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Abstract: While preoperative chemoradiation followed by surgery

(pre-OP CRT) has been widely applied in the treatment of patients with

esophageal cancer, some studies have shown a survival benefit of

postoperative chemoradiation (post-OP CRT). The optimal combination

of multimodality therapy and the sequence of surgery and chemoradia-

tion for esophageal cancer remain to be investigated.

A total of 1385 patients with clinical stage II and III esophageal

squamous cell carcinoma (ESCC) were included. On the basis of the

sequence of surgery and chemoradiation, the patients were grouped as

follows: preoperative chemoradiation followed by surgery (pre-OP

CRTþS), surgery alone (S), and surgery followed by postoperative

chemoradiation (Sþpost-OP CRT). Propensity score matching analysis

was used to identify 78 well-balanced patients in each group for

outcome comparison.

In all, 753, 339, and 293 patients were in the pre-OP CRTþS, S, and

Sþpost-OP CRT groups, respectively. Before matching, no differences

were observed in the overall survival among the patients in these 3

groups (P¼ 0.422). After matching, both the pre-OP CRTþS and

Sþpost-OP CRT groups were significantly associated with a better

survival compared with the S group (pre-OP CRTþS vs. S: P< 0.001;

Sþpost-OP CRT vs. S: P¼ 0.005). In contrast, the survival was similar

between the pre-OP CRTþS and Sþpost-OP CRT groups (P¼ 0.544).

In the subgroup analysis, patients with clinical T3/4 stage tumors or

those with a tumor size greater than 5 cm were more likely to demon-

strate an overall survival benefit from pre-OP CRT compared with post-

OP CRT.

Both pre-OP CRT and post-OP CRT demonstrated a survival benefit
, PhD, Po-Kuei H
Liu, MD, and Yu-Chung Wu, MD

CRTþS and Sþpost-OP CRT groups, which suggests that the sequence

of surgery and chemoradiation may be irrelevant to the outcome.

(Medicine 94(25):e1002)

Abbreviations : CI = confidence interval, CROSS =

Chemoradiotherapy for Oesophageal Cancer Followed by Surgery

Study, ESCC = esophageal squamous cell carcinoma, HR = hazard

ratio, NCCN = National Comprehensive Cancer Network, post-OP

CRT = postoperative chemoradiation, pre-OP CRT = preoperative

chemoradiation, pre-OP CRTþS = preoperative chemoradiation

followed by surgery, S = surgery alone, Sþpost-OP CRT = surgery

followed by postoperative chemoradiation.

INTRODUCTION

E sophageal cancer is one of the deadliest cancers and is
associated with high rates of disease recurrence and distant

metastasis.1–3 Even after curative resection, the 5-year survival
rate is rarely greater than 30%.2–4 Given that surgery alone does
not result in a complete cure for patients with advanced
esophageal cancer, multimodality therapy becomes necessary.
Strategies of preoperative chemoradiation (pre-OP CRT) have
been applied in an attempt to improve patient survival through
the treatment of systemic micrometastases and through the
downstaging of the disease which both increase the curative
resection rate after subsequent surgery.5–11 In the Chemora-
diotherapy for Oesophageal Cancer Followed by Surgery Study
(CROSS) that compared surgery alone and chemotherapy con-
current with radiotherapy followed by surgery for T1N1 or T2-
3N0-1 esophageal cancer, the median overall survival was 49.4
months in the pre-OP CRT plus surgery group vs. 24.0 months
in the surgery alone group. A significant estimated 5-year
overall survival benefit of 13% was noted in favor of the
pre-OP CRT plus surgery arm.5

In contrast, Rice et al12 and Bedard et al13 both showed a
survival advantage in patients with esophageal cancer who were
treated with postoperative chemoradiation (post-OP CRT). In
the propensity-matched analysis by Rice et al,12 the median
survival and 4-year survival rate in the surgery plus post-OP
CRT group versus the surgery alone group were 28.0 vs. 15.0
months and 44% versus 0%, respectively (P< 0.05). Bedard
et al13 also showed that the median overall survival in the
surgery plus post-OP CRT group was 47.5 months, which was
significantly longer than that of the surgery alone group (14.1
months, P¼ 0.001). Our recent retrospective analysis also
CRT provided a survival benefit to
eal squamous cell carcinoma (ESCC),
lymph node-positive disease after R1
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resection.14 In the past, the strategy of post-OP CRT has been
eschewed because patients who undergo esophagectomy are
typically debilitated and unable to withstand any postoperative
treatments; however, earlier recovery and less morbidity can be
consistently achieved with the advent of minimally invasive
esophagectomy, and this may change the concept with regard to
the sequence of trimodality therapy.

Based on the literature, very few studies have ever com-
pared pre- and postoperative chemoradiation in patients with
esophageal cancer. The optimal combination and timing of
therapy for esophageal cancer remains controversial. We
hypothesize that trimodality therapy is necessary for patients
with esophageal cancer but that the sequence may be irrelevant
to the outcome. In this study, we compare the survival of
patients with clinical stage II and III ESCC who received
pre-OP CRT followed by surgery (pre-OP CRTþS), surgery
followed by post-OP CRT (Sþpost-OP CRT), and surgery alone
(S). We aim to investigate the survival benefit of trimodality
therapy over surgery alone and compare the effects of pre- and
postoperative chemoradiation to establish the optimal combi-
nation of multidisciplinary treatments for ESCC.

METHODS
This study was reviewed by Institutional Review Board of

the Taipei-Veterans General Hospital and granted a waiver of
the informed consent process. Patient data were obtained from
the Taiwan Cancer Registry, which is a national population-
based cancer registration database organized and funded by the
Health Promotion Administration, Ministry of Health and Wel-
fare of the executive branch of the central government. Hospi-
tals with more than a 50-bed capacity that provide outpatient
and hospitalized cancer care are recruited to participate and
report all newly diagnosed malignant neoplasms to the registry.
The database contains information including sex, date of birth,
date of diagnosis, clinical stage, treatment modality, date of
initial treatments, pathological stage, tumor location, differen-
tiation grade, tumor length, and survival status. Specifically, we
identified 6140 patients who were diagnosed with ESCC
between 2008 and 2011, with the appropriate International
Classification of Diseases for Oncology (ICD-O-3) site codes
(C15.0, C15.1, C15.2, C15.3, C15.4, C15.5, C15.8, and C15.9)
and morphology codes (8052, 8070, 8071, 8072, 8073, 8074,
8076, 8077, 8083, and 8084). On the basis of the sequence of
chemoradiation and surgery, patients with resectable clinical
stage II and III ESCC, and patients who received pre-OP CRT
followed by surgery, surgery alone, and surgery followed by
post-OP CRT were eligible for inclusion in this study.

Statistics
Categorical and continuous variables were compared with

the x2 test and Student t test, respectively. The overall survival
was calculated as the number of days between the date of initial
treatment and that of death or December 31, 2012, whichever
occurred first. Survival curves were plotted using the Kaplan–
Meier method and were compared with the log-rank test.
Differences in survival estimates were calculated using the
Cox proportional hazards regression model. To minimize con-
founding effects due to nonrandomized assignment, propensity
score matching, which is a statistical matching technique first
introduced by Rosenbaum and Rubin, was used.15 This stat-
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istical method attempts to estimate the effect of a treatment by
accounting for the covariates that predict receiving the treat-
ment in a nonrandomized study. In brief, a propensity score for
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each patient was calculated by logistic regression using all
possible confounding variables registered in the database. A
1:1 matched study group was created using the Greedy pro-
cedure. When matching the Sþpost-OP CRT and pre-OP
CRTþS groups, a propensity score for each patient was calcu-
lated by logistic regression using the variables of age, sex,
clinical stages, tumor location, differentiation grade, tumor size,
and margin status. For matching patients who received Sþpost-
OP CRT and those who underwent surgery alone, a propensity
score was calculated using the variables of age, sex, clinical
stages, tumor location, differentiation grade, pathological
stages, tumor size, and margin status. All statistical calculations
were performed by Chen HS with Statistical Analysis System
version 9.3 (SAS Institute Inc, Cary, NC) and Statistical Product
and Service Solutions version 20 (SPSS Inc, Chicago, IL). P
values < 0.05 were considered statistically significant.

RESULTS
A total of 1385 patients met the inclusion criteria and were

included in this study (Figure 1). In the pre-OP CRTþS group,
the mean interval between the first day of preoperative che-
moradiation and esophagectomy was 86.9� 35.8 days (25%
Q1: 66; median: 78; 75% Q3: 97). In the Sþpost-OP CRT
group, the mean interval between esophagectomy and the first
day of postoperative chemoradiation was 47.6� 23.0 days
(25% Q1: 34; median: 42; 75% Q3: 53). The clinical and
pathological characteristics of the patients are summarized in

FIGURE 1. Flowchart with a summary of patient enrollment and
propensity score matching.
Table 1. Patients in the surgery alone group were older and had
fewer advanced tumors in terms of clinical T stages and tumor
length, whereas patients in the pre-OP CRTþS group were more
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TABLE 1. Comparison of Patients in the Pre-OP CRT þ Surgery, Surgery Alone, and Surgery þ Post-OP CRT Groups

Pre-OP CRT þ
Surgery

Surgery Alone Surgery þ Post-OP
CRT

N % n % n % P

Total 753 54.37 339 24.48 293 21.16
Age, mean�SD 53.59� 8.76 58.25� 10.79 54.24� 9.20 <0.001
Sex 0.004

Male 723 96.0 309 91.2 279 95.2
Female 30 4.0 30 8.9 14 4.8

Clinical T <0.001
1 14 1.9 35 10.3 12 4.1
2 76 10.1 152 44.8 76 25.9
3 563 74.8 139 41.0 189 64.5
4 100 13.3 13 3.8 16 5.5

Clinical N <0.001
N0 93 12.4 164 48.4 101 34.5
Nþ 660 87.7 175 51.6 192 65.5

Clinical stage <0.001
II 130 17.3 249 73.5 135 46.1
III 623 82.7 90 26.6 158 53.9

ypT
Tis/0 245 32.5
1 90 12.0
2 152 20.2
3 223 29.6
4 32 4.3
Unknown 11 1.5

ypN
0 497 66.0
1 165 21.9
2 57 7.6
3 21 2.8
Unknown 13 1.7

ypM
0 728 96.7
1 25 3.3

ypStage
pCR 195 25.9
0 9 1.2
I 92 12.2
II 230 30.5
III 148 19.7
IV 24 3.2
T0Nþ 39 5.2
Unknown 16 2.1

pT <0.001
Is 4 1.2 0 0.0
1 112 33.0 23 7.9
2 85 25.1 37 12.6
3 124 36.6 208 71.0
4 14 4.1 24 8.2
Unknown 0 0.0 1 0.3

pN <0.001
0 249 73.5 68 23.2
1 55 16.2 123 42.0
2 20 5.9 75 25.6
3 9 2.7 19 6.5
Unknown 6 1.8 8 2.7

pM 0.065
0 330 97.4 277 94.5
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Pre-OP CRT þ
Surgery

Surgery Alone Surgery þ Post-OP
CRT

N % n % n % P

1 8 2.4 15 5.1
Unknown 1 0.3 1 0.3

pStage <0.001
0 4 1.2 0 0.0
I 108 31.9 5 1.7
II 154 45.4 86 29.4
III 64 18.9 184 62.8
IV 8 2.4 15 5.1
Unknown 1 0.3 3 1.0

Tumor length,
(mean�SD, cm)

5.75� 2.58 3.65� 2.32 4.63� 2.02 <0.001

Location <0.001
Upper 99 13.2 36 10.6 25 8.5
Middle 310 41.2 140 41.3 85 29.0
Lower 165 21.9 121 35.7 92 31.4
Unknown 179 23.8 42 12.4 91 31.1

Grade 0.001
Well 18 2.4 14 4.1 9 3.1
Moderately 339 45.0 235 69.3 172 58.7
Poorly 145 19.3 67 19.8 107 36.5
Unknown 251 33.3 23 6.8 5 1.7

Resection margin <0.001
Free 680 90.3 306 90.3 233 79.5
Not free 65 8.6 28 8.3 55 18.8
Unknown 8 1.1 5 1.5 5 1.7
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likely to be clinically N-positive. As for the surgical results, the
R1/2 resection rate was 8.6%, 8.3%, and 18.8% in the pre-OP
CRTþS, surgery only, and Sþpost-OP CRT groups, respect-
ively. In patients who underwent primary esophagectomy with-
out preoperative chemoradiation (S and Sþpost-OP CRT
groups), the pathological stage distribution was as follows:
stage I, 17.9%; stage II, 38.0%; stage III, 39.2%, and stage
IV, 3.6%.

The mean� SD and the median follow-up time for all
patients were 20.95� 13.24 and 17.87 months, respectively.
The 1-year and 3-year survival rates as well as the median
survival time for all patients were 74.0%, 41.1%, and 24.8
months, respectively. The 1-year and 3-year survival rates and
the median survival time for patients with clinical stage II
disease were 80.1%, 52.3%, and 39.9 months, respectively,
and 70.5%, 34.1%, 20.0 months, respectively, for patients with
clinical stage III disease. The 1-year/3-year survival rates/
median survival for the pre-OP CRTþS, surgery alone, and
Sþpost-OP CRT groups were 75.3%/40.7%/23.9 months,
73.1%/43.9%/28.7 months, and 72.0%/39.0%/21.4 months,
respectively. Kaplan–Meier curves showed no differences in
the overall survival among patients in these 3 groups
(P¼ 0.422, Figure 2A. Pre-OP CRT vs. surgery alone:
P¼ 0.371; pre-OP CRT vs. post-OP CRT: P¼ 0.471; post-
OP CRT vs. surgery alone: P¼ 0.219) and clinical stage II
ESCC groups (Figure 2C). However, for patients with clinical
stage III ESCC, significant differences were observed among

SD¼ standard deviation.
these 3 treatment groups (P< 0.001, Figure 2E. Pre-OP CRT vs.
surgery alone: P< 0.001; pre-OP CRT vs. post-OP CRT:
P¼ 0.016; post-OP CRT vs. surgery alone: P¼ 0.023).
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A survival analysis with a Cox proportional hazards
regression model identified significant prognostic factors for
poor outcome including clinical and pathological stages, a
tumor length of more than 5 cm, tumors located in the upper
third of the esophagus, and R1/2 resection, whereas female sex
was associated with a better outcome (Table 2). According to
the multivariate analysis, cNþ, ypNþ, tumors located in the
upper third of the esophagus, and R1/2 resection remained
significant independent prognostic factors for poor outcome
in patients in the pre-OP CRTþS group. Clinical T3/4 stage,
pT3/4 stage, pNþ, a tumor length of more than 5 cm, tumors
located in the upper third of the esophagus, and R1/2 resection
remained significant independent prognostic factors for poor
outcome in patients who received primary esophagectomy,
whereas female sex and post-OP CRT were favorable prog-
nostic factors. The addition of post-OP CRT was associated
with a better outcome compared with surgery alone (hazard
ratio (HR): 0.44, 95% confidence interval (CI): 0.32–0.60,
P< 0.001).

Propensity Score Matching Analysis
A propensity score matching analysis was performed in an

attempt to reduce the bias due to the retrospective, nonrando-
mized nature of the analysis. After matching, 78 well-balanced
patients in each treatment group were available for outcome
comparison. No demographic difference was observed among

these 3 groups (Table 3). The 1-year/3-year survival rates/
median survival rates of patients in the pre-OP CRTþS, surgery
alone, and Sþpost-OP CRT groups were 83.3%/46.8%/35.0

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 2. Kaplan–Meier curves. A, Patients with clinical stage II/III disease before matching (P¼0.422. Pre-OP CRT vs. surgery:
P¼0.371; post-OP CRT vs. surgery: P¼0.219; pre-OP CRT vs. post-OP CRT: P¼0.471). B, Patients with clinical stage II/III disease after
matching (P<0.001. Pre-OP CRT vs. surgery: P<0.001; post-OP CRT vs. surgery: P¼0.005; pre-OP CRT vs. post-OP CRT: P¼0.544). C,
Patients with clinical stage II disease before matching (P¼0.762. Pre-OP CRT vs. surgery: P¼0.547; post-OP CRT vs. surgery: P¼0.518;
pre-OP CRT vs. post-OP CRT: P¼0.912). D, Patients with clinical stage II disease after matching (P¼0.052. Pre-OP CRT vs. surgery:
P¼0.038; post-OP CRT vs. surgery: P¼0.079; pre-OP CRT vs. post-OP CRT: P¼0.704). E, Patients with clinical stage III disease before
matching (P<0.001. Pre-OP CRT vs. surgery: P<0.001; post-OP CRT vs. surgery: P¼0.023; pre-OP CRT vs. post-OP CRT: P¼0.016). F,
Patients with clinical stage III disease after matching (P<0.001. Pre-OP CRT vs. surgery: P<0.001; post-OP CRT vs. surgery: P¼0.002;
pre-OP CRT vs. post-OP CRT: P¼0.500).
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TABLE 2. Cox Regression Survival Analysis for All Patients

Univariate Analysis Multivariate Analysis

Pre-OP CRT þ Surgery Surgery þ Post-OP CRT and
Surgery Alone

HR 95% CI P AHR 95% CI P AHR 95% CI P

Age, yr
<55 1 – 1 1
�55 1.14 0.98–1.32 0.084 1.07 0.74–1.56 0.710 1.10 0.84–1.43 0.490

Sex
Male 1 1 1
Female 0.68 0.47–0.99 0.045 0.99 0.35–2.78 0.977 0.53 0.28–0.99 0.046

cT stage
T1/2 1 1 1
T3/4 1.87 1.55–2.25 <0.001 1.65 0.90–3.02 0.105 1.56 1.12–2.17 0.009

cN stage
N 0 1 1 1
N þ 1.28 1.07–1.52 0.006 2.35 1.20–4.62 0.013 0.98 0.74–1.29 0.869

pT stage
Tis/1/2 1 1
T3/4 2.37 1.87–3.01 <0.001 1.98 1.38–2.85 <0.001

pN stage
N0 1 1
Nþ 2.18 1.74–2.73 <0.001 2.14 1.57–2.93 <0.001

ypT stage
T0/is/1/2 1 1
T3/4 1.92 1.57–2.35 <0.001 1.45 0.98–2.13 0.063

ypN stage
N0 1 1
Nþ 1.90 1.54–2.34 <0.001 1.89 1.27–2.82 0.002

Tumor location
Lower third 1 1 1
Middle third 0.99 0.82–1.20 0.929 1.33 0.83–2.12 0.239 1.28 0.96–1.70 0.093
Upper third 1.42 1.12–1.81 0.004 1.90 1.07–3.36 0.028 1.36 0.92–2.01 0.128

Tumor grade
G1 1 1 1
G2 0.78 0.51–1.17 0.228 0.65 0.27–1.56 0.333 0.89 0.48–1.65 0.706
G3 1.10 0.72–1.68 0.660 0.97 0.39–2.41 0.944 1.19 0.62–2.29 0.603

Resection margin
Negative (R0) 1 1 1
Positive (R1/2) 2.67 2.19–3.25 <0.001 2.92 1.75–4.88 <0.001 1.76 1.23–2.52 0.002

Treatment modality
Surgery only 1 1
Pre-OP CRT 1.08 0.90–1.29 0.407
Post-OP CRT 1.15 0.93–1.43 0.407 0.44 0.32–0.60 <0.001

Tumor length
<5 cm 1 1 1
�5 cm 1.36 1.16–1.60 <0.001 0.83 0.56–1.22 0.336 1.56 1.18–2.07 0.002

CI¼ confidence interval; HR¼ hazard ratio.

Chen et al Medicine � Volume 94, Number 25, June 2015
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TABLE 3. Comparison of Propensity Score Matched Patients in the Pre-OP CRTþ Surgery, Surgery Alone, and Surgeryþ Post-OP
CRT Groups

Pre-OP CRT þ
Surgery

Surgery Alone Surgery þ Post-
OP CRT

N % n % n % P

Total 78 33.3 78 33.3 78 33.3
Age 0.8872
<55(median) 41 52.6 38 48.7 39 50.0
�55(median) 37 47.4 40 51.3 39 50.0

Sex 0.5267
Male 75 96.2 72 92.3 72 92.3
Female 3 3.9 6 7.7 6 7.7

Clinical T 0.5008
1 2 2.6 2 2.6 4 5.1
2 16 20.5 16 20.5 20 25.6
3 47 60.3 53 68.0 48 61.5
4 13 16.7 7 9.0 6 7.7

Clinical N 0.1516
N0 17 21.8 28 35.9 23 29.5
Nþ 61 78.2 50 64.1 55 70.5

Clinical stage 0.2633
II 28 35.9 38 48.7 32 41.0
III 50 64.1 40 51.3 46 59.0

pT 0.1004
1 5 6.4 9 11.5
2 11 14.1 7 9.0
3 52 66.7 59 75.6
4 10 12.8 3 3.9

pN 0.5837
0 30 38.5 27 34.6
1 29 37.2 37 47.4
2 13 16.7 9 11.5
3 6 7.7 5 6.4
pM 0.6813
0 74 94.9 76 97.4
1 4 5.1 2 2.6

pStage 0.8177
0/pCR 0 0 0 0
I 2 2.6 3 3.9
II 33 42.3 32 41.0
III 39 50.0 41 52.6
IV 4 5.1 2 2.6
T0Nþ 0 0 0 0

Tumor length, (mean�SD, cm) 5.16� 2.85 4.32� 2.01 4.68� 1.79 0.0686
Tumor length 0.4778
<5 cm 39 50.0 46 59.0 40 51.3
�5 cm 39 50.0 32 41.0 38 48.7

Location 0.6363
Upper 17 21.8 11 14.1 13 16.7
Middle 27 34.6 31 39.7 34 43.6
Lower 34 43.6 36 46.2 31 39.7

Grade 0.8734
Well 4 5.1 3 3.9 4 5.1
Moderately 54 69.2 60 76.9 57 73.1
Poorly 20 25.6 15 19.2 17 21.8

Resection margin 0.8502
Free 68 87.2 68 87.2 70 89.7
Not free 10 12.8 10 12.8 8 10.3

SD¼ standard deviation.
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months, 60.3%/23.3%/17.0 months, and 75.6%/46.3%/23.5
months, respectively (P< 0.001). Kaplan–Meier curves
showed that both pre-OP CRTþS and Sþpost-OP CRT were
significantly associated with a better overall survival than
surgery alone (Figure 2B. Pre-OP CRT vs. surgery alone:
P< 0.001; post-OP CRT vs. surgery alone: P¼ 0.005). In
contrast, no survival difference was observed among patients
in the pre-OP CRTþS and Sþpost-OP CRT groups (P¼ 0.544).
After stratification by clinical stage, a significant survival differ-
ence was noted between patients with clinical stage II ESCC in
the pre-OP CRTþS and those in the surgery alone group
(P¼ 0.038, Figure 2D). In patients with clinical stage III ESCC,
a significantly worse survival was observed in the surgery alone
group (Figure 2F. Pre-OP CRT vs. surgery alone: P< 0.001; post-
OP CRT vs. surgery alone: P¼ 0.002). However, no survival
difference between patients in the pre-OP CRTþS and the
Sþpost-OP CRT groups was found (P¼ 0.500).

A univariate survival analysis in the matched patients
identified significant prognostic factors including female sex,
cT3/4 stage, pT3/4 stage, ypT3/4 stage, R1/2 resection, and the
use of chemoradiation (pre-OP CRT vs. surgery alone: HR:
0.48, 95% CI: 0.32–0.74, P< 0.001; post-OP CRT vs. surgery
alone: HR: 0.56, 95% CI: 0.37–0.84, P¼ 0.006, Table 4). A
multivariate survival analysis in matched patients identified
cNþ stage as independent prognostic factor in the pre-OP
CRTþS group. Female sex, pNþ stage, tumor length �5 cm,
and the use of postoperative chemoradiation (HR: 0.36, 95% CI:
0.23–0.58, P< 0.001) were independent prognostic factors in
patients who underwent primary esophagectomy.

Pre-OP CRT or Post-OP CRT?
To identify patients who will benefit from pre-OP CRT or

post-CRT in addition to surgery, we also performed a survival
comparison between the pre-OP CRTþS and the Sþpost-OP
CRT in subgroups of patients with different characteristics
(Table 5). Patients with clinical T3/4 stage tumors and those
with a tumor size greater than 5 cm were more likely to
demonstrate an overall survival benefit from pre-OP CRT
compared with post-OP CRT. In patients with cT3/4 stage
tumors, the 1-year and 3-year survival rates as well as the
median survival in the pre-OP CRT þS group were 74.5%,
40.0%, and 23.6 months, respectively, while in the Sþpost-OP
CRT group, those values were 66.8%, 29.1%, and 17.5 months,
respectively (HR: 0.756, 95% CI: 0.619–0.922, P¼ 0.006). In
patients with tumors longer than 5 cm, the 1-year and 3-year
survival rates as well as the median survival in the pre-OP
CRTþS and Sþpost-OP CRT groups were 76.0%, 40.9%, 24.8
months and 62.2%, 28.0%, 15.8 months, respectively (HR:
0.689, 95% CI: 0.523–0.908, P¼ 0.008). These results suggest
that both clinical T stage and tumor length are indications for
pre-OP CRT followed by surgery.

DISCUSSION
Surgical resection has historically been the standard of care

in the treatment of esophageal cancer. However, esophagect-
omy alone has demonstrated modest efficacy, and thus treat-
ment regimens that include multimodal therapy have become
necessary. The current guidelines of the National Comprehen-
sive Cancer Network (NCCN)16 recommend neoadjuvant che-
moradiation or definitive chemoradiation for all patients if the
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stage of disease exceeds T1N0. Although this is now widely
used, many studies that have investigated preoperative chemor-
adiation have presented conflicting findings.5–11 Randomized
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trials by Urba et al (3-year survival rate/median survival for pre-
OP CRT þ surgery vs. surgery alone: 30%/16.9 vs. 16%/17.6
months, P¼ 0.15), Burmeister et al (pre-OP CRT þ surgery vs.
surgery alone in progression-free survival and overall survival:
HR: 0.82 (95% CI: 0.61–1.10) and 0.89 (95% CI: 0.67–1.19)),
and Lee et al (median survival for pre-OP CRT þ surgery vs.
surgery alone: 28.2 vs. 27.3 months, P¼ 0.67) all failed to
demonstrate a survival benefit of preoperative chemoradia-
tion.6–8 The recent FFCD9901 trial also showed that pre-OP
CRT with cisplatin plus fluorouracil did not enhance survival
for stage I or II esophageal cancer compared with surgery
alone.9 In contrast, in the CALGB9781 trial, Tepper et al
compared pre-OP CRT þ surgery with surgery alone and
demonstrated that the median survival times were 4.48 and
1.79 years, respectively, and that the 5-year survival rates were
39% and 16%, respectively, in favor of trimodality therapy.11 In
the CROSS trial, the median overall survival and 5-year survi-
val rates were 49.4 months and 47%, respectively, in the pre-OP
CRT þ surgery group, versus 24.0 months and 34%, respect-
ively, in the surgery alone group. A significant survival benefit
was observed in favor of the pre-OP CRT þ surgery arm.5 Our
results were similar to those of the FFCD9901 trial. No survival
difference was noted between the pre-OP CRTþS and surgery
alone groups in patients with clinical stage II disease. Even after
a propensity score match analysis, the survival impact of pre-OP
CRT was more evident in patients with clinical stage III disease
than in patients with clinical stage II disease. Indeed, our
propensity score match analysis showed significant survival
benefits in favor of pre-OP CRTþS compared with surgery
alone in patients with clinical stage II/III disease, which was
compatible with the results from the CROSS trial.

On the contrary, the role of postoperative chemoradiation
was understudied, and some studies suggested a survival benefit
compared with surgery alone.12,13 Our recent study that com-
pared surgery followed by post-OP CRT with surgery alone in
patients with ESCC also demonstrated a survival benefit of
post-OP CRT.14 After propensity score matching, the median
overall survival/3-year survival rates were and 33.0 months/
57.0% and 19.0 months/26.0%, respectively (P¼ 0.016) in
favor of the Sþpost-OP CRT group. The survival impact
was more evident in patients with Nþ tumors. For patients
with lymph node involvement in the Sþpost-OP CRT group the
median overall survival was 29.0 months (95% CI: 21.0–37.0)
versus 16.0 months (95% CI: 6.6–25.4) in the surgery alone
group. The 1-year and 3-year overall survival rates in the
Sþpost-OP CRT group and the surgery alone group were
86.0% versus 44.0% and 48.6% versus 16.8%, respectively
(P¼ 0.003). The rationale of postoperative treatments included
an indication for chemoradiation which was based on accurate
pathological staging; thus, the risk of overtreatment was mini-
mized. For example, the current study showed that 18.5% of
patients with clinical stage II/III disease who underwent
primary esophagectomy had stage 0/I based on the pathological
staging. Patients such as these may be overtreated if we apply
pre-OP CRT to all patients with clinical stage II/III ESCC.
However, this strategy was understudied because patients who
undergo esophagectomy are typically debilitated and unable to
withstand any postoperative treatments. With the advent of
minimally invasive esophagectomy, an earlier return of
physical function may render patients better able to tolerate
adjuvant therapy. For example, Parameswaran et al have com-
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pared the recovery of patients who underwent open and mini-
mally invasive esophagectomy.17 They found that after surgery,
the fatigue level of the patients gradually recovered to baseline
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TABLE 4. Cox Regression Survival Analysis in Matched Patients

Multivariate Analysis

Univariate Analysis Pre-OP CRT þ Surgery Surgery þ Post-OP CRT and
Surgery Alone

HR 95% CI P AHR 95% CI P AHR 95% CI P

Age, yr
<55 1 1 1
�55 0.81 0.57–1.15 0.240 0.65 0.29–1.48 0.309 0.90 0.58–1.39 0.641

Sex
Male 1 1 1
Female 0.29 0.09–0.90 0.032 0.00 0.00-. 0.990 0.23 0.06–0.79 0.019

cT stage
T1/2 1 1 1
T3/4 1.87 1.19–2.92 0.006 1.70 0.66–4.39 0.269 1.62 0.84–3.14 0.149

cN stage
N 0 1 1 1
N þ 1.44 0.97–2.14 0.074 3.30 1.05–10.39 0.042 0.88 0.51–1.51 0.640

pT stage
Tis/1/2 1 1
T3/4 1.73 1.01–2.97 0.047 1.61 0.80–3.24 0.184

pN stage
N0 1 1
Nþ 1.52 0.99–2.35 0.059 1.88 1.10–3.21 0.022

ypT stage
T0/is/1/2 1 1
T3/4 2.13 1.07–4.26 0.032 1.76 0.81–3.80 0.151

ypN stage
N0 1 1
Nþ 1.76 0.88–3.50 0.109 1.28 0.58–2.82 0.547

Tumor location
Lower third 1 1 1
Middle third 1.02 0.69–1.50 0.930 1.06 0.43–2.59 0.902 1.47 0.89–2.42 0.135
Upper third 1.38 0.87–2.20 0.176 2.28 0.86–6.04 0.098 1.45 0.81–2.62 0.214

Tumor grade
G1 1 1 1
G2 0.78 0.36–1.68 0.518 1.06 0.22–5.23 0.940 0.53 0.20–1.39 0.196
G3 1.16 0.51–2.61 0.724 0.75 0.14–4.14 0.739 1.35 0.50–3.68 0.553

Resection margin
Negative (R0) 1 1 1
Positive (R1/2) 2.09 1.29–3.37 0.003 2.18 0.82–5.77 0.116 1.61 0.86–3.01 0.139

Treatment modality
Surgery only 1 1
Pre-OP CRT 0.48 0.32–0.74 <0.001
Post-OP CRT 0.56 0.37–0.84 0.006 0.36 0.23–0.58 <0.001

Tumor length
<5 cm 1 1 1
�5 cm 1.33 0.94–1.88 0.113 0.71 0.32–1.60 0.412 1.92 1.21–3.04 0.006

CI¼ confidence interval; HR¼ hazard ratio.
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TABLE 5. Survival Difference Between Patients With Different
Characteristics in the Pre-OP CRT and Post-OP CRT Subgroups

N HR 95% CI P

Age, yr
<55 578
Pre- vs. post- 0.920 0.714–1.184 0.517
�55 468
Pre- vs. post- 0.958 0.734–1.250 0.750

Sex
Male 1002
Pre- vs. post- 0.946 0.785–1.141 0.563
Female 44
Pre- vs. post- 0.647 00.252–1.659 0.365

Clinical T stage
T1/2 178
Pre- vs. post- 1.481 0.912–2.404 0.113
T3/4 868
Pre- vs. post- 0.756 0.619–0.922 0.006

Clinical N stage
N0 194
Pre- vs. post- 0.693 0.460–1.044 0.079
N (þ) 852
Pre- vs. post- 0.972 0.784–1.206 0.799

Location
Upper/middle 519
Pre- vs. post- 0.970 0.731–1.288 0.833
Lower 257
Pre- vs. post- 0.955 0.659–1.382 0.806

Size, cm
<5 353
Pre- vs. post- 1.245 0.929–1.670 0.142
�5 453
Pre- vs. post- 0.689 0.523–0.908 0.008

Grade
Well/moderately 538
Pre- vs. post- 0.947 0.735–1.221 0.676
Poorly 252
Pre- vs. post- 0.914 0.661–1.263 0.586
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following minimally invasive surgery within 6 months, but
remained elevated in the open esophagectomy group. The early
restoration of health-related quality of life after minimally
invasive esophagectomy gives us an opportunity to re-evaluate
the sequence of trimodality therapy.

In the literature, direct comparisons between pre-OP CRT
and post-OP CRT are limited. Hong et al analyzed the SEER-
Medicare database and compared the survival of 126 patients
after pre-OP CRTþS and 40 patients after Sþpost-OP CRT.18

No difference in overall survival (P¼ 0.06) or cause-specific

CI¼ confidence interval; HR¼ hazard ratio.
survival (P¼ 0.17) was found. Another single-center study also
showed no significant difference in survival rates after a
comparison of the pre-OP CRT and post-OP CRT arms.19
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The 1-year survival rate/median survival was 91.3%/53 months
in the pre-OP CRTþS group and 91.0%/48 months in the
Sþpost-OP CRT group (P¼ 0.498). The current study includes
1385 patients with clinical stage II/III ESCC. Before propensity
matching, both pre- and post-OP CRT demonstrated a survival
benefit compared with surgery alone in patients with clinical
stage III disease, which indicates that trimodality therapy is
important for patients with esophageal cancer. After matching,
both pre- and post-OP CRT demonstrated a survival benefit
compared with surgery alone in patients with clinical stage II/
III disease. Additionally, no difference in overall survival was
observed between the pre-OP CRTþS and Sþpost-OP CRT
groups, which suggests that the sequence may be irrelevant to
the outcome. Moreover, our subgroup analysis showed that
patients with clinical T3/4 stage tumors and a tumor size greater
than 5 cm are more likely to demonstrate an overall survival
benefit from pre-OP CRT compared with post-OP CRT, which
suggests clinical T stage and tumor length are indications for
pre-OP CRT followed by surgical management.

The impact of our study includes the reappraisal of the role
of postoperative treatment in esophageal cancer. The NCCN
guidelines for ESCC recommended no additional treatments
after surgery unless the margins are positive, irrespective of
lymph node status.16 However, our results did suggest the
survival benefits provided by post-OP CRT. It is also necessary
to re-evaluate the significance of previously reported clinical
trials with regard to preoperative chemoradiation. In the litera-
ture, the role of preoperative chemoradiation was established
based on comparisons between pre-OP CRTþS and surgery
alone.5–11 Adjuvant therapy was not given to the surgery alone
groups, which means that patients with metastatic disease to the
lymph nodes did not receive any systemic therapy. However,
based on our findings, surgery alone is not enough for these
patients with locally advanced disease. Those previous studies
might have actually compared pre-OP CRTþS with incomplete
treatment, that is, surgery alone. We highlight the need for a
randomized trial to directly compare one trimodality therapy
(pre-OP CRT) with another trimodality therapy (post-OP CRT)
to establish the optimal combination and timing of multidisci-
plinary treatments for ESCC. The strengths of our study
included a large database of patients, and the impact of different
management approaches was based on the sequence of chemor-
adiation and surgery. However, the retrospective population-
based nature of our database is a limitation of our study. The
indication of pre-OP CRT or primary esophagectomy was not
randomized. Some surgeons may perform primary esophagect-
omy for smaller, less advanced tumors and arrange pre-OP CRT
only for more advanced tumors. Despite this possible bias, the
survival of patients after surgery alone was still worse than that
of patients in the pre-OP CRTþS group. Moreover, the indica-
tion for post-OP CRT was not randomized. Some surgeons may
suggest post-OP CRT for patients with Nþ, T4 diseases and
tumor infiltration close to the surgical margins, while they may
suggest observation only for patients with less advanced tumors.
Even so, the survival in Sþpost-OP CRT group was still better
than surgery alone. Second, this population-based database
lacks detailed information about staging workup, chemoradia-
tion regimens, surgical techniques, and follow-up protocols,
which is a common limitation to all population-based studies.
However, this lacking information has little impact on the
results. The data used for analysis is very solid and enough

Medicine � Volume 94, Number 25, June 2015
to reach conclusive results. Third, although we used propensity
score matching to compensate for the unequal distribution of
patients, which was due to retrospective nature of the study,
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some hidden factors may still influence the results. Our con-
clusions should be carefully interpreted and validated by pro-
spective randomized trials in the future.

In conclusion, both pre- and post-OP CRT demonstrated
survival benefits compared with surgery alone, which indicates
that trimodality therapy is important for patients with stage II/III
ESCC. However, no survival difference was observed between
patients who receive pre-OP CRT and post-OP CRT, which
suggests that the sequence may be irrelevant to the outcome.
Although not recommended by the current NCCN guidelines,
the strategy of surgery followed by post-OP CRT guided by
pathologic findings did not negatively impact survival. Further-
more, accurate pathological staging could improve prognosis
prediction and minimize overtreatment of patients with early-
stage diseases. In the subgroup analysis, patients with clinical
T3/4 stage tumors or those with a tumor size greater than 5 cm
were more likely to demonstrate an overall survival benefit
from pre-OP CRT compared with post-OP CRT. Based on the
findings of this retrospective study, future prospective trials are
needed to assess the optimal sequence of trimodality therapy.
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