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Abstract

Background It will be important for the Japan Esophageal Society (JES) to show an evident advantage of its institution certi-
fication system. To achieve this essential task, we used nationally acquired big data to re-analyze 5-year survival information.
Methods In 2008-2009, there were 4897 thoracic esophageal cancer patients who underwent esophagectomy and were
registered in the National Database of Hospital-based Cancer Registries. We divided these patients into two groups, those
who underwent surgery at an Authorized Institute for Board Certified Esophageal Surgeons (AIBCES) or a Non-AIBCES.
We then compared the patient backgrounds and 5-year survival rates between these two groups, with and without propensity
score matching.

Results There were 3080 (63%) patients who underwent esophagectomy at an AIBCES and 1817 (37%) who underwent
surgery at a Non-AIBCES. Comparison of the Kaplan—Meier survival curves using log-rank tests indicated a significant
difference between the AIBCES and Non-AIBCES groups at all cStages (cStages I-IV). Multivariable Cox proportional
hazard analysis stratified by clinical stage and adjuvant treatment revealed that AIBCES vs. Non-AIBCES is a significant
independent factor (adjusted HR 0.78) for survival. After propensity score matching ensuring the backgrounds of the two
groups being equivalent, there were significant differences in the 5-year survival rates for patients with cStages I-III disease
between the AIBCES and Non-AIBCES groups.

Conclusions There is a survival advantage to undergoing esophagectomy at an AIBCES. The institute certification system
from the JES will contribute to the future establishment of a more appropriate surgery delivery system for thoracic esopha-
geal cancer.
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Introduction

The Japan Esophageal Society (JES) recently reported the
appropriateness of the institute certification system for esoph-
ageal surgeries established by the society itself [1]. Using data
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surgery delivery system for thoracic esophageal cancer in the
future, not only for Japan but also for the world. However, this
study had several limitations. First, the number of patients
analyzed was somewhat small, given that the data were drawn
from a large national database, and the data obtained were
registered during only a single year. As a result, we did not see
the significant 5-year survival difference in cStage I patients in
the prior study, where most patients were treated with surgery
alone. Furthermore, there was a difference between the back-
grounds of patients treated at AIBCESs and Non-AIBCESs,
which was especially evident in cStage II-III patients—that
is, the proportion of patients who received adjuvant chemo-
therapy was much higher at AIBCESs than at Non-AIBCESs.
It is incumbent of the JES to show an evident advantage of
the institution certification system to send a strong message to
Japanese society. To achieve this important task, in the present
study we analyzed data from total of 4897 patients collected
by the National Database of Hospital-based Cancer Registries
in 2008-2009 and matched the patients’ backgrounds using
a propensity score.

Patients and methods

National Database of Hospital-based Cancer
Registries

We retrieved the 2008-2009 data from the National Data-
base of Hospital-based Cancer Registries from the National
Cancer Center, Tokyo, Japan [2]. The registry data included
the following information on individual cancer patients: (i)
clinical profiles, including birth date, sex, tumor topology,
and histology code defined by the International Classifica-
tion of Disease for Oncology, third edition (ICD-O-3); (ii)
clinical and pathological tumor—-node—metastasis (TNM 6th
Edition) stage based on the Union for International Cancer
Control (UICC) guidelines; (iii) diagnosis date; (iv) first-line
treatment details; and (v) survival information (follow-up
time after diagnosis of cancer). We extracted the data for
patients diagnosed with thoracic esophageal cancer (C151,
C153-155) and treated surgically at a registered hospital
for thoracic esophageal cancer, and for patients diagnosed
at another hospital but treated surgically at a registered hos-
pital for thoracic esophageal cancer. To ensure survival data
quality, the survival data analyzed were limited to that from
facilities able to provide 5-year survival data for all cancers
for more than 90% of their patients.

Authorized Institute for Board-Certified Esophageal
Surgeon

The JES began certifying AIBCESs in 2013. The provi-
sions for certification are described in our previous report
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[1]. The first selection of AIBCESs was deliberated in 2012
and delivered in 2013. This means that AIBCESs certi-
fied in 2013 were selected based on research and clinical
achievements during the period from 2007 to 2011. In the
present study, the data were from AIBCES certified in 2013
or 2014 based on research and clinical achievements during
2007-2011 or 2008-2012. Note that both included data from
patients treated in 2008-2009.

Statistical analysis

We divided the patients into two groups, those who under-
went surgery at an AIBCES and those who received surgery
at a Non-AIBCES, and compared the patient backgrounds
and 5-year survival rates between these two groups. Sta-
tistical comparisons between patients in the AIBCES and
Non-AIBCES groups were carried out using Student’s ¢
test, the Chi-squared test, Fisher’s exact test, or the Cuz-
ick’s Wilcoxon-type test for trend, depending on the type
and distribution of the variables. Overall survival was
characterized using Kaplan—Meier curves. Survival curves
were compared between the two groups using the log-rank
test. A multivariable Cox proportional hazards regression
model was developed to evaluate the effect of treatment at
an AIBCES on survival after adjusting the analysis stratified
by clinical stage and adjuvant treatment. Propensity scores
were calculated by fitting a multivariable logistic regression
model adjusted for age, sex, clinical stage (cStage), tumor
depth (cT), node status (cN), and metastasis status (cM).
We conducted nearest neighbor matching within a caliper
(0.01) after excluding patients whose clinical stage was
unknown (n=110). After checking the balance of the covari-
ates between the two groups by comparing standardized dif-
ference, we conducted Cox proportional hazards regression
analyses, stratified by adjuvant treatment [3]. A two-sided
p value of < 0.05 was used to define statistical significance.
We performed all statistical operations using STATA 14-MP
(Stata Corp LP, College Station, TX, USA).

Results

The Hospital-based Cancer Registry for 2008 and 2009
listed 4897 patients with esophageal cancer and underwent
esophagectomy for thoracic esophageal cancer. There were
3080 (63%) patients who underwent surgery at an AIBCES
and 1817 (37%) who underwent surgery at a Non-AIBCES.
The ratio of participants treated esophagectomy at AIBCES
and Non-AIBCES was not different compare to that of
using the Japanese NCD between 2015 and 2017 (67% and
33%), which corresponds to > 95% of surgeries in Japan [4].
Table 1 shows the backgrounds of the patients in the two
groups. There were significant differences in age, cN, cM,
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cStage, type of surgery and type of adjuvant therapy in the
crude data.

Comparison of the Kaplan—Meier survival curves using
log-rank tests indicated a significant difference between the
AIBCES and Non-AIBCES groups at cStages I-IV in the
crude data (Table 2). The 5-year survival rate for patients
with cStage I cancer treated at an AIBCES vs. Non-AIBCES
was 76.0% vs. 69.4%; cStage 11, 55.4% vs. 46.4%; cStage 111,
41.5% vs. 30.1%; and cStage 1V, 31.2% vs. 23.5% (Table 2).

Multivariable Cox proportional hazard analysis stratified
by clinical stage and adjuvant therapy (n=4785) revealed
that AIBCES vs. Non-AIBCES is significantly related to
better survival (adjusted HR 0.78) (Table 3).

Propensity scores were used to match the likelihood
of being treated at an AIBCES between the groups. After
propensity score matching, the demographic and clinical
characteristics before treatment were adequately balanced
between the 1727 pairs of the AIBCES and Non-AIBCES
groups: standardized difference <0.100 (Table 1, Fig. 1). As
a result, adjuvant chemo- or chemoradio-therapy was admin-
istered to 54% of patients treated at an AIBCES and to 52%
treated at a Non-AIBCES in this analysis. Comparison of the
Kaplan—Meier survival curves using log-rank test indicated a
significant difference in the 5-year survival rates between the
AIBCES and Non-AIBCES groups for patients with cStage
I-III disease (Fig. 2). Cox proportional hazard regression
analyses stratified by the type of adjuvant treatment showed
that patients receiving treatment at an AIBCES had a sig-
nificantly lower hazard ratio (HR 0.82, 95% CI 0.75-0.90)
than those treated at a Non-AIBCES.

Discussion

This study found a significantly better 5-year survival rate
among cStage [-IV thoracic esophageal cancer patients
treated with esophagectomy at an AIBCES as compared to
those treated at a Non-AIBCES before and after propensity
score matching. Cox proportional hazard regression analyses
before and after propensity score matching showed that, in
consideration of clinical factors, patients receiving treatment
at an AIBCES had a significantly lower hazard ratio than
those treated at a Non-AIBCES.

There are several variables that are indicative of the qual-
ity and accuracy of surgery for thoracic esophageal cancer.
The surgery-related death rate and rate of surgical complica-
tions are often used to assess short-term surgical outcomes.
In addition, the overall survival rate is a particularly valuable
indicator of the quality of surgery for thoracic esophageal
cancer because it reflects the thoroughness and/or extent of
lymph node dissection, and it is directly influenced by surgi-
cal failures, including operation-death and surgery-related
death caused by surgical complications. On the other hand,

overall survival data require long-term and accurate data
management. On this point, at the National Database of
Hospital-based Cancer Registries, the precise registry rules
and definitions are covered by the tumor registrar training
programs, and the data quality is ensured through consist-
ency-checking software provided by the National Cancer
Center [2]. Moreover, survival information was often pro-
vided through referral of the patient’s residency card, which
makes this information extremely reliable.

Clinical stage registration is essential for esophageal
cancer, as neoadjuvant therapy is usually administered for
advanced cancers. When discussing the quality and accuracy
of esophagectomy for thoracic esophageal cancer, cStage
must be taken into consideration. For cStage I thoracic
esophageal cancer, the standard treatment strategy is surgery
alone, which consists of esophagectomy, extensive lymph
node dissection from the neck to the abdomen, and recon-
struction [5, 6]. The new comprehensive registry of esoph-
ageal cancer in Japan (2012) revealed that 903 cStage I
patients received esophagectomy, whereas 118 cStrage |
patients received definitive chemoradiotherapy [7]. This
indicates that a large majority of patients with cStage I
esophageal cancer underwent surgery as a definitive treat-
ment in 2012, and few of those patients received adjuvant
therapy. This suggests the difference in 5-year survival
between AIBCES and Non-AIBCES for cStage I patients
directly reflects the surgical quality and accuracy of the
lymph node dissection. Our previous report failed to show
a statistically significant survival advantage of treatment at
an AIBCES for cStage I patients [1]. In the present study,
however, we analyzed the data with more than twice as many
patients and added the propensity score matching method,
which enabled us to clearly show a survival advantage to
receiving esophagectomy at an AIBCES.

At cStages II-11I, a standard treatment in Japan is neoad-
juvant chemotherapy (chemoradiotherapy) plus esophagec-
tomy [5, 6]. When treating patients with cStage II-III dis-
ease, it is necessary to have comprehensive knowledge and
excellent surgical technique. Our earlier report demonstrated
the survival advantage of treatment at an AIBCES in cases
of cStage II-1III esophageal cancer [1]. However, there was
a difference in the background between the two groups,
especially in the proportion of patients receiving adjuvant
therapy, which was reflected by the survival outcome. We
resolved this problem by stratifying adjuvant therapies in the
univariate and multivariable analyses, which revealed that
the institute certification is a significant independent fac-
tor for 5-year survival. Tsukada et al. reported that patients
at center hospitals were more likely to receive neoadjuvant
therapy for esophageal cancer [8]. In the present study,
therefore, we used propensity score matching to ensure that
the proportions of patients receiving adjuvant therapy were
nearly equal in AIBCESs and Non-AIBCESs (54.1% and
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54.3%). Nevertheless, there was significant difference in
5-year survival between the two groups. Our results thus
clearly provide promising evidence indicating an advantage
to receiving esophagectomy at an AIBCES for cStage II-III
patients.

For patients with UICC cStage IV esophageal cancer, sur-
gery was performed in selected patients with resectable N4
lymph nodes, such as the supraclavicular lymph nodes or
those along the celiac artery. In Japan, however, supracla-
vicular lymph nodes are usually considered to be regional
nodes and are dissected as standard surgical procedure. Con-
sequently, comparison of the survival difference between
the two cStage IV groups is valuable, as it would provide
an avenue for discussion of the impact surgical quality and
accuracy in more advanced esophageal cancers and of the
potential for surgical control in such cases. Unfortunately,
however, we cannot use the Japanese cStage IV classification
in this study [9, 10]. We anticipate that a future study using
the Japanese classification will reveal a further advantage to
receiving esophagectomy at an AIBCES.

As mentioned, in the original data, the clinical back-
grounds of the study populations differed between the
patients treated at an AIBCES or Non-AIBCES, and we
employed propensity score matching analysis to compare the
survival rates more objectively. Propensity score matching is
an effective method to control for confounding in observa-
tional studies. In the present study, we analyzed real-world
data, making it necessary to avoid possible selection bias.
Propensity score matching must, therefore, incorporate as
many confounders as possible, which can greatly reduce the
number of samples. For this reason, the number of pairs that
match in the propensity score often becomes small, and the
validity of the study falls. This can make it questionable
whether the obtained results can be generalized to the whole
population being examined. Fortunately, in the present study,
the number of patients was large enough that this problem
did not arise [11].

The strengths of our study include the following. Through
the use of a large sample and propensity score matching, we
were able to minimize potential biases while maintaining
a higher degree of power. Another important merit of the
study is the accuracy of the survival data achieved through
the use of big data. Moreover, in Japan, the treatment strat-
egy is uniformed throughout the country. As a result, the
conclusions drawn from this study are based on high-quality
and reliable data. On the other hand, our study design has
several limitations. First, the cancer data were collected only
from Designated Cancer Care Hospitals and only for first-
course treatments provided by the registering facility. As a
result, the data on who received esophagectomy were incom-
plete. For example, salvage esophagectomy for a recurrent
tumor after definitive chemoradiotherapy is a complex pro-
cedure that has a higher frequency of severe complications

P

Standardized
difference
—-0.065
0.094
-0.118

0.002

Non-AIBCES
39 (2.3%)
659 (38.2%)

240 (13.9%)

789 (45.7%)
0 (0%)

AIBCES
792 (45.9%)
24 (1.4%)
737 (42.7%)
173 (10.0%)
1(0.1%)

After

P

Standardized
difference
—0.039
—0.099
0.129
—0.094

Non-AIBCES
836 (46.0%)
44 (2.4%)
687 (37.8%)
250 (13.8%)
0 (0%)

Before
AIBCES
1360 (44.2%)
37 (1.2%)
1353 (43.9%)
327 (10.6%)
3(0.1%)

No radiation or chemotherapy
+Radiation and chemotherapy

+Radiation therapy

+ Chemotherapy

Missing

Statistical comparisons were made using (1) Student’s ¢ test, (2) the chi-squared test, (3) Cuzick’s Wilcoxon-type test for trend, (4) Fisher’s exact test

AIBCES Authorized Institute for Board Certified Esophageal Surgeons

Table 1 (continued)
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Table 2 Five-year survival rates

. : Overall AIBCES Non-AIBCES P
among patients in the AIBCES
and Non-AIBCES groups by Numbers of patients 3080 1817
clinical factor Time at risk (days) 4,668,135 2,459,343
Death 1524 (49.5%) 1042 (57.3%) <0.001 1)
5-year survival rate (%, Kaplan—-Meier method)
Age
<70 53.7 56.9 48.0 <0.001 2)
270 44.5 472 40.4 0.004 2)
Sex
Female 61.7 66.9 529 <0.001 2)
Male 48.9 51.7 442 <0.001 2)
T classification (n=4785)
T<2 62.4 65.6 57.3 <0.001 2)
T>3 375 41.1 30.8 <0.001 2)
N classification (n=4799)
NO 62.2 67.0 54.7 <0.001 2)
N1-3 41.0 433 36.7 <0.001 2)
M classification (n=4812)
MO 529 56.4 47.1 <0.001 2)
M1 28.9 31.6 22.8 0.002 2)
Stage (UICC, n=4787)
Stage 0 75.0 81.8 60.0 0.26 2)
Stage I 73.7 76.0 69.4 0.003 2)
Stage II 51.6 55.4 46.4 <0.001 2)
Stage III 37.6 415 30.1 <0.001 2)
Stage IV 28.8 31.2 235 0.004 2)
Adjuvant therapy (n=4894)
No radiation or chemotherapy 59.9 64.1 53.1 <0.001 2)
+Radiation therapy 9.9 10.8 9.1 0.66 2)
+ Chemotherapy 48.8 51.3 44.0 0.004 2)
+ Radiation and chemotherapy 29.2 28.2 30.4 0.97 2)

Statistical comparisons were made using (1) the Chi-squared test, (2) log-rank test
AIBCES Authorized Institute for Board Certified Esophageal Surgeons

Table 3 Multivariable Cox proportional hazard analysis stratified by
stage and adjuvant treatment (n=4785)

Factor HR P 95% CI

Age 270 vs. <70 1.37 <0.001 1.26-1.49
Male vs. Female 1.56 <0.001 1.38-1.76
AIBCES vs. Non-AIBCES 0.78 <0.001 0.72-0.84

AIBCES Authorized Institute for Board Certified Esophageal Sur-
geons

and surgery-related death [12]. Although there is an even
greater need for surgical quality and accuracy in salvage sur-
gery, a complete dataset on who received salvage esophagec-
tomy is not available. Second, our data did not include the

@ Springer

presence of comorbidity and performance status because the
registry does not have the information. Third, there was also
a question as to whether the difference in survival between
AIBCESs and Non-AIBCESs reflects the certification itself
or the treatment volumes. Naturally, certified hospitals tend
to have a larger volume of patients than non-certified hos-
pitals. Therefore, we were unable not separate the effect of
these two factors in this study.

In conclusion, our findings indicate that undergoing
esophagectomy at an AIBCES certified by the JES provides
an evident advantage for long-term patient survival. The
institute certification system by JES will contribute to the
future establishment of a more appropriate surgery delivery
system for thoracic esophageal cancer.
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Fig. 1 Distribution of propensity scores before and after matching

I
o | AIBCES
o
o
I.f). -
o
- Non-AIBCES
8 cStage |
P = 0.04 (logrank)
8]
o T T T T T
0 24 48 72 96
Months
Number at risk
Non-AIBCES 410 356 298 180 0
AIBCES 433 378 337 225 0
8
2l
o
3 AIBCES
o
&
© | cStage lll Non-AIBCES
g | P<0.001 (logrank)
s L T T T T
0 24 48 72 96
Months
Number at risk
Non-AIBCES 489 231 159 93 0
AIBCES 424 235 183 119 0

Fig.2 Kaplan-Meier curves for overall survival of patients with
cStage I, II, III, or IV thoracic esophageal cancer operated on at
an Authorized Institute for Board Certified Esophageal Surgeons

Frequency
400 600 800
1 1 L

200
1
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After matching

——— m B

4 6 .8

4 Non-AIBCES
N=1,727 N=1,727

AIBCES

g (F:)Siage I Non-AIBCES

0.04 (logrank)

o 4

Number at risk
Non-AIBCES 705

AIBCES 748

24 48 72 96
Months

478 359 205
539 413 245

o o

cStage IV
P = 0.07 (logrank)

AIBCES

Non-AIBCES

Number at risk
Non-AIBCES 122
AIBCES 120

T T T T
2 4 6 8
analysis time

42 28 16
60 37 23

o o

(AIBCES) or a Non-AIBCES after propensity score matching. There
are significant differences in 5-year overall survival at cStages I-I1I
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