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Abstract
Aim: Because the optimal treatment strategy for borderline resectable (cT3br) tho-
racic esophageal cancer patients remains unclear, it is of great interest whether pre-
operative neoadjuvant therapy for cT3br could achieve results comparable to those 
seen with resectable T3 cancer (cT3r). We speculated that preoperative neoadjuvant 
chemoradiotherapy (NACRT) would be particularly effective in cT3br thoracic esoph-
ageal cancer patients and compared to cT3br and cT3r.
Methods: Of 186 cT3 thoracic esophageal cancer patients treated with intended 
NACRT, 162 received radical esophagectomy. More than 97% were squamous cell 
carcinomas. Patients were partitioned into two groups according to whether invasion 
of adjacent organs was suspected (cT3br and cT3r). Treatment outcomes and survival 
were analyzed.
Results: Sixty-eight patients (36.6%) were classified as cT3br and 118 (63.4%) as cT3r. 
The cT3br group had significantly more tumors in the upper and middle mediastinum 
(p < 0.0001) and more cases with cM1 (lymph node) (p = 0.0104) than the cT3r group. 
In addition, the cT3br patients receiving esophagectomy exhibited a significantly lower 
pathological complete response rate than the cT3r patients (p = 0.0374). However, the 
R0 resection rate did not differ between the cT3br and cT3r patients (p = 0.0978), 
and the two groups treated with intended NACRT had similar 5-year overall (OS) and 
disease-specific survival (DSS) (p = 0.3831 and p = 0.9020). In addition, the incidence 
and patterns of recurrence did not differ between the cT3br and cT3r patients receiv-
ing esophagectomy (p = 0.8109 and p = 0.3128).
Conclusions: Preoperative neoadjuvant chemoradiotherapy appears to be a promis-
ing treatment for patients with borderline resectable thoracic esophageal squamous 
cell carcinoma.
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1  |  INTRODUC TION

Thoracic esophageal squamous cell carcinoma (ESCC) is an ag-
gressive upper gastrointestinal malignancy characterized by 
rapid progression and a poor prognosis.1–3 This is in part because 
lymph node metastasis widely distributes from the neck to the 
abdomen. However, although surgical resection is the mainstay 
of treatment for locally advanced esophageal cancer, the progno-
sis after monotherapy remains poor. Therefore, locally advanced 
esophageal cancer also requires perioperative adjuvant chemo-
therapy and radiotherapy to improve survival.4–12 In Western 
countries and China, preoperative neoadjuvant chemoradiother-
apy (NACRT) is regarded as the standard treatment for locally 
advanced esophageal cancer.8,9

We have applied preoperative neoadjuvant chemoradiotherapy 
(NACRT) followed by esophagectomy for cStage II-IV thoracic ESCC 
with tumors greater than cT3 or with lymph node involvement.13,14 
NACRT exerts a substantial antitumor effect, with grade 2–3 patho-
logical responses of the cancer in 75% of eligible patients and a 
pathological complete response (pCR) in both the tumor and lymph 
nodes in 25% of eligible patients.13,14 The recent JCOG1109 trial 
comparing preoperative neoadjuvant chemotherapy with cisplatin 
plus 5-fluorouracil (CF), docetaxel, cisplatin plus 5-fluorouracil (DCF), 
and preoperative neoadjuvant chemoradiotherapy with cisplatin, 
5-fluorouracil (CF-RT) demonstrated preoperative neoadjuvant DCF 
as Japan's standard preoperative treatment for locally advanced tho-
racic ESCC.15 [Correction added on 14 July 2023, after first online 
publication: the acronyms CF, DCF and CF-RT have been spelled out 
on first use]. As for DCF therapy, there were more cases than CF-
RT in which treatment could not be completed due to tumor growth. 
Furthermore, the JCOG1109 trial did not include cT3br cases.15

Several vital organs surround the esophagus within the medias-
tinum, including the trachea, aorta, and pulmonary veins. This makes 
developing an effective treatment strategy for thoracic esophageal 
cancer challenging. Preoperative neoadjuvant treatments followed 
by esophagectomy are applied for resectable locally advanced 
esophageal cancer, while definitive chemoradiotherapy is the pri-
mary treatment for cases with unresectable invasion of adjacent 
organs.16,17 Unfortunately, it is often difficult to accurately deter-
mine whether a tumor can be completely resected, and an optimal, 
comprehensive treatment strategy for borderline resectable cancers 
(i.e., those with probable organ invasion) remains unclear. The 12th 
edition of the Japanese Classification of Esophageal Cancer, pub-
lished in 2022, newly describes a classification of cT3br cancer.18 
Preoperative DCF therapy is not always appropriate for this cT3br 
thoracic ESCC, and NACRT would also be a treatment option.19

We conducted the present study by dividing the patients into 
cT3br and cT3r following the new classification and comparing their 

outcomes retrospectively to clarify the efficacy of NACRT followed 
by esophagectomy for patients with tumors suspected of invading 
adjacent organs.

2  |  METHODS

2.1  |  Patients

Between 2010 and 2021, we administered NACRT to 186 Japanese 
patients with locally advanced thoracic ESCC at Akita University 
Hospital. Their primary tumor was diagnosed as cT3, and lymph node 
metastasis was limited to regional lymph nodes, including supracla-
vicular lymph nodes. The CONSORT diagram for patients receiving 
NACRT is shown in Figure  1. Among the 186 patients, we deter-
mined 68 (36.6%) to be cT3br and 118 (63.4%) to be cT3r. Twenty-
four patients were excluded from the study after NACRT, and the 
remaining 58 cT3br patients and 104 cT3r patients received radical 
esophagectomy with 2–3 regional lymph node dissection (Figure 1).

A multidisciplinary tumor board for esophageal cancer com-
posed of gastroenterologists, surgeons, radiologists, oncologists, 
and pharmacists determined clinical-stage and treatment strategies 
according to the TNM classification. The disease was classified ac-
cording to the Japanese Classification of Esophageal Cancer (11th 
edition),20,21 and the International Union Against Cancer tumor-
node-metastasis (TNM) Classification of Malignant Tumors (7th 
edition).22 All patients fulfilled the Eastern Cooperative Oncology 
Group performance status (ECOG PS) score of 0–1. The Ethics 
Committee of Akita University Graduate School of Medicine ap-
proved this study (No. 2617). Informed consent was obtained from 
all patients for using their information in this article. All experiments 
were performed in accordance with the Helsinki Declaration.

2.2  |  Evaluation of tumor depth and definition of 
borderline resectable tumor

Primary tumor depth was classified according to the degree of inva-
sion using the Japanese Classification of Esophageal Cancer (11th edi-
tion).20,21 T3 is defined as tumors invading adventitia and not invading 
adjacent structures. Within T3, we further classified primary tumors 
into borderline resectable tumors (cT3br) and resectable tumors (cT3r). 
Borderline resectable is defined as no T4 findings on imaging studies; 
if T4 is determined, non-operative treatment is performed.

We defined cT3br thoracic ESCC in accordance with the Japanese 
Classification of Esophageal Cancer (12th edition).18 The represen-
tative cases of cT3br and cT3r thoracic ESCC are shown in Figure 2. 
A diagnosis of tracheal or bronchial invasion was made when there 
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was an irregular boundary between the primary tumor or a meta-
static lymph node and the airway, accompanied by compression, dis-
placement, and luminal narrowing on computed tomography (CT). 
In addition, irregularity of the airway lumen on bronchoscopy was 
considered indicative of invasion.18 A diagnosis of aortic invasion 
was made when the primary tumor or a metastatic lymph node was 
in extensive contact with the aorta (contact length of 20 mm or more 
with a contact angle of 90°–110°; or a contact length of 10 mm or 
more with a contact angle of over 110°) or when there was defor-
mation or irregularity of the aortic wall. A lesion that disfigured and 

encircled the aorta was also considered to have invaded the vessel.18 
We defined cT3br as tumors in which organ invasion could not be 
determined with certainty.

2.3  |  Preoperative neoadjuvant chemoradiotherapy

Chemotherapy using cisplatin and 5-fluorouracil was conducted 
following the JCOG920423 and JCOG990724 trials. Briefly, 
80 mg/m2 cisplatin was administrated on day 1, and 800 mg/m2 

F I G U R E  1  CONSORT diagram for cT3 thoracic ESCC patients undergoing NACRT.

F I G U R E  2  Representative CT findings for patients with (A–D): borderline resectable (cT3br) or (E, F): resectable (cT3r) esophageal 
cancers.
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5-fluorouracil was administered as a continuous infusion from day 
1 to day 5. This protocol was repeated twice with 3- to 5-week 
intervals in between.

High-energy X-rays (10 MV) were used, and all patients un-
derwent three-dimensional radiotherapy. The gross tumor volume 
(GTV) was set both in the primary tumor and metastatic lymph 
nodes. The clinical target volume (CTV) was set with an approxi-
mately 1 cm margin around the GTV and the planning target volume 
(PTV) with a 5 mm margin around the CTV. Concurrent radiotherapy 
was administered 5 days a week at 1.8 Gy/day for a total radiation 
dose of 41.4 Gy in 23 fractions.14 Patients in the cT3br group whose 
tumors were deemed unresectable after 41.4 Gy were directly as-
signed for definitive CRT.

2.4  |  Surgery

The patients underwent right transthoracic or thoracoscopic (in-
cluding robot-assisted thoracoscopic) esophagectomy with two- or 
three-field lymph node dissection. Three-field lymph node dissection 
entails dissection of the mediastinal (involving the periesophageal 
region and areas around the trachea and bilateral main bronchus), 
abdominal (involving the perigastric region and areas around the ce-
liac axis), and cervical (involving the bilateral periesophageal region 
and supraclavicular region) nodes. Cervical lymph node dissection 
was omitted for elderly patients aged 75 years or older and patients 
with physical disadvantages such as respiratory dysfunction. We 
commonly perform reconstruction by inserting a gastric tube via 
the posterior mediastinal or the retrosternal route.13,14 All harvested 
lymph nodes were sectioned, stained with hematoxylin and eosin, 
and examined by experienced pathologists.

2.5  |  Follow-up

All patients were followed every 2 months for 5 years after surgery. 
During those periods, the patients underwent physical examination, 
blood tests (including for tumor markers), chest X-rays, panendos-
copy, and neck/chest/abdominal computed tomography. Computed 
tomography was carried out every 4 months for the first 2 years and 
at least yearly thereafter. Panendoscopy was performed when there 
were symptoms of local recurrence; otherwise, panendoscopy was 
performed once annually.

2.6  |  Pathological response

The pathological response was evaluated according to the 
Pathological criteria for the effects of radiation and/or chemother-
apy described in the Japanese Classification of Esophageal Cancer 
(11th edition).20,21 Grade 0, no recognized cytological or histological 
therapeutic effect; Grade 1, slightly effective with apparently viable 
cancer cells accounting for at least one-third of the tumor tissue; 

Grade 2, moderately effective with viable cancer cells accounting 
for less than one-third of the tumor tissue; Grade 3, markedly effec-
tive with no evidence of viable cancer cells. A pathologically com-
plete response was determined only when there was no evidence of 
viable cells in the primary lesion and lymph nodes.

2.7  |  Statistical analysis

Patients were divided into two groups according to the clinical depth 
of their tumors (cT3br or cT3r). The median and frequency were used 
to summarize the characteristics of the patients in those two groups. 
The Wilcoxon test (for continuous variables), Pearson's chi-square 
test, or Fisher's exact probability test (for categorical variables) was 
used to evaluate differences between groups. OS was determined 
from the surgery date to the patient's death or the last clinical at-
tendance. DSS was measured as the length of time from the sur-
gery date to the patient's death from esophageal cancer or the last 
clinical contact. Survival curves were constructed using the Kaplan–
Meier method, and differences between curves were analyzed using 
the log-rank test. All analyses were performed using JMP 12 (SAS 
Institute Inc.) and yielded two-sided p-values. Values of p < 0.05 
were considered statistically significant.

3  |  RESULTS

3.1  |  Patients treated with intended preoperative 
neoadjuvant chemoradiotherapy

We treated 68 cT3br and 118 cT3r thoracic esophageal cancer patients 
with NACRT. Table 1 summarizes their clinicopathological features sep-
arately. The median age at NACRT was 64.5 years (range 46–77) in the 
cT3br group and 66 years (range 43–76) in the cT3r group. Squamous 
cell carcinoma (SCC) histological type (cT3br: 97.0% vs. cT3r: 97.5%; 
p = 0.5076) was the predominant cancer in both groups. Tumor loca-
tion significantly differed between the two groups, with more tumors 
in the upper and middle mediastinum in the cT3br group and more in 
the lower mediastinum in the cT3r group (p < 0.0001). Among the 68 
cT3br patients, the borderline resectable site was the primary tumor 
in 63 (92.6%) patients and lymph nodes in six (8.8%) patients. In 54 
(79.4%) patients, findings were suggestive of tracheal invasion, while in 
35 (51.5%) patients, findings were suggestive of aortic invasion. With 
respect to clinical staging, the cT3br group had significantly more cases 
with supraclavicular lymph node metastasis (cM1-lymph node) (cT3br: 
19.1% vs. cT3r: 6.8%; p = 0.0104). Of the 68 cT3br patients, two with 
a complete response refused surgery, three had locally unresectable 
tumors, four developed distant lymph node metastasis, and one devel-
oped distant organ metastasis (Figure 1). Of the 118 cT3r patients, two 
with a complete response refused surgery, six developed distant lymph 
node metastasis, and four developed distant organ metastasis. In addi-
tion, two cT3r patients did not receive their planned radical surgery due 
to severe adverse events (renal failure and sepsis) (Figure 1).
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3.2  |  Effects of tumor depth on survival

Figure 3A,B show the Kaplan–Meier analysis of the cT3br and cT3r 
patients treated with intended NACRT. No significant difference in 
5-year OS (cT3br: 56.8% vs. cT3r: 50.4%; p = 0.3831) or 5-year DSS 
(cT3br: 63.3% vs. cT3r: 63.1%; p = 0.9020) was detected between 
the two groups. We also analyzed the cT3br patients' survival taking 
into consideration the organs suspected of being invaded. The 5-
year OS was 52.5% for patients with suspected tracheal invasion and 
64.8% for patients with suspected aortic invasion (data not shown).

The incidence of recurrence and recurrence patterns after 
esophagectomy of the cT3br patients did not significantly differ 
from those of the cT3r patients (p = 0.8109 and p = 0.3128). Nineteen 
cT3br patients (32.8%) relapsed. There was locoregional recurrence 
in seven patients (12.1%), distant lymph node recurrence in one 
patient (1.7%), and distant organ recurrence in 11 patients (19.0%). 
Of the 19 relapsed patients, distant organ recurrence accounted 
for 57.9% of recurrences, with lung metastasis being the most fre-
quent (Table 2). Length of survival after recurrence was 13.6 months 
(1.6–46.0 months) for the cT3br patients versus 11.0 months (1.7–
51.8 months) for the cT3r patients (data not shown; p = 0.6220).

3.3  |  Association between tumor depth and 
surgical outcomes

Table 2 summarizes the surgical outcomes of the cT3br and cT3r pa-
tients. The operation time of the cT3br patients was shorter than 
the cT3r patients (cT3br: 566.5 min vs. cT3r: 611 min; p = 0.0108), 
but there was no difference in blood loss volume between the cT3br 
and cT3r patients (cT3br: 495.5 mL vs. cT3r: 479.5 mL; p = 0.5798). 

TA B L E  1  Clinical and pathological characteristics of cT3br and 
cT3r thoracic esophageal cancer patients treated with intended 
NACRT.

Variable cT3br (n = 68) cT3r (n = 118) p

Age, median (range) 64.5 (46–77) 66 (43–76) 0.9492

Gender

Male 58 (85.3%) 105 (89.0%) 0.4617

Female 10 (14.7%) 13 (11.0%)

Histology

SCC 66 (97.0%) 115 (97.5%) 0.5076

Basaloid SCC 1 (1.5%) 2 (1.7%)

Adeno-squamous 0 1 (0.8%)

Carcinosarcoma 1 (1.5%) 0

Tumor location

Upper 23 (33.8%) 16 (13.6%) <0.0001

Middle 42 (61.8%) 45 (38.1%)

Lower 3 (4.4%) 57 (48.3%)

Tumor site suspected of invasion

Main tumor 63 (92.6%) NA

Lymph node 6 (8.8%) NA

Organ suspected of invasion

Trachea 54 (79.4%) NA

Aorta 35 (51.5%) NA

Pericardia 2 (2.9%) NA

Liver 1 (1.5%) NA

Clinical N stage (Japanese classification 11th)

0 6 (8.8%) 19 (16.1%) 0.3213

1 20 (29.4%) 41 (34.7%)

2 29 (42.7%) 40 (33.9%)

3 11 (16.2%) 12 (10.2%)

4 2 (2.9%) 6 (5.1%)

Clinical N stage (UICC 7th)

0 6 (8.8%) 20 (17.0%) 0.2932

1 41 (60.3%) 62 (52.5%)

2 21 (30.9%) 34 (28.8%)

3 0 2 (1.7%)

Clinical M1 (Lymph node; UICC 7th)

0 55 (80.9%) 110 (93.2%) 0.0104

1 13 (19.1%) 8 (6.8%)

Clinical Stage (Japanese classification 11th)

2 6 (8.8%) 18 (15.3%) 0.5859

3 60 (88.2%) 95 (80.5%)

4a 2 (3.0%) 5 (4.2%)

Clinical stage (UICC 7th)

IIA 6 (8.8%) 19 (16.1%) 0.0640

IIIA 33 (48.5%) 57 (48.3%)

IIIB 16 (23.5%) 32 (27.1%)

IIIC 0 2 (1.7%)

IV 13 (19.2%) 8 (6.8%)

Variable cT3br (n = 68) cT3r (n = 118) p

Reasons to cancel esophagectomy

Patient's refusal 2 (2.9%) 2 (1.7%) 0.1514

Locally 
unresectable

3 (4.4%) 0

Distant lymph 
node 
metastasis

4 (5.9%) 6 (5.1%)

Distant organ 
metastasis

1 (1.5%) 4 (3.4%)

Severe adverse 
event

0 2 (1.7%)

Outcome

Alive 38 (55.9%) 68 (57.6%) 0.9565

Deceased from 
EC

21 (30.9%) 34 (28.8%)

Deceased from 
other diseases

9 (13.2%) 16 (13.6%)

Note: Statistically significant values (p < 0.05) are given in bold.
Abbreviations: EC, esophageal cancer; SCC, squamous cell carcinoma.

TA B L E  1  (Continued)
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Although the cT3br patients had significantly more thoracotomy 
cases (p = 0.0003), there were no significant differences in the dis-
section field, the number of harvested lymph nodes, or the inci-
dence of postoperative complications between the cT3br and cT3r 
patients. The final pathological results revealed the cT3br patients to 
have significantly greater tumor depth (p = 0.0294) and more organ 
invasion (cT3br: 10.4% vs. cT3r: 2.0%; p = 0.0408). Three patients ex-
hibited invasion of the trachea, two had invasion of the lung, and one 
had invasion of the pericardium. Two cT3r patients exhibited organ 
invasion: one with pericardium invasion and another with diaphragm 
invasion. The R0 resection rate did not differ between the cT3br and 
cT3r patients (cT3br: 94.8% vs. cT3r: 99.0%; p = 0.0978), though the 
pCR rate of the cT3br patients was significantly lower (cT3br: 12.1% 
vs. cT3r: 26.0%; p = 0.0374). Three of the cT3br patients (5.2%) and 
one cT3r patient (1.0%) retained residual tumors (R1-2 resection).

4  |  DISCUSSION

This study assessed the outcomes of cT3br thoracic ESCC patients 
treated with NACRT followed by esophagectomy. Significantly more 
patients were diagnosed with cM1 (lymph node) in the cT3br group 
than in the cT3r group. Pathological examinations also showed that 
the pCR rate of cT3br patients was lower than that of cT3r patients. 
However, there was no significant difference in the incidence of re-
sidual tumors or survival rate between the cT3br and cT3r patients.

The phase III CROSS trial showed that NACRT significantly pro-
longed OS compared to surgery alone.8 This result made NACRT 
the standard treatment for locally advanced esophageal cancer in 
Western countries. However, we are reluctant to apply the results of 
the CROSS trial to ESCC patients because the majority of patients in 
that trial had adenocarcinoma, and the chemotherapy regimens dif-
fered from those used in Japan. A phase III trial of thoracic ESCC in 
China also showed a survival benefit with significantly longer OS and 
DFS with NACRT versus surgery alone.9 Furthermore, the NACRT 
group had a substantially better R0 resection rate and a higher pCR 
rate than the surgery alone group, indicating that NACRT has bene-
fits for local control.9

The JCOG1109 trial was designed to identify the optimal pre-
operative treatment for locally advanced thoracic ESCC. The trial 

compared CF-RT and DCF to CF therapy and demonstrated that 
DCF therapy should be the standard neoadjuvant treatment for 
locally advanced cStage II-III thoracic ESCC patients. DCF therapy 
showed significant advantages over CF therapy for OS. Although the 
pCR rate was higher with CF-RT than the other treatments, survival 
rates with CF-RT failed to show a substantial difference versus CF 
therapy.15 [Correction added on 14 July 2023, after first online pub-
lication: “…survival rates with CR-RT…” in the preceding sentence 
has been corrected to “…survival rates with CF-RT…”]. Interestingly, 
subgroup analysis showed an advantage of CF-RT therapy for upper 
mediastinal tumors.15 Thus, CF-RT therapy with more robust local 
control is an option for upper mediastinal tumors with a high risk 
of invading adjacent organs. However, because that study did not 
examine cT3br cases, optimal treatment for borderline resectable 
esophageal cancer is yet to be established.

Previous reports on borderline resectable esophageal cancers 
analyzed limited populations undergoing esophagectomy. Ikeda and 
colleagues analyzed 37 potential or actual cT4 ESCC patients initially 
treated with CRT. Among them, 13 patients underwent esophagec-
tomy, and R0 resection was achieved in 12 of those patients. Eight 
patients exhibited grade 2 histopathologic effect, while one patient 
achieved grade 3.25 Suzuki and colleagues analyzed 50 borderline 
resectable ESCC patients initially treated with CRT. Among those 
patients, R0 resection was achieved in 44% (22/50), and 10% (5/50) 
achieved pCR.26

Our study compared cT3 thoracic esophageal cancer patients with 
(cT3br) and without (cT3r) suspicion of invasion of adjacent organs. 
Because our study focused on cT3 cases, the pCR rate is lower than 
that in the JCOG1109 trial. We should note that there was no differ-
ence in the R0 resection rate (cT3br: 94.8% vs. cT3r: 99.0%; p = 0.0978) 
between the cT3br and cT3r patients, even though the cT3br patients 
had a significantly lower pCR rate than the cT3r patients (cT3br: 12.1% 
vs. cT3r: 26.0%; p = 0.0374). In addition, the survival rate between the 
two groups treated with intended NACRT did not differ (5-year OS: 
p = 0.3831 and 5-year DSS: p = 0.9020). For eight (11.8%) cT3br pa-
tients treated with intended NACRT, esophagectomy had to be can-
celed due to disease progression. Moreover, among all cT3 patients 
scheduled for NACRT, 18 (9.7%) withdrew their planned treatment 
due to disease progression, which is comparable to the rate seen in 
the preoperative neoadjuvant DCF arm of JCOG1109.15 These results 

F I G U R E  3  Kaplan–Meier curves 
assessing (A): 5-year overall survival (OS) 
and (B): 5-year disease-specific survival 
(DSS) among patients with borderline 
resectable (cT3br) and resectable (cT3r) 
tumors treated with intended NACRT. No 
significant differences were seen between 
the two groups.
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suggest that NACRT exerts sufficient local control even in cases 
where the tumors are suspected of invading adjacent organs and pro-
vides an opportunity for radical surgery. There was also no signifi-
cant difference in the incidence of recurrence between the cT3br and 
cT3r patients. The treatment outcome for patients with cT3br tho-
racic ESCC may depend on whether or not R0 resection is achieved. 
Therefore, NACRT, which offers more substantial local control, 
should be the preferred treatment strategy for cT3br thoracic ESCC. 
Nineteen cT3br patients (32.8%) relapsed after esophagectomy, and 
12 (20.7%) had a recurrence in distal lymph nodes or organs. Taking 
measures against distal lymph node and organ recurrences is indis-
pensable, as the strength of NACRT as systemic treatment is inferior 
to that of DCF therapy. In past trials, nivolumab, a fully human mono-
clonal anti-programmed death 1 antibody, has shown efficacy in cases 
of previously treated advanced gastroesophageal adenocarcinoma 
or SCC, significantly prolonging survival compared to conventional 
chemotherapy.27 Kelly and colleagues reported the survival benefit 
of postoperative adjuvant nivolumab therapy for locally advanced 
esophageal cancer and esophagogastric junction cancer treated with 
NACRT followed by esophagectomy. They also reported that the risk 
of distant recurrence or death was reduced by 26%, and prolonged 
distant metastasis-free survival was 10.7 months.28 Based on their re-
sults, we believe that postoperative adjuvant nivolumab therapy for 
cT3br patients treated with NACRT will be an effective countermea-
sure against distant recurrence.

Nine patients (13.2%) in the cT3br group died from other dis-
eases. In the FFCD9901 trial, postoperative mortality was three-fold 
higher among patients receiving NACRT than those receiving sur-
gery alone, thus offering no survival benefit.29 Similarly, von Dobeln 
and colleagues reported that NACRT lacks a survival benefit, de-
spite providing a better tumor response than neoadjuvant chemo-
therapy.30 It is necessary to devise ways to minimize the damage to 

TA B L E  2  Surgical outcomes among cT3br and cT3r thoracic 
esophageal cancer patients treated with NACRT followed by 
esophagectomy.

Variable cT3br (n = 58) cT3r (n = 104) p

Operation time (min) 
median (range)

566.5 (418–928) 611 (386–902) 0.0108

Blood loss (mL) 
median (range)

495.5 (115–3217) 479.5 (86–3366) 0.5798

Thoracic procedure

Thoracoscopic 
(including 
robot-assisted)

14 (24.1%) 56 (53.9%) 0.0003

Open 44 (75.9%) 48 (46.1%)

Dissected fields

Two-field 4 (6.9%) 10 (9.6%) 0.5549

Three-field 54 (93.1%) 94 (90.4%)

Number of harvested 
LNs median 
(range)

50.5 (8–91) 50 (12–97) 0.6014

Anastomotic leakage

Present 7 (12.1%) 15 (14.4%) 0.6750

Absent 51 (87.9%) 89 (85.6%)

Recurrent laryngeal nerve palsy (CD ≧ 1)

Present 19 (32.8%) 38 (36.5%) 0.6291

Absent 39 (67.2%) 66 (63.5%)

Pneumonia

Present 2 (3.4%) 4 (3.8%) 0.8977

Absent 56 (96.6%) 100 (96.2%)

Chylothorax

Present 1 (1.7%) 3 (2.9%) 0.6482

Absent 57 (98.3%) 101 (97.1%)

Pathological T stage

0 12 (20.7%) 34 (32.7%) 0.0294

1 6 (10.3%) 18 (17.3%)

2 7 (12.0%) 17 (16.4%)

3 27 (46.6%) 33 (31.7%)

4a 3 (5.2%) 2 (1.9%)

4b 3 (5.2%) 0

Pathological organ invasion

None 52 (89.6%) 102 (98.0%) 0.0408

Diaphragm 0 1 (1.0%)

Lung 2 (3.5%) 0

Pericardium 1 (1.7%) 1 (1.0%)

Trachea 3 (5.2%) 0

Pathological N Stage (Japanese classification 11th)

0 26 (44.8%) 64 (61.5%) 0.3364

1 11 (19.0%) 15 (14.4%)

2 17 (29.3%) 19 (18.3%)

3 3 (5.2%) 4 (3.9%)

4 1 (1.7%) 2 (1.9%)

Pathological N stage (UICC 7th)

0 28 (48.3%) 66 (63.4%) 0.1853

1 18 (31.0%) 27 (26.0%)

2 10 (17.2%) 10 (9.6%)

Variable cT3br (n = 58) cT3r (n = 104) p

3 2 (3.5%) 1 (1.0%)

Pathological M1 (Lymph node; UICC 7th)

0 52 (89.7%) 98 (94.2%) 0.2864

1 6 (10.3%) 6 (5.8%)

Pathological CR

pCR 7 (12.1%) 27 (26.0%) 0.0374

Non-pCR 51 (87.9%) 77 (74.0%)

Residual tumor

R1-2 3 (5.2%) 1 (1.0%) 0.0978

R0 55 (94.8%) 103 (99.0%)

Recurrence after surgery

None 39 (67.2%) 68 (65.4%) 0.3128

Loco-regional 7 (12.1%) 6 (5.8%)

Distant LN 1 (1.7%) 6 (5.8%)

Distant organ 11 (19.0%) 24 (23.0%)

Note: Statistically significant values (p < 0.05) are given in bold.
Abbreviations: CD, Clavian–Dindo; LN, lymph node.

TA B L E  2  (Continued)
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surrounding tissue caused by radiotherapy. It has been suggested 
that intensity-modulated radiotherapy can reduce the dose to nor-
mal tissues and thus reduce the incidences of lung- and heart-related 
complications and mortality as compared to conventional three-
dimensional conformal radiotherapy.31–33

One limitation of this study is that it is a single-center, retrospec-
tive study with a relatively small population. In addition, the diagnos-
tic criteria used to distinguish cT3br from cT3r are generally vague 
and subjective. There are also no data on preoperative neoadjuvant 
chemotherapy comparing cT3br and cT3r.

5  |  CONCLUSION

Borderline resectable thoracic esophageal cancer (cT3br) treated 
with NACRT showed comparable R0 resection and survival rates, 
even though the pCR rate was lower than that achieved with re-
sectable esophageal cancer (cT3r). Preoperative NACRT may still 
be a promising treatment for locally advanced thoracic esopha-
geal squamous cell carcinoma with suspected invasion of adja-
cent organs.
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