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Abstract

Background: Tumor regression grade (TRG) after neoadjuvant therapy is reportedly predictive of prognosis in
esophageal cancer patients, as lack of a response to neoadjuvant therapy is associated with a poor prognosis.
However, there is little information available on the timing and pattern of recurrence after esophagectomy for
thoracic esophageal squamous cell carcinoma (TESCC) that takes into consideration TRG after neoadjuvant
chemoradiotherapy (NACRT). Here, in an effort to gain insight into a treatment strategy that improves the prognosis
of NACRT non-responders, we evaluated the patterns and timing of recurrence in TESCC patients, taking into
consideration TRG after NACRT.

Methods: A total of 127 TESCC patients treated with NACRT and esophagectomy between 2009 and 2017 were
enrolled in this observational cohort study. TRGs were assigned based on the proportion of residual tumor cells in
the area (TRG1, ≥1/3 viable cancer cells; 2, < 1/3 viable cancer cells; 3, no viable cancer cells). We retrospectively
investigated the timing and patterns of recurrence and the prognoses in TESCC patients, taking into consideration
TRG after NACRT.

Results: The 127 participating TESCC patients were categorized as TRG1 (42 patients, 33%), TRG2 (56 patients, 44%)
or TRG3 (29 patients, 23%). The locoregional recurrence rate was higher in TRG1 (36.4%) patients than combined
TRG2–3 (7.4%) patients. Patients with TRG3 had better prognoses, though a few TRG3 patients experienced distant
recurrence. There were no significant differences in median time to first recurrence or OS among patients with
locoregional or distant recurrence. There was a trend toward better OS in TRG2–3 patients with recurrence than
TRG1 patients with recurrence, but the difference was not significant.

Conclusions: NACRT non-responders (TRG1 patients) experienced higher locoregional recurrence rates and earlier
recurrence with distant or locoregional metastasis. TRG appears to be useful for establishing a strategy for
perioperative treatments to improve TESCC patient survival, especially among TRG1 patients. (303 words).
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Background
Because most esophageal cancer patients are diagnosed
with locally advanced tumors with lymph node metasta-
sis, their prognosis is very poor. These patients are
treated using multimodal therapy that includes surgery,
radiotherapy and chemotherapy. Neoadjuvant chemo-
therapy (NAC) or neoadjuvant chemoradiotherapy
(NACRT) are common strategies that have been shown
to improve the prognosis of patients with advanced
esophageal cancer [1–5]. Indeed, a recent meta-analysis
found that NACRT followed by surgery has a survival
benefit over surgery alone [6]. Moreover, several other
meta-analyses suggest that, given its histopathological
and/or long-term survival benefit, NACRT should be
recommended over NAC to patients with esophageal
cancer [7–9]. However, that suggestion remains contro-
versial at present.
Histological evaluation of surgical specimens resected

after neoadjuvant therapy can provide valuable informa-
tion about the prognosis of patients with esophageal
cancer. The earlier TNM staging system (7th edition) re-
flects the prognosis of patients who received upfront
surgery [10], but the current TNM classification of the
UICC (8th edition) added staging for patients who had
received neoadjuvant therapy [11]. The ypStage reflects
the prognosis of patients who received surgery after
NAC or NACRT. The pathological tumor regression
grade (TRG) after neoadjuvant therapy is the most com-
monly used and reliable system for assessing the re-
sponse to therapy and patient prognosis [12, 13].
Currently, little is known about the pattern and timing

of disease recurrence in patients with thoracic esopha-
geal squamous cell carcinoma (TESCC) treated with
NACRT followed by surgery. To improve the prognosis
of these patients, it will be important to understand the
association between the TRG achieved with NACRT and
the patterns and timing of disease recurrence following
surgery. In the present study, therefore, we evaluated the
patterns and timing of recurrence in TESCC patients,
taking into consideration TRG in an effort to gain
insight into a treatment strategy that improves the prog-
nosis of NACRT non-responders.

Methods
Patients
A total of 127 consecutive patients with confirmed
TESCC treated with NACRT followed by curative sur-
gery at Akita University Hospital between 2009 and
2017 were enrolled in this retrospective cohort study.
Patients with a supraclavicular lymph node (cM1 lymph
node) were included [14]. Clinical staging was done ac-
cording to the TNM classification of the UICC (8th edi-
tion) [11], based on esophagogastroduodenoscopy
(EGD), contrast-enhanced computed tomography (CE-

CT), and positron emission tomography (PET-CT). Cer-
vical and abdominal ultrasonography (US) and endo-
scopic ultrasound (EUS) were performed for staging, as
necessary.

Neoadjuvant chemoradiotherapy (NACRT)
NACRT was recommended to patients with either clin-
ical T3–4 based on the depth of invasion by the primary
tumor or regional lymph node metastasis (cT3–4 or
cN+) and with an Eastern Cooperative Oncology Group
performance status (ECOG PS) of 0. The NACRT proto-
col entailed radiotherapy (40.0–41.4 Gy in 20–23 frac-
tions; 1.8–2.0 Gy/day, 5 days/week) with two courses of
combined chemotherapy composed of 5-fluorouracil
800 mg/m2/day on days 1–5 and cisplatin (FP) or neda-
platin (FGP) 80 mg/m2/day on day 1. High-energy X-
rays (10 MV) were used for the radiotherapy. All pa-
tients underwent 3-dimensional radiotherapy planning,
and the radiotherapy target was set around the gross
tumor volume and metastatic lymph nodes. As a result,
in nearly all patients the upper-to-lower mediastinum
was included in the irradiated fields.

Surgery
Esophagectomy was scheduled to be performed more
than 3 weeks after completing NACRT, by which time
patients had no treatment-related adverse events worse
than grade 2 according to the Common Terminology
Criteria for Adverse Events (CTCAE) Version 4.0 [15].
Esophagectomy under right thoracotomy or thoraco-
scopic (including robot-assisted thoracoscopic) esopha-
gectomy with 3-field lymph node dissection (bilateral
cervical [including supraclavicular], mediastinal, and ab-
dominal lymph nodes) was performed. In most patients,
reconstruction was done with a gastric tube in open sur-
gery via the posterior mediastinal or retrosternal route.
In the remaining patients, laparoscopic (including robot-
assisted laparoscopic) reconstruction using a pedicled
colon was introduced.

Pathological analysis
Surgically resected TESCC specimens were subjected to
routine pathological examination. The level of tumor re-
gression in response to preoperative therapy was evalu-
ated based on the Japanese Classification of Esophageal
Cancer [16, 17]. TRG was classified into four categories:
TRG0, no recognized cytological or histological thera-
peutic effect; TRG1, slightly effective with apparently vi-
able cancer cells accounting for 1/3 or more of the
tumor tissue; TRG2, moderately effective with viable
cancer cells accounting for less than 1/3 of tumor tissue;
and TRG3, highly effective with no evidence of viable
cancer cells. TRG defined according to the College of
American Pathologists (CAP) cancer protocol is a
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commonly used and reliable system for assessing the re-
sponse to therapy and patient prognosis [18]. In the
present study, however, we used the classification de-
fined by the Japanese Classification of Esophageal Can-
cer instead of the CAP cancer protocol to more
objectively and clearly define the residual cancer (non-
responder); e.g., TRG1 patients had more than 1/3 of
their cancer remaining.

Follow-up and treatment after recurrence
All patients visited our department every 2 months. At
each visit, patients received a follow-up examination that
included physical examinations and blood tests. Head,
chest, and abdominal CE-CT was performed every 4
months during the first 3 years, then every 6 months
during the next 2 years. EGD was performed yearly.
These follow-up evaluations were performed for 5 years
after the surgery or until the patient’s death. Depending
on where recurrence first occurred, we classified it as
locoregional or distant. Locoregional recurrences in-
cluded regional lymph node metastasis within the surgi-
cal (lymph node dissected) field and intramural
recurrence, whereas distant recurrences were defined as
extra-regional lymph node metastasis, distant organ me-
tastasis, or pleural or peritoneal dissemination. Depend-
ing on the individual case, recurrences were mainly
treated with chemotherapy, though surgical resection
and reradiation were also performed when possible.

Statistical analysis
Survival time was defined as the duration between the
surgery date and the event (death or recurrence) onset
date. Continuous variables are presented as the median
(range: minimum-maximum). Differences among the 3
TRG groups were analyzed using the chi-square test for
non-continuous variables and the Kruskal-Wallis test for
continuous variables. Overall survival (OS) was esti-
mated using Kaplan-Meier curves, which were compared
using the log-rank test. All statistical analyses were per-
formed using JMP14 (SAS Institute, Cary, NC, USA). All
P values were reported as two-sided with a significance
level of 0.05.

Results
Pathological TRG and patient characteristics
The 127 participating TESCC patients were categorized
as TRG0 (none, 0%), TRG1 (42 patients, 33%)), TRG2
(56 patients, 44%) or TRG3 (29 patients, 23%). Their
characteristics were shown in Table 1. There were no
differences among the three groups (excluding TRG 0)
with respect to age, gender, tumor location, depth of in-
vasion, lymph node metastasis, clinical stage, or tumor
differentiation. TRG3 significantly correlated with

downstaging (from cStage to ypStage) after NACRT (P <
0.0001).

Recurrence patterns
Recurrence was detected in 38.6% (49 patients) of all pa-
tients, including 52% (22patients) of TRG1 patients
(Table 1). Among them, 39 patients (79.6%) had distant
recurrence, and 10 (20.4%) had locoregional recurrence
(Table 2). The patterns of first recurrence segregated
based on TRG are shown in Table 2 and Fig. 1A. Four-
teen (63.6%) TRG1, 20 (90.9%) TRG2, and 5 (100%)
TRG3 patients had distant recurrence, while 8 (36.4%)
TRG1 and 2 (9.1%) TRG2 patients had locoregional re-
currence. There were no TRG3 patients with locoregio-
nal recurrence, and the rate of locoregional recurrence
was significantly (P = 0.040) higher in the TRG1 group
than in the TRG2 or TRG3 group (Table 2).
Site recurrence rates in TRG1, 2, and 3 patients are

shown in Fig. 1B. Distant metastasis occurred most fre-
quently in the lung (33.3%) followed by an extra-regional
lymph node (20.5%), liver (12.8%), pleural dissemination
(12.8%), brain (7.7%), kidney (7.7%), and bone (5.1%).
The most common site for distant recurrence in TRG1
and TRG2 patients was the lung (22.7 and 31.8%, re-
spectively). Recurrence in an extra-regional lymph node
was observed in all three groups but was detected most
frequently in the TRG2 group, where it was detected in
27.3% of patients with recurrence. Sites of first recur-
rence in TRG3 patients were an extra-regional lymph
node, lung, liver and brain as well as pleural
dissemination.

Recurrence timing
The median time to the first recurrence was 10.5 (4–
26), 15 (2–50) and 12 (6–31) months for TRG1, 2,
and 3 patients, respectively (Table 3 and Fig. 2A).
There was no significant difference in the median
time to first recurrence among the three TRG groups
(P = 0.258). The timing and frequency of locoregional
and distant recurrence in each group are shown in
Table 4 and Fig. 2B. There was no significant differ-
ence in median time to first locoregional or distant
recurrence in all patients (P = 0.794) or in the TRG1
group (P = 0.811). Among the recurrent cases in each
TRG group, about 50% of the patients experienced re-
currence within the first year. The rates of recurrence
within the first year were 55% (12/22 patients), 41%
(9/22 patients), and 60% (3/5 patients) in the TRG1,
TRG2, and TRG3 groups, respectively (P = 0.580).

Prognosis
There were significant differences with respect to recur-
rence and prognosis (P = 0.0113 and 0.0316, respectively)
among the three TGR groups (Table 1). The median
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Table 1 Patient characteristics at each tumor regression grade

TRG1 TRG2 TRG3 P

Number

42 (33%) 56 (44%) 29 (23%)

Age at surgery 0.6208

65 (45–75) 63 (41–75) 64 (44–77)

Sex 0.7033

Female 5 (12%) 10 (18%) 5 (17%)

Male 37 (88%) 46 (82%) 24 (83%)

Tumor location 0.9615

Upper 9 (21%) 12 (22%) 5 (17%)

Middle 20 (48%) 27 (48%) 13 (45%)

Lower 13 (31%) 17 (30%) 11 (38%)

Depth of invasion (cT) 0.5727

T1 1 (2%) 2 (4%) 2 (7%)

T2 1 (2%) 4 (7%) 3 (10%)

T3 40 (95%) 48 (86%) 23 (79%)

T4 0 (0%) 2 (4%) 1 (4%)

Lymph node metastasis (cN) 0.9545

N0 4 (10%) 4 (7%) 3 (10%)

N1 24 (57%) 33 (59%) 19 (66%)

N2 13 (31%) 18 (32%) 7 (24%)

N3 1 (2%) 1 (2%) 0 (0%)

Clinical stage (cStage) 0.8519

IIA 4 (10%) 4 (7%) 3 (10%)

IIB 2 (5%) 6 (11%) 5 (17%)

IIIA 22 (52%) 26 (47%) 13 (45%)

IIIB 13 (31%) 17 (30%) 7 (24%)

IIIC 1 (2%) 3 (5%) 1 (4%)

Tumor differentiation 0.1977

Not poorly 38 (90%) 49 (88%) 22 (76%)

Poorly 4 (10%) 7 (12%) 7 (24%)

Tumor stage after NACRT < 0.0001*

Downstaged 16 (38%) 30 (54%) 28 (97%)

No change 21 (50%) 19 (34%) 1 (3%)

Upstaged 5 (12%) 7 (13%) 0 (0%)

Recurrence 0.0113*

Presence 22 (52%) 22 (39%) 5 (17%)

Absence 20 (48%) 34 (61%) 24 (83%)

Prognosis 0.0316*

Alive 22 (52%) 37 (66%) 25 (86%)

Dead with ESCC 18 (43%) 15 (27%) 3 (10%)

Dead with other diseases 2 (5%) 4 (7%) 1 (4%)

TRG, tumor regression grade; *, Considered significant
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Table 2 Recurrence patterns at each tumor regression grade

Patient Locoregional Distant P

groups recurrence recurrence

All patients 10 (20.4%) 39 (79.6%)

TRG1 8 (36.4%) 14 (63.6%) 0.040*

TRG2 2 (9.1%) 20 (90.9%)

TRG3 0 (0%) 5 (100.0%)

TRG, tumor regression grade; *, Considered significant

Fig. 1 (A) Rates of first recurrence as locoregional (orange) or distant (purple) metastasis after neoadjuvant chemoradiotherapy (NACRT) followed
by surgery for thoracic esophageal squamous cell carcinoma (TESCC). Bars depict the rate in each TRG group. (B) Rates of first recurrence at the
indicated sites in each TRG group

Table 3 Recurrence timing at each tumor regression grade

Patient Recurrence Recurrance
timing

P

groups number

All patients 49 13 (2–50)

TRG1 22 10.5 (4–26) 0.258

TRG2 22 15 (2–50)

TRG3 5 12 (6–31)

TRG, tumor regression grade
Recurrence timing is shown as the median (range) in months
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Fig. 2 Plots indicating the times from surgery to recurrence in each TRG group without (A) and with (B) segregation of the patients based on
whether their recurrence was locoregional or distant. In both panels, symbols represent individual patients with recurrence, and the vertical solid
lines indicate the medians

Table 4 Recurrence timing and frequency for each recurrence pattern at each tumor regression grade

Patient groups Recurrence number 0–12 months 13–24 months 25–36 months 37–48 months 49–60 months Median (months)

TRG1 All 22 12 (54.5%) 8 (36.4%) 2 (9.1%) 0 0 10.5 (4–26)

Locoregional 8 5 (62.5%) 3 (37.5%) 0 0 0 9.5 (6–20)

Distant 14 7 (50%) 5 (35.7%) 2 (14.3%) 0 0 11.5 (4–26)

TRG2 All 22 9 (40.9%) 6 (27.3%) 2 (9.1%) 4 (18.2%) 1 (4.5%) 15 (2–50)

Locoregional 2 0 1 (50%) 0 1 (50%) 0 –

Distant 20 9 (45%) 5 (25%) 2 (10%) 3 (15%) 1 (5%) 15 (2–50)

TRG3 All 5 3 (60%) 0 2 (40%) 0 0 12 (6–31)

Locoregional 0 0 0 0 0 0 –

Distant 5 3 (60%) 0 2 (40%) 0 0 12 (6–31)

TRG, tumor regression grade
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observation period after surgery for censored cases was
55.5 (18–132) months. Kaplan-Meier analysis showed
that the 5-year OS rates among TRG1, TRG2 and TRG3
patients were 40.4, 63.6 and 82.8%, respectively (P =
0.001, Fig. 3A). Comparison between recurrent patients
in the TRG1 group and the combined TRG2/3 group re-
vealed a tendency toward better 5-year OS in recurrent
patients in the TRG2/3 group than the TRG1 group, but
the difference was not statistically significant (P = 0.111,

Fig. 3B). Kaplan-Meier survival curves for OS among pa-
tients with distant and locoregional recurrence are
shown in Fig. 4A and B. For all patients, there was no
significant difference in 5-year OS between the locore-
gional and distant recurrence groups (P = 0.461, Fig. 4A).
Similarly, within the TRG1 group, there was no signifi-
cant difference in 5-year OS between patients with
locoregional recurrence and those with distant recur-
rence (P = 0.895, Fig. 4B).

Fig. 3 Kaplan-Meier survival curves showing OS in the TRG1 (Red, n = 42), TRG2 (Green, n = 56) and TRG3 (Blue, n = 29) groups (A). Kaplan-Meier
survival curves comparing OS between TRG1 (red, n = 22) and TRG2/3 (green, n = 27) patients (B). The log-rank test was used to compare the
two groups
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Discussion
This study yielded several noteworthy results. First, dis-
tant metastasis was frequent in all TRG groups; however,
the rate of locoregional recurrence was higher in the
TRG1 group (36.4%) than the TRG2 or TRG3 group
(9.1% or 0%). Second, there were no significant differ-
ences in median time to first recurrence among the
three groups. The rates of recurrence within the first
year were 55% (12/22 patients), 41% (9/22 patients), and

60% (3/5 patients) in the TRG1, TRG2, and TRG3
groups, respectively (P = 0.580). Third, there was a trend
toward better OS in the combined TRG2/3 group than
the TRG1 group. That said, patients with recurrence had
poorer prognoses, irrespective of TRG or pattern of
recurrence.
The development of multimodal therapies has im-

proved the prognoses of esophageal cancer patients. A
randomized controlled trial, the Chemoradiotherapy for

Fig. 4 Kaplan-Meier survival curves comparing OS between patients with locoregional (orange, n = 10) or distant (purple, n = 14) recurrence: all
patients (A), TRG1 patients (B). The log-rank test was used to compare the curves
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Oesophageal Cancer Followed by Surgery Study
(CROSS) trial, which compared outcomes after surgery
plus NACRT with surgery alone in patients with esopha-
geal cancer, found that NACRT plus surgery improved
the survival rate among ESCC patients compared to
esophageal adenocarcinoma (EAC) patients [19, 20]. In
addition, the CROSS trial demonstrated that a patho-
logical complete response (pCR) was seen in the resected
specimens from 49% of ESCC patients in the NACRT
plus surgery group [19]. Since that trial, many studies
have shown that patients with a pCR after NACRT ob-
tained a survival benefit, whereas non-pCR patients were
associated with recurrence and poor prognoses after sur-
gery [21, 22]. In the present study, TRG3 (in other words
a pCR) was observed in 23% of ESCC patients. Differ-
ences in the backgrounds of the patients and the chemo-
therapy regimens used may explain the difference in the
pCR rate between the CROSS trial and the present
study. For instance, only 65% of the patients in the
CROSS trial were positive for lymph node metastasis,
whereas 91% of the patients were positive for lymph
node metastasis prior to treatment in the present study.
Nevertheless, the 5-year OS rate in this study was similar
to or higher than in the CROSS trial. Thus, NACRT plus
surgery, which improved local control of the esophageal
tumor and regional metastatic lymph nodes and in-
creased the rate of complete resection, is favored for
esophageal cancer patients [7, 23].
Several studies have shown that NACRT followed

by surgery reduces the locoregional recurrence rate
compared to surgery alone [20, 24, 25]. Those studies
reported that, after NACRT plus surgery, 12–22% of
patients experienced locoregional recurrence, while
21–38% had locoregional recurrence after surgery
alone. Moreover, the NEOCRTEC5010 trial, a multi-
center phase III trial, reported that NACRT plus sur-
gery was more effective than surgery alone for both
locoregional control within the radiation field and dis-
tant recurrence [26]. On the other hand, Smit et al.
[25] and the FFCD9901 trial [27] failed to detect a
significant difference in distant metastasis-free survival
between the NACRT plus surgery and surgery alone
groups. Similarly, another randomized clinical trial
comparing NACRT with NAC for treatment of cancer
of the esophagus or gastroesophageal junction (ESCC
and EAC) reported that there were no differences in
the recurrence patterns between the treatment groups
[28]. In the present study, we found that the first re-
currence was locoregional in 20.4% of patients and
was distant in 79.6% of patients. This suggests that
NACRT followed by surgery enables control of local
recurrence within the radiation and surgical fields,
but whether NACRT affects control of distant recur-
rence remains unclear.

In this study, we focused on the patten and timing of re-
currence after esophagectomy. Hagen et al. reported no
significant difference in the time to locoregional or distant
recurrence between complete and incomplete responders
[29]. Oppedijk et al. reported that the majority of locore-
gional recurrences were within 2 years after surgery in
ESCC or EAC patients treated with NACRT plus surgery,
and there were no locoregional recurrences after 30
months [24]. In the present study, we found that about
50% of recurrences occurred within the first year, and
most recurrences were within 3 years after surgery. How-
ever, because of the small number of recurrence cases, es-
pecially locoregional recurrences, in the TRG2 and TRG3
groups, it was difficult to compare the timing of locoregio-
nal and distant recurrences among the three TRG groups.
The first recurrence tended to be earlier in the TRG1
group than the TRG2 group, irrespective of the recurrence
pattern, but the difference was not significant.
Although the 5-year OS rates were better in the TRG2

and TRG3 groups than in the TRG1 group, 39% of
TRG2 patients and 17% of TRG3 patients had recur-
rences. Like TRG1 patients, both TRG2 and TRG3 pa-
tients with recurrences had poor prognoses. The
prognoses of TRG1 patients were poorer than those of
TRG2 and TRG3 patients because TRG1 patients were
more prone to recurrence. Recently, Kelly et al. reported
a highly valued and important result from a global, ran-
domized, double-blind, placebo-controlled phase III trial.
They found that, compared to placebo, adjuvant nivolu-
mab immunotherapy significantly improved median
disease-free survival (22.4 months vs. 11.0 months, p <
0.001) after surgery in esophageal or gastro-esophageal
junction cancer patients with residual pathological dis-
ease (ypT +/ypN+) after NACRT [30]. To improve the
outcomes of TRG1 patients, it is essential to prevent re-
currence after esophagectomy. Consequently, there is a
need to establish new postoperative adjuvant treatment
strategies, including use of an immune checkpoint in-
hibitor, like nivolumab.
Our study has several limitations. Its retrospective na-

ture may have introduced selection bias. For this clinical
study, 127 consecutive TESCC patients is a relatively small
sample, but it is sufficient for an adequately powered stat-
istical analysis. Moreover, although the impact is limited
because there were few events (recurrences), our statistical
analysis and conclusions take those circumstances into
consideration. After recurrence, the treatments provided
varied among the patients, and a small number of patients
were provided immune checkpoint inhibitors, which we
did not address in our analysis.

Conclusions
TRG1 patients had early recurrence of both distant and
locoregional metastasis and had poor prognoses. TRG2–
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3 patients had better prognoses, though the prognoses of
patients with distant recurrences were poor. TRG status
thus appears to be predictive of the pattern and timing
of recurrence, which may be useful for establishing a
strategy for perioperative treatment to improve TESCC
patient survival.
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