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Purpose

Not many studies have evaluated the adoption and dissemination of evidence-based med-
icine in rectal cancer radiotherapy (RT). We aimed to analyze the differences by institutional
characteristics and geography in adopting evidence-based care for rectal cancer RT and
factors affecting the adoption in Korea.

Materials and Methods

Korean National Health Insurance Service claims database was used. All rectal cancer
patients treated with radical surgery and adjuvant RT at the same institution in 2005-2016
were included in this study. RT within 3 months before and after surgery was regarded as
preoperative and postoperative RT, respectively.

Results

Atotal of 16,827 patients treated in 83 institutions were included in the analysis. The use
of preoperative RT has substantially increased over time, from 40.6% in 2005 to 84.2% in
2016 all over the nation. The proportion of preoperative RT (54.8%) exceeded that of post-
operative RT (45.2%) in 2006. However, a wide range of institutional and regjonal variation
was observed. Compared to high-volume institutions, low-volume institutions showed late
adoption and variable dissemination patterns of preoperative RT. Busan-Ulsan-Gyeong-
sangnam-do and Gangwon-do showed slower adoption and less use of preoperative RT
than other regjon.

Conclusion

We demonstrated gradual and steady increase in adoption of preoperative RT in rectal can-
cer treatment nationally from 2005 to 20186. Institutional variations between high-and low-
volume institutions were observed.
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Introduction

tissue, minimizing radiation-induced injury to the small
bowel, and increasing the potential for sphincter-sparing sur-
gery [3]. Based on these rationales, three prospective ran-

Postoperative radiotherapy (RT) with or without chemo-
therapy is offered to patients with locally advanced rectal
cancer to reduce local recurrences and to improve survival.
This is regarded as standard adjuvant treatment for patients
with locally advanced rectal cancer [1,2]. Preoperative irra-
diation provides several potential advantages over postop-
erative irradiation, including irradiation of nonhypoxic

| http://www.e-crtorg |

domized trials (two in the United States and one in Germany)
comparing preoperative with postoperative chemoradiother-
apy (CRT) were initiated between 1993 and 1994. While two
U.S. trials did not accrue enough patients to draw any con-
clusion, the German Rectal Cancer Study Group reported
that preoperative CRT, as compared with postoperative CRT,
was associated with improved local control, increased rates

Copyright © 2018 by the Korean Cancer Association 975

@ This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://crossmark.crossref.org/dialog/?doi=10.4143/crt.2017.459&domain=pdf&date_stamp=2018-07-11

Cancer Res Treat. 2018;50(3):975-983

of sphincter preservation, and reduced treatment-related tox-
icities [4]. Since the German study published these outcomes
in 2004, preoperative CRT followed by surgical resection has
become the preferred treatment for patients with clinical
stage T3-4 or node-positive rectal cancer worldwide; there-
fore, was considered as practice-changing, high-level evi-
dence.

Practice of evidence-based medicine (EBM), by making
treatment decision on the basis of the reliable and up-to-date
evidence is the foundation of modern clinical medicine [5].
Although physicians are encouraged to learn new medical
knowledge with high level of evidence, there are few reports
regarding the adoption or dissemination of this knowledge
into real clinical practice in Korea. As for the treatment of
locally advanced rectal cancer, a few research groups in the

United States were interested in implementation of evidence-
based treatment, which was the transition of practice from
postoperative to preoperative CRT, and found gradual
increase of the use of preoperative RT instead of postopera-
tive RT analyzing Surveillance, Epidemiology, and End
Results (SEER) database or National Cancer Database [3,6,7].

We aimed to investigate the adoption and dissemination
of EBM in the treatment of locally advanced rectal cancer in
Korean using claims data of National Health Insurance Serv-
ice (NHIS). Furthermore, we examined different patterns of
practice change over time according to the characteristics of
institutions and the region.

Table 1. Korean National Health Insurance Service reimbursement codes for radical surgery of rectal cancer

Reimbursement code
LND(+) LND(-)

Name of radical surgery

QA921 Q2921
QA922 Q2922
QA923 Q2923
QA924 Q2924
QA925 Q2925
QA926 Q2926

Rectal and sigmoid resection-anterior resection

Rectal and sigmoid resection-low anterior resection

Rectal and sigmoid resection (abdomino-perineal resection)
Rectal and sigmoid resection-abdominal pull through operation
Total coloprotectomy-with ileostomy

Total coloprotectomy (with ileal pouch-anal anastomosis)

LND, lymph node dissection.

Table 2. Korean National Health Insurance Service reimbursement codes for radiotherapy of rectal cancer

Reimbursement code Name of radiotherapy

HDO061
HZ271
HD110
HD111
HD121
HD211
HDO051
HDO052
HDO053
HDO054
HDO055
HDO056
HDO057
HDO058
HDO059

Proton therapy

3-Dimensional conformal therapy

Intensity modulated radiation therapy
Fractionated stereotactic radiotherapy

Body stereotactic radiosurgery-linear accelerator

Body stereotactic radiosurgery-cyber knife
Teletherapy-low energy-single port
Teletherapy-middle energy-single port
Teletherapy-high energy-single port
Teletherapy-low energy—paralled opposed ports
Teletherapy-middle energy—paralled opposed ports
Teletherapy-high energy—paralled opposed ports
Rotational irradiation-low energy

Rotational irradiation-middle energy

Rotational irradiation-high energy
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Materials and Methods

1. Data source

National claims data from NHIS of the Republic of Korea
(KNHIS) from 2005 to 2016 were analyzed. The NHIS data-
base covers over 98% of the Korean population for over 30
years [8]. Moreover, it has comprehensive information of the
diagnoses, treatments, procedures, surgical history, and pre-
scription records for all insured patients. In addition, the
insured population, and their dependents are all required to
have periodic general health examinations [9].

This study was conducted as part of the Korean Health
Map research consortium (KNHIS-ATLAS, 20170603E6E)
sponsored by NHIS.

2. Study population and operational definition

Data with the code C20, indicating rectal cancer according
to International Classification of Diseases, 10th edition, were
primarily screened. We set 2000-2004 as a washout period,
and newly diagnosed rectal cancer patients in 2005-2016
were included in study population to minimize confounding
effects of previously diagnosed rectal cancer.

As we intended to analyze the adoption of preoperative
RT according to institutions over time, 87 institutions with
radiation therapy capacity were identified first, and informa-
tion on each institution was collected without institution’s
identifier. With same reason, if a patient had surgery and RT
at different institutions, the patient was excluded in this
study. And then, the number of patients who had surgical
resection, preoperative RT, and postoperative RT was respec-
tively identified according to institutions and each year in
2005-2016. A total of seven geographical groups were
defined based on administrative district. And each institu-
tion was regrouped in order to evaluate regional variation.

Radical surgical resection for rectal cancer mainly included
low anterior resection and abdomino-perineal resection
(Miles' Operation). KNHIS reimbursement code QA921-926
(with lymph node dissection) and Q2921-2926 (without
lymph node dissection) was used for selection of patients
(Table 1). Considering that preoperative RT ends 6-8 weeks
before surgery, postoperative RT starts 4-6 weeks after sur-
gery, and claim data is usually generated every month, RT
within 3 months before and after surgery was counted for
preoperative and postoperative RT, respectively. RT inclu-
ded all types of RT technique. KNHIS reimbursement code
HDO061 (3-dimensional conformal therapy), HZ271 (intensity-
modulated RT, started reimbursed from July 2011), HD110,
HD111, HD121, HD211, HD051-059 was used for selection
of patients (Table 2).

Table 3. Characteristics of 83 institutions

Region
Seoul 25
Incheon-Gyeonggi-do 20
Daejeon-Chungcheong-do 7
Gwangju-Jeolla-do-Jeju-do 8
Busan-Ulsan-Gyeongsangnam-do 11
Daegu—Gyeongsangbuk-do 8
Gangwon-do 4
Tertiary hospital
Yes 42
No 41
No. of hospital beds
2,000-2,499 1
1,500-1,999 3
1,100-1,499 4
900-1,099 7
700-899 27
500-699 30
<499 11
No. of radiation oncologists
=6 6
4-5 10
3 21
2 25
1 21
No. of RT cases for 12 years
>1,000 6
500-999 0
300-499 7
200-299 10
100-199 22
50-99 12
10-49 21
1-9 5
Total 83

Four institutions without any adjuvant radiotherapy (RT)
for rectal cancer during study period were excluded. The
results were as of year 2016.

We assumed that the patients treated with surgery and
adjuvant RT, whether preoperative or postoperative, were
locally advanced rectal cancer patients. Because, although
claim data we used do not have clinical information, the most
widely accepted indication of adjuvant RT for rectal cancer
is stage T3-4 or node-positive disease based on German trial’s
results.
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Fig. 1. Proportion of rectal cancer patients who received preoperative radiotherapy (RT) by year of diagnosis. (A) National
average. (B) Six institutions > 1,000 cases/12 years. (C) Seven institutions with 300-499 cases/12 years. (D) Ten institutions
with 200-300 cases/12 years. Vertical axis indicates the number of preoperative RT divided by the number of preoperative
and postoperative RT and horizontal axis indicates year of diagnosis.

3. Ethical statement Results

This study was approved by Institutional Review Board.
And, participant consent was not specifically obtained, A total of 16,827 rectal cancer patients in 83 institutions
because this study was based on collected administrative treated with radical surgery and pre/ postoperative adjuvant
data. RT in a same hospital over a 12-year period, from 2005 to

2016, were identified. Table 3 summarizes the characteristics
of all institutions capable of RT in Korea as of year 2016 (four
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institutions without any adjuvant RT cases for rectal cancer
during study period were excluded). Seoul and Incheon-
Gyeonggi-do has more than half institutions (46 of 83, 55.4%),
and about half capable of RT were tertiary hospitals. As of
2016, six institutions had more than six full-time radiation
oncologists, and more than half institutions had only one or
two. Six institutions treated more than 1,000 patients of sur-
gery and adjuvant RT over 12 years, of which four are located
in Seoul, one in Incheon-Gyeonggi-do, and one in Gwangju-
Jeolla-do-Jeju. Among seven institutions having 300-499
cases, four are located in Incheon-Gyeonggi-do, three in
Busan-Ulsan-Gyeongsangnam-do, one in Seoul, and one in
Daegu-Gyeongsangbuk-do.

1. Adoption and dissemination of preoperative RT

The use of preoperative RT during the study period has
substantially increased over time, from 40.6% in 2005 to
84.2% in 2016 in all institutions across the country. Fig. 1A
showed a steep adoption of preoperative RT between 2005
and 2010. After 2010, the increasing use of preoperative RT
has become steady but less steep. The proportion of patients
who received preoperative RT (54.8%) exceeded the propor-
tion who received postoperative RT (45.2%) in 2006 (Fig. 1A).

2. Institutional variation in dissemination of preoperative
RT

Table 4 presented proportion of patients who received pre-
operative RT by institutional characteristics. There were six
large-volume institutions, having treated more than 1,000
cases of surgery and adjuvant RT for 12 years. A total num-
ber of cases treated in these institutions were 7,298 (43.4% of
all cases). Fig. 1B-D presented increasing trends of the use of
preoperative RT according to the adjuvant RT cases during
study period. All the institutions exhibited overall increasing
trend over time, irrespective of the number of cases. In addi-
tion, relatively low-volume institutions showed relatively

Seoul

Incheon—Gyeonggi-do
Daejeon—Chungcheong-do
Gwangju—Jeolla-do—Jeju-do
Busan-Ulsan—Gyeongsangnam-do
Daegu—-Gyeongsangbuk-do
Gangwon-do

2005 2006 2007 2008

70.7
79.2
78.5

2009

late adoption of preoperative RT in Fig. 1D, the line steeply
increased after 2011.

However, there was an obvious institutional variation. Six
high-volume institutions showed gradual and steady
increase in general (Fig. 1B). Interestingly, one of them con-
sistently showed low proportion of preoperative RT com-
pared to other five institutions as well as the national average
(Fig. 1A), and even decreasing tendency in use of preopera-
tive RT after 2013-2014. On the other hand, low-volume
institutions showed drastic changes and wider range of vari-
ation in the use of preoperative RT. Among seven institutions
with 300-499 cases, three institutions started from top (93%-
100%) in 2005-2006, but two started from bottom (4%-16%).
The final proportion of receipt of preoperative RT in 2015-
2016 also showed wide variation from about 50% to 100%
(Fig. 1C). The next 10 institutions also showed drastic
changes and wide variation similar to the former seven
institutions (Fig. 1D).

3. Regional variation in dissemination of preoperative RT

Significant regional variation was also observed when
regrouped according to the location of each institution (Table 4).
National average showed an intersection between preoper-
ative and postoperative RT in 2006. Daejeon-Chungcheong
showed the fastest dissemination and reached over 80% in
2011-2012. On the other hand, Busan-Ulsan-Gyeongsang-
nam-do and Gangwon-do did not reached 50% of the use of
preoperative RT until 2008 (Fig. 2), and still showed about
70% in 2016, which was much lower proportion than the
average use of preoperative RT (84.2% at 2016).

701 737 763 761 755 820 Lvi

723 707 727 789 798 822 902  =60-70%

70-80%

800 947 833 875 o
o 88.8 90-100%

70.7 73.0

797 750 800 870
780 780 930 794 | 667
2000 2011 2012 2013 2014 2015 2016

Fig. 2. Dissemination of the use of preoperative radiotherapy by year of diagnosis and location of institutions.
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Discussion

EBM is an approach to decision making on the basis of the
reliable and up to date best evidence [5]. Early adoption and
provision of treatment with high-level of evidence is
undoubtedly important. However, dissemination of EBM
into clinical practice has been recognized to be problematic
(3,10,11].

In 2004, German study group published results of a well-
designed randomized controlled trial preoperative RT was
associated with improved local control, increased rates of
sphincter preservation, and reduced treatment-related toxi-
cities. After this landmark study, preoperative CRT followed
by surgical resection has become regarded as a standard
treatment for locally advanced rectal cancer. This study pres-
ents the adoption and dissemination of EBM in cancer treat-
ment, by evaluating patterns of adjuvant RT for rectal cancer
treatment in Korea.

To our knowledge, this is the first study that shows the
transition of RT in rectal cancer in Korea, from postoperative
to preoperative. It is noteworthy that our data was obtained
by complete enumeration from Korean NHIS, which means
it was not sampled data. Our results demonstrate that the
use of preoperative RT substantially increased over 12 years,
from 40.6% in 2005 to 84.2% in 2016. The proportion of
patients who received preoperative RT (54.8%) surpassed the
proportion who received postoperative RT (45.2%) in 2006.
Although the slope of EBM adoption became gradually less
steep over time, the change of practice pattern was irre-
versible. The changing pattern was concordant with results
from undermentioned studies [3,6,7].

A few research groups in the United States were interested
in implementation of evidence-based treatment, which was
the transition of practice from postoperative to preoperative
RT, and found gradual increase of the use of preoperative RT
instead of postoperative RT analyzing SEER database or
National Cancer Database. The first study interested in
implementation of evidence-based standards was performed
by Fitzgerald et al. [3]. They acquired data from the SEER 17
Registry which represents approximately 26% of the U.S.
population, and analyzed patients with stage II/III rectal
cancer between 1998 and 2007. In the 65% of patients who
did receive adjuvant RT, there was rapid adoption of preop-
erative approach. Only 17% of patients were treated with
preoperative RT in 1998, which increased to 51% by 2007. The
preoperative and postoperative RT intersected in 2002, after
which preoperative RT became the dominant treatment pat-
tern. Notably, this increasing trend of preoperative RT pre-
dated publication of prospective randomized data in 2004.
Another U.S. study by Murphy et al. [7] utilized randomly
sampled data from SEER program, and included patients

Table 5. Comparison of study population with the num-
ber of cancer incident cases in Korea Central Cancer Reg-
istry

No. of patients

KCCR Our study

2005-2006 17,345 2,239 (12.9)
2007-2008 19,170 2,583 (13.5)
2009-2010 22,813 2,965 (13.0)
2011-2012 25,253 3,315 (13.1)
2013-2014 23,833 2,971 (12.5)
Total 108,414 14,073 (13.0)

KCCR, Korea Central Cancer Registry (source: http://
www.ncc.re.kr/ cancerStatsList.ncc?searchKey=total&sear
chValue=&pageNum=1) [12].

diagnosed with stage II/III colorectal cancer in 1990-1991,
1995, 2000, 2005, and 2010. The proportion of patients who
received any RT (preoperative or postoperative) increased
from 45.5% in 1990-1991 to 66.1% in 2010. Receipt of preop-
erative RT substantially increased over time, from 2.8% in
1990-1991 to 47.3% in 2010. On the other hand, receipt of
postoperative RT increased from 42.7% in in 1990-1991 to
51.3% in 1995 and subsequently decreased to 18.8% in 2010.
The most recent study reporting trends of preoperative RT
by Reddy et al. [6] acquired data from the National Cancer
Database, and all patients diagnosed with rectal cancer from
1998 to 2011 were included. They also presented the use of
preoperative RT increased over the study period.

The choice between preoperative and postoperative RT for
locally advanced rectal cancer is generally entrusted to an
institutional policy or at the discretion of the treating physi-
cian’s (typically surgeon’s), rather than the patients’ choice.
Therefore, we set institutions as a unit of analysis. Although
all institutions exhibited overall onwards and upwards trend
in adopting preoperative RT, there was obvious institutional
variation when stratified according to the number of treat-
ment cases for 12 years. The institutions having more cases
show gradual and steady increasing adoption of preopera-
tive RT. Interestingly, one of largest six institutions shows
consistent low proportion of preoperative RT, compared to
other institutions or national average (less than 50% in 2015-
2016). Presumably this institution has a narrow indication to
apply adjuvant RT before surgery. A few studies reported
similar findings to ours that volume and facility type of
institution affected the adoption of preoperative RT in rectal
cancer treatment [6,13]. Reddy et al. [6] reported institutional
variation comparing academic and community institutions.
In 1998, 51% received preoperative RT in academic centers,
but 39% in community institutions. By 2011, 91% received
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preoperative RT in academic centers, but 84% in community
institutions. They concluded that rates of adoption were bet-
ter in academia, although an increase was seen in both center
types. Stewart et al. [13] presented that teaching hospitals
were associated with significantly higher utilization of pre-
operative RT, and improved cancer-specific survival com-
pared with nonteaching hospitals, analyzing private insu-
rance claims data linked with the Pennsylvania Cancer Reg-
istry.

Korea Central Cancer Registry (KCCR) provides annual
report of cancer statistics to the public. This report presents
the incidence of rectal cancer in Korea, which includes recto-
sigmoid junction cancer (C19) as well as rectal cancer (C20).
Table 5 compares study population to the number of cancer
incident cases in KCCR in 2005-2014 (KCCR data in 2015-
2016 is unavailable). It is reasonable that KCCR has much
more cases compared to ours. First, our study exclusively
included rectal cancer (C20), because the role of adjuvant RT
for recto-sigmoid junction cancer (C19) is still controversial.
Second, adjuvant RT is indicated for locally advanced rectal
cancers, not for early or metastatic cancers. Third, only
patients treated with surgery and RT at the same institution
included in our study. Importantly, 12.5%-13.5% of KCCR
cases were consistently included in the study population,
regardless of year of diagnosis. It could be interpreted that
our dataset is stable and reliable enough to perform analyses,
and the results from our study could be generalized in
Korean rectal cancer population.

We acknowledge several limitations of our study. First, our
data did not include all the rectal cancer patients treated with
surgery and adjuvant RT in 2005-2016, although the data for
the analysis was acquired via the whole Korean NHIS data-
base, not a sampled data. The patients who had surgery and
RT at different institutions were excluded in this study,
because the unit of analysis was institutions. Considering not

a few patients receive adjuvant RT at another hospital
because of residential area or no RT facility in the institution
which surgery was done, the exact number or proportion of
preoperative RT could not be presented. Second and perhaps
most important limitation was related to the nature of the
Korean NHIS data. Because it is basically claim data to get
reimbursement, clinical information such as cancer stage was
unavailable. The reason we pay attention to variation in EBM
dissemination is that a greater use of preoperative RT in an
institution may representative higher-quality cancer care.
Moreover, this quality of cancer care may affect patients’
treatment outcome. However, there is huge limitation to
investigate that assumption without clinical information.
Therefore, the next step of our study group is to link Korean
NHIS data to KCCR data which has clinical information of
registered cancer patients. We hope that relationship
between the dissemination of EBM and patients’ outcome
will be presented in the near future.

This is the first study to describe changing patterns of
adjuvant RT adopting EBM for locally advanced rectal cancer
in Korea using a national database. Our findings clearly
demonstrated increasing adoption of preoperative RT over
12 years based on high-level evidence. However, institu-
tional variation was observed between high- and low-vol-
ume institutions.
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