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Background: Nowadays, preoperative radio-chemotherapy is a standard treatment for locally advanced
esophageal squamous cell carcinoma (ESCC). Tumor regression grade (TRG), referring to a classification
of cancer response to preoperative treatment, can predict a prognosis of survival. Many TRG systems are
proposed for use in esophageal cancer, but none of them has become standard grading system. This research
compared five TRG systems, including Mandard system, Chirieac system, Schneider system, Hermann
system, and Japan Esophageal Society (JES) system, to find the most accurately predictive system.
Methods: We recruited 37 participants with locally advanced ESCC from 2006 to 2014. All of them were
treated with radio-chemotherapy followed by esophagectomy. The resection specimens were evaluated
microscopically for percentage of viable residual tumor comparing with tumor bed, number of positive
lymph nodes and, consequently, assigned TRG grade according to each TRG system. Kaplan-Meier
(KM) graphs were used to describe the median survival time. Log-rank tests and cox proportional hazard
regression models were used in assessing associations between TRG systems and survival. Proportional
hazard assumptions were evaluated on the basis of Schoenfeld and log-log plot. Akaike information criterion
(AIC) values and pseudo R-squared values assessed model fit. All statistical tests were two-sided.

Results: The KM graphs displayed overlapped curves in all TRG systems. The log-rank tests revealed
that Schneider, JES and Mandard systems were statistically associated with overall-survival (P<0.05). Only
the multivariate cox regression analysis of Schneider system showed the statistically significant hazard ratio
(P=0.037). Schneider system also had the best AIC and pseudo R-squared values.

Conclusions: Schneider system might be the best predictive system. However, the overlapped KM curve
opposed. This study had limitation due to small number of participants. More participants were needed to

confirm our findings.
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Introduction

Esophageal cancer (EC) is the seventh most common cancer
and is the sixth leading cause of cancer death worldwide (1).
Esophageal squamous cell carcinoma (ESCC) is the
most common type of EC, followed by esophageal
adenocarcinoma (EAC). ESCC is more common in Asia
and Africa (2). The incidence and type of cancer vary by
region of the world. In the western world, the incidence
of ESCC has been reduced and that of EAC is higher (3).
In Asian countries, the incidence of ESCC is still more
than 90%, and is a major health burden (2,4). Smoking and
alcohol consumption are the main risk factors for ESCC.
Inadequate consumption of vegetable and fruit, and low
socioeconomic status are also risk factors (4).

Nowadays, many systematic reviews and meta-analyzes
support that preoperative radio-chemotherapy is a standard
treatment for locally advanced ESCC. Because the standard
treatment improves survival rates, reduces the rate of
margin-positive resection, reduces hospital stay, and
reduces the rate of return to hospital, compared to surgery
alone (5-9). Numerous studies have proposed pathological
indicators that predict the prognosis of postoperative
patients, such as tumor regression grade (TRG), lymph node
status, margin status, post-therapy pathologic stage (10-14).
TRG refers to the classification of cancer response to
preoperative treatment, which can inform the prognosis. In
published studies, many TRG systems were proposed for
use in esophageal cancer. Mandard et 4/. (10) first proposed
five-tier grading system. Chirieac et 4/. (12) suggested three-
tier grading system with percentage cut-point and many
studies encouraged it (15-19). Schneider et 4/. (13) included
lymph node status into four-tier grading system. Hermann
et al. (20) proposed two-tier grading system, considering
only if there was residual tumor. The Japan Esophageal
Society (JES) system (21) used four-tier grading system.

Although there are many TRG systems, none of them
is standardized. This research aimed to compare five TRG
systems to find the most accurately predictive one. Five
TRG systems included Mandard system (10), Chirieac
system (12), Schneider system (13), Hermann system (20)
and JES system (21).

Methods
Study population

We made a retrospective review in database of King
Chulalongkorn Memorial Hospital. The research protocol
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has been approved by an institutional review board (IRB)
of Research Affairs, Faculty of Medicine, Chulalongkorn
University. The number of the approval was IRB No.
682/60. This study collected patient data from hospital
medical record system with official permission from director
of the hospital and informed consent was not required. The
patient data have been secured. Forty-five participants were
recruited, which the inclusion criteria included patients with
locally advanced ESCC (clinical stage T3-4/N0-N+/MO0)
from 2006to 2014 and all of them received preoperative
radio-chemotherapy followed by esophagectomy. All
participants were diagnosed by computed tomography
and endoscopy with biopsy, and treated with preoperative
radio-chemotherapy, including 50-64 Gy radiotherapy
with cisplatin or carboplatin and 5-fluorouracil (5-FU),
followed by transthoracic esophagectomy, at 12 weeks after
completion of chemoradiation. The exclusion criteria were
surgical specimen with incomplete resection margin and
specimen without lymph nodes obtained. Other data, such
as demographic characteristic and operative procedure
were also obtained from medical records. All the patients
conformed a follow-up visit scheduled every 3 months in
the first 2 years and then every 6 months for the next 3
years together with physical examination, computerized
tomography scan and endoscopy every 3—6 months.

Histomorphological analysis

All resection specimens were processed following the
standard protocol (22). The specimens were grossly
examined and recorded information about macroscopic
appearance, size, location, and relation to proximal margin,
distal margin and radial margin. If no gross tumor was
identified, lesion such as ulcer, fibrotic area or area covered
by mucosa and adjacent mucosa were entirely submitted
for microscopic examination to adequately assess residual
tumor. Lymph nodes were all submitted for evaluation.

In this study, all participants were evaluated histologically
by an experienced gastrointestinal pathologist for tumor
type, percentage of viable residual tumor comparing with
tumor bed, extension of tumor, margin status and number
of involved lymph nodes. Only 37 participants met inclusion
criteria and exclusion criteria, and were analyzed in this
study.

The viable tumor cells were described as intact
cytomorphological integrity. The tumor bed included all
areas of regression changes, such as fibrosis, keratin pearls,
and foreign-body giant cell reactions (10).
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Table 1 Definition of tumor regression grade (TRG) system

Grade Mandard Chirieac

Schneider

Hermann JES

Residual cancer cells

No residual cancer  No residual cancer

<1% without lymph node
metastases (ypNO)*

1 No residual cancer No residual cancer

2 Rare residual cancer cells  1-50% residual
scattered through the cancer cells
fibrosis

3 Increased residual cancer No response, >50%
cells with predominated residual cancer cells
fibrosis

4 Including grade 4: residual -

cancer predominate
fibrosis; and grade 5: no
regressive changes

Residual cancer cells
<1% with lymph node
metastases (ypN1)**

Residual cancer cells -
>1% without lymph node
metastases (ypNO)*

Residual cancer cells -
>1% with lymph node
metastases (ypN1)**

Presence of residual Residual cancer cells
cancer cells account for less than 1/3
of tumor tissue

Residual cancer cells
accounting for 1/3 or
more, but less than 2/3, of
tumor tissue

Residual cancer cells
accounting for 2/3 or more
tumor tissue

*, ypNO no regional lymph node metastases, post-treatment; **, ypN1 presence of regional lymph node metastases, post-treatment. JES,

Japan Esophageal Society.

To evaluate percentage of residual tumor was performed
by estimating proportion of residual viable tumor cells over
tumor bed, which was counted together from all slides with/
without residual tumor cells. Only the lymph nodes with
viable tumor cells were considered as positive lymph nodes.
The lymph nodes with only regression change without
viable tumor were negative lymph nodes.

Then, each participant was assigned TRG grade
according to each TRG system such as Mandard system (10),
Chirieac system (12), Schneider system (13), Hermann
system (20), and JES system (21). Mandard system classified
by assessing proportion of tumor comparing to the fibrosis.
Chirieac system used certain percentage of residual tumor
as clearer classifier. Schneider system took percentage
of residual tumor and lymph node status into account
together. Hermann system graded into presence or absence
tumor cells. JES system also classified by certain percentage
of residual tumor as Chirieac with different cut-point. The
detail of each TRG system is presented in Table 1. In this
study, we collapsed Mandard grade 4 and Mandard grade 5
into the same group because none of the case was classified
into Mandard grade 5.

Statistical analysis

Descriptive statistics was used to describe characteristic
of participants. Kaplan-Meier (KM) graphs and log-rank
tests were used to describe the median survival time for
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each TRG system and assess the statistical significance of
each TRG system, respectively. Cox proportional hazard
regression model was used to assess the relationship
between TRG system and mortality. Hazard ratio and 95%
confidence interval were estimated from the cox regression
model. Proportional hazard assumption was evaluated on
the basis of Schoenfeld and log-log plot. The univariate
Cox regression analysis was conducted to evaluated
confounding factors. The confounding factor was selected
based on P value <0.2. Age, sex and location of tumor were
considered as potential confounders. The multivariate Cox
regression analysis was conducted for each TRG system
with confounding factors that meet the criteria in univariate
analysis.

The model fit of each TRG grading system was assessed
using the Akaike information criterion (AIC) value and
pseudo R-squared value (23). The model with the lowest
AIC value was considered the best. The higher pseudo
R-squared value indicated better model fit. All statistical
analyses were two-sided and P value <0.05 was considered
a statistical significance, and were conducted with Stata
version 15 software (24).

Results
Study population

This study had 37 participants diagnosed with locally
advanced ESSC. Median age at diagnosis was 58 years
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Table 2 Median survival time for tumor regression grade (TRG)

systems
TRG system No. (%) ,\fii:ta(r:n Sour:'z/ri\sl p*
Mandard
TRG 1 23 (62.16) 38 0.04
TRG 2 4(10.81) 24
TRG 3 6 (16.22) 15
TRG 4 + TRG 5 4(10.81) 7
Chirieac
TRG 1 23 (62.16) 38 0.15
TRG 2 11 (29.73) 22
TRG 3 3(8.11) 7
Schneider
TRG 1 16 (43.24) 38 0.03
TRG 2 7(18.92) 35
TRG 3 7 (18.92) 13
TRG 4 7 (18.92) 41
Hermann
TRG 1 23 (62.16) 38 0.06
TRG 2 14 (37.84) 22
Japan Esophageal
Society
TRG 1 23 (62.16) 38 0.02
TRG 2 7(18.92) 41
TRG 3 4(10.81) 10
TRG 4 3(8.11) 7

*, P value from log-rank test.

(ranging from 41 to 81 years). A majority of participants
were male (84%). Approximately 62.2% of participants had
cancer located at mid-esophagus, some (35.1%) at lower
esophagus and only 1 case (2.7%) at upper esophagus. After
receiving radio-chemotherapy, transthoracic esophagectomy
with 2-field lymphadenectomy, either with an Ivor-Lewis
or McKeown operation, was performed in all participants
with a median time before surgery of 13 weeks. The median
follow-up time after surgery was 37 months (interquartile
range, 16.5 to 65.5 months). Twenty-six participants
(70%) died and 19 participants (51%) developed local

recurrence within the follow-up period. Classification of
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the participants into the various TRG systems and median
survival time of each TRG system were shown in Table 2.

Association between TRG system and survival

The KM graphs of all TRG systems displayed overlapped
curves as shown in Figure 1. Log-rank test results revealed
that Schneider system, JES system and Mandard system
were statistically associated with overall-survival (P<0.05),
but Hermann system and Chirieac system were not, as
shown in Tuble 2.

The univariate Cox regression analyses showed that
age and sex were significant confounding factors, and,
subsequently, included in the multivariate analyses.
Only multivariate Cox regression analysis for Schneider
system adjusted for age and sex was statistically significant

(P=0.037).

Model fit

The model fits were ranked according to their AIC values.
From multivariate analyses, Schneider system had the
lowest AIC value (152.677), followed by Hermann system
(153.367), Chirieac system (155.331), JES system (156.088)
and Mandard system (156.185) (7able 3). Pseudo R-squared
for the Schneider system was the highest (0.367), followed
by JES system (0.278), Mandard system (0.275), Chirieac
system (0.243), and Hermann system (0.242) (Tuble 3).

Discussion

Many indicators predicting prognosis in ESCC patients,
who received preoperative radio-chemotherapy, were
purposed, including TRG. In this study, we compared five
TRG systems in their ability to predict prognosis, including
Mandard system, Chirieac system, Schneider system,
Hermann system, and JES system.

We found that Schneider system might be the best
predictive system with statistically significant multivariate
Cox regression analysis after adjusting for sex and age, and
significant log-rank test. About the model fit, Schneider
system also had the best model fit with lowest AIC value
and highest pseudo R-squared value. In our opinion,
Schneider system differed from other TRG systems because
it included lymph node status for evaluation. Consistently,
several studies showed significant association between
lymph node status and postoperative survival (10,11,13,
15,16,18). The overlapped KM curves might be the
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Figure 1 Kaplan-Meier survival estimates by grading system. JES, Japan Esophageal Society.
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Table 3 Adjusted* association between grading system and overall survival

Grade [adjusted HR (95% Cl)]

Pseudo R-squared

TRG system ] 5 5 . P value AIC value value
Mandard 1 1.213 (0.335-4.390)  1.985 (0.706-5.586)  3.366 (0.675-16.789)  0.1369 156.185 0.275
Chirieac 1 1.756 (0.729-4.229)  2.174 (0.257-18.408) N/A 0.1245 155.331 0.243
Schneider 1 2.559(0.803-8.161)  3.576 (1.246-10.265) 1.406 (0.408-4.838) 0.0365 152.677 0.367
Hermann 1 1.788 (0.759-4.210) N/A N/A 0.0661 153.367 0.242
JES 1 1.404 (0.514-3.835)  3.397 (0.834-13.829) 1.974 (0.232-16.773)  0.1323 156.088 0.278

*, the models were adjusted by sex and age; TRG grade 1 is a reference group. JES, Japan Esophageal Society; AIC, Akaike information

criterion; HR, hazard ratio; 95% CI, 95% confidence interval.

evidence from small number of cases and few people in
extreme categories.

There were limitations in this study due to small number
of participants, more participants in lower TRG grade
and less participants in higher TRG grade. However,
it is informative since this is the first study to explore
which TRG system is the best in predicting prognosis by
comparing various systems using multiple measures. In
the future, study with more cases should be performed to
confirm the findings.

Conclusions

Tumor regression grading system could predict overall
survival for the ESCC patient treated with preoperative
radio-chemotherapy. Schneider system might be the best
model predicting prognosis with statistically significant
log-rank test and multivariate Cox regression analysis, best
AIC value, and best pseudo R-squared value. However,
overlapped KM curves opposed. There were limitations in
this study due to small number of participants and small
number of participants in some TRGs. More cases collected
would be more informative.
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