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Clinical significance of preoperative chemoradiotherapy for
advanced esophageal cancer, evaluated by propensity score
matching and weighting of inverse probability of treatment
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Abstract. The present study used inverse probability of
treatment weighting (IPTW) and propensity score matching
(PSM) to compare survival benefits among 112 patients with
resectable, stage II‑IV esophageal squamous cell carcinoma
(SCC) treated between 1996 and 2016 with neoadjuvant
chemoradiotherapy (NAC) plus surgery (Group A, n=55) or
with surgery alone (Group B, n=57). Their propensity scores
(PS) were calculated using a multivariable logistic regression
model in which age, sex, cancer site, primary tumor length,
cTNM stage, lymph node metastasis and depth of tumor invasion
were the independent variables, and used to match Groups A
and B according to the IPTW and matching method. After
IPTW and PSM, univariate analysis was used to assess overall
survival (OS) and disease‑free survival (DFS), followed by
Cox proportional hazard models for OS using IPTW between
the two groups and the subgroups. After PSM, 5‑year OS and
DFS were significantly higher in Group A (OS: 65.2%, DFS:
65.2%) compared with Group B (OS: 31.2%, DFS: 20.87%).
Similarly, after IPTW, OS and DFS were significantly higher
in Group A compared with Group B patients. Five‑year OS was
73.18% for Group A and 37.69% for Group B (hazard ratio:
0.2899, 95% confidence interval: 0.1167‑0.7205). To conclude,
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treatment was more effective in Group A patients with clinical
stage II, N0 and T3 disease involving the mid‑esophagus. It
was concluded that for patients with esophageal SCC, NAC
plus esophagectomy exhibited improved survival compared
with surgery alone, as demonstrated by use of IPTW and PSM
methods.
Introduction
Esophageal cancer (EC) is the eighth most common cancer
worldwide, with an estimated 455,784 new cases diagnosed
in 2012, and the sixth most common cause of death from
cancer, with 400,169 deaths reported in 2012 (1). Squamous
cell carcinoma (SCC) is by far the most common form of EC
in Asian countries; adenocarcinomas of the lower third of
the esophagus are common in western countries but account
for only 4.3% of ECs in Japan (2). Surgery is considered the
treatment of choice for patients with locoregionally confined
EC. However, EC has a high rate of disease recurrence, even
after curative surgery (3‑6). Trimodality therapy, consisting of
preoperative chemoradiation followed by esophagectomy, was
developed to improve the survival of patients with locoregional
EC, and has become the standard treatment in the NCCN
guidelines for patients with resectable esophageal SCC (7).
In Japan, the standard treatment recommended by the Japan
Clinical Oncology Group (JCOG) 9907 Study for patients with
UICC (Union for International Cancer Control) stage II/III
resectable SCC is a preoperative chemotherapy regimen of
5‑fluorouracil (5‑FU) and cisplatin (CP; the regimen: CF)
followed by esophagectomy (8). In that randomized phase
III trial, patients in the neoadjuvant chemotherapy (NAC)
+surgery group had a better survival rate than patients in the
postoperative adjuvant group. However, the study was limited
by its exclusion of patients with pathological N0 disease
from the adjuvant chemotherapy group and the disparity of
patients who received postoperative chemotherapy (64.6%)
and preoperative chemotherapy (97.0%). Additionally, a subset
analysis of the JCOG 9907 study showed that NAC was not
effective in patients with stage III disease or T3 tumors,
thus demonstrating the need for more effective perioperative
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intervention in these patients. To improve survival, beginning
in 1996, we introduced preoperative chemoradiotherapy
(CRT) for patients with resectable advanced EC. A subsequent
analysis showed increased tumor resectability, lower
incidences of both local recurrence and distant metastasis,
and a more favorable prognosis for CRT responders (9,10).
Additionally, a comparison of survival by patients with stage
II/III esophageal SCC treated with surgery alone vs. with a
protocol including neoadjuvant CRT showed that neoadjuvant
CRT with CF significantly improved disease‑free survival
(DFS) compared with surgery alone (11); but these were
retrospective, observational studies that may have included
some confounding biases. Propensity score (PS) methods,
including inverse probability of treatment weighting (IPTW)
and propensity score matching (PSM) are used increasingly
to reduce or minimize confounding effects in evaluations of
treatment, exposure, or intervention based on observational
or non‑randomized data (12). In our retrospective study of
patients with resectable EC, we compared those who received
neoadjuvant CRT plus surgery (trimodality therapy) with
those treated by surgery alone. After applying IPTW and
PSM, we investigated whether survival benefits were obtained
for patients in the neoadjuvant CRT plus surgery group.
Patients and methods
Patients with biopsy‑proven, invasive SCC of the esophagus
that had not been previously treated were eligible for the
study. Other inclusion criteria were endoscopy and CT
scan and/or endoscopic ultrasound examination findings
of resectable, clinical stage II, III, or IV disease based on
the UICC TNM Classification of Malignant Tumors, 6th
ed (13). Other eligibility criteria were as follows: <80 years
old, adequate organ function (WBC ≥3,500, Hb ≥10 g/dl,
ALT/AST ≤2x upper limit of normal, platelets ≥100,000, serum
creatinine ≤1.3), and an Eastern Cooperative Oncology Group
performance status of <1 at the time of admission. The patients
who received chemotherapy, chemoradiotherapy or endocrine
therapy due to other malignancies were excluded in this
study. We defined T3.5 on CT scan as suspected T4, possibly
down‑staged following neoadjuvant therapy, and included as
T3. Of the 112 patients entered into this study, 55 received
preoperative CRT followed by esophagectomy (Group A)
and 57 underwent esophagectomy alone (Group B) between
August 1996 and June 2015 at the Department of Surgery,
Hyogo College of Medicine and Nara Hospital, Kindai
University School of Medicine, Japan. Most patients of Group
A were treated in Hyogo College of Medicine between 1996
to 2007, and most patients of Group B were treated in Nara
Hospital between 2002 to 2015. All patients gave informed
consent. This study was approved by the Ethical Committees
of both Nata Hospital (No. 377), Kindai University School
of Medicine (on the Kindai University web site); and Hyogo
College of Medicine (No. 2906; on their web site).
Neoadjuvant CRT followed by esophagectomy. Preoperative
radiotherapy was performed for 5 days per week (Monday
to Friday, 2 Gy/day) using a linear accelerator (Mevatron
KD2: Siemens, Germany). The radiation field encompassed
the primary tumor volume (as defined by endoscopy,

esophagography, and CT scan) with a 3‑cm margin in the
cephalad and caudal directions and 4‑cm horizontal margins. If
lymph node metastasis was detected by CT scan, the radiation
field was extended to include the primary tumor and metastatic
lesions. Twenty fractions of 2 Gy each were delivered for a total
of 40 Gy of radiation per patient. Concurrent chemotherapy
consisted of 5‑FU (500 mg/m 2/day) administered for 120 h
via continuous intravenous infusion starting on Day 1 and CP
(15‑20 mg/day) administered as a 2‑h intravenous infusion on
Days 1‑5, repeated after 3 weeks.
Response to CRT was defined according to the criteria
of RECIST guideline (version 1.1) (14). Esophagectomy
was planned for 4‑7 weeks after the completion of CRT.
Most patients underwent thoracotomy, laparotomy, and
cervicotomy in conjunction with the esophagectomy and
two‑ or three‑field lymphadenectomy. Reconstruction always
consisted of a gastric tube and gastroesophageal anastomosis
at the left side of the neck using a retrosternal root. Radical
resection (R0) was defined as the removal of all macroscopic
tumors with no evidence of distant metastasis, the absence
of microscopic residual tumor, free resection margins, and
lymphadenectomy extending beyond the involved nodes.
Resection was defined as non‑radical when microscopic (R1)
or macroscopic (R2) residual tumor was found, according to
the TNM criteria (13).
Esophagectomy for surgery alone. Esophagectomy was
performed together with a small (~10 cm) thoracotomy via
thoracoscopy‑assisted esophagectomy, with two‑ or three‑field
lymphadenectomy including the upper mediastinum.
Reconstruction was routinely performed using a retrosternal
root and a gastroesophageal anastomosis at the left side of
the neck. The degree of radical resection (R) was assessed
according to the TNM system (13).
Statistical analysis. The differences between the characteristics
of patients in Group A and Group B were analyzed using the
chi‑square, Fisher's exact test and Mann‑Whitney tests. Overall
survival (OS) was defined as the time from the date of initial
treatment to patient death or the date of the last available
information on the patient's vital status. DFS was defined as
the period after treatment during which time no cancer was
found. With the unmatched data, differences between the
cumulative survival rates in the two groups of patients were
calculated using the log‑rank test for comparison, as well as
Kaplan‑Meier survival curves and unadjusted Cox proportional
hazard models. P<0.05 was considered significant. Because
therapy was not randomly assigned in this patient population,
potential confounding and selection biases were accounted for
by developing a PS, calculated using a multivariable logistic
regression model in which age, sex, cancer site (location),
primary tumor length, cTNM stage, lymph node metastasis, and
depth of tumor invasion (cT) were the independent variables.
After propensity scores were calculated, distributions of
propensity scores and it after IPTW in two evaluated groups
were analyzed by Kernel density estimation. Initially, the PSs
were used to match preoperative CRT patients to those treated
by surgery alone according to caliper matching in propensity
score analysis. Next, the PSs were used to match preoperative
CRT patients to those treated by surgery alone according to
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Table I. Patients characteristics in the present study (n=112).
Variable

Preoperative CRT (group A)

Surgery alone (group B)

P‑value

No. of patients
55
57
Age (years)
60.49
65.19
P<0.05
Male/female
44/10
48/9
NS
Location of primary tumor 			
P<0.05
Cervical
1
0
Upper thoracic
6
3
Middle thoracic
32
23
Lower thoracic
15
30
Abdominal
1
1
T‑classification (cT)			
NS
cT2
7
10
cT3 (T3.5 included)
45
46
cT4
3
1
Tumor length
6.76
5.05
P<0.05
Clinical stage (TNM 6th edition)			
NS
II
28
28
III
21
26
IV
7
3
N‑classification (cN)			
P<0.05
N0
36
18
N1
19
39
Resectability			NS
R0
40
50
R1
15
6
R2
0
1
NS, not significant; CRT, chemoradiotherapy.

the IPTW method. IPTW was calculated from following
formula: [1/PS] in Group A and [1/(1‑PS)] in Group B. After
IPTW and PSM, prognosis of patients in the two groups were
examined using univariate analyses for OS and DFS. Cox
proportional hazard models for OS were then adjusted using
the IPTW values of the two groups and subgroups. Statistical
analyses were performed using STATA version13 (Stata Corp
LP, College Station, TX, USA), R version 3.1.1 (R Project for
Statistical Computing, Vienna, Austria) and JMP version 11
(SAS Institute Inc., Tokyo, Japan).
Results
Patients characteristics in the unmatched analysis.
Characteristics of the 112 patients included in this study are
summarized in Table I. Group A consisted of 55 patients treated
with neoadjuvant CRT+surgery, and Group B of 57 patients
who underwent surgery only. All tumors were histologically
confirmed to be esophageal SCC. The median age in Group A
was significantly younger than in Group B, and tumor locations were generally lower in Group B than in Group A.
Group B had a higher rate of cN0 disease than Group A.
Although the tumors of group A patients were longer than

those of group B patients, the difference in the cT between the
two groups was not significant. PS distributions between the
two treatment groups are shown in Fig. 1, and shown in Fig. 2
after IPTW. The PS distribution differed between the two
groups. After IPTW, PSs were similar between two groups.
After PSs were calculated, 46 of 112 patients were matched by
caliper‑matching method (Table II). Group A and Group B did
not significantly differ in each parameter.
Effects of chemoradiation for Group A. Clinical responses
(complete responses +partial responses) to neoadjuvant CRT
for primary tumors and metastatic nodes were noted in 45 of
55 patients (clinical response rate: 81.8%). All patients received
R0 or R1 resections (Table I).
Survival analysis. In the unadjusted data, OS was higher in
Group A than in Group B patients, but the difference was not
significant. The OS for Group A was 55.36% at 3 years and
53.06 at 5 years; in Group B, the corresponding value at both
time points was 43.44% (P= 0.138, Fig. 3). DFS was significantly better in Group A than in Group B; in Group A, DFS
at 3 and 5 years was 52.21%, whereas in Group B it was 38.7%
at 3 years and 35.63% at 5 years (P<0.05, Fig. 3). In Group A,
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Table II. Patients characteristics after propensity score
matching in the present study (n=46).

Variable

Figure 1. Different distributions of propensity scores between the two treatment groups.

Preoperative
CRT
(group A)

Surgery
alone
(group B)

No. of patients
23
23
Age (years)
62.38
63.52
Male/female
20/3
19/4
Location of primary tumor		
Cervical
1
0
Upper thoracic
0
1
Middle thoracic
12
11
Lower thoracic
9
10
Abdominal
1
1
T‑classification (cT)		
cT2
1
2
cT3 (T3.5 included)
20
20
cT4
2
1
Tumor length
6.15
6
Clinical stage		
(TNM 6th edition)
II
9
12
III
12
9
IV
2
2
N‑classification (cN)		
N0
8
10
N1
15
13
Resectability		
R0
18
21
R1
5
2

Figure 2. Distributions of propensity scores after IPTW between the two treatment groups. The distributions of both groups were similar according to the
propensity score after IPTW. IPTW, inverse probability of treatment weighting.

CRT, chemoradiotherapy.

5‑year OS of patients with R0 resections was significantly
higher (72.93%) than in the R1 subgroup (6.25%, P<001). Also,
5‑year OS of patients who responded to CRT (63.01%) was
better than in the non‑responder subgroup (0%; P<0.01).
After PSM, both OS and DFS were significantly higher in
Group A than Group B (5‑year OS: 65.2% vs. 31.2%, 5‑year
DFS: 65.2% vs. 20.9%, P<0.05, Fig. 4). After IPTW was
applied, OS was significantly higher in Group A than in Group
B, with 3‑ and 5‑year rates of 73.77 and 73.18%, respectively,
vs. 37.69% each [hazard ratio (HR): 0.2899, 95% confidence
interval (CI): 0.1167‑0.7205, P<0.05, Fig. 5]. DFS was also
significantly higher in Group A than in Group B patients, with
rates at 3 and 5 years of 72.38% each vs. 34.12 and 29.37%
(HR: 0.2703, 95% CI: 0.1123‑0.6506, P<0.05, Fig. 5). Results
of subgroup analyses of OS with respect to clinical lymph
node status, cT, length, clinical stage, and location are shown
in Fig. 6. Treatment was more effective in the preoperative CRT
group with stage II disease that involved the mid‑esophagus,
clinical N0, T3 status, and patients age >70 years. Preoperative
CRT was significantly effective regardless of tumor length.

Discussion
This study was carried out to evaluate the clinical
significance of preoperative CRT compared with surgery
alone in patients with resectable esophageal SCC. After
applying IPTW and PSM using PS, our results showed that
preoperative CRT yielded superior survival rates compared
with surgery alone.
PS may be used four ways to reduce confounding: PS
matching, PS stratification, applying IPTW along with PS, and
covariate adjustment using PS (15,16). Several studies have
examined the performance of these different PS methods for estimating treatment effects when the outcomes are binary (17‑20).
Austin reported that PS matching and application of the IPTW
allow estimation of marginal HRs with minimal bias. The study
concluded that IPTW gave estimates with a lower mean squared
error when estimating the effect of treatment (12). We therefore
evaluated the survival benefit of preoperative CRT vs. surgery
alone after applying both PS matching and IPTW. Four reports
employed a prognostic analysis using IPTW to analyze the
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Figure 3. Overall survival and disease‑free survival of unmatched patients treated with neoadjuvant chemoradiotherapy plus surgery (Group A) vs. surgery
alone (Group B). They did not significantly differ in overall survival, but disease‑free survival was significantly higher in Group A than in Group B (P<0.05).

Figure 4. Overall survival and disease‑free survival after propensity score matching were significantly higher in Group A than Group B (P<0.05).

Figure 5. Overall survival and disease‑free survival (DFS) of Groups A and B patients after analyzing data using inverse probability of treatment weighting.
Overall survival and disease‑free survival were significantly higher in Group A than in Group B (P<0.05).

data of patients with gastric and EC (21‑24). Two of those
reports used PS matching and IPTW to evaluate the effects of
perioperative chemotherapy in patients with gastroesophageal
adenocarcinoma (23,24). Fiteni et al reported better outcomes
with perioperative chemotherapy [docetaxel, cisplatin, and
fluorouracil (DCF) regimen] than with surgery alone, after
applying both IPTW and PS matching to the analysis. However,
Kim et al compared standard CF therapy with DCF therapy
and obtained better outcomes from DCF, using IPTW but not

PS matching. The authors explained the different results by
the smaller sample size in the PS matched group, noting that
when the sample size is small, IPTW is more reliable than PS
matching. We used these two methods to analyze survival after
esophagectomy. Fortunately, the same results were obtained in
two analytical methods.
As shown in Fig. 1, the density of propensity scores had
different distributions in both groups; therefore the number of
matched patients had decreased. Because only 46/112 (41.1%)
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Figure 6. Forest plot of treatment effects on clinical factors for all patients. Ut, upper third of esophagus; Mt, middle third of esophagus; Lt, lower third of
esophagus.

of patients were matched in the present study, statistical errors
might have occurred. However, distributions of PS after IPTW
were similar in both evaluated groups as shown in Fig. 2. The
IPTW is not a method of increasing the number of patients,
but rather a method to estimate a large amount of information from little information without changing the number of
patients. When the number of patients is small, it might be
necessary to evaluated both PS matching and IPTW. Two
other reports assessed only patients with EC, and used only
the IPTW method (21,22). In the study of Guttmann et al,
outcomes of elderly patients with EC treated with preoperative
CRT vs. surgery alone was examined using the IPTW method,
with better outcome noted in the preoperative CRT group.
Also, Yendamuri et al reported that IPTW is preferred to
matching, and other methods, in the context of a time‑to‑event
analysis to estimate the average treatment effect. They evaluated the clinical characteristics of esophageal adenosquamous
cell carcinoma, and compared adenocarcinoma and SCC. As
adenosquamous cell carcinoma makes up only 1% (n=284) of
28,110 EC cases in the SEER database, therefore, it is presumed
that they preferred only IPTW metho. Based on these four
papers, in our evaluation of the two types of treatment, IPTW
seemed to be the better method of analysis rather than PSM,
especially it is considered to be excellent analysis for PS when
the number of patients is small.
In Japan the standard treatment of resectable EC is
preoperative chemotherapy using 5‑FU + CP, established in the
JCOG 9907 study (8). However, in the NCCN guidelines, the
standard treatment of SCC staged as T1b‑T4a, N0‑N+ or M0 is
preoperative chemoradiation followed by esophagectomy (7).
The preferred CRT regimens are paclitaxel/carboplatin,
5‑FU/CP or 5‑FU/oxaliplatin, and the recommended irradiation
dose is 41.4‑50.4 Gy.
In the ESMO guideline, standa rd treatment of
local/locoregional (M0) SCC is neoadjuvant chemoradiation

followed by esophagectomy (25). This guideline for EC
was based on a meta‑analysis and the results of the CROSS
trial (26‑29), in which patients were treated with carboplatin,
paclitaxel, and 41.4 Gy of irradiation followed by surgery.
The median survival of these patients was 81.6 months in
the neoadjuvant CRT group and 21.1 months in the group
treated with surgery alone; the difference was statistically
significant. Despite the high survival rates reported with this
regimen, our patients did not receive carboplatin because it
has not been tested in a clinical trial in Japan. Clinical trials
of this regimen should be planned to verify its efficacy in
Japanese patients with EC.
Despite its long study period, the survival rates of our present
study were similar to those of the JCOG 9907 study; therefore,
we believe our present survival rates warrant evaluation.
As no randomized clinical report of preoperative CRT vs.
surgery alone in Japan is available, quasi‑randomization using
propensity scores, as we have done here, are clinically useful.
Subgroup analysis after IPTW also showed that
preoperative CRT was more effective in patients with the
following characteristics: >70 years of age, male sex, clinical
stage II, T3 disease, mid‑esophageal tumor, and clinical N0
disease. Notably, preoperative CRT was more effective in
treating T3 disease in the present study cohort that in those
included in the subgroup analysis of the JCOG9907 report (8),
which further supports preoperative CRT in the treatment of
locoregional T3 disease. Although few papers report the effects
of preoperative chemotherapy or CRT by tumor locations,
the CF regimen might be especially effective for SCC of the
mid esophagus (8,30). The CROSS TRIAL results indicated
that CRT was more effective for clinical N0 disease; similar
results were obtained in this study. Additionally, preoperative
CRT seemed to be more effective for older patients in our
study; however, we cannot explain the reason for this result, as
conflicting data also exist (30).
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In Japan, JCOG 1109 has been planned to verify the
effectiveness of preoperative CRT in patients with stage
II/III esophageal SCC. JCOG 1109 has three arms and is a
randomized phase III study to compare preoperative chemotherapy with CF, preoperative CRT, and preoperative DCF
chemotherapy. The results of this study are upcoming as of
this writing.
In conclusion, after applying IPTW using the PS and
PSM, we found that preoperative CRT plus esophagectomy
led to superior survival than surgery alone in patients with
esophageal SCC. Until the results of the JCOG1109 are
available, our study supports the benefit of neoadjuvant CRT
for EC patients, including those with T3 or higher disease. We
also showed that IPTW using PS is an important statistical
method in studies based on retrospective data derived from
actual clinical practice.
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