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Risk of Mortality After Total Gastrectomy

TABLE 5. Risk Model of Operative Mortality

Variables Status Hazard Ratio 95% Confidence Interval
ASA score Grade 4 or 5 5.248 2.735-10.07
Disseminated cancer Present 3.458 2.514-4.757
Alkaline phosphatase >600 TU/L 3.116 1.812-5.356
Total bilirubin >2.0 mg/dL 2.751 1.355-5.587
Preoperative dialysis Present 2.583 1.146-5.819
Pancreaticosplenectomy Present 2.219 1.177-4.185
White blood cell count >11,000/pL 2.037 1.368-3.033
Preoperative ADL Any assistance 2.015 1.469-2.764
PT-INR >1.25 1.880 1.292-2.737
Cerebrovascular accident Present 1.858 1.136-3.037
ASA score Grade 3 1.819 1.37-2.417
Ascites Present 1.752 1.133-2.71
Respiratory distress Present 1.719 1.139-2.594
Aspartate aminotransferase >35 IU/L 1.685 1.252-2.266
Status Emergent 1.656 1.031-2.662
White blood cell count <3500/uL 1.629 1.172-2.265
Weight loss >10% 1.584 1.185-2.119
Sodium <138 mEq/L 1.429 1.104-1.85
Albumin <3.5 g/dL. 1411 1.045-1.905
Albumin <3.0 g/dL 1.353 0.974-1.88
Hematocrit <30% 1.339 1.025-1.75
Age category 1.294 1.199-1.396
Age category is defined as follows: category 1, <60 years; category 2, <60 to <65 years; category 3, <65 to <70 years; category 4, <70 to <75 years; category 5, <75
ears.
Y ADL indicates activities of daily living; PT-INR, prothrombin time—international normalized ratio.
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report that mortality is similar between subtotal gastrectomy and total
gastrectomy.'?:!3 These results suggest that morbidity experienced af-
ter gastrectomy may depend on the extent of lymphadenectomy rather
than the extent of gastrectomy. Several randomized controlled trials
performed in Western countries have demonstrated that morbidity is

significantly higher after D2 or greater lymphadenectomy than after
D1 dissection.>7

Although the operative outcomes for gastrectomy have been re-
ported from several high-volume centers,'® the nationwide outcomes
in Japan remain unknown. The advent of the NCD enables the analysis
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of these nationwide outcomes for several operative procedures, in-
cluding total gastrectomy. In addition, the database allows rescarchers
to determine interinstitutional differences in the outcomes and fac-
tors affecting these differences. Most importantly, development of a
risk model using this database is expected to contribute to improved
quality control for several procedures.

In this study, we observed an overall morbidity of 26.2% in
NCD patients undergoing total gastrectomy. Morbidity in the afore-
mentioned randomized trials ranged from 16.8% to 28% in the D1
groups and 33% to 46% in the D2 or greater groups.'*!7 The 30-day
mortality and overall postoperative mortality rates in the NCD total
gastrectomy population were 0.9% and 2.3%, respectively. Mortality
rates in the other trials ranged from 1.8% to 6.5% in the D1 groups
and 3.7% to 13% in the D2 or greater groups. According to a recent
report conducted by the Japanese Gastric Cancer Association using a
nationwide registry, D2 lymph node dissection is performed in 49.2%
of patients and extended D1 dissection is performed in 20.9% of pa-
tients whereas D0 or D1 lymphadenectomy is performed in 27.2% of
patients.'® When we consider the fact that such a high percentage of
patients undergo D2 lymph node dissection at many institutions, the
morbidity and mortality rates for total gastrectomy are satisfactorily
low in Japan.

According to our risk models, the most important variable af-
fecting both 30-day and overall operative mortality rates is the ASA
score. The ASA classification is among the most commonly used
scoring systems, although it is subjective and prone to interobserver
variability.! The ASA grade has the advantages of simplicity and of
universal use® and is known to be an effective risk indicator when
used either alone?' or in combination with other parameters.”>*
Other factors affecting mortality can be divided into 2 groups, with
the first group including factors related to patients’ general condi-
tion such as the need for preoperative dialysis and laboratory test
abnormalities and the second group including variables related to
tumor extension such as the presence of disseminated cancer and
ascites. It is reasonable to presume that a poor preoperative general
condition correlates with postoperative mortality. As an example of
the impact of the second group of variables, peritoneal dissemina-
tion is a progression pattern distinctive for gastric cancer; curative
resection is usually impossible in this situation, and palliative re-
section is often performed for symptom relief. High morbidity and
mortality rates have been reported for noncurative gastric cancer
surgery.**

In our risk model, body mass index was not a significant factor
affecting the mortality. Overweight is a well-known risk of postoper-
ative complications after gastrectomy. Tsujinaka et al*> investigated
influence of overweight on surgical complications after gastrectomy
using data from Japan Clinical Oncology Group study 9501, which
explored survival benefit of para-aortic D3 dissection over standard
D2 dissection. They revealed that being overweight increased the risk
for surgical complications in patients who underwent D2 dissection.?®
Kulig et al*® conducted a multicenter study to evaluate the effects of
overweight on surgical outcomes in a Western patient population and
demonstrated that higher body mass index was associated with a
higher rate of cardiopulmonary complications and intra-abdominal
abscess. Despite the increase in postoperative complications in over-
weight patients, obesity did not affect the mortality in both studies,
as observed in this study.

Preoperative treatment may also affect the occurrence of mor-
tality after total gastrectomy. In the European countries, perioper-
ative chemotherapy is the standard treatment approach for patients
with resectable gastroesophagel cancer.”’ In contrast, postoperative
chemotherapy using S-1 is the standard therapy for patients with stage
TI/IIT gastric cancer in Japan.?® Only 4.3% and 0.1% of the NCD to-
tal gastrectomy population underwent neoadjuvant chemotherapy and
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radiotherapy, respectively, and therefore neoadjuvant therapy was not
a significant factor affecting the mortality.

The C-indices of the models for 30-day mortality and operative
mortality indicate that our models are reliable. Although the useful-
ness of several scoring systems, such as the Physiological and Oper-
ative Severity Score for the enUmeration of Mortality and morbidity
(POSSUM)* and the Estimation of Physiologic Ability and Surgical
Stress (E-PASS),***! in predicting the risks associated with gastrec-
tomy has been reported, these systems are not specific to Japanese
patients undergoing total gastrectomy. Using our risk model results,
we may be able to create a novel scoring system suitable for total
gastrectomy in Japanese patients.

It is unclear whether all total gastrectomy cases all over Japan
are really enrolled in the NCD. Basically, the data manager in each
participating hospital is responsible for the data enrollment. However,
as the NCD is linked to the surgical board certification system, we
assume that almost all cases are enrolled in this system. Indeed, the
number of cases in this study is almost 5 times higher than that
of the nationwide registry maintained by the Japan Gastric Cancer
Association. '

CONCLUSIONS

‘We have reported the first risk stratification study on total gas-
trectomy in Japan by using a nationwide Internet-based database. The
nationwide mortality rates after total gastrectomy are quite satisfac-
tory. We have developed risk models for total gastrectomy that will
contribute to improving the quality of this procedure.
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Abstract The cancer registry is an essential part of any
rational program of evidence-based cancer control. The
cancer control program is required to strategize in a sys-
tematic and impartial manner and efficiently utilize lim-
ited resources. In Japan, the National Clinical Database
(NCD) was launched in 2010. It is a nationwide prospec-
tive registry linked to various types of board certification
systems regarding surgery. The NCD is a nationally vali-
dated database using web-based data collection software; it
is risk adjusted and outcome based to improve the quality
of surgical care. The NCD generalizes site-specific cancer
registries by taking advantage of their excellent organiz-
ing ability. Some site-specific cancer registries, including
pancreatic, breast, and liver cancer registries have already
been combined with the NCD. Cooperation between the
NCD and site-specific cancer registries can establish a
valuable platform to develop a cancer care plan in Japan.
Furthermore, the prognosis information of cancer patients
arranged using population-based and hospital-based can-
cer registries can help in efficient data accumulation on the
NCD. International collaboration between Japan and the
USA has recently started and is expected to provide global
benchmarking and to allow a valuable comparison of can-
cer treatment practices between countries using nation-
wide cancer registries in the future. Clinical research and
evidence-based policy recommendation based on accurate
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data from the nationwide database may positively impact
the public.

Keywords Cancer registry - Nationwide database - Risk
factor - Risk model

Introduction

The cancer registry is an essential part of any rational pro-
gram of evidence-based cancer control [1, 2]. This infor-
mation can be used to monitor cancer patterns in certain
regions and to formulate an effective cancer control plan
{2]. In Japan, the government started promoting and sup-
porting a cancer control plan based on the Cancer Control
Act of 2006. Cancer registries in Japan are classified into
three types—population-based, hospital-based, and site-
specific cancer registries. Each registry plays an important
role in the epidemiology, evaluation of patient care quality,
and in providing clinically detailed information (Table 1);
however, all three types have problems with poor standardi-
zation or incomplete follow-up [2].

The cancer control program is required to strategize in a
systematic and impartial manner and efficiently utilize lim-
ited resources. The National Clinical Database (NCD) in
Japan, which was launched in 2010 and commenced patient
registration in January 2011, is a nationwide prospective
registry linked to the surgical board certification system.
The NCD systematically collects accurate data to develop
a standardized surgery database for quality improvement
and healthcare quality evaluation, considering the structure,
process, and outcome [3]. Moreover, submitting cases to
the NCD is a prerequisite for all member institutions of the
surgical society, and only registered cases can be used for
board certification. The NCD contains >1,200,000 surgical
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Table 1 Types of cancer
registries in Japan

Organization Primary purpose End point
Epidemiological
Population-based Prefecture Cancer surveillance at ~ Morbidity rate
cancer registries population level Survival rate
Hospital-based . .
cancer registries Hospital Evaluation oflcancer Survival rate
care quality
Site-specific . . L .
. Academic society Collecting in-depth Survival rate
cancer registries information

Clinical

cases collected in 2011, and approximately 4,000 institu-
tions were participating at the end of 2013. Detailed infor-
mation on cancer, such as gastrointestinal, liver, pancreas,
thyroid, and breast cancer is also collected in the NCD. The
NCD generalizes site-specific cancer registries by taking
advantage of their excellent organizing ability [4]. Some
site-specific cancer registries, including pancreatic, breast,
and liver cancer registries have already been combined with
the NCD. Furthermore, it has also been promoted to coop-
erate with non-surgical fields.

Here, we summarize the current status of the NCD and
site-specific cancer registries in conjunction with future
perspectives for developing a cancer registration system.

Current status of the NCD

There was no nationwide clinical database for gastroen-
terological surgery for cancer treatment in Japan before
2006. The Japanese Society of Gastroenterological Surgery
organized preliminary nationwide surveys in gastroentero-
logical surgery in 2006 and 2007. These surveys, without
using risk-adjustment techniques, indicated that hospital
volume may influence the mortality rate after major gas-
troenterological surgery [S]. However, it was considered
that upgraded analysis using risk-adjustment techniques
should have been conducted to reveal the specific contri-
bution of the variables. The NCD was established in 2010
as a general incorporated association in partnership with
several clinical societies. The activities of the NCD primar-
ily focus on providing the highest quality healthcare pos-
sible to patients and to the general public with the clinical
setting serving as the driving force behind improvements
[3, 4]. The NCD was developed in collaboration with the
American College of Surgeons National Surgical Quality
Improvement Program (ACS-NSQIP). The ACS-NSQIP is
the first nationally validated database using web-based data

@ Springer

collection software. It is risk adjusted and outcome based
to improve the quality of surgical care [¢]. Development of
the NCD allows risk-adjusted analysis in Japan.

The NCD continuously recruits individuals to approve
the input data from members of several departments in
charge of annual cases as well as data entry officers,
through a web-based data management system to assure
the traceability of the data. Furthermore, the project man-
agers consecutively and consistently validate the data by
inspecting randomly chosen institutions. All variables, defi-
nitions, and inclusion criteria regarding the NCD are acces-
sible to all the participating institutions from the website
(http://'www.nced.orjp/) and are also intended to support
an e-learning system in order for participants to input con-
sistent data. The NCD also provides answers to all queries
regarding data entry (approximately 80,000 inquiries in
2011) and regularly includes some of the queries as fre-
quently asked questions on the website.

In the gastrointestinal surgery section, all surgical cases
are registered and require detailed input items for eight
procedures representing the performance of surgery in
each specialty (low anterior resection, right hemicolec-
tomy, hepatectomy, total gastrectomy, partial gastrectomy,
pancreatoduodenectomy, esophagectomy, and surgery for
acute diffuse peritonitis). Risk models for predicting sur-
gical outcome have been created for the mortality of each
procedure [7-13]. A total of 120,000 cases collected from
the eight procedures in 2011 were then analyzed in each
procedure. Data were randomly assigned into two subsets
that were split as follows—80 % for model development
and 20 % for validation. The two sets of logistic models
(30-day mortality and operative mortality) were con-
structed for dataset development using a step-wise selec-
tion of predictors. Potential independent variables included
patient demographics, pre-existing comorbidities, preop-
erative laboratory values, and operative data. Furthermore,
multiple significant risk factors were identified in each

— 267 —



Int J Clin Oncol

procedure—age, American Society of Anesthesiologists
class, respiratory distress, body mass index, platelet count,
Brinkman index, etc. As a performance parameter of the
risk model, the C-indices of the 30-day and operative mor-
tality calculated from all models were >0.7; in particular,
the indices of total gastrectomy [11], right hemicolectomy
[9], and surgery for acute diffuse peritonitis [13] were >0.8,
suggesting that the area under the receiver operating char-
acteristics curves results were good. This is considered as
proof of the efficacy and reliability of these risk models.
These models could be available for participating institutes
and would be useful for benchmark performance and deci-
sion making by surgeons as well as informed consent for
patients. The NCD is currently planning to provide feed-
back on severity-adjusted clinical performance through a
web-based program. Real-time feedback through the web
provides an opportunity to observe changes within facilities
and shifts in clinical performance [3].

The benefits of the NCD for patients include their abil-
ity to receive high-quality healthcare through the improve-
ment of the medical service—fewer complications, shorter
hospital stay, and better outcomes. Patients can also select
hospitals that suit their preferences by choosing among
board-certified surgeons in a relevant field. The benefits for
surgeons who use the NCD include receiving better data for
more targeted decision-making and disciplined reports that
provide performance information useful for surgery and the
ability to identify one’s position among peers to allow stra-
tegic planning.

Current activities of site-specific cancer registries

The site-specific cancer registries in Japan are conducted by
academic societies or research organizations specializing
in cancers of different origin. Many institutes nationwide
are included and collect detailed clinical information based
on the general rules of the Japanese classification of can-
cer [2]. The first site-specific cancer registry was launched
in 1952 to collect data about gynecological cancer. In the
field of gastroenterological surgery, gastric cancer (1963),
esophageal cancer (1965), and hepatic cancer (1965) regis-
tries were launched as pioneers in developing site-specific
cancer registries; colorectal, pancreatic, and biliary can-
cer registries were established in the 1980s. Each registry
has released the original investigation report based on the
specificity of each site. In the Japan pancreatic cancer reg-
istry, >350 leading institutions voluntarily contributed their
information and periodic follow-up. Several reports on the
overall survival and prognostic factors of pancreatic cancer
in Japan have been published. A continuous survey on pan-
creatic cancer could indicate that the improvement of the
survival of patients with invasive cancer can be attributed

to the introduction of effective chemotherapies, region-
alization, and earlier diagnosis and treatment [14—-16]. For
instance, the Japanese Society for Cancer of the Colon and
Rectum (JSCCR), a nationwide database, covers approxi-
mately 10 % of all patients with colorectal cancer in Japan
[17]. The ISCCR provided important information in estab-
lishing general rules for the Japanese classification of colo-
rectal cancer and published clinical guidelines for the treat-
ment of colorectal cancer. It has been evaluated that the
publication of the guidelines has accelerated the spread of
surgical standards [18]. As described, site-specific cancer
registries, which register in-depth information in contrast to
population-based and hospital-based cancer registries, have
played a major role in the development of the cancer treat-
ment program.

In contrast, there are several limitations to site-specific
cancer registries. First, incomplete follow-up data is a seri-
ous issue; the data collection system at the institute needs
to be improved. Second, management infrastructure sys-
tems are unstable as a whole in site-specific cancer reg-
istries. Third, inadequate standardization in the registra-
tion procedure is present in these registries. Furthermore,
the registration forms of each registry and even the basic
parameters for cancer registration are different. As a whole,
in site-specific cancer registries, the databases have a lower
cover rate (number of registration/estimated morbidity) that
is not a complete enumeration.

Cooperation with the NCD and site-specific cancer
registries

In order to solve several problems with site-specific can-
cer registries, it has been planned that the NCD generalizes
site-specific cancer registries. Approximately 610,000 surgi-
cal cases were registered in the NCD in one year, including
approximately 220,000 cases for the treatment of malignant
tumors. The cover rate (number of registration/estimated
morbidity) of the NCD is higher than that of site-specific
cancer registries and glanularity is higher compared with
that of other registries (Fig. 1). Breast cancer registration of
the Japanese Breast Cancer Society was combined with the
NCD in 2012. The Japan pancreatic cancer registry was also
combined with the NCD in 2012. In addition, the liver can-
cer study group of Japan has just transferred its registration
system into the NCD. Information required for the Japanese
lung cancer registry is now mostly input into the NCD. At
present, the NCD not only has the role of being a surgical
database but also of being a database for several cancer regis-
tries. With cooperation between the NCD and high-precision
site-specific cancer registries, it should be possible to build
the basic framework to evaluate healthcare quality in the
cancer control plan. Moreover, by assessing the performance
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of board-certified physicians for cancer treatment according
to a guideline, it would be possible to identify the strategy
towards the standardization of cancer treatment in Japan.

To assure the success of this cooperation, several issues
should be solved. Data should be appropriately collected
and should follow an exact baseline assessment. In par-
ticular, exhaustive and reliable information and a follow-up
survey of a long-term prognosis are indispensable for the
survival rate of cancer patients. The lack of long-term prog-
nosis information has been an issue in site-specific cancer
registries. The deviation of a participating institution and a
registration case and the defect of a follow-up survey serve
as bias; therefore, their influence on the interpretation of
a result represents a major problem. The collection of the
prognosis information in the NCD could allow the evalu-
ation of a short-terrn prognosis on the basis of a 30-day
postoperative outcome. A follow-up survey at 1, 5, and

Accuracy
3

Granularity

Population
Survey Report

Complete enumeration

Fig.1 Characteristics of cancer registries. Granularity and degree of
complete enumeration are different among registries

Fig. 2 Cooperation and inte-
gration of cancer registration
systems. The prognostic infor-
mation arranged by population-
based and hospital based cancer
registries are returned to the
hospital which offered informa-
tion. The information is then
reflected through each hospital
to the NCD and site-specific
cancer registries
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10 years, based on the clinical feature of each cancer will
be designed in the near future. The data quality and com-
patibility of the NCD are also continuously verified.

In contrast, several cancer registries and case registra-
tion systems are processed in parallel for a follow-up sur-
vey of cancer prognosis. Furthermore, the efficiency of data
collection is also an important issue. Cooperation with the
NCD and other cancer registries is essential to avoid inac-
curate follow-up data. The government has started promot-
ing and supporting the cancer registration plan based on
the Cancer Registration Act of 2013. With this promotion
and mandatory feedback to each department, prognosis
information of cancer patients arranged by population- and
hospital-based cancer registries can help in efficient data
accumulation for the NCD. Fig. 2 shows the cooperation
and integration of cancer registration systems.

Future direction of the NCD and site-specific cancer
registries

The coordination of a nationwide and advanced cancer
registry, such as the combination between the NCD and
site-specific cancer registry could positively impact soci-
ety through their activities. In order to accomplish the
same, the NCD needs to make progress by continuously
evaluating this database. As mentioned above, the NCD
is now planning to give feedback based on a rich store
of clinical data. Similarly, in the cardiac surgery field,
a web-based program provides feedback on severity-
adjusted clinical performance [19]. The report is prepared
by highlighting the patient characteristics. By utilizing
the risk model, users would be able to predict the esti-
mated mortality through entering the system on the web.
‘Surgical Risk Calculator’ developed by ACS-NSQIP
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Fig. 3 Utilization possibilities for the NCD. The basic society (Japan
Surgical Society) supports the basic case registration system for
board certification in the NCD. It is also constituted by an individual
clinical research project representing each specialized society

(http:/friskcalculatorfacs.org/) is a similar feedback sys-
tem. Furthermore, real-time and useful feedback is essential
in developing a large-scale database. For instance, ACS-
NSQIP indicates that surgical outcomes improve in partici-
pating hospitals; 66 % of hospitals showed improved risk-
adjusted mortality and 82 % showed improved risk-adjusted
complication rates. NSQIP hospitals appear to be avoiding
substantial numbers of complications, improving care, and
reducing costs [20]. The NCD is a platform of databases
which would allow collaboration among institutes in Japan
to provide an opportunity for clinical research based on a
large-scale database and to produce novel evidence (Fig. 3).
International collaboration is important to evaluate the
quality of medical care and to provide meaningful improve-
ment. However, international comparisons of general sur-
gery and outcomes using nationwide clinical registry data
have not been accomplished. There is little information on
the outcomes of Japanese patients undergoing gastroen-
terological surgery and its comparison with those of other
countries. Furthermore, the application of predictive mod-
els for clinical risk stratification has not been internation-
ally evaluated. The NCD in Japan collaborates with the
ACS-NSQIP, which shares a similar goal of developing a
standardized surgery database for quality improvement.
The NCD implemented the same variables used by the
ACS-NSQIP to facilitate international cooperative stud-
ies, which have recently started [21]. This collaboration
is expected to provide a global benchmark and to evaluate
and improve clinical care by comparing the treatment prac-
tices among countries using nationwide cancer registries.

Conclusions
Cooperation between the NCD and site-specific cancer reg-

istries can establish a valuable platform to develop a cancer
care plan in Japan. Studies are in progress to improve the

quality control of surgical procedures using the NCD. Fur-
thermore, clinical research and evidence-based policy rec-
ommendations from accurate data of a nationwide database
may positively impact the public,
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EETRERR 10,850 478 505 27 P=0.079
18 PR B BB 63.878 247 285 38 P<0.001
et ) 37913 277 326 49 P<0.001
A L TRRAT 37,903 196 232 36 P<0.00L
LA Ry 33,334 261 308 47 P<0.001
B GHMIRE % Br 1 ERBLE) 14945 384 424 40 P<0.001
B+ IR R 17544 467 519 52 P<0.001
SRR IR 16,706 126 147 2 P<0.001
KBRS BT 14,835 303 321 18 P=0005
KERE B BRFH 10,595 425 481 56 P<0,001
FATABMRBHRFHR (rR) 5,606 273 328 55 P<0.001
TEEIIR A /XA FH (on pump) 9224 358 | 378 20 P<0001
BRSNS 4 78X BHE (off pump) 15,979 302 327 25 P<0.001
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