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Backgrounds: Trimodal therapy (neoadjuvant chemoradiotherapy followed by
esophagectomy) for locally advanced esophageal squamous cell carcinoma
(ESCQ) is associated with a significant survival benefit. Modified Ryan score is
an effective tool to evaluated the tumor regression grade (TRG) after
neoadjuvant therapy. The aim of this study was to evaluate the prognostic
value of TRG for overall survival (OS) and disease-free survival (DFS) in ESCC
patients undergoing neoadjuvant chemoradiation.

Methods: The study retrospectively reviewed 523 ESCC patients who
underwent neoadjuvant chemoradiotherapy and radical esophagectomy at
Jinling Hospital from January 2014 to July 2020. Kaplan—Meier curves with
log-rank test and Cox regression model were used to evaluate the
prognostic factor of TRG based on modified Ryan scoring system on OS and
DFS.

Results: After application of inclusion and exclusion criteria, 494 patients with
ESCC following neoadjuvant chemoradiotherapy and radical esophagectomy
were available for analysis. The TRG scores are significantly associated with
smoke history (p=0.02), lymphovascular invasion (LVI) and/or peripheral
nerve invasion (PNI) (p<0.01), and postoperative adjuvant therapy (p <0.01).
Meanwhile, tumor characteristics including tumor length (p<0.01) and
tumor differentiation grade (p<0.01) are also significantly associated with
TRG score. The results of multivariable Cox regression modal showed that TRG
is not an independently prognostic factor for OS (p = 0.922) or DFS (p = 0.526)
but tumor length is an independently prognostic factor for DFS (p = 0.046).
Conclusions: This study evaluated the prognostic value of modified Ryan scoring
system for ESCC after trimodal therapy and concluded that modified Ryan scoring
system can predict survival and recurrence rates but is not an independently
prognostic factor for OS and DFS.

KEYWORDS

esophageal squamous cell carcinoma, neoadjuvant chemoradiotherapy,
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Introduction

Esophageal cancer (EC) is now the sixth leading cause of
deaths the
gastrointestinal cancer after gastric carcinoma

second  deadliest
(1). The
morbidity of EC varies extremely from areas and countries.
Literatures reported that about 200,000 people die of EC
annually worldwide and most cases of EC are diagnosed at an

cancer worldwide and

advanced stage (2). Esophageal squamous cell carcinoma
(ESCC) is the most common EC in China. Although
tremendous improvement of therapeutic modalities has been
seen recently, the ESCC patient’s quality of life remains poor
and the 5-year survival rate rarely exceeds 40% (1). Currently,
the standard treatment for clinical stages I/II/III (except for
T4) ESCC is based on a combination of esophagectomy with/
without adjuvant with/without neoadjuvant chemotherapy or
3). surgery
therapy for locally advanced disease is

chemoradiotherapy Relative  to alone,
multimodality
associated with a significant survival benefit. It has been
reported that EC patients could benefit from neoadjuvant
therapy, and thus the standard treatment for these patients is
neoadjuvant therapy followed by surgery (4).

The

neoadjuvant chemoradiotherapy is primarily based on the

long-term  survival after esophagectomy with
neoadjuvant treated TNM (ypTNM) staging according to the
eighth American Joint Committee on Cancer (AJCC) staging
system for esophageal cancer (5). However, the tumor
characteristics generally are not used for prognosis. Neither
tumor characteristics, such as tumor length, tumor histology,
or tumor differentiation grade, nor tumor regression grade
(TRG) are incorporated in the 8t AJjCC ypTNM staging (6).
The number of ESCC patients undergoing neoadjuvant
chemoradiotherapy followed by surgery has been increasing,
and it is necessary to explore which pathological factors in
addition to ypTNM might be associated with an overall
survival (OS) and disease-free survival (DFS).

The influence of the tumor length and tumor differentiation
of EC on survival has been assessed in ESCC or mixed cohorts
with ESCC and esophageal adenocarcinoma (EAC) (7, 8).
Generally, patients with a shorter tumor length and a
favorable tumor differentiation grade have a better long-term
survival than patients with adverse tumor characteristics. A
number of TRG scoring systems are used to assess the
effectiveness of neoadjuvant therapy (9). One of these is the
Ryan scoring system, based on the ratio of residual cancer
cells to the amount of fibrosis (10). The Ryan scoring system
ranges from 1 (complete or near-complete response) to 3
The
reproducibility and prognostic value of Ryan scoring system

(poor or not response to neoadjuvant therapy).

were extensively studied in a variety of cancers, in which

Ryan scoring system has been proved to be a reliable
instrument to classify the tumor regression (9, 11). Modified
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Ryan scoring system was subsequently introduced to divide
score 1 into two group: score 0 (complete response) and score
1 (near-complete response), which was more precise to
stratify the patients
compared with Ryan scoring system (11).

Accordingly, the 8" AJCC considers TRG an additional
prognostic factor for rectal cancers after neoadjuvant

undergoing neoadjuvant therapy

therapy but failed to add this into the staging system (12,
13). However, whether TRG graded based on modified
Ryan scoring system could be considered as a prognostic
factor in addition to ypTNM in patients undergoing
neoadjuvant  chemoradiotherapy —and  esophagectomy
remains controversial. Therefore, we performed this large-
scale retrospective study to evaluate the independent
relationship of post-treatment pathologic regression with

OS and DFS in ESCC.

Methods
Patients

The study retrospectively reviewed 523 ESCC patients who

underwent neoadjuvant chemoradiotherapy and radical
esophagectomy at Jinling Hospital from January 2014 to July
2020. This

institutional review board. All the patients were informed

study was approved by Jinling Hospital
concerning the risks of the neoadjuvant/adjuvant therapy and
esophagectomy.

The inclusion criteria are listed as follows: (1) patients
pathologically were diagnosed as ESCC before treatment; (2)
patients received neoadjuvant chemoradiotherapy and
esophagectomy; (3) patients were staged according to the
American Joint Committee on Cancer (AJCC) 8" edition (5)
(5); detailed data on the pathological information and tumor
regression grade were collected (6); patients were assessed as
negative surgical margin pathologically after radical
esophagectomy with RO resection. Patients were excluded if
they: had missing data of pathological information, had
unknown tumor regression grade, or had pathologic Ml
disease. The CONSORT diagram (Figure 1) shows the

inclusion and exclusion criteria of our study.

Tumor regression grade

We referred to the modified Ryan scoring system to score
tumor regression grades (TRGs) (10). The TRG 0-3 are
defined as follows: TRG 0: no viable cancer cells (complete
response); TRG 1: single cell or rare small groups of cancer
cells (near complete response); TRG 2: residual cancer with
evident tumor regression but more than single cell or rare
small groups of cancer cells (partial response); TRG 3:
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cell carcinoma

edition

resection
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January 2014 to July 2020

. Patients were diagnosed as esophageal squamous
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. Patients were assessed as negative surgical margin
pathologically after radical esophagectomy with RO

v
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(31.0%) (18.0%) (37.7%) (13.4%)
FIGURE 1
CONSORT diagram.
extensive residual cancer with no evident tumor regression FOllOW-up

(poor or not response). Three pathologists reexamined the
results of the pathological sections, and the final TRG had to
be agreed upon by two or more pathologists.

Patients were divided into “TRG 0’, “TRG 17, “TRG 2” or
“TRG 3” groups for log-rank test, Kaplan-Meier analysis, and
Cox regression analysis. Meanwhile, patients were further
divided in to two groups (TRG 0-1 and TRG 2-3) for
subgroup analysis stratified by patients’ characteristics.
Demographic characteristics, operative data, postoperative
complications, and pathological information were collected on

all patients.
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Patients were followed up every 3 months for the first 2
years, and then every 6 months thereafter. Neck and
abdominal ultrasound, chest CT, gastroscopy, and blood test
were performed on the basis of patient’s symptoms during
follow-up. The patient status (including death and survival),
and the tumor status (including tumor recurrence and
metastasis), and the patient loss of follow-up were all
documented. Our follow-ups were implemented via telephone
or outpatient department visit. The last follow-up was
conducted in April 1, 2022.
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Neoadjuvant therapy

The selection of neoadjuvant therapy depended on
preoperative clinical stage of EC patients. Neoadjuvant
chemoradiotherapy was routinely administered for patients
with ¢N1-3 and/or cT4a-b. Neoadjuvant chemoradiotherapy
included 2 cycles of chemotherapy with sequential or
concurrent radiotherapy. The neoadjuvant chemoradiotherapy
treatment cycle was 3 weeks (treatment during weeks 1 and
4). Pacilitaxel in a dose of 175 mg/m? (day 1) or carboplatin
in a dose of AUC 5 (day 1), with a combination of cisplatin
in the amount of 75 mg/m?®/24 h (days 1-2 or days 1-3), was
given intravenously. Patients received concurrent radiation to
a total dose of 50 gray (Gy), delivered in 2.0 Gy per fractions,
starting at day 1 of the first chemotherapy cycle (week 1) and
ending at the completion of the second chemotherapy cycle
(week 4). Sequential radiation to the same doses was arranged
after end of the second chemotherapy cycle. Intensity-
modulated radiotherapy technique was used to perform
radiotherapy in all patients.

Surgical procedure and pathology

The
examinations of the patients and their general condition.

surgical options depended on preoperative
McKeown esophagectomy with cervical anastomoses or Ivor-
Lewis esophagectomy with thoracic anastomoses combining
with radical lymph node dissection were performed in a
standardized manner. Meanwhile, the gastric conduit was the
means of reconstruction during esophagectomy. Surgeons
then separated the dissected lymph nodes from the resected
esophagus and peri-esophagus tissues.

pathologists fixed the dissected specimens, then embedded

Two experienced

and stained them with diaminobenzidine chromogen
counterstain solution and hematoxylin to routinely assess
resected specimens histologically and pathologically. The
status of lymphovascular invasion (LVI) and peripheral nerve

invasion (PNI) were also evaluated.

Adjuvant therapy

In our institution, adjuvant therapy selection was
determined by a multidisciplinary team or by patients’
preference. Generally, cisplatin, taxane and/or 5-fluorouracil
were included in the chemotherapy regimen. External beam
radiation with a total dose of 45 to 50.4 Gy (1.8-2.0 Gy/d)
was utilized to administer radiotherapy by using three-
dimensional conformal radiation. Chemoradiotherapy was the
radiotherapy conducted from the first day of the first

chemotherapy cycle. Keytruda or Opdivo combined with
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radiotherapy was administrated for patients undergoing

adjuvant immnoradiotherapy. Usually, adjuvant therapy

started 4 to 6 weeks after surgery.

Statistical analysis

Pearson’s Chi-square tests or Fisher exact test was used to
compare categorical variables expressing as frequencies. The
independent-sample Student’s t-test or the Mann-Whitney
non-parametric U-test was used to compare continuous
variables expressed as mean#standard deviation. Kaplan-Meier
curves were used to analyze overall survival (OS) and disease-
free survival (DFS), and the log-rank test was employed to
Cox
regression model was used to determine pathologic variables

determine statistical significance between groups.
independently associated with OS and DFS. Variables were
selected for multivariate Cox-regression model entry if p<
0.05 on univariate analysis. In addition, factors with a p-
Value < 0.05 in univariate analysis were further analyzed in a
multivariate Cox proportional hazards model using a
backwards model selection procedure (elimination criterion: p
<0.10). Finally, factors that were included in the final model
were used to build the nomogram and risk classification
system. All tests were two-sided, and p <0.05 was considered
All

implemented with R (version 3.5.3).

as statistical significance. statistical ~analysis  was

Results
Patient characteristics

After application of inclusion and exclusion criteria, 494
patients with ESCC following neoadjuvant chemoradiotherapy
and radical esophagectomy were available for analysis.
Demographic characteristics, comorbidities, operative data,
postoperative complications, and pathological information of
included patients are displayed in Table 1. Complete response
(TRG 0) was reported in 153 (31.0%) patients, near complete
response (TRG 1) in 89 (18.0%) patients, partial response
(TRG 2) in 186 (37.7%) patients, and poor or not response
(TRG 3) in 66 (13.4%) patients. Adjuvant therapy was
documented for in 159 (32.2%) patients. The tumors were
graded as well and moderately differentiated (n =133, 24.7%),
or poorly differentiated (n =161, 32.6%). For 200 patients
(40.5%), the grade could not be determined (Gx). The median
of tumor length was 3 cm, which was used as the cut-off
value of tumor length. There were 186 (37.7%) patients
having a tumor length more than 3 cm and the remaining
308 (62.3%) patients had a tumor length less than or equal to
3 cm.
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TABLE 1 Patient characteristics.

Variable All cohort No. (%) (n=494)
Gender
Male 404 (81.8%)
Female 90 (19.2%)
Missing 0 (0.0%)
Age (year)
<70 425 (86.0%)
>70 69 (14.0%)
Missing 0 (0.0%)
Smoke
Yes 252 (51.0%)
No 240 (48.6%)
Missing 2 (0.4%)
Tumor site
Upper 61 (12.3%)
Middle 228 (46.2%)
Lower 205 (41.5%)
Missing 0 (0.0%)

Tumor length (cm)
<3cm
>3 cm
Missing
ypTNM
I
I
IIIA
I11B
IVA
Missing
ypT

TO

T1

T2

T3

Missing
ypN

NO

N1

N2

N3

Missing
ypPM

Mo

M1

Missing

Tumor differentiation
GI-2
G3

308 (62.3%)
186 (37.7%)
0 (0.0%)

233 (47.2%)
75 (15.2%)
55 (11.1%)
116 (23.5%)
15 (3.0%)
0 (0.0%)

167 (33.8%)
70 (14.2%)
72 (14.6%)
185 (37.4%)
0 (0.0%)

308 (62.3%)
122 (24.7%)
49 (9.9%)
15 (3.0%)
0 (0.0%)

494 (100%)
0 (0.0%)
0 (0.0%)

133 (24.7%)
161 (32.6%)
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TABLE 1 Continued

Variable All cohort No. (%) (n=494)
Gx 200 (40.5%)
Missing 0 (0.0%)

LVI and/or PNI

Yes 121 (24.5%)
No 373 (75.5%)
Missing 0 (0.0%)

Complications (Clavien-Dindo)

Grade [ 78 (15.8)
Grade 11 156 (31.6%)
Grade I1I 30 (6.1%)
Grade IV 7 (1.4%)
Missing 0 (0.0%)

Postoperative Adjuvant Therapy

Yes 159 (32.2%)
No 335 (67.8%)
Missing 0 (0.0%)
Tumor regression grade
TRG 0 153 (31.0%)
TRG 1 89 (18.0%)
TRG 2 186 (37.7%)
TRG 3 66 (13.4%)
Missing 0 (0.0%)

LVI, lymphovascular invasion; PNI, peripheral nerve invasion; TRG, tumor
regression grade.

Characteristics associated with TRG

Patients were divided in to two groups (TRG 0-1 and TRG
2-3) for comparison. The analysis of characteristics associated
with TRG was showed in Table 2. The TRG score is
significantly associated with smoke history (p=0.02), LVI
and/or PNI (p <0.01), and postoperative adjuvant therapy (p
<0.01). Meanwhile, tumor characteristics including tumor
length (p<0.01) and tumor differentiation grade (p <0.01)
are also significantly associated with TRG scores. Patients with
poor response to neoadjuvant chemoradiotherapy (TRG2-3)
were more likely to have: smoke history, longer tumor length,
poorer tumor differentiation grade, poorer tumor stage, more
positive lymph nodes, advanced stage, lymphovascular and
peripheral nerve invasion.

Survival analysis
The median follow-up was 13.6 months (interquartile range
6.9-24.7 months) for the overall cohort. In all cohort, the OS

rate was 81.8% (95% CI: 78.1-85.5%) after 1 year, 58.7%
(51.8-65.6%) after 3 years, and 54.8% (45.0-64.6%) after 5
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TABLE 2 Patient characteristics associated with tumor regression
grade.

Variables TRG 0-1 (n=242) TRG 2-3 (n=252) p-
No. (%) No. (%) Value
Gender 0.13
Male 191 (78.9%) 213 (84.5%)
Female 51 (21.1%) 39 (15.5%)
Missing 0 (0.0%) 0 (0.0%)
Age (year) 0.12
<70 202 (83.5%) 223 (88.5%)
>70 40 (16.5%) 29 (11.5%)
Missing 0 (0.0%) 0 (0.0%)
Smoke 0.02
Yes 111 (45.9%) 141 (56.0%)
No 131 (54.1%) 109 (43.3%)
Missing 0 (0.0%) 2 (0.8%)
Tumor site 0.18
Upper 24 (9.9%) 37 (14.7%)
Middle 110 (45.5%) 118 (46.8%)
Lower 108 (44.6%) 97 (38.5%)
Missing 0 (0.0%) 0 (0.0%)
Tumor length 0.00
(cm)
<3cm 187 (77.3%) 121 (48.0%)
>3 cm 55 (22.7%) 131 (52.0%)
Missing 0 (0.0%) 0 (0.0%)
yPTNM 0.00
I 194 (80.2%) 39 (15.5%)
I 6 (2.5%) 69 (27.4%)
IITA 30 (12.4%) 25 (9.9%)
111B 8 (3.3%) 108 (42.9%)
IVA 4 (1.7%) 9 (3.6%)
Missing 0 (0.0%) 0 (0.0%)
ypT 0.00
TO 161 (66.5%) 6 (2.4%)
T1 47 (19.4%) 23 (9.1%)
T2 24 (9.9%) 48 (19.0%)
T3 10 (4.1%) 175 (69.4%)
Missing 0 (0.0%) 0 (0.0%)
ypN 0.00
NoO 199 (82.2%) 109 (43.3%)
N1 34 (14.0%) 88 (34.9%)
N2 5 (2.1%) 44 (17.5%)
N3 4 (1.7%) 9 (3.6%)
Missing 0 (0.0%) 0 (0.0%)
Tumor 0.00
differentiation
Gl1-2 32 (13.2%) 101 (40.1%)
G3 28 (11.6%) 133 (52.8%)
Gx 182 (75.2%) 18 (7.1%)
(continued)
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TABLE 2 Continued

Variables TRG 0-1 (n=242) TRG 2-3 (n=252) p-
No. (%) No. (%) Value
Missing 0 (0.0%) 0 (0.0%)
LVI and/or PNI 0.00
Yes 10 (4.1%) 111 (44.0%)
No 232 (95.9%) 141 (56.0%)
Missing 0 (0.0%) 0 (0.0%)
Postoperative 0.00
adjuvant
therapy
Yes 55 (22.7%) 104 (41.3%)
No 187 (77.3%) 148 (58.7%)
Missing 0 (0.0%) 0 (0.0%)

TRG, tumor regression grade; LVI, lymphovascular invasion; PNI, peripheral
nerve invasion.

years. Meanwhile, the DFS rate was 75.8% (71.7-80.0%) after 1
year, 53.4% (46.9-59.9%) after 3 years, and 54.8% (39.5-
70.1%) after 5 years. When comparing patients with different
TRG, patients with poorer response had a significantly
shorter post-resection OS and DFS compared with those
with better response (Log-Rank, OS: p<0.01; DES: p <0.01,
Figure 2). Patients were then divided in to two groups (TRG
0-1 and TRG 2-3) for comparison. The OS and DFS of
patients with poor response (TRG 2-3) were significantly
shorter than those with complete response (TRG 0-1)
(Figure 3).

Cox regression analysis

The results of univariate and multivariate Cox regression
were showed in Tables 3, 4. The ypTNM stage and 3 tumor
characteristics including tumor length, tumor differentiation
grade and TRG were included for univariate Cox regression.
The results showed that the ypITNM stage and 3 tumor
characteristics were all significantly associated with OS and
DFS. Patients with worse OS and DFS were more likely to
have: longer tumor length, poorer tumor differentiation grade,
poorer TRGs, and more advanced ypTNM stage. These four
variables were selected for multivariate Cox regression model
entry due to p<0.05 on univariate analysis. The results of
Cox regression analysis on OS shows that only ypTNM stage
are independently prognostic factor for OS in patients
undergoing trimodal therapy. The results of Cox regression
analysis on DFS shows that both ypTNM stage and tumor
DES.
However, TRG is not an independently prognostic factor for
0S (p=0.922) or DFS (p=0.526).

length were independently prognostic factors for
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Building and validating the novel
nomogram

Multivariate Cox proportional hazards model by using a
backwards model selection procedure was utilized to analyze the
factors with a P-value < 0.05 in univariate analysis. Finally, factors
including ypTNM stage and tumor length were identified as
independent predictors of DFS and were included in the predictive
model (Supplementary Table S1). The predictive model was
virtually presented in the form of a nomogram (Supplementary
Figure S1). The C-index of the novel nomogram was 0.702,
reflecting the good discrimination ability of the model.

Discussion

Esophagectomy with radical lymphadenectomy is the
primary treatment for localized ESCC. Recently, preoperative
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chemoradiation has become the standard treatment among
most patients with potentially curable ESCC, since the CROSS
Group reported good results of neoadjuvant therapy (14, 15).
Therefore, concurrent neoadjuvant chemoradiotherapy
followed by surgery has been considered as a preferred
treatment strategy for these patients diagnosed as ESCC in
China. Many systematic reviews concluded that preoperative
chemoradiation could be an effective treatment for locally
advanced esophageal cancer, since it reduces margin-positive
resections and improves survival rates (16). Recently, tumor
regression grade has been introduced to evaluate the efficacy
of neoadjuvant therapy (9). Complete pathologic response to
neoadjuvant therapy has been proved to be associated with
higher survival rates and lower recurrence rates and is,
therefore, a vital prognostic factor.

Many scoring systems have been proposed to evaluate
pathologic response. Mandard et al. (17) first reported a five-

tier system for assessing TRG in esophageal carcinoma in
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FIGURE 3
Comparison of overall survival (OS) and disease-free survival (DFS) between two groups (TRG 0-1 vs. TRG 2-3). (A) Comparison of OS between two
groups (TRG 0-1 vs. TRG 2-3). (B) Comparison of DFS between two groups (TRG 0-1 vs. TRG 2-3).

1994. Subsequent studies validated its efficacy of predicting
long-term survival. Afterwards, Chirieac et al. (18) introduced
a three-tier system in 2005 and Schneider et al. (19) published
a four-tier system that considers lymph node involvement.
Each one of these systems emphasizes determinate histological
features, evaluating the presence/absence of residual cancer
cells differently. In the same year, Ryan et al. (10) reported a
practical three-point system to assess TRG of patients with
locally advanced rectal adenocarcinoma who underwent
neoadjuvant therapy. Compared with other systems, it is
associated with better reproducibility and more concordance
between pathologists. The use of Ryan scoring system for
ESCC and its correlation with OS, DFS, and recurrence of
disease is currently unprecedented (11). Ryan scoring system
enables easier and more clear-cut scoring than other scoring
systems and can predict long-term survival and recurrence.
Takeda et al. (11) in 2019 first introduced Ryan scoring
system to evaluate the efficacy of neoadjuvant therapy and
explore its correlation with survival outcomes. They used a
three-tier system, in which score 1 was defined as complete
response (no viable cancer cells) or near-complete response
(single cells or rare small groups of cancer cells). Their study
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concluded that Ryan score predicts survival and recurrence
rates. However, several limitations existed in their study.
Three-tier system could not precisely stratify the EC patients
undergoing trimodal therapy. Therefore, in our study the
modified Ryan scoring system (a four-tier system) was
evaluated for prognosis. In this system, the Score 1 was
divided into two scores: TRG 0 (complete response) and
TRG 1 (near complete response). On the other hand, the
study by Takeda et al. (11) only used univariable Cox
regression modal to evaluate the prognostic value of Ryan
scoring system. Therefore, whether Ryan scoring system
could be an independently prognostic factor for EC patients
remains unclear. The results of our study showed that
modified Ryan scoring system is not an independently
for OS or DFS in ESCC patients
undergoing trimodal therapy. Furthermore, only ESCC

prognostic  factor

patients were included in our study, which is different from
the study by Takeda et al. in which ESCC and EAC patients
were both included.

The primary purpose of this study was to evaluate the
prognostic impact of TRG preoperative
chemoradiotherapy on OS and DFS in ESCC patients. The

after
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TABLE 3 Impact of treatment outcome and prognostic relevance on overall survival and disease-free survival.

Univariate analyses 3-year OS % (95% CI)

Overall survival

3-year DFS % (95% CI) Disease-free survival

Variables HR (95% CI) p- HR (95% CI) p-
Value Value
ypTNM stage 0.000 0.000
I 79.9 (70.5-89.3) 1 (ref) 74.4 (66.2-82.6) 1 (ref)
1I 67.0 (52.5-81.5) 2.193 (1.184-4.064) 62.7 (48.4-77.0) 1.730 (1.017-2.941)
IIIA 56.5 (37.9-75.1) 3.343 (1.802-6.202) 52.2 (32.4-72.0) 2.143 (1.224-3.750)
IIB 28.6 (16.8-40.4) 5.285 (3.300-8.466) 21.7 (11.1-32.3) 4.266 (2.874-6.333)
IVA 0.0 (0.0-0.0) 15.708 (7.592-32.499) 0.0 (0.0-0.0) 13.676 (7.034-26.592)
Tumor length (cm) 0.000 0.000
<3 68.2 (58.6-77.8) 1 (ref) 63.5 (54.9-72.1) 1 (ref)
>3 47.1 (37.7-56.5) 2.246 (1.572-3.210) 41.0 (31.8-50.2) 2.152 (1.567-2.955)
Tumor differentiation 0.000 0.000
Gl-2 56.6 (43.5-69.7) 1 (ref) 50.2 (63.1-63.1) 1 (ref)
G3 43.9 (32.7-55.1) 1.703 (1.119-2.592) 37.5 (26.7-48.3) 1.595 (1.095-2.324)
Gx 73.4 (64.8-82.0) 0.605 (0.375-0.979) 72.7 (64.1-81.3) 0.590 (0.386-0.902)
Tumor regression grade 0.000 0.000
TRG 0 95.2 (91.7-98.7) 1 (ref) 71.4 (60.8-82.0) 1 (ref)
TRG 1 63.5 (41.2-85.8) 1.259 (0.640-2.476) 62.0 (43.8-80.2) 1.058 (0.591-1.894)
TRG 2 54.9 (45.3-64.5) 2.432 (1.488-3.975) 48.0 (38.6-57.4) 2.045 (1.345-3.107)
TRG 3 29.3 (14.0-44.6) 3.790 (2.201-6.527) 25.1 (10.4-39.8) 3.042 (1.888-4.902)
OS, overall survival; DFS, disease-free survival; TRG, tumor regression grade.
TABLE 4 The multivariate analysis of overall survival and disease-free survival.
Multivariate analyses Overall survival Disease-free survival
Variables HR 95% CI of HR p-Value HR 95% CI of HR p-Value
ypTNM stage 0.000 0.000
IIvs. I 2.074 0.957-2.120 1.586 0.786-3.200
IITA vs. I 3.139 1.588-6.204 2.014 1.086-3.735
IIIB vs. I 5.222 2.709-10.066 4.097 2.234-7.516
IVA vs. I 11.804 4.803-29.010 15.708 7.592-32.499
Tumor length (cm) 0.067 0.025
>3vs. <3 1.439 0.976-2.120 1.485 1.051-2.099
Tumor differentiation 0.149 0.114
G3 vs. G1-2 1.535 0.996-2.365 1.416 0.963-2.082
Gx vs. G1-2 1.264 0.672-2.378 0.913 0.494-1.687
Tumor regression grade 0.922 0.526
TRGI1 vs. TRGO 0.763 0.355-1.643 0.610 0.308-1.207
TRG2 vs. TRGO 0.845 0.354-2.017 0.670 0.312-1.439
TRG3 vs. TRGO 0.829 0.324-2.124 0.605 0.262-1.396

TRG, tumor regression grade.

secondary aim of this study was to assess the prognostic impact
of tumor characteristics including tumor length and tumor
differentiation on OS and DFS. To our knowledge, this is the
first study based on 8" AJCC ypTNM staging and modified
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Ryan scoring system to investigate the prognostic impact of
tumor characteristics including tumor length, tumor
differentiation, and TRG on OS and DFS in ESCC patients
undergoing trimodal therapy.
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The results of the present study showed that smoke status
and tumor length of patients could influence the pathologic
response to neoadjuvant chemoradiotherapy. Patients who
had smoke history were more likely to have poor response to
neoadjuvant therapy. When the tumor length of patients was
more than 3 cm, the risk of poor response also increased.
Hollis et al. (8) conducted a retrospective analysis including
358 patients and found that tumor size is associated with
tumor grade, pathological T and N stages, and prognosis.
Several previous studies on gastric cancer have also shown
that tumor size is related to TRG and prognosis (20-22), but
the mechanism has not been investigated. Meanwhile, the
results showed that TRG was not only correlated with the
tumor invasion status after neoadjuvant CRT, but also
associated with lymph node metastasis. The proportion of
ypN+patients in TRG 2-3 group were significantly higher
than that in TRG 0-1 group. This result indicated that
neoadjuvant chemoradiotherapy could concurrently improve
the status of lymph node metastasis in patients with complete
or near complete response. Remarkably, in patients
TRG was

significantly correlated with incidence of LVI and/or PNL

undergoing neoadjuvant chemoradiotherapy,
Numerous reports have demonstrated that LVI and PNI are
poor prognostic factors for patients with ESCC who have
undergone surgery. The present study indicated that patients
with complete response were less likely to have LVI and PNI,
which implied that neoadjuvant chemoradiotherapy could also
be an effective treatment to reduce the LVI and PNI of ESCC
patients. the of

chemoradiotherapy is not only to shrink the primary tumor,

In  general, purpose neoadjuvant
but also to prevent the early spread of systemic disease.

The results of our study showed that TRG at the primary
site were significantly correlated with systemic therapeutic
effects, including a better survival outcome and a reduction in
recurrence. Better long-term survival was observed in patients
with complete or near complete response. Meanwhile, the
univariable Cox regression analysis indicated that TRG could
be a prognostic factor for OS and DFS. However, this
prognostic effect was eliminated by the ypTNM stage in
multivariable Cox regression analysis, which indicated that
TRG was strongly associated with ypTNM stage. Therefore,
TRG is not an independently prognostic factor for OS and
DFS in ESCC patients undergoing trimodal therapy.

Tumor length was the only independently prognostic factor
for DFS in tumor characteristics. Patients with tumor length >
3cm had a 40% increased risk of death and recurrence
compared with patients with tumor length <3 cm (HR: 1.413,
95% CI: 1.006-1.985, p =0.046). The results implied that the
extent of tumor invasion is also an important prognostic
factor in addition to ypT stage, which may also be included in
the ypTNM staging system. The C-index of the novel
nomogram was 0.702, reflecting the good discrimination
ability of the model.
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addition to

complications are also an important factor affecting the

In tumor characteristics, perioperative
postoperative prognosis of patients with esophageal cancer
(23, 24). Multidisciplinary management of perioperative
complications remains an important way to improve the long-
term prognosis of patients.

There are several limitations inherent to the retrospective
to be

considered. Meanwhile, this study is a single-center research,

and observational nature of this study design
which may lead to selection bias. Therefore, controlled
prospective studies, with multi-center samples are warranted
to validate modified Ryan scoring system and evaluate its
concordance for ESCC. Furthermore, future studies should
different radiation field

neoadjuvant regimens other than taxane and platinum based.

evaluate setting and different

Conclusions

This study evaluated the prognostic value of modified Ryan
scoring system for ESCC after trimodal therapy and concluded
that modified Ryan scoring system can predict survival and
recurrence rates but is not an independently prognostic factor
for OS and DFS. The smoke status, tumor length, status of
LVI and PNI, and ypN stage are significantly correlated with
TRG score. Tumor length is an independently prognostic
factor for DFS in ESCC patients undergoing neoadjuvant
chemoradiation.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material, further

inquiries can be directed to the corresponding author/s.

Ethics statement

The studies involving human participants were reviewed
and approved by Jinling Hospital institutional review board.
The patients/participants provided their written informed
consent to participate in this study.

Author contributions

ZC and SY wrote the main manuscript text. WQ, XF, HLW
and CZZ prepared Tables 1-4 and Supplementary Table S1.
77, LC, QBM 1-3
Supplementary Figure reviewed

and QY prepared Figures and
S1. Al the
All authors contributed to the article and

authors
manuscript.
approved the submitted version.

frontiersin.org


https://doi.org/10.3389/fsurg.2022.1029575
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Zhang et al.

Funding

This work was supported by the National Natural Science
Foundation of China [81702444] and the Natural Science
Foundation of Jiangsu Province [BK20181239].

Acknowledgments

The authors would like to acknowledge the support of all
colleagues in department of Cardiothoracic Surgery in Jingling
Hospital.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their

References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: gLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer ] Clin. (2018) 68(6):394-424. doi: 10.3322/
caac.21492

2. Allemani C, Matsuda T, Di Carlo V, Harewood R, Matz M, Niksic M, et al.
Global surveillance of trends in cancer survival 2000-14 (CONCORD-3): analysis
of individual records for 37 513 025 patients diagnosed with one of 18 cancers
from 322 population-based registries in 71 countries. Lancet. (2018) 391
(10125):1023-75. doi: 10.1016/S0140-6736(17)33326-3

3. Li X, Chen L, Luan S, Zhou J, Xiao X, Yang Y, et al. The development and
progress of nanomedicine for esophageal cancer diagnosis and treatment. Semin
Cancer Biol. (2022) 86(Pt 2):873-85. doi: 10.1016/j.semcancer.2022.01.007

4. Mooney MM. Neoadjuvant and adjuvant chemotherapy for
esophageal adenocarcinoma. J Surg Oncol. (2005) 92(3):230-8. doi: 10.1002/jso.
20364

5. Sudo N, Ichikawa H, Muneoka Y, Hanyu T, Kano Y, Ishikawa T, et al. Clinical
utility of ypTNM stage grouping in the 8th edition of the American joint
committee on cancer TNM staging system for esophageal squamous cell
carcinoma. Ann Surg Oncol. (2021) 28(2):650-60. doi: 10.1245/s10434-020-
09181-3

6. Inada M, Nishimura Y, Ishikawa K, Nakamatsu K, Wada Y, Uehara T, et al.
Comparing the 7th and 8th editions of the American joint committee on cancer/
union for international cancer control TNM staging system for esophageal
squamous cell carcinoma treated by definitive radiotherapy. Esophagus. (2019)
16(4):371-6. doi: 10.1007/s10388-019-00675-y

7. Wang ZY, Jiang YZ, Xiao W, Xue XB, Zhang XW, Zhang L. Prognostic
impact of tumor length in esophageal cancer: a systematic review and meta-
analysis. BMC Cancer. (2021) 21(1):988. doi: 10.1186/s12885-021-08728-1

8. Hollis AC, Quinn LM, Hodson ], Evans E, Plowright J, Begum R, et al.
Prognostic significance of tumor length in patients receiving esophagectomy for
esophageal cancer. J Surg Oncol. (2017) 116(8):1114-22. doi: 10.1002/js0.24789

9. Tomasello G, Petrelli F, Ghidini M, Pezzica E, Passalacqua R, Steccanella F,
et al. Tumor regression grade and survival after neoadjuvant treatment in

Frontiers in Surgery

11

10.3389/fsurg.2022.1029575

affiliated organizations, or those of the publisher, the
editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The this
be found online at: https://www.frontiersin.org/articles/10.
3389/fsurg.2022.1029575/full#supplementary-material.

Supplementary Material for article can

SUPPLEMENTARY FIGURE S1
Nomogram predicting the disease-free survival (DFS) for patients
undergoing neoadjuvant chemoradiotherapy and esophagectomy. For
every patient, 2 lines are drawn upward to determine the points
received from the 2 predictors in the nomogram. The sum of these
points is located on the ‘Total Points” axis. In addition, a line is drawn
downward to determine the possibility of 12-, 24-, 48-, and 60-month
DFS, and the median DFS for patients with the same total score.

SUPPLEMENTARY TABLE S1
Multivariate Cox regression model using a backwards model selection
procedure.

gastro-esophageal cancer: a meta-analysis of 17 published studies. Eur J Surg
Oncol. (2017) 43(9):1607-16. doi: 10.1016/j.€js0.2017.03.001

10. Ryan R, Gibbons D, Hyland JM, Treanor D, White A, Mulcahy HE, et al.
Pathological response following long-course neoadjuvant chemoradiotherapy for
locally advanced rectal cancer. Histopathol. (2005) 47(2):141-6. doi: 10.1111/j.
1365-2559.2005.02176.x

11. Takeda FR, Tustumi F, de Almeida Obregon C, Yogolare GG, Navarro
YP, Segatelli V, et al. Prognostic value of tumor regression grade based
on ryan score in squamous cell carcinoma and adenocarcinoma of
esophagus. Ann Surg Oncol. (2020) 27(4):1241-7. doi: 10.1245/s10434-019-
07967-8

12. Liu Q, Lian P, Luo D, Cai S, Li Q, Li X. Combination of carcinoembryonic
antigen with the American joint committee on cancer TNM staging system in
rectal cancer: a real-world and large population-based study. Onco Targets Ther.
(2018) 11:5827-34. doi: 10.2147/OTT.S171433

13. Moon SH, Kim DY, Park JW, Oh JH, Chang HJ, Kim SY, et al. Can the new
American joint committee on cancer staging system predict survival in rectal
cancer patients treated with curative surgery following preoperative
chemoradiotherapy? Cancer. (2012) 118(20):4961-8. doi: 10.1002/cncr.27507

14. Kelly RJ, Ajani JA, Kuzdzal ], Zander T, Van Cutsem E, Piessen G, et al.
Adjuvant nivolumab in resected esophageal or gastroesophageal junction
cancer. N Engl J Med. (2021) 384(13):1191-203. doi: 10.1056/NEJMoa2032125

15. Pennathur A, Gibson MK, Jobe BA, Luketich JD. Oesophageal carcinoma.
Lancet. (2013) 381(9864):400-12. doi: 10.1016/S0140-6736(12)60643-6

16. Zhu J, Tao ], Dai Z, Tan Y, Jiang L, Wang Q, et al. Progression-Free survival
as early efficacy endpoint in resectable esophageal cancer treated with neoadjuvant
therapy: a systematic review. Front Oncol. (2021) 11:771546. doi: 10.3389/fonc.
2021.771546

17. Mandard AM, Dalibard F, Mandard JC, Marnay J, Henry-Amar M, Petiot
JE, et al. Pathologic assessment of tumor regression after preoperative
chemoradiotherapy of esophageal carcinoma. Clinicopathologic correlations.
Cancer. (1994) 73(11):2680-6. doi: 10.1002/1097-0142(19940601)73:11<2680::
AID-CNCR2820731105>3.0.CO;2-C

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fsurg.2022.1029575/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fsurg.2022.1029575/full#supplementary-material
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/S0140-6736(17)33326-3
https://doi.org/10.1016/j.semcancer.2022.01.007
https://doi.org/10.1002/jso.20364
https://doi.org/10.1002/jso.20364
https://doi.org/10.1245/s10434-020-09181-3
https://doi.org/10.1245/s10434-020-09181-3
https://doi.org/10.1007/s10388-019-00675-y
https://doi.org/10.1186/s12885-021-08728-1
https://doi.org/10.1002/jso.24789
https://doi.org/10.1016/j.ejso.2017.03.001
https://doi.org/10.1111/j.1365-2559.2005.02176.x
https://doi.org/10.1111/j.1365-2559.2005.02176.x
https://doi.org/10.1245/s10434-019-07967-8
https://doi.org/10.1245/s10434-019-07967-8
https://doi.org/10.2147/OTT.S171433
https://doi.org/10.1002/cncr.27507
https://doi.org/10.1056/NEJMoa2032125
https://doi.org/10.1016/S0140-6736(12)60643-6
https://doi.org/10.3389/fonc.2021.771546
https://doi.org/10.3389/fonc.2021.771546
https://doi.org/10.1002/1097-0142(19940601)73:11%3C2680::AID-CNCR2820731105%3E3.0.CO;2-C
https://doi.org/10.1002/1097-0142(19940601)73:11%3C2680::AID-CNCR2820731105%3E3.0.CO;2-C
https://doi.org/10.3389/fsurg.2022.1029575
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Zhang et al.

18. Chirieac LR, Swisher SG, Ajani JA, Komaki RR, Correa AM, Morris JS, et al.
Posttherapy pathologic stage predicts survival in patients with esophageal
carcinoma receiving preoperative chemoradiation. Cancer. (2005) 103
(7):1347-55. doi: 10.1002/cncr.20916

19. Schneider PM, Baldus SE, Metzger R, Kocher M, Bongartz R, Bollschweiler
E, et al. Histomorphologic tumor regression and lymph node metastases
determine prognosis following neoadjuvant radiochemotherapy for esophageal
cancer: implications for response classification. Ann Surg. (2005) 242(5):684-92.
doi: 10.1097/01.51a.0000186170.38348.7b

20. Xu X, Zheng G, Zhang T, Zhao Y, Zheng Z. Is pathologic tumor regression
grade after neo-adjuvant chemotherapy a promising prognostic indicator for
patients with locally advanced gastric cancer? A cohort study evaluating tumor
regression response. Cancer Chemother Pharmacol. (2019) 84(3):635-46.
doi: 10.1007/500280-019-03893-4

Frontiers in Surgery

12

10.3389/fsurg.2022.1029575

21. Blackham AU, Greenleaf E, Yamamoto M, Hollenbeak C, Gusani N,
Coppola D, et al. Tumor regression grade in gastric cancer: predictors and
impact on outcome. J Surg Oncol. (2016) 114(4):434-9. doi: 10.1002/js0.24307

22. Lombardi PM, Mazzola M, Achilli P, Aquilano MC, De Martini P, Curaba
A, et al. Prognostic value of pathological tumor regression grade in locally
advanced gastric cancer: new perspectives from a single-center experience.
J Surg Oncol. (2021) 123(4):923-31. doi: 10.1002/j50.26391

23. Gockel I, Niebisch S, Ahlbrand CJ, Hoffmann C, Mohler M, Duber C, et al.
Risk and complication management in esophageal cancer surgery: a review of the
literature. Thorac Cardiovasc Surg. (2016) 64(7):596-605. doi: 10.1055/s-0034-
1399763

24. Markar SR, Johar A, Maisey N, Lagergren P, Lagergren J. Complications during
neoadjuvant therapy and prognosis following surgery for esophageal cancer. Dis
Esophagus. (2018) 31(5). doi: 10.1093/dote/dox151

frontiersin.org


https://doi.org/10.1002/cncr.20916
https://doi.org/10.1097/01.sla.0000186170.38348.7b
https://doi.org/10.1007/s00280-019-03893-4
https://doi.org/10.1002/jso.24307
https://doi.org/10.1002/jso.26391
https://doi.org/10.1055/s-0034-1399763
https://doi.org/10.1055/s-0034-1399763
https://doi.org/10.1093/dote/dox151
https://doi.org/10.3389/fsurg.2022.1029575
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Prognostic significance of tumor regression grade in esophageal squamous cell carcinoma after neoadjuvant chemoradiation
	Introduction
	Methods
	Patients
	Tumor regression grade
	Follow-up
	Neoadjuvant therapy
	Surgical procedure and pathology
	Adjuvant therapy
	Statistical analysis

	Results
	Patient characteristics
	Characteristics associated with TRG
	Survival analysis
	Cox regression analysis
	Building and validating the novel nomogram

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


