimen, radiation dose, radiation 
field, and propriety of conversion surgery. Finally, management of 
therapy was decided by the patient after detailed informed con-
sent was provided regarding the risks and benefits of each treat-
ment option.

2.6 | Statistics

Cumulative rates of overall survival (OS) were analyzed by the 
Kaplan-Meier method. Prognostic factors involved in OS were eval-
uated using the log-rank test. In multivariate analysis, variables as-
sociated with OS were identified using stepwise Cox proportional 
hazards models. Variables identified using simple Cox proportional 
hazards models were selected for potential association with sur-
vival based on our clinical experience. Variables with significance of 
P < 0.05 in the simple Cox proportional hazards models were in-
cluded in multifactorial Cox proportional hazard models. In multiple 
Cox hazards models, P < 0.05 was considered significant. All statisti-
cal analyses were carried out using Statistical Package for the Social 
Sciences (SPSS) version 19.0J for Windows (SPSS Inc., Chicago, IL, 
USA).

Total 
(n = 151)

Conversion 
(n = 54)

Non-surgery 
(n = 97) P-value

Age (mean ± SD) 64.7 ± 9.7 64.3 ± 9.7 64.9 ± 10.0 0.410

Gender (Male/Female) 126/25 43/11 83/14 0.347

Tumor location

Ut 63 32 31 0.005

Mt 71 17 54

Lt 17 5 12

T4b organs

Trachea/Bronchus 96 39 (72.2%) 57 (58.8%) 0.071

Aorta 38 13 (24.1%) 25 (25.8%)

Trachea/
Bronchus + Aorta

17 2 (3.7%) 15 (15.5%)

T4b reason

Primary tumor 113 34 (63.0%) 79 (81.4%) 0.012

Lymph node 38 20 (37.0%) 18 (18.6%)

Clinical N factor

cN0 22 6 8 0.767

cN1 76 21 39

cN2 70 20 32

cN3 41 7 18

Clinical M factor

cM0 99 44 55 0.002

cM1 cervical lymph 52 10 42

Clinical stage

IIIC 99 44 (81.5) 55 (56.7) 0.002

IV 52 10 (18.5) 42 (43.3)

Clinical response

CR 17 3 14 <0.001

PR 42 30 12

SD 36 21 15

PD 56 0 56

 Abbreviations: CR, complete response; Lt, lower thoracic; Mt, middle thoracic; PD, progressive 
disease; PR, partial response; SD, stable disease; Ut, upper thoracic.

TA B L E  1   Baseline characteristics of 
the 209 cases of locally advanced T4b 
esophageal cancer
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3  | RESULTS

3.1 | Patient characteristics

Baseline characteristics of the 151 cases of locally advanced T4b 
esophageal cancer are shown in Table 1. Of these 151 cases, 54 pa-
tients underwent conversion surgery, and 97 patients underwent 
non-surgical treatment: 14 patients had cCR and 83 patients had 
non-cCR (PR/SD/PD). Of these 54 cases, R0 curative resection was 
achieved in 33 patients (61.1%), and 21 patients underwent R1/2 
non-curative resection. The adjacent structures invaded by the 
tumor were trachea/bronchus in 96 patients, aorta in 38 patients, 
and both (trachea/bronchus plus aorta) in 17 patients. Some pa-
tients underwent conversion surgery after aortic stent placement 
for suspicious direct aortic tumor invasion; however, in the present 
study, there were no patients who required a combined resection 
of T4b organ invaded by tumor. The cause of T4b invasion was the 
primary tumor in 113 patients and metastatic lymph node in 38 pa-
tients. Clinical stage before treatment was stage IIIC in 99 patients 
and stage IV in 52 patients. T4b organs, tumor location and clinical 
stage were significantly different between the two groups. T4b by 
metastatic lymph node invasion was significantly more frequent in 
patients with conversion surgery than in patients with non-surgical 
treatment. Cases with cervical lymph node metastases were signifi-
cantly higher in the non-surgical treatment group than in the conver-
sion surgery group.

3.2 | Long-term prognosis of T4b esophageal cancer

Median observation period for all cases was 95.1 months (Kaplan-
Meier estimate). Actuarial 1-, 3- and 5-year survival rates were 
significantly higher in patients with T4b esophageal cancer who un-
derwent conversion surgery (85.0%, 47.3%, and 44.2%, respectively) 
than in patients who did not (42.0%, 16.3%, and 16.3%, respectively) 
(data not shown). In subgroup analysis of the conversion surgery 
group, the survival rates of patients who underwent R0 curative re-
section were significantly higher than those of patients who under-
went R1/2 non-curative resection (1-, 3- and 5-year survival: 96.9%, 
82.1% and 76.7% vs 61.9%, 0% and 0%, respectively; P < 0.001). In 
subgroup analysis of the non-surgical treatment group, the survival 
rates of patients with cCR were significantly higher than those of 
patients with non-cCR (1-, 3- and 5-year survival: 94.1%, 86.3%, and 
86.3% vs 29.8%, 0% and 0%, respectively; P < 0.001). Patients who 
underwent R0 curative resection showed survival comparable to pa-
tients who did not undergo surgery with cCR (P = 0.770) (Figure 2). 
In contrast, if we could not perform R0 curative resection in the 
conversion surgery group after induction therapy, the survival rate 
did not differ significantly between the non-R0 resection in conver-
sion surgery group and the non-CR in non-surgical treatment group 
(Figure 2). The survival rate of patients who did not undergo R0 re-
section was significantly higher than that of patients with non-cCR 

in the non-surgical treatment group (P = 0.013). Among 54 patients 
in the conversion surgery group, only three patients had pathological 
CR in this study. The non-pCR patients among R0 curative resec-
tions (n = 30) showed survival comparable to patients who did not 
undergo surgery with cCR (n = 14). The survival rate of these 30 R0 
but non-pCR patients was significantly higher than that of patients 
with non-cCR (n = 83) in the non-surgical treatment group (1-, 3- and 
5-year survival: 96.6%, 80.0% and 73.3% vs 29.8%, 0% and 0%, re-
spectively; P < 0.001) (data not shown).

3.2.1 | Advantageous factors of R0 curative 
resection of T4b cancer

Baseline characteristics of 54 cases who underwent conversion sur-
gery are shown in Table 2. The advantageous factors in predicting R0 
curative resection are shown in Table 2. Univariate analysis showed 
significant differences in four factors: T4b reasons (primary tumor/
lymph node), time to conversion surgery from start of induction 
therapy (<4 months/≥4 months), thoracic approach (open/VATS), 
and extent of lymphadenectomy (D2-3/D0-1). Three of these four 
factors, ie, T4b reason, time to conversion surgery from start of in-
duction therapy, thoracic approach, and two other variables of age 
and gender were entered into multivariate analysis. We excluded the 
variables of extent of lymphadenectomy because of the possibility of 
the largest selection bias that the intraoperative decision to perform 
extended lymph node dissection should have been largely affected 
by intraoperative judgement of curative status of surgical margin. 

F I G U R E  2   Survival curves for patients with T4b esophageal 
cancer who underwent R0, R1/2 conversion surgery compared with 
the non-surgical group; cCR/non-cCR
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TA B L E  2   Results of univariate analysis of the factors of R0 curative resection of locally advanced T4b esophageal cancer

Total (n = 54) R0 resection (n = 33) R1/2 resection (n = 21) P-value

Age (mean ± SD) 64.3 ± 9.2 65.3 ± 9.1 62.7 ± 9.2 0.666

Gender (Male/Female) 43/ 11 25/ 8 18/ 3 0.376

BMI 20.7 ± 2.8 20.5 ± 2.8 20.9 ± 2.8 0.393

T4b organs

Trachea/Bronchus 39 21 18 0.173

Aorta 13 10 3

Trachea/Bronchus + Aorta 2 2 0

T4b reason

Primary tumor 34 25 9 0.015

Lymph node 20 8 12

Tumor location

Ut/ Mt/ Lt 32/ 17/ 5 19/ 9/ 5 13/ 8/ 0 0.157

Clinical N factor

cN0/ cN1/ cN2/ cN3 6/ 21/ 20/ 7 4/ 12/ 14/ 3 2/ 9/ 6/ 4 0.601

Clinical M factor

cM0/ cM1 cervical lymph 44/ 10 29/ 4 15/ 6 0.129

Induction therapy

CRT/ CT/ CT-CRT/ CRT-CT 37/ 8/ 7/ 2 23/ 7/ 3/ 0 14/ 1/ 4/ 2 0.090

Radiation dose

0 Gy: CT 8 7 1 0.117

<50 Gy: CRT/CT-CRT/CRT-CT 16:16/ 0/ 0 11:11/ 0/ 0 5:5/ 0/ 0

≥50 Gy: CRT/CT-CRT/CRT-CT 30:21/ 7/ 2 15:12/ 3/ 0 15:9 /4/ 2

Time to conversion surgery from start of induction therapy

<4 mo/≥4 mo 32/ 22 25/ 8 7/ 14 0.002

Clinical response

CR 3 3 0 0.356

PR 30 18 12

SD 21 12 9

PD 0 0 0

Thoracic approach

Open/VATS 21/ 37 15/ 18 3/ 18 0.018

Abdominal approach

HALS/ Open/ Lap 30/ 22/ 2 21/ 10/ 2 9/ 12/ 0 0.103

Thoracic duct

Resection/ Preserve 43/ 11 28/ 5 15/ 6 0.233

Reconstruction organs

Gastric/ Ileocolon/ Other 45/ 7/ 2 26/ 5/ 2 19/ 2/ 0 0.401

Reconstruction route

Retrosternal 42 24 18 0.390

Posterior mediastinal 10 8 2

Ante-thoracic 2 1 1

Lymphadenectomy

D2-3/D0-1 42/ 12 30/ 3 12/ 9 0.004

Efficacy of induction therapy

Grade 0-1 43 22 17 0.253

(Continues)
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Multivariate analysis showed that T4b tumor invasion by primary site 
(OR = 6.100; 95% CI, 1.439-25.865: P = 0.014) and time to conver-
sion surgery from start of induction therapy was within 4 months 
(OR = 5.229; 95% CI, 1.296-21.102: P = 0.020) were all independent 
advantageous factors of R0 curative resection. However, the tho-
racic approach (open thoracotomy) was not a significant independ-
ent advantageous factor of R0 curative resection (OR = 4.167; 95% 
CI: 0.811-21.414, P = 0.087) (Table 3). Survival curves for patients 
who underwent conversion surgery within 4 months from start of 
induction therapy compared with those who were operated later 
than 4 months are shown in Figure 3A. The survival rate of patients 
who underwent conversion surgery within 4 months from start 
of induction therapy was significantly higher than that of patients 
who underwent conversion surgery later than 4 months (P = 0.017). 
Survival curves for patients with the T4b tumor invasion by primary 
site compared with invasion by metastatic lymph node are shown in 
Figure 3B. The survival rate of the patients with T4b tumor invasion 
by primary site was significantly higher than that of patients with 
invasion by metastatic lymph node (P < 0.001). Table 4 shows the 
relationship between the origin of tumor invasion and histological 
type. The rate of poorly differentiated tumor was significantly higher 
in patients with invasion by metastatic lymph node as T4b reasons 
than that of primary tumor invasion (P = 0.005). In the present study, 
the survival rate of patients with poorly differentiated tumor was 

significantly lower than that of patients with well/moderately dif-
ferentiated tumor (P = 0.047; Figure 3C).

3.2.2 | Extent of lymphadenectomy of 
conversion surgery

At our institution, of the 54 locally advanced T4b esophageal cancer 
patients who underwent conversion surgery, 42 (77.8%) patients un-
derwent D2/3 lymphadenectomy including prophylactic dissection, 
similar to our standard esophageal cancer surgery. Survival curves 
for patients who underwent D2/3 lymphadenectomy compared 
with those who underwent D0/1 lymphadenectomy are shown in 
Figure 3D. Actuarial 1-, 3- and 5-year survival rates in patients who 
underwent conversion surgery with D2-3 lymphadenectomy were 
90.9%, 48.6%, and 40.8%, respectively. The survival rate of patients 
who underwent D2/3 lymphadenectomy was significantly higher 
than that of patients who underwent D0/1 lymphadenectomy 
(P = 0.006). Of these 42 patients who underwent prophylactic lymph 
node dissection, 24 patients (57.1%) had histopathologically proven 
cancer cells within the dissected regional lymph nodes. Among 24 
patients, 15 patients (35.7%) had regional lymph node metastases 
that had neither enlargement nor suspicious findings before induc-
tion therapy and before conversion surgery (Figure 4).

Total (n = 54) R0 resection (n = 33) R1/2 resection (n = 21) P-value

Grade 2-3 15 11 4

Histological type

Well/moderately differentiated 39 26 13 0.177

Poorly differentiated 15 7 8

Pathological T factor

T0/ T1b/ T2/ T3/ T4a/ T4b 4/ 2/ 4/ 29/ 3/ 12 3 /2 / 4/ 18/ 3/ 3 1/ 0/ 0/ 11/ 0/ 9 0.027

Pathological N factor

N0/ N1/ N2/ N3 23/ 12/ 13/ 6 15/ 5/ 9/ 4 8/ 7/ 4/ 2 0.473

Pathological stage

0/ IA/ IB/ IIA/ IIB 3/ 0/ 2/ 9/ 1 3/ 0/ 2/ 5/ 0 0/ 0/ 0/ 4/ 1 0.376

IIIA/ IIIB/ IIIC/ IV 9/ 8/ 12/ 10 8/ 5/ 5/ 5 1/ 3/ 7/ 5

Abbreviations: BMI, body mass index; CR, complete response; CRT, chemoradiotherapy; CRT-CT, CRT followed by CT; CT, computed tomography; 
CT-CRT, CT followed by CRT; HALS, hand-assisted laparoscopic surgery; Lt, lower thoracic; Mt, middle thoracic; PD, progressive disease; PR, partial 
response; SD, stable disease; Ut, upper thoracic; VATS, video-assisted thoracoscopic surgery .

TA B L E  2   (Continued)

Odds ratio 95% CI
P-
value

T4b tumor invasion by primary site 6.100 1.439-25.865 0.014

Time to conversion surgery from start 
of induction therapy: <4 mo

5.229 1.296-21.102 0.020

Thoracic approach: Open thoracotomy 4.167 0.811-21.414 0.087

TA B L E  3   Results of multivariate 
analysis of the advantageous factors of R0 
curative resection of locally advanced T4b 
esophageal cancer
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4  | DISCUSSION

The present study describes the effectiveness of conversion es-
ophagectomy at our institution, evaluating the advantageous factors 
of R0 curative resection and optimal extent of lymph node dissec-
tion in conversion esophagectomy after induction therapy in locally 

advanced T4b esophageal cancer. The study showed that in con-
version esophagectomy for T4b esophageal cancer after induction 
therapy, R0 curative resection showed better survival comparable 
to the survival rate of patients with cCR (non-surgical group). T4b 
tumor invasion by primary site and time to conversion surgery from 
start of induction therapy within 4 months were all independent 

F I G U R E  3   A, Survival curves for patients who underwent conversion surgery within 4 mo from start of induction therapy compared 
with more than 4 mo. The 1-, 3-, 5-year survival rates; <4 mo: 84.1%, 64.9%, and 59.9% vs ≧4 mo: 86.4%, 20.1% and 20.1% (P = 0.017). B, 
Survival curves for patients with T4b tumor invasion by primary site compared with invasion by metastatic lymph node. The 1-, 3-, 5-year 
survival rates; primary site: 88.2%, 66.2%, and 66.2% vs lymph node: 74.4%, 17.0% and 8.5% (P < 0.001). C, Survival curves for patients with 
poorly differentiated carcinoma compared with well/moderately differentiated carcinoma. The 1-, 3-, 5-year survival rates; poorly: 72.2%, 
36.1%, and 18.1% vs well/moderately: 89.7%, 51.4% and 51.4% P = 0.047. D, Survival curves for patients with D2-/D3-lymphadenectomy 
compared with D0/1 lymphadenectomy. The 1-, 3-, 5-year survival rates; D2/3 lymphadenectomy: 95.1%, 56.3%, and 52.2% vs D0/1 
lymphadenectomy: 50.0%, 15.0% and 15.0% (P = 0.006)
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advantageous factors of R0 curative resection. Moreover, regarding 
the extent of lymphadenectomy, 2- or 3-field lymph node dissection, 
including prophylactic lymph node dissection is desirable.

Previous studies have reported that conversion surgery after 
induction therapy can be a potentially curative treatment option 
for selected patients with cT4b esophageal cancer.12 The present 
study provided a similar result in that the patients who underwent 
R0 curative resection showed better survival comparable to the 
survival rate of patients with cCR. However, the optimal extent of 
lymph node dissection of conversion esophagectomy and the advan-
tageous factors of R0 curative resection after induction therapy in 
locally advanced T4b esophageal cancer have been, as yet, unclear. 
Consequently, the strategy for a cT4b esophageal tumor showing 
good response to induction therapy varies by individual case and by 
institution and, at present, lacks a consistent approach. We there-
fore showed the current state of conversion esophagectomy after 
induction therapy of locally advanced T4b esophageal cancer.

We defined salvage esophagectomy as the operation for residual 
or relapsed esophageal cancer after DCRT. In contrast, we defined 
conversion esophagectomy as the operation when T4b tumor inva-
sion is relieved by induction chemotherapy or chemoradiotherapy. If 
a patient with initially T4b tumor underwent definitive chemoradio-
therapy and CR was not obtained but downstaged to a resectable 
level, and resection was done, such a patient can be a subject of both 
studies. In our previous report,13 among the 57 patients, the number 
of patients with T4b esophageal cancer was only 22 patients. These 
patients received only DCRT before conversion surgery, and did not 
receive chemotherapy before or after DCRT. Of these 22 patients, 
20 patients had thoracic esophageal cancer. Among these 20 pa-
tients, 14 patients had residual tumors and 6 had tumor relapse after 
DCRT for esophageal cancer. Therefore, 14 patients were selected 
both in previous salvage study and in present conversion study. In 
this study, among 37 patients who received only chemoradiotherapy 
as induction therapy, 21 patients were treated by ≥50 Gy radiation. 
Of these 21 patients, 14 patients, ie the same 14 patients mentioned 
above, were selected both in a previous salvage study and in the 
present conversion study.13 The other 7 patients are new cases in 
2018-2020, and are not included in our previous report.13

R0 curative resection in conversion esophagectomy leads to im-
proved prognosis. However, whether or not R0 resection is possible 
is often difficult to be determined preoperatively using current im-
aging techniques in original cT4b cases.13,14 There were no reports 

that clarified the advantageous factors of R0 curative resection in 
the past. In the present study, T4b tumor invasion by primary site 
compared with lymph node metastasis and time to conversion sur-
gery from the start of induction therapy within 4 months were inde-
pendent advantageous factors of R0 curative resection. We guessed 
that these two factors were associated with treatment sensitivity of 
the tumor.

Because DCRT needs 1 and half months, and another 1 month 
is necessary for judgement of response and patients’ recovery from 
the adverse effects, a 3-month interval from the start of induction 
therapy and surgery is minimal. Therefore, “time to conversion sur-
gery from start of induction therapy within 4 months” means that 
the tumor showed good response to the treatment and R0 curative 
resection was highly expected.

Similar to our result, in univariate analysis, Miyata et al12 reported 
that the survival rate of patients with T4b tumor invasion by primary 
site tend to be higher than that of patients with invasion by meta-
static lymph node (P = 0.067). A possible explanation for this is that 
there are differences in tumor characteristics between these two 
groups. Although histological type was not an independent advanta-
geous factor of R0 curative resection in the current study, the rate of 
poorly differentiated tumor was significantly higher in patients with 
T4b invasion by metastatic lymph node than that by primary tumor 
invasion (P = 0.005), as is shown in Table 3. Poorly differentiated 
tumors would have high risk of invasion and strong treatment re-
sistance. The high malignant potential of the tumor associated with 
treatment resistance may lead to non-curative resection.

In the present study, one of the advantageous factors in pre-
dicting R0 curative resection was open thoracotomy as thoracic 
approach in univariate analysis, although this factor was not a sig-
nificant independent advantageous factor in multivariate analy-
sis (OR = 4.167; 95% CI: 0.811-21.414, P = 0.087). Thoracoscopic 
(VATS) approach offers better visualizations of anatomical 

TA B L E  4   Relationship between the reasons for tumor invasion 
and histological type

T4b reasons

Primary site 
(n = 34)

Lymph node 
(n = 20)

Histological type (P = 0.005)

Well/moderately 
differentiated

29 10

Poorly differentiated 5 10

F I G U R E  4   The 42 patients who underwent two- or three-
field lymph node dissection including prophylactic dissection. 
A, Regional lymph node metastasis (–). B, Regional lymph node 
metastasis (+). B-i, Neither enlargement nor suspicion before 
conversion surgery. B-ii, Suspicion of metastasis before conversion 
surgery
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structures more clearly because of the magnification. However, 
we believe that tactile sensation is equally or more important 
than visual perception, especially in T4b esophageal cancer sur-
gery. We may assume that the number of VATS surgeries has been 
increasing, which led to fewer R0 surgeries because of the lack 
of tactile sensation compared to open thoracotomy, although we 
cannot clearly conclude this relationship. We may also state that 
open thoracotomy used to be the standard approach, and that the 
indication for conversion surgery was more strictly controlled. 
In other words, the indication for conversion surgery may not be 
strictly controlled in recent years when the minimally invasive sur-
gery spread. There is the belief that we should change to a by-
pass operation when we cannot remove it surgically because of 
its minimal invasiveness; this is because the hurdle to a conversion 
surgery decreased. Thus, there are more cases with R0 curative 
resection with open thoracotomy.

Conversion esophagectomy after induction therapy especially 
DCRT is considered technically difficult, since the tissues are hard-
ened from the fibrosis due to radiation therapy and have been re-
ported to have a higher postoperative complication rate compared 
with regular esophageal cancer surgery.13–17 In order to reduce the 
rate of postoperative complication, surgeons in many institutions 
perform primary tumor resection without lymph node dissection, 
or only dissect enlarged lymph nodes or those suspicious for me-
tastasis.18 Miyata et al12 reported that 3- and 5-year survival rates 
in patients who underwent conversion surgery with D2-3 lymph-
adenectomy including R0 (n = 64:88.9%) and R1/2 (n = 8:11.1%) 
resection were 50.4% and 43.1%, respectively. In the present 
study, actual 1-, 3- and 5-year survival rates in patients who under-
went conversion surgery with D2-3 lymphadenectomy including 
R0 (n = 30:71.4%) and R1/2 (n = 12:28.6%) resection were 95.1%, 
56.3%, and 52.2%, respectively. These patients in our study showed 
preferable survival comparable to the past report despite some 
differences in the R0 resection rate. Also, the survival rate of pa-
tients who underwent D2/3 lymphadenectomy was significantly 
higher than that of patients who underwent D0/1 lymphadenec-
tomy (P = 0.006). Furthermore, of our 42 patients who underwent 
prophylactic lymph node dissection, 24 patients (57.1%) had histo-
pathologically proven viable cancer cells within the dissected re-
gional lymph nodes. Among these 24 patients, 15 patients (35.7%) 
had regional lymph node metastases that had neither enlargement 
nor suspicious findings before induction therapy and before conver-
sion surgery. Prophylactic lymph node dissection might have pre-
vented postoperative lymph node recurrence for these 15 patients. 
We believe that except for cases of apparent non-curative resection, 
standard radical lymph node dissection including prophylactic dis-
section should be attempted, while taking adequate care to prevent 
postoperative complications.

In this study, only three patients (3/54; 5.6%) had cCR in the 
conversion surgery group. Among three patients in this study, two 
patients are still alive and one patient died of aspiration pneumo-
nia.　There is no consensus on the best treatment for patients 
with resectable esophageal cancer showing cCR to neoadjuvant 

therapy. “Watch and Wait strategy” after induction therapy for pa-
tients with rectal cancer following a clinical complete response (cCR) 
to neoadjuvant therapy is a nonstandard approach, but it has be-
come more widely practiced with the advent of total neoadjuvant 
therapy and with increasing demand by patients in the context of 
a cCR.19 However, we retrospectively analyzed the prognosis of 
esophageal cancer patients who achieved cCR after neoadjuvant 
therapy by making a comparison between the esophagectomy 
group and the non-surgical group.20 These findings show that recur-
rernce-free survival and disease-specific survival were significantly 
better in patients who underwent esophagectomy than in patients 
who received nonsurgical treatment. Conversely, OS did not differ 
significantly between the two groups because of the higher risk of 
late effects (eg, respiratory complications after NACRT such as as-
piration pneumonia/respiratory failure).20 Further advances in the 
diagnostic accuracy of treatment modalities have increased the pos-
sibility of making a definitive diagnosis of cCR, with the choice of 
“Watch and Wait strategy” as a viable option.

The largest bias of this study is that the intraoperative deci-
sion to perform extended lymph node dissection should have been 
largely affected by intraoperative judgement of the curative status 
of the surgical margin. Our study has a single-center retrospective 
design and therefore there is a large selection bias from the stage of 
decision-making of treatment options, although the present data are 
based on a prospectively collated database for consecutive patients 
over a relatively short period. An external validation prospective 
study involving a sufficient number of patients would be needed to 
confirm our observations; a multicenter study with a larger number 
of cases is also warranted.

5  | CONCLUSIONS

In conversion esophagectomy for T4b esophageal cancer after in-
duction therapy, R0 curative resection was found to be a favorable 
prognostic factor. The T4b tumor invasion by primary site and time 
to conversion surgery from the start of induction therapy within 
4 months were all independent advantageous factors of R0 cura-
tive resection. In addition, standard esophagectomy including pro-
phylactic 2- or 3-field lymphadenectomy should be performed if 
it is possible, while taking adequate care to prevent postoperative 
complications and to avoid damage to the aorta and trachea. An im-
portant issue for further research is to establish a method for more 
accurately diagnosing tumor resectability after induction therapy for 
cT4b esophageal cancer.

DISCLOSURE
Conflicts of Interest: None declared.

Author Contributions: Yu Ohkura, Masaki Ueno, and Harushi 
Udagawa designed the study, wrote the manuscript, revised it crit-
ically for important intellectual content, and gave final approval of 
the content. Yu Ohkura, Masaki Ueno and Harushi Udagawa created 
study materials or recruited patients.



214  |     OHKURA et Al.

ORCID
Yu Ohkura  https://orcid.org/0000-0002-5073-5596 
Harushi Udagawa  https://orcid.org/0000-0002-2376-202X 

R E FE R E N C E S
 1. Kato K, Muro K, Minashi K, et al. Phase II study of chemoradio-

therapy with 5-fluorouracil and cisplatin for Stage II-III esophageal 
squamous cell carcinoma: JCOG trial (JCOG 9906). Int J Radiat 
Oncol Biol Phys. 2011;81:684–90.

 2. Makino T, Doki Y. Treatment of T4 esophageal cancer. Definitive 
chemoradiotherapy vs chemo-radiotherapy followed by surgery. 
Ann Thorac Cardiovasc Surg. 2011;17:221–8.

 3. Kaneko K, Ito H, Konishi K, Kurahashi T, Ito T, Katagiri A, et al. 
Definitive chemoradiotherapy for patients with malignant stricture 
due to T3 or T4 squamous cell carcinoma of the oesophagus. Br J 
Cancer. 2003;88:18–24.

 4. Molena D, Sun H, Badr AS, Badr AS, Mungo B, Sarkaria IS, et al. 
Clinical tools do not predict pathological complete response in pa-
tients with esophageal squamous cell cancer treated with definitive 
chemoradiotherapy. Dis Esophagus. 2014;27:355–9.

 5. Picus D, Balfe DM, Koehler RE, Roper CL, Owen JW. Computed 
tomography in the staging of esophageal carcinoma. Radiology. 
1983;146:433–8.

 6. Sobin LH, Gospodarowicz MK, Wittekind C, editors. International 
Union Against Cancer. Oesophagus including oesophagogastric 
junction. ‘‘TNM classification of malignant tumours’’. West Sussex, 
UK: Wiley-Blackwell; 2009:66–72.

 7. Dindo D, Demartines N, Clavien PA. Classification of surgical com-
plications: a new proposal with evaluation in a cohort of 6336 pa-
tients and results of a survey. Ann Surg. 2004;240:205–13.

 8. Therasse P, Arbuck S, Eisenhauer E, Wanders J, Kaplan RS, 
Rubinstein L, et al. New guidelines to evaluate the response to 
treatment in solid tumors. J Natl Cancer Inst. 2000;92:205–16.

 9. Eisenhauer E, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford 
R, et al. New response evaluation criteria in solid tumours: Revised 
RECIST guideline (version 1.1). Eur J Cancer. 2009;45:228–47.

 10. Japanese Esophageal Society. Japanese Classification of Esophageal 
Cancer, 11th Edition: part II and III. Esophagus. 2017;14:37–65.

 11. Udagawa H, Ueno M, Shinohara H, Haruta S, Kaida S, Nakagawa 
M, et al. The importance of grouping of lymph node stations and 
rationale of three-field lymphoadenectomy for thoracic esophageal 
cancer. J Surg Oncol. 2012;106:742–7.

 12. Miyata H, Sugimura K, Motoori M, Omori T, Yamamoto K, 
Yanagimoto Y, et al. Clinical implications of conversion surgery after 

induction therapy for T4b thoracic esophageal squamous cell carci-
noma. Ann Surg Oncol. 2019;26:4737–43.

 13. Ohkura Y, Ueno M, Iizuka T, Udagawa H. Prognostic factors and 
appropriate lymph node dissection in salvage esophagectomy 
for locally advanced T4 esophageal cancer. Ann Surg Oncol. 
2019;26:209–16.

 14. de Manzoni G, Pedrazzani C, Pasini F, Bernini M, Minicozzi AM, 
Giacopuzzi S, et al. Chemoradiotherapy followed by surgery for 
squamous cell carcinoma of the thoracic esophagus with clinical 
evidence of adjacent organ invasion. J Surg Oncol. 2007;95:261–6.

 15. Kawasaki S, Sato H, Tsubosa Y, Ono H, Terashima M. A case of re-
currence of cervical esophageal cancer after definitive chemoradio-
therapy underwent photodynamic therapy and cervical lymph node 
dissection. Jpn J Gastroenterol Surg. 2010;43:27–32.

 16. Nakamura T, Hayashi K, Ota M, Eguchi R, Ide H, Takasaki K. Salvage 
esophagectomy after definitive chemotherapy and radiotherapy 
for advanced esophageal cancer. Am J Surg. 2004;188:261–6.

 17. Tomimaru Y, Yano M, Takachi K, Miyashiro I, Ishihara R, Nishiyama 
K, et al. Factors affecting the prognosis of patients with esophageal 
cancer undergoing salvage surgery after definitive chemoradio-
therapy. J Surg Oncol. 2006;93:422–8.

 18. Kiyozumi Y, Yoshida N, Ishimoto T, Yagi T, Koga Y, Uchihara T, et al. 
Prognostic factors of salvage esophagectomy for residual or recur-
rent esophageal squamous cell carcinoma after definitive chemora-
diotherapy. World J Surg. 2018;42:2887–93.

 19. Marit ES, Nuno F, Greerard LB. Management and outcome of local 
regrowths in a Watch-and-wait prospective cohort for complete 
response in rectal cancer. Ann Surg. 2020. [Epub ahead of print]. 
https://doi.org/10.1097/SLA.00000 00000 003738

 20. Ohkura Y, Shindoh J, Ueno M, Iizuka T, Udagawa H. Comparison 
of outcome of esophagectomy versus nonsurgical treatment for 
resectable esophageal cancer with clinical complete response to 
neoadjuvant therapy. Ann Surg Oncol. 2018;25:2428–33.

How to cite this article: Ohkura Y, Ueno M, Udagawa H. 
Advantageous factors of R0 curative conversion 
esophagectomy and the optimal extent of lymphadenectomy 
after induction therapy for cT4b thoracic esophageal cancer. 
Ann Gastroenterol Surg. 2021;5:204–214. https://doi.
org/10.1002/ags3.12416

https://orcid.org/0000-0002-5073-5596
https://orcid.org/0000-0002-5073-5596
https://orcid.org/0000-0002-2376-202X
https://orcid.org/0000-0002-2376-202X
https://doi.org/10.1097/SLA.0000000000003738
https://doi.org/10.1002/ags3.12416
https://doi.org/10.1002/ags3.12416

