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Abstract

Background: We assessed visual residual tumour cells (VRTC) with both Becker's tumour regression grading (TRG)
system and Japanese TRG system in esophageal squamous cell carcinoma (ESCC) patients treated with neoadjuvant
therapy followed by surgery.

Methods: We compared Becker system and Japanese system in 175 ESCC patients treated between 2009 and 2015.

Results: According to Becker system, the 5-year DFS/DSS rates were 70.0%/89.3, 53.8%/56.7, 43.0%/49.0, and 42.4%/
39.1% for TRG 1a (VRTC 0), TRG Tb (1-10%), TRG 2 (11-50%), and TRG 3 (> 50%). According to Japanese system, the
rates were 38.8%/34.1, 49.5%/58.7, 50.2%/49.0 and 70.0%/89.3% for Grade 0-1a (VRTC> 66.6%), Grade 1b (33.3—-
66.6%), Grade 2 (1-33.3%) and Grade 3 (0). TRG according to two systems significantly discriminate the patients’
prognosis. TRG according to Becker system (HR 2.662, 95% Cl 1.151-6.157), and lymph node metastasis (HR 2.567,
95% Cl 1.442-4.570) were independent parameters of DSS.

Conclusions: Both Becker and Japanese system had their advantage in risk stratification of these ESCC patients. It
was speculated that dividing 1-10% VRTC into a group might contribute to independently prognostic significance
of Becker's TRG system. Therefore, in addition to TRG of different systems, the percentage of VRTC might be
recommended in the pathologic report, which could make the results more comparable among different
researches, and more understandable for oncologists in the clinical practice.
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Background

Esophageal cancer (EC) is the ninth most common can-
cer and the sixth most common cause of cancer death
globally [1]. Chinese population-based studies have
shown approximately 477,900 persons receive a diagno-
sis of EC, and 375,000 persons died of EC in 2015, rank-
ing it as the third most commonly diagnosed cancer and
the fourth leading causes of cancer death in China [2].
Surgical resection has been the mainstay of treatment
for EC. However, the majority of patients with locally
advanced EC who undergo surgical resection eventually
develop local recurrence or distant metastasis, and the
5-year survival rate is only 5-34% [3]. In an attempt to
improve survival, many investigators around the world
have assessed multidisciplinary strategies. The preopera-
tive neoadjuvant chemotherapy (nCT) or chemoradio-
therapy (nCRT) combined with surgery have gained
more attention in the treatment of locally advanced EC
[4, 5]. Several studies have shown that neoadjuvant ther-
apy (nCT or nCRT) followed by surgery significantly im-
proves disease free survival (DFS) and overall survival
(OS) compared with surgery alone, making it standard
therapy for locally advanced EC [6-9]. Accumulating
evidence indicates that the histological evaluation of the
regression response to nCT or nCRT is the most im-
portant predictor of survival [5, 10].

Tumour regression grade (TRG) system referring to
the amount of therapy-induced fibrosis in relation to re-
sidual tumour after nCRT has been initially developed
by Mandard and coworkers [11]. However, the reprodu-
cibility and prognostic value of this system has been
challenged because of the difficulties in the assessment
of the relative amount of fibrosis [12]. Then the quanti-
tative analysis of regression response through the esti-
mated percentage of visual residual tumour cell (VRTC)
in relation to the previous tumour site has been pro-
posed. At present, there are several classification systems
(2 to 5 grades) available in the literature, with the cut-off
value of 1, 10 and 50% [13-18]. Among the systems, a
modification of 4-tiered Becker system not only resulted
in statistically superior rates for interobserver agreement
but also in achievement of a better prognostic impact in
many reports [19]. Besides, TRG system with cutoff
value of 1/3 and 2/3, according to Japanese Classification
of Esophageal Cancer, has also been widely used in
esophageal squamous cell carcinoma (ESCC) [20, 21].
The larger retrospective studies found that the Japanese
system was also simple, reproducible and prognosis-
associated [22, 23]. At present, there was no study to
compare the application of the 2 major approaches
(Becker system and Japanese system) for assessment of
VRTC in ESCC after neoadjuvant therapy.

In the ESCC patients with neoadjuvant therapy, we
compared the Becker system and Japanese system for

Page 2 of 10

assessment of VRTC, and tried to explore the prognostic
factors.

Methods

Patients

This study was based on a retrospective review of 175
patients who underwent surgical resection following 2 to
3 cycles of neoadjuvant chemotherapy (nCT) or neoadju-
vant chemoradiotherapy (nCRT) for ESCC, between
November 2009 and December 2015 at Zhongshan
Hospital, Fudan University, Shanghai, China. They were
diagnosed as locally advanced-stage disease (clinical T3—
4), using endoscopy, computed tomography (CT) of the
chest and abdomen, endoscopic ultrasound, and posi-
tron emission tomography (PET), and required neoadju-
vant treatment as first-line treatment prior to surgical
resection. Informed consents were obtained from all pa-
tients. This study was approved by the Institutional Re-
view Board of our hospital (B2016-135) and was
performed according to the ethical principles of the Dec-
laration of Helsinki.

The patients were followed up routinely in outpatients,
every 3 months in the first year and every 6 months in
the second year, followed by annual evaluations. Patients
who did not go to our hospital were contacted by tele-
phone to obtain follow-up data.

Pathological analysis
For specimens with neoadjuvant therapy in our hospital,
all the suspected area of tumors were embedded and
sectioned after the macroscopic examination, and all
slides were evaluated by pathologists at once. For this
study, all 175 surgically resected ESCC specimens were
systematically reevaluated histopathologically by two ex-
perienced gastrointestinal pathologists. The histopatho-
logical review was undertaken with the pathologists
blinded to the treatment results. The original tumour
area was identified by signs of tumour regression
changes, such as marked fibrosis, necrosis, flattening of
the mucosa, or the presence of foreign body giant cell
reaction. The extent of VRTC was assessed semiquanti-
tatively, based on the estimated percentage of cancer in
relation to the total cancer area [19-21]. With the re-
peated observation of tumour regression changes and
training in evaluating standard, a consistency of 99% was
achieved by the two pathologists. So far, several TRG
systems have been used to assess the pathologic re-
sponse to preoperative neoadjuvant therapy. In our
study, the extent of VRTC was divided into four categor-
ies according to Becker regression criteria [19] or the
Japanese Classification of Esophageal Cancer [20, 21].
Other clinicopathologic characteristics were also re-
corded, including age, gender, tumour location, tumour
grade, tumour size (measured during the pathological
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sampling), lymphovascular invision, perineural growth,
number of positive lymph nodes (LN), and the type of
neoadjuvant.

Statistical analysis

Categorical data were analyzed using x2 test or Fisher’s
exact test. Survival curves were estimated using the
Kaplan—Meier method and were compared using the
log-rank test. Overall survival (OS) was defined as the
period from the date of surgery until the last confirmed
date of survival or the date of death. Disease specific sur-
vival (DSS) was defined as the period from the date of
surgery until the date of death, because of ESCC. Disease
free survival (DFS) was defined as the period from the
date of surgery until the date of disease progression or
the date of death, because of ESCC. The Cox propor-
tional hazard model was used to examine the association
between clinicopathological factors and survival, to iden-
tify independent prognostic factors. Hazard rates (HRs)
with its 95% confidence intervals (95% Cls) were used to
determine the effect of each variable on outcome. Statis-
tical analysis was performed using the SPSS software,
version 21.0 (SPSS Inc., Chicago, IL), with statistical sig-
nificance being considered with P< 0.05 (two-sided).

Results

Patient and general pathological characteristics

The clinical and pathological characteristics of the 175
patients are summarized in Table 1.There were 148 male
and 27 female patients with a mean age of 59.8 (range
41-73) years. Tumours were most often located in mid-
esophagus (n = 82) compared with the upper third (n =
29) or the lower third (n = 64). The mean tumour length
was 2.9 (range 0.3-9.0) cm. One hundred eight patients
(61.7%) were treated with preoperative chemotherapy,
whereas 67 (38.3%) patients were treated with preopera-
tive chemoradiotherapy. No residual tumour was found
in 26 patients. Vessel and nerve invasion were identified
in 57 (32.6%) and 56 (32.0%) tumours, respectively. In
83 patients who had positive LN status, 51 patients
(61.5%) had 1-2 positive LN, 23 patients (27.7%) had 3—
6 positive LNs, and 9 patients (10.8%) had more than 6
positive LNs.

Effect of neoadjuvant therapy on ESCC

TRG system of Becker or Japanese Esophageal Cancer
Association was widely accepted in western country or
Japan, which was used in our study, separately. Accord-
ing to the Becker system, there were 26 cases (14.9%) of
TRG 1a, 36 cases (20.6%) of TRG 1b, 33 cases (18.9%) of
TRG 2, and 80 cases (45.7%) of TRG 3 (Fig. 1). Namely,
62 tumours (35.4%) showed a histopathological response
of TRG 1a or 1b, whereas the remainder showed minor
or no response (Table 1). According to the Japanese
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system, there were 64 cases (36.6%) of Grade 0-1a, 28
cases (16.0%) of Grade 1b, 57 cases (32.6%) of Grade 2,
and 26 cases (14.9%) of Grade 3. Namely, 83 tumours
(47.4%) showed a histopathological response of Grade 2
or 3, whereas the remainder showed minor or no re-
sponse (Table 1).

Table 1 depicts the associations between TRG and dif-
ferent pathological variables. According to Becker and
Japanese system, we found that more VRTC (reflecting
poor response following neoadjuvant treatment) were
significantly associated with longer tumour length,
poorly differentiated tumour, lymphovascular invasion,
perineural invasion, lymph node metastases (LNM) and
single neoadjuvant treatment (Chemotherapy alone) (P<
0.05) (Table 1).

Survival analysis

The median follow-up duration was 24.0 months (range,
2 to 86 months). At the time of analysis, 70 patients
(40.0%) had disease progression and 59 patients (33.7%)
had died of esophageal cancer. At total, 68 patients
(38.9%) died. The 1-, 2-, 3-, and 5-year postoperative
DES rates for the patients in this study were 82.8, 63.9,
57.6, and 50.3%, respectively. The 1-, 2-, 3-, and 5-year
postoperative DSS rates for the patients in this study
were 91.0, 73.4, 60.9, and 51.0%, respectively. The 1-, 2-,
3-, and 5-year postoperative OS rates for the patients in
this study were 88.8, 72.4, 56.9, and 45.6%, respectively.

Histopathological TRG as a prognostic factor

Histopathological TRG was found to be strongly associ-
ated with survival. When the patients were categorized
according to Becker system (TRG 1la, TRG 1b, TRG 2,
and TRG 3), the 5-year DFS rates were 70.0% (median
time 72 months), 53.8% (non-reached), 43.0% (29
months), and 42.4% (32 months), 5-year DSS rates were
89.3% (median time non-reached), 56.7% (median time
non-reached), 49.0% (34 months), and 39.1% (36
months), and the 5-year OS rates were 72.2% (median
time 78 months), 50.0% (non-reached), 50.0% (34
months), and 34.1% (34 months), respectively. Significant
differences in DFS and DSS were observed between pa-
tients with TRG 1a/1b and TRG2/3 (P< 0.05) but not be-
tween patients with TRGla and TRGI1b (P> 0.05)
(Fig. 2). When the patients were categorized according
to Japanese system (Grade 0-1la, Grade 1b, Grade 2 and
Grade 3), the 5-year DFS rates were 38.8% (median time
32 months), 49.5% (36 months), 50.2% (non-reached)
and 70.0% (72 months), the 5-year DSS rates were 34.1%
(median time 36 months), 58.7% (non-reached), 49.0%
(58 months) and 89.3% (non-reached), and the 5-year
OS rates were 31.1% (median time 31 months), 52.8%
(non-reached), 45.4% (58 months) and 72.2% (78
months), respectively. Significant differences in DSS
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Table 1 Clinical and Histopathological Characteristics in 175 Patients With ESCC Treated With Neoadjuvant therapy Plus Surgical

Resection
n Percent (%) tumour regression grade (Becker) tumour regression grade (Japan)
TRG 1a-1b % P value Grade 2-3 % P value
Age 0.168 0231
<60 80 457 24 30.0 34 425
260 95 54.3 38 40.0 49 516
Gender 0.530 0.935
Female 27 154 11 40.7 13 48.1
Male 148 84.6 51 345 70 473
Anatomic location 0.118 0.221
Upper third 29 16.6 15 51.7 18 62.0
Middle third 82 469 25 30.5 37 451
Lower third 64 366 22 344 28 438
Size 0.004 <0.001
<3cm 90 514 41 456 58 64.4
23cm 85 486 21 247 25 294
Lymphovascular invasion <0.001 <0.001
Negative 118 674 59 50.0 70 593
Positive 57 326 3 53 13 228
Perineural growth <0.001 <0.001
Negative 119 68.0 58 48.7 73 613
Positive 56 320 4 7.1 10 179
Lymph-node metastasis <0.001 <0.001
Negative 92 526 46 50.0 57 62.0
Positive 83 474 16 19.3 26 313
ypN-stage <0.001 <0.001
ypNO 2 526 46 500 57 62.0
ypN1 51 29.1 12 308 20 39.2
ypN2 23 13.1 4 174 6 26.1
ypN3 9 5.1 0 0 0 0
Type of neoadjuvant <0.001 <0.001
Chemotherapy 108 61.7 23 213 30 278
Chemoradiotherapy 67 383 39 582 53 79.1
tumour regression grade (Becker)
TRG1a 26 14.9
TRG1b 36 20.6
TRG2 33 18.9
TRG3 80 457

tumour regression grade (Japan)

GO-1a 64 366
G1b 28 16.0
G2 57 326

G3 26 149
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of treatment effect

Fig. 1 Histologic examples of different extent of visual residual tumour cells (VRTC) in ESCC treated with neoadjuvant therapy and surgery (100x):
a no VRTC: evident fibrosis and chronic inflammatory infiltrate without detectable tumor cells (TRG 1a according to Becker system or Grade 3
according to Japanese system); b little VRTC: fibrosis with rare small groups of tumor cells (TRG 1b according to Becker system or Grade 2
according to Japanese system); ¢ many VRTC: fibrosis and tumor cells with preponderance of tumor cells; and d no regression response: no signs

were observed between patients with Grade 3 and those
with Grade 0-1a, 2 and 3 (P< 0.05) (Fig. 3).

Independent prognostic factors

The univariate analysis showed a significant DFS differ-
ence in 5 factors: tumour grade, lymphovascular inva-
sion, perineural growth, LNM, and TRG. The univariate
analysis showed a significant DSS difference in 6 factors:
tumour size, lymphovascular invasion, perineural
growth, LNM, and TRG. The multivariate analysis iden-
tified that TRG (Becker system) (HR, 2.050; 95% ClI,
1.084 to 3.878 for DFS) (HR, 2.367; 95% CI, 1.123 to
4.991 for DSS) was potentially independent factor of
DFS and DSS. Beside TRG, LNM (HR, 1.770; 95% CI,
1.069 to 2.932 for DFS) (HR, 2.496; 95% CI, 1.416 to
4.402 for DSS) was also independent factor of DFS and
DSS (Table 2).

Discussion

In the present study, we retrospectively analyzed the
clinicopathological data and outcomes of 175 patients
with ESCC who underwent nCT or nCRT followed by
surgery and elucidated the relationships between the
clinicopathological characteristics. We designed the
current investigation specifically focusing on patients
with ESCC, which is the most common histological sub-
type of EC, particularly in China [2]. To the best of our

knowledge, less related study has been conducted in
China.

Neoadjuvant therapy

Prior to the emergence of chemotherapy and radiother-
apy, surgical resection had been the curative treatment
of first choice in EC. At present, neoadjuvant therapy is
used widely for patients with locally advanced EC. Evi-
dence indicates that neoadjuvant therapy (nCT or
nCRT) significantly improves survival in patients with
locally advanced EC compared with surgery alone [4, 6,
7]. In our series, the 5-year survival rate was 45.6%. In
our center, the 5-year survival rate was 39.7% for pa-
tients undergoing surgery alone [24]. Other results [25]
showed significant 13% increase in 5-year survival for
neoadjuvant therapy plus surgery as compared with sur-
gery alone.

A reliable prognostic factor for ESCC patients under-
going neoadjuvant therapy is lacking. As preoperative
neoadjuvant therapy has been used increasingly in the
management of locally ESCC patients, the identification
of potential prognostic parameters in these patients has
recently gained momentum.

Histopathological evaluation of tumour response
Histopathological tumour response after neoadjuvant
therapy is believed to be an important objective factor
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and has been shown to have prognostic value in several
studies [12—14, 26]. Response of the primary tumour
can range from the absence of response to a total
response with no VRTC. There is a consensus that the
patients with pathologic complete response after neoad-
juvant therapy benefit from these treatment modalities
with 5-year survival rates up to 60% [25, 27, 28]. Partial
tumour response is a matter of ongoing debate with
controversial results from different trials [23, 29].

There are several classification systems available in
the literature, with classification of responders varying
from a 1 to 50% of VRTC [15, 30]. We present a
brief review of the literature on classification systems
used to assess the pathologic response to preoperative
neoadjuvant therapy, and outline the most commonly
used TRG systems, to assess if tumour regression

does predict statistically significant improvement in
OS and DFS.
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TRG systems of Becker

Among these systems, Becker et al. categorized TRG
into four grades (TRGla, 0%, TRG1b, 1-10%, TRG2,
11-50% and TRG3, >50%), which reflected prognosis
and survival in a more object manner and widely ac-
cepted in tumour regression evaluation [19]. A step-by-
step increase in tumour regression should be paralleled
by a step-by-step increase in survival, however, some au-
thors have argued whether the prognosis of cases show-
ing 1-10% VRTC is inferior than those of patients with
0% VRTC [15, 31-33].

We reported a 5-year DFS rates of 70.0%, a DSS rate
of 89.3% and an OS rate of 72.2% in TRGla, a 5-year
DES rates of 53.8%, a DSS rate of 56.7% and an OS rate
of 50.0% in TRG1b, a 5-year DFS rates of 43.0%, a DSS
rate of 49.0% and an OS rate of 50.0% in TRG2, and a 5-
year DEFS rates of 42.4%, a DSS rate of 39.1% and an OS
rate of 34.1% in TRG3. TRG1la or TRG1b have been as-
sociated with a statistically significant survival benefit
compared with other regression classes. However, no
statistically significant difference could be detected be-
tween TRG1a (0% VRTC) and TRG1b (1-10% VRTC) in
our patients. Consistent with our results, recently pub-
lished data indicated that no statistically significant dif-
ference could be detected between pathologic complete
remission and microscopic residual disease in patients
with EC, and TRG 1la-1b showed a statistically signifi-
cant survival benefit compared with other regression
classes [31, 34, 35]. This has also been reported for pa-
tients with non-small cell lung cancer [36], rectal cancer
[37], as well as locally advanced gastric cancer [19]
treated with neoadjuvant therapy. In our study, multi-
variate analysis confirmed that TRG according to Becker
system was a potentially independent prognostic factor.

TRG system of the Japanese classification of esophageal
cancer

The TRG system of the Japanese Classification of
Esophageal Cancer was widely used in Japanese ESCC
specimens [23, 30, 38]. Given the same histological sub-
type in China, Japanese grading system was also evalu-
ated in our study: GO-la, more than 2/3 residual
carcinoma, G1b, 1/3 to 2/3 residual carcinoma, G2, <1/
3 residual carcinoma and G3, 0% residual carcinoma [20,
21]. Our date demonstrated that OS was best for pa-
tients with G3 and worst for patients with GO-1a, but
there was no statistical difference in survival between pa-
tients with G1b and G2, who were in an intermediate
prognostic category. The system was not significantly as-
sociated with DFS and OS in our multivariate analysis.

Comparison between Becker and Japanese system
The main difference between Becker system and Japa-
nese system was the classification of patients with
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minimal residual tumour (1-10% VRTC). Becker system
divided these patients into TRG 1b, as an independent
group, who had the similar 5-year survival rates as the
whole cohort. Japanese system incorporated these pa-
tients into G2 (< 1/3 VRTC) [19-21]. Studies using clin-
ical response classifications according to Japanese
grading system might underestimate the number of pa-
tients (1-10% VRTC) with an impressive survival bene-
fit. However, these studies distinguished the group with
partial response (< 1/3 VRTC) and the group with less
response (>2/3 VRTC), which recognized more patients
with a survival benefit [23]. With the comparison of the
two systems, we believed that the percentage of VRTC
could also be used in regular pathology report, which
would make the further study understandable and
comparable.

Conclusion

In this study, we concluded that TRG according to both
Becker system and Japanese system had its advantage in
risk stratification of ESCC patients undergoing neoadju-
vant therapy plus surgery. Based on Becker system, TRG
was potentially independent predictors of patient out-
come, which was not found based on Japanese system.
The classification of cases showing 1-10% VRTC made
the grouping different. We would like to recommend
not only TRG according to Becker’s, Japanese and other
systems but also the percentage of VRTC should be re-
ported in the pathology evaluation, which could make
study results more comparable among different research
groups, and more understandable for oncologists in the
clinical practice. Our findings might represent a valuable
addition to the current literature in light of the increas-
ing histopathologic response evaluation of neoadjuvant
therapy in ESCC.
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