F 1 BRI B A NET BRI &SRB s
Milan 2 54 51 7 2007 | ENETS #4 K54 ¥ 2012

LoSEARICBEIRZ: < K67 7% L 1 E4EI NET, Ki67 A%
VIS AR | 10% BT

L WREhTCS

2. BMEFPIREE FL |2 65 AN LI EINES

%waM%é% 34 il
3. %WJ 50%3/}\ E‘ﬁ);zi‘?&f’?f 3. Fos50% BT os#R
BBV IEHEIT
&@%w%/%&v%
DA 7% LT

i e

4 UL 62 fI DO | 4. BHN 62 A BLEOM

BRBORRE | BREogE
5. S5MMT |5 SANT

6. BBYEOWRTHRIEE
T LBRE

WBMOBREL IS L. FRIC L 2 2RI
PE10%, 3» B DRI ERRF I EHOSEE,
upper abdominal exenteration (UAE, ZIEIHERI%
BT R & IFRAE O M AT 4 &0 BRSO
T, NRHE. RIEEEW, NFEE (BREYERL
E) Tholze —F, SEAEFERILS2%, HFHHF
WAL 67 2 H, I ik 240 B TR
MEHSS AR B0% TH - 7 S ORI, UE‘:O%(?)
Fom 5 N AR COWED ERREORETS

F 7z, UNOS @ HCC 4,693 Ml 5 IR FEE 58 % 12 H@Eﬁiﬁ
T AR TH B, —BIHIC NET ITERREH O 5 445
FHREFLZCYELTEY, WO DM/R TS F
RGO EFBATHD, L Ladts, Mk
— R F DAL HEH AN B o 2B TS

EEEZBENET AT ANBMBEHRIERFE VWL
9. BUMITHABE TR, 45 &0, hF
(B UAO) ThHY, ZONTERHSTwER
=D DIHORENE 5 AFLEFEDT79%, 5 FILERAT
D ET% CTd o Tme T, Mazzaferro 5% [ Z TR
IRT AR ML LTRLIIETET XS IEEE
B, MIRRC LT P L r— Y ansBEE0E 50%
ENF ol S, 6» AU LEOREE T bu—b, 55
LT, EBAUEIS & BB L, 5AREFE090%, 5
EHAFEELRTT%OEBMERE LT D, MM
Mgk R elT B 2000 B ELTR @ Qfﬁa‘%%‘i{i'ﬂﬂ [
BT B & 106 FIp 8 BIORERIETIXE Y, 54
H’? WA T9%, SIAEMHBAFRNSI% ER Y, HS
TR T AL CRIFARBMMETE B,
ENETSHA F54 rChiliviEl#EriEEL Cnwb

660 JH

(F1H)

B SRS DMERBAHBESEEL Ty an
KTOBREEZ HCh D AROITBHOBLK 3N
FENFREREAME M 30~6081 & A7 @ OFF BRI
LTHLIIEBEARRO NET 2 mallo e p
= b OISR -iﬁ%“‘%‘a& LrEzZbnb, -
Fe ARG S Fh—12Y 27 25 2T
Pk, #hicha Mw&%@W&m%h7 BAT R
WARBCEFBCEEEETCHS HCC M LTI S
FLEFHR0%, FHBI0% T OFMEm+HiEs
FHLTWEH, BENET FEBICHLTLEh
ﬁ%é%ﬁ%f3ﬁ§Z%#%&<Mi”'%&xz
FUAFERE L TG 2 6REE T,
PRI BESRICREENS, ML %F»E?%}(“C%ixﬁxéf
KBTI NET FFERICH T A IR S Hbh T
Mg s oS b EEZ bk,

V. BEURE

UEAE, A TAEREEAENET (08 L TR S h,
FFEBEHICBVTHEREINL L IR TER
ENETS #4 ¥F5 4 » CREBEULGEBOBAHE -
BN, FFHOTA P74 TRy LR, AT
TR S T A AT Y A2 SHIE o RE,
fmﬂﬁw%@%uﬂ%%%~4ﬁaKTwT?ﬂw?$¢%
mTOR B E® D HEH . IS mTOR BHS
R % &0 TSC2 W Jf?" NET OB W O BETRE %’f%«%
DT ENLBRE NP, B IMRBRTS S RADL
ANT-3 B CUE, fPo{EARE NET EF 410 1%
WHEL, TR AARE TS AR TS E AT
A IB L7 (2T A& 10 me/day BED, #

NIZ L B & T T b BRI A F R R A 455 4
ﬁnﬁb IATY LABTEY 45 HTHh o (N

HF— FI 035, P<0001),

—~Ji, ADF TR Y R — P ER
TdHY, VEGF E#ME (VEFR-123)°V5 L Uli/IMI
H s IR 25K (PDGFR-A, B), KITFu o>
F ¥, CSF-1 7GR EOMERT) o & T
BB 0 b OOWREIRB I ey = 3 L
TR R T 509 4, BRI 24 5 &) A
ACEIEEO Y 4 710 » TR ESA LR W
B H 5O #L A 7 ISR I L
THABRE MBS T L CRRATE {, Ki67 28 5% LT

m%»&ﬂ@bmW}*gﬁKﬁﬁﬁﬁghﬁoﬁ
o REAA RIS RNT wWirnh DD
< M A% F 7 FusE CLARINET 3Rz BT 4

EE Vol 35 (7)) 2014



ST 02 45w TR NET (S8 B B b A A &

3‘1{‘“" ’?Q o

VI. B NEC (CRFERIZ IS T ARk

% NEC JFiRF A ’{JJ LT, MEO#E 558
{EO’J &£ AYIRGD ‘fmbvm} T % TS

iy, — %Mm)ﬁp T, ORI
A B IR TR L DA & SR D AN TR s T v
BV F Y A T AR TR R R TR A B D

DO, VATIFrEL MR FNE LWL )T
A 8 % I LRSI A & S S T
Do L Lade~HEDTAHL00PD Ekolol

GOWBHALIEE E DO TR, PRARRTHY,

PR O TR 1
Fh Wi

F MR L O B . BB NET, &
wW@ﬁwé@@mﬁ&»#%@%&ﬁ@ MHEE

SLTEFEE R hElmEThr, LaLied
O, HAFO E 2 AEROTA F9 A4 valid Dbk L"’“

ENETS RNCCN DOH A FI4 2icBnwCENET
ORI LT h ¥ F7 4 Y PRBROBHRT Vv
YA LEREI Ty, -GN EEZ LN TE
FoAVE G BT 3 2 D 2 SR I palliative
therapy T b & & & A 5HE, HBMIZIEIFENET oK
FARBHLITERE oo THRBIHLTIEEn I &2k
@. i'rm CEAEET A IR LA R
Vlr‘%i‘f, R SRR R e N

mm\w E DI A o s B £ 2
5o f*’“rm’).?éa%%\ T NET s o s 4G5
WBIRBE R 2 BB LTE L LS HlE, R

DRI

Wk T i TANETH L,
B E W

U Tto T, Sasano H, Tanaka M, et al. : Epidemiological
study of gastroenteropancreatic neuroendocrine
tumors in Japan, | Gastroenterol 45 : 234-243, 2010.

2} Pavel M, Baudin E, Couvelard A, et al.: ENETS Con-
sensus Guidelines for the management of patients
with liver and other distant metastases from neuro-

endocrine neoplasus of foregut, midgut, hindgut, and

;Sé‘;*‘)‘f‘/ﬂ primary. Neuroendocrinology 95 ¢ 157-176,
3) Fr ;
Frilling 2, Modiin IM, Kidd M, et al. : Recommenda-

CNET W Aifks s &
<

6)

9}

10

1D

12)

13)

JEV

16)

tions for management of patients with twﬂzt)mdu
crine liver metastases, Lancet One (}E 15 1 e&-21, 2014
Mavo SC, de Jong MC, Pulitano C, et al %urg*z{,al
management of hepatic o zcm()endo(:rme fumor
s from an international multi-insti-
3120-3136,

metastasis | rest
tutional analysis. Ann Surg Oncol 17
2010,

Saxena A, Chua TC, Sarkar A, et al.? Progression and
survival results after radical hepatic metastasectomy
of indolent advanced neuroendocrine neoplasms
{NENs) supports an aggressive surgical approach,
Surgery 149 0 200220, 2011

Cho C8, Labow DM, Tang L, et al. @ llistologic grade
is correlated with outcome after resection of hepatic
neurnendocrine neoplasms. Cancer 113 0 126-134
2008,

Nave H, Mossinger I, Feist H, et al * Surgery as pri-
mary treatment in patients with liver metastases
from carcinoid tumors © a relrospective, unicentric
study over 13 vears. Surgery 129 0 170-175, 2001
lias D, Lasser P, Ducreux M, et al.: Lwer rescetion
{and associated extrahepatic rescetions) for meta-
static well~differentiated endocrine tumors *a L
vear single cenler prospective study. Surgery 133
375-382, 2003,

N

Saxena A, Chua TC, Perera M, el al, @ Surgical resec-
tion of hepafic metastases from neuroendocring neo-
plasms © a systematic review. Surg Oncol 21 @ el31-

141, 2012,

Elias D, Lefevre JIL Duvillard P, et al. @ Hepatic
metastases from neuroendocrine tunors with a "thin
slice” pathological examination @ they are many more
than you think. Ann Surg 251 @ 307-310, 2010,
Seigliano S, Lebtahi R, Maire ¥, et al. @ Clinical and
imaging lollow-up after exhaustive liver resection of
endocrine metastases ©a 15 yvear monocentric experi-
ence. Endocr-Rela Cancer 16 © 977-990, 2009,

Mayo SC. de Jong MC, Bloomston M, et al. @ Surgery
versus intra-arterial therapy for neuroendocrine
fiver metastasis © a multicenter international analysis,
Ann Surg Oncol 18 1 3657-3665, 2011

Lewis MA, Hubbard ] Multimodal liver-directed
management of neuroendocrine hepatic melastases,
Int J Hepatol 2011 © 452343, 2011
Karabulut K, Akvildiz HY, Lance C, ot al.
dality treatment of neurcendocrine liver metastases.
Surgery 150 316-325, 2011,

Gupta S, Johnson MM, Murthy R, et al.:
rial embolization and chemoembolization for the

¢ Multimo-

Hepatic arte-

treatment of patients with metastatic neuroendo-
crine tumors © variables affecting response rates and

survival. Cancer 104 ¢ [590-1602, 2005.

Vogl T1, Naguib NN, Zangos S, et al @ Liver metasta-
ses of neurcendocrine carcinomas @ interventional
2014 661



19)

20)

21

24)

26)

662

freatment via transarterial embolization, chemoem-
holization and thermal ablation. Eur J Radiol 72 :
517-528, 2009.

Knigge U, Hansen CP, Stadil F @ Interventional treat-
ment of neurocendocrine liver metastases, Surgeon
6 232-239, 2008.

Kress O, Wagner HJ, Wied M, et al. ! Transarterial
chemoembolization of advanced liver metastases of
neurcendocrine tumors——a retrospective single-cen-
ter analysis. Digestion 68 : 94~101, 2003,

Roche A, Girish BV, de Baere T, et al ¢ Trans—cath-
eter arterial chemoembolization as first-line treat-
ment for hepatic metastases from endocrine tumors.
European Radiology 13 @ 136-140, 2003.

Dominguez S, Denys A, Madeira I, et al. @ Hepatic
arterial chemoembolization with streptozotocin in
patients with metastatic digestive endocrine
tumours, Bur | Gastroenterol Hepatol 12 ¢ 151~157,
2000,

Woo S, Chung JW, Hur S, et al. * Liver abscess after
transarterial chemoembolization in patients with bil-
icenteric anastomosis | frequency and risk factors.
AJR Am ] Roentgenol 200 @ 1370-1377, 2013.

Kim W, Clark TW, Baurmm RA, et al. © Risk factors for
liver abscess formation after hepatic chemoemboliza-
tion. ] Vasc Interv Radiol 12 @ 965-968, 2001.
Capurso G, Rinzivillo M, Bettini R, et al. ! Systernatic
review of resection of primary midgut carcinoid
tumour in patients with unresectable liver metasta-
ses. Br ] Surg 89 1480-1486, 2012,

Le Treut YP, Gregoire E, Klempnauer [, et al. * Liver
transplantation for neurcendocrine tumors in
Furope-results and trends in patient selection @ a
213~case European liver transplant registry study.
Ann Surg 257 1 807-815, 2013

Gedaly R, Daily MF, Davenport D, et al. : Liver trans-
plantation for the treatment of liver metastases from
neuroendocrine tumors ¢ an analysis of the UNOS
database. Arch Surg 146 : 953958, 2011.
Mazzaferro V, Pulvirenti A, Coppa ] @ Neuroendo-

JHEEE Vol 3

=

1

[

28)

29)

30)

31

32)

33)

34)

(7)

~1

crine tumors metastatic to the liver © how to select
patients for liver transplantation? ] Hepatol 47 © 460~
466, 2007.

) Kaido T, Mori A, Ogura Y, et al. © Living donor liver

transplantation for recurrent hepatocellular carci-
noma after liver resection. Surgery 151 @ 55-60, 2012
Meric-Bernstam F, Gonzalez-Angulo AM  Targeting
the mTOR signaling network for cancer therapy. ]
Clin Oncol 27 : 2278~2287, 2009.

Verhoef 8, van Diemen-Steenvoorde R, Akkersdijk
WL, et al. : Malignant pancreatic tumour within the
spectrum of tuberous sclerosis coraplex in childhood, -
Eur ] Pediatr 158 @ 284-287, 1999.

Yao JC, Shah MH, Ito T, et al. : Everclimus for
advanced pancreatic neuroendocrine tumors. N Engl
J Med 364 : 514-523, 2011

Mendel DB, Laird AD, Xin X, et al * In vivo antitumor
activity of SU11248, a novel tyrosine kinase inhibitor
targeting vascular endothelial growth factor and
platelet-derived growth factor receptors: determina-
tion of a pharmacokinetic/ pharmacodynamic rela-
tionship. Clin Can Res § 1 327-337, 2003.

Abrams TJ, Lee LB, Murray L], et al.: SU11248 inhib-
its KIT and platelet~derived growth factor recepior
beta in preclinical models of human small cell lung
cancer. Mol Cancer Ther 2 @ 471-478, 2003.

Murray L], Abrams TJ, Long KR, et al. : SU11248
inhibits tumor growth and CSF-1R-dependent oste-
olysis in an experimental breast cancer bone metas-
tasis model. Clin Exp Metastasis 20 @ 757-766, 2003.
Moertel CG, Kvols LK, O' Connell M]J, et al, © Treat-
ment of neuroendocrine carcinomas with combined
efoposide and cisplatin. Evidence of major therapeu-
{ic activity in the anaplastic variants of these neo-
plasms. Cancer 68 ¢ 227-232, 1991,

Kulke MH, Wu B, Ryan DP, et al. t A phase T trial of
irinotecan and cisplatin in patienis with metastatic
neurcendocrine tumors, Dig Dis Sci 51 1033-1038,
2006.

2014



Changes in Colorectal Cancer Care in Japan before

and after Guideline Publication: A Nationwide Survey

about D3 Lymph Node Dissection and Adjuvant
Chemotherapy

Megumi Ishiguro, MD, PhD, Takahiro Higashi, MD, PhD, Toshiaki Watanabe, MD, PhD,

Kenichi Sugihara, MD, PhD, on behalf of the Japanese Society for Cancer of the Colon and Rectum

Guideline Committee

BACKGROUND:

STUDY DESIGN:

RESULTS:

CONCLUSIONS:

The Japanese Society for Cancer of the Colon and Rectum (JSCCR) published clinical guide

lines for the treatment of colorectal cancer (CRC) in 2005. To evaluate the impact of these
guidelines on clinical practice nationwide, we examined the change in the proportion of
patients receiving the recommended CRC treatments.

We collected treatment information on patients with stage II and stage III CRC who under

went surgery in participating facilities between 2001 and 2010. We focused on the perfor

mance of 2 treatments recommended by the JSCCR guidelines: D3 lymph node dissection
and postoperative adjuvant chemotherapy.

The data 0f 46,304 patients treated in 96 institutions were collected. The proportion of patients
receiving D3 dissection increased over time from 58.4% in 2001 to 75.0% in 2010. The

increase accelerated after the publication of the JSCCR guidelines in 2005 (2.5% from 2001

to 2005 vs 14.1% from 2005 to 2010). Similarly, the percentage of stage I1I patients receiving
adjuvant chemotherapy increased over time from 50.8% in 2001 to 71.0% in 2010, but the
increase was smaller after guideline publication (16.3% between 2001 and 2005 vs 3.9%
from 2005 to 2010). Although the performance of each of the recommended treatments varied
substantially among institutions, the variation decreased over time.

D3 dissection for stage II to III disease and adjuvant chemotherapy for stage III disease have
become more prevalent and the variation in performance among institutions has decreased in
the last decade. Importantly, publication of the guidelines has accelerated the spread of surgical
standards. (J Am Coll Surg2014;218:969 977.© 2014 by the American College of Surgeons)

In Japan, the number of colorectal cancer (CRC) patients
has markedly risen in the last 30 years. In 2008, CRC was
the second most common cancer, with >110,000 new
cases per year." Because of the high prevalence and rela-
tive simplicity of CRC surgical procedures, many CRC
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patients in Japan are now treated in nonspecialized gen-
eral hospitals.

To eliminate the disparities in care nationwide and to
improve the quality of cancer care, it is essential to effec-
tively disseminate information on the current standards of
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care. For this purpose, the Japanese Society for Cancer of
the Colon and Rectum (JSCCR) published the /SCCR
Guidelines 2005 for the Treatment of Colorectal Cancer
in July 2005.* The guidelines were updated in July
2009 and July 2010%* and a total of 88,000 booklets
have been circulated.

Although the publication of the guidelines is the first
step to improvement in the quality of cancer care, the
next important step is to assess how frequently the recom-
mended treatment is performed in clinical practice
(Fig. 1). However, trends in CRC care in Japan have
not been systematically evaluated.

The JSCCR Guideline Committee, therefore, conducted
a multicenter study to investigate the change in CRC care
during the past 10 years and to evaluate the impact of guide-
line publication on the change in CRC care (step 2 in Fig. 1).

METHODS

Patients

We invited member institutions of the JSCCR to submit
information on all stage II to III CRC patients surgically
treated in their institutions from 2001 to 2010. The sur-
vey period was selected to investigate changes in care dur-

ing a sufficiently long period before and after publication
of the JSCCR guidelines in 2005.

Evaluation of guideline recommendations for
colorectal cancer treatment

Two CRC treatments recommended in the JSCCR guide-
lines* were selected to evaluate the impact of guideline
publication on the change in CRC treatment. These
were selected because they contribute to improvement in
prognosis’® and because data could be collected easily
from the available clinical database and/or medical records.

Recommendation 1: D3 lymph node dissection for
stage Il to il colorectal cancer
In the Japanese Classification of Colorectal Carcinoma,’
regional lymph nodes (LNs) are classified into 3 groups (ie,
pericolic/perirectal, intermediate, and main), and the scope
of LN dissection is graded as D1, D2, or D3 " (Fig. 2). In
the JSCCR guidelines,* the recommended scope of LN
dissection depends on the preoperative clinical findings or
intraoperative gross evaluation of LN metastasis and depth
of tumor invasion. For ¢T3 and T4 diseases, D3 dissection
is recommended. For ¢T'1 and cT2 diseases, D3 dissection is
indicated in the case of clinically apparent LN metastasis.
Analysis of data from the Japanese Cancer Registry
demonstrated that LN metastasis around the origin of
the feeding artery occurred in 0.7% and 2.7% to 7.6%
of patients with pT2 and pT3 or pT4 tumors, respec-
tively.* The analysis of data from 16,865 patients with
pathological stage II to III CRC in the JSCCR database
disclosed that the number of LNs examined was signifi-
cantly associated with survival in both stage II and III
patients, and was most prominently determined by the
scope of LN dissection (D3 or not).” From these observa-
tions, and to decrease recurrence and improve survival,
the JSCCR guidelines recommended D3 dissection of
LN from around the origin of the feeding artery in cases
of clinical stage II and stage III CRC. We therefore
selected “D3 dissection” as a target of this study.

Recommendation 2: postoperative adjuvant
chemotherapy for stage Ill colorectal cancer
Postoperative adjuvant chemotherapy for patients with
stage III CRC is an established standard of care interven-
tion that improves survival.®® We therefore selected this
treatment as another target of this study.

Examples of
indicators

of the guidelines

¢ Publication and dissemination

* do, of access
« Sales of booklets

. Changes in

performance of care

“
{ Process of care indicators

< D3 lymph node dissection
e Adjuvant chemotherapy

o Improvement of outcomes

\| Outcome indicators |

» Recurrence rate
« 5-year survival rate

Figure 1. Three important steps for improving the quality of cancer care.
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Figure 2. Scope of lymph node dissection in Japan. (A) Right sided colon. (
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rectosigmoid colon. The double, parallel blue lines indicate transection points for the vessels.

For stage II disease, on the other hand, major Western
guidelines recommend adjuvant chemotherapy when pa-
tients have risk factors, including T4 lesions, <12 LNs
examined, perforation, poorly differentiated histopatholo-
gy, and lymphovascular involvement, even though the effi-
cacy of adjuvant chemotherapy for stage II CRC has not
been well established and remains controversial.®® In the
JSCCR guidelines also,* adjuvant chemotherapy is recom-
mended for patients with stage III CRC, but not for all pa-
tients with stage Il CRC. The supplementary comments by
the JSCCR Guideline Committee stated that adjuvant
chemotherapy might be acceptable only for “high-risk”
stage II patients. In this study, no information on the risk
factors for stage II disease was collected. Therefore, our
analysis focused on stage III patients, and the results of stage
I patients were contrasted with those of stage II patients.

Data collection and statistical analyses
Patient information was collected retrospectively from the
clinical database and/or by review of medical records at
each participating institution. The collected data included
year of surgery, sex; age at surgery, tumor location, stage,
scope of LN dissection (D0/D1/D2/D3), and postopera-
tive adjuvant chemotherapy (with or without), and the
name of the institution.

From the data, we calculated the proportion of patients
who received each of the 2 recommended treatments and

254

change in treatment performance over time. The propor-
tions of patients stratified by tumor location, age, and dis-
ease stage, and the variation in performance rate among
institutions, were examined. To graphically show the vari-
ation, the rate of performance of the recommended treat-
ment was calculated for each institution and plotted from
the lowest to the highest value. To simplify the presenta-
tion of the trend over time, only the odd-year data were
plotted.

When the scope of the LN dissection and the status of
postoperative adjuvant chemotherapy were “unknown” or
“blank,” the patient was excluded from the respective an-
alyses. Preoperative chemotherapy or chemoradiotherapy,
intraoperative radiotherapy, and intraoperative lavage
with chemotherapeutic agents were not considered post-
operative adjuvant chemotherapies.

Proportions were compared using the chi-square test. A
difference at a p value of <0.05 was considered statisti-
cally significant. Data were analyzed using Stata software,
version 11.2 (Stata Corp).

Ethical considerations

This study was conducted in accordance with the Decla-
ration of Helsinki and Ethical Guidelines for Epidemio-
logical Study published by the Japanese government.

The study protocol was approved by the ethical review
boards of the JSCCR.
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RESULTS

Patient characteristics

The data of 47,068 patients were collected from 96 insti-
tutions between March 6, 2012 and May 16, 2012. The
96 institutions consisted of 8 cancer center hospitals, 44
university hospitals, and 44 general hospitals. We
excluded 764 patients with disease classified as unknown
stage, not stage II to IIl, or not adenocarcinoma, and
46,304 were eligible (Fig. 3).

Patient characteristics by year of surgery are shown in
Table 1. Overall, median age at surgery was 68 years
(range 16 to 101 years) and 57.3% were male. The pro-
portion of elderly patients (ie, aged 70 years or older)
increased over time (40.4% in 2001 to 47.1% in 2010;
p < 0.0001). During the 10-year period, the median
age at surgery increased by 2 years. The proportion of
patients with right-sided colon cancer increased by 3%
(30.5% in 2001 to 33.5% in 2010; p = 0.0055). The dis-
tribution of patients by sex and stage did not change
significantly during the 10-year period.

Proportion of patients receiving D3 dissection

After excluding 1,136 patients with “unknown” or
“blank” LN dissection status, the proportion of patients
who underwent D3 dissection was analyzed in 45,168

patients. The proportion continuously increased from
58.4% in 2001 to 60.9% in 2005 and 75.0% in 2010.

The increase was accelerated after the publication of the
JSCCR guidelines in 2005 (2.5% between 2001 and
2005 and 14.1% between 2005 and 2010) (Fig. 4A).

The analysis stratified by tumor location showed similar
trends in performance of D3 dissection in both colon and
rectal cancer patients (56.5% to 61.3% and 76.2% in
colon cancer and 61.4% to 60.4% and 72.9% in rectal
cancer in 2001, 2005, and 2010, respectively). Although
the proportion of patients receiving D3 dissection was
consistently lower in the stage II disease group than in
the stage III disease group, the proportion in both groups
increased over time (Fig. 5A, B). Patients aged 81 years or
older were less likely to receive D3 dissection than patients
aged 80 years and younger (p < 0.0001). However, the
proportion in both age groups increased over time. More
than half of patients aged 81 years and older received D3
dissection in 2010 (Fig. 5C, D).

Performance of D3 dissection varied substantially
among institutions, but the variation decreased over
time, and the increase in performance was greater among
those institutions where the proportion of patients
receiving D3 dissection was low initially (Fig. 4B).

Proportion of patients receiving postoperative
adjuvant chemotherapy

After excluding 8,905 patients with “unknown” and
“blank” adjuvant chemotherapy status, 37,399 patients

Data of the
scope of LN dissection

Data of the status of
adjuvant chemotherapy

Submitted
47,068 pts
Ineligible: 764 pts

~ not stage H-Hk 5% pls

~unknown stage: 75 pts

- not adenocarcinoma of CRC: 11 pts

- treated in -2000 or 2011~ 99 pts

- others: 6 pts

Eligible

46,304 pts

= é!::ié . | Unknown Unknown
= folank /blank

Unknown | | @ o Unknown
/blank /blank
8,438 pts 466 pts

36,729 pts

L

Analysis set for
proportion of pts receiving
D3 LN dissection
45,168 pts

Analysis set for
proportion of pts receiving
adjuvant chemotherapy
37,399 pts

Figure 3. Subject flow diagram. CRC, colorectal cancer; LN, lymph node; pts, patients.
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Table 1. Patient Characteristics
Year of surgery
Patient characteristics 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 Total
Patient, n 2,850 3,111 3,468 4,069 4,695 4,956 5,596 5,761 5,872 5,926 46,304
No. of institutions 74 77 80 85 87 89 92 92 93 94 96
Age, y, median 67 67 68 68 68 68 69 69 69 69 68
Age range, y 22 98 18 97 18 96 20 99 19 98 21 99 16 96 23 98 17 101 23 98 16 101
Older than 89 y, n 26 16 30 43 56 5 83 72 60 77 517
Older than 89 y, % 0.9 0.5 0.9 1.1 1.2 1.1 1.5 1.2 1.0 1.3 1.1
80 89y,n 301 309 370 457 574 661 778 837 873 868 6,028
80 89y, % 10.6 9.9 10.7 11.2 12.2 13.3 13.9 14.5 14.9 14.6 13.0
70 79y, n 824 949 1,110 1,274 1,500 1,568 1,749 1,834 1,839 1,847 14,494
70 79y, % 28.9 30.5 32.0 31.1 31.9 31.6 31.3 31.8 31.3 31.2 31.3
60 69y, n 907 964 1,048 1,267 1,429 1,490 1,602 1,705 1,765 1,805 13,982
60 69y, % 31.8 31.0 30.2 31.1 30.4 30.1 28.6 29.6 30.1 30.5 30.2
50 59y,n 543 611 643 706 796 857 969 902 856 869 7752
50 59y, % 19.1 19.6 18.5 17.4 17.0 17.3 17.3 15.7 14.6 14.7 16.7
Younger than 50 y, n 214 236 242 288 300 293 329 376 407 396 3081
Younger than 50y, % 7.5 7.6 7.0 7.1 6.4 5.9 5.9 6.5 6.9 6.7 6.7
Unknown, n 35 26 25 34 40 33 86 35 72 64 450
Unknown, % 1.2 0.8 0.7 0.8 0.9 0.7 1.5 0.6 1.2 1.1 1.0
Sex
Male, n 1,625 1,814 1,991 2,328 2,720 2,880 3,208 3,237 3,366 3,355 26,524
Male, % 57.0 58.3 57.4 57.2 57.9 58.1 57.3 56.2 57.3 56.6 57.3
Female, n 1,224 1,296 1,476 1,740 1,974 2,063 2,338 2,519 2,502 2,569 19,701
Female, % 42.9 41.7 42.6 42.8 42.0 41.6 41.8 43.7 42.6 43.4 42.5
Unknown, n 1 1 1 1 1 13 50 5 4 2 79
Unknown, % 0.0 0.0 0.0 0.0 0.0 0.3 0.9 0.1% 0.1% 0.0 0.2
Location of tumor
Right sided colon, n 870 955 1,066 1,319 1,499 1,627 1,859 1,848 1,955 1,985 14,983
Right sided colon, % 30.5 30.7 30.7 32.4 31.9 32.8 33.2 32.1 33.3 335 32.4
Left sided colon, n 857 956 1,096 1,166 1,416 1,492 1,681 1,694 1,702 1,730 13,790
Left sided colon, % 30.1 30.7 31.6 28.7 30.2 30.1 30.0 29.4 29.0 29.2 29.8
Rectum, n 1,123 1,192 1,301 1,583 1,776 1,824 2,049 2,214 2,207 2,206 17,475
Rectum, % 39.4 38.3 37.5 38.9 37.8 36.8 36.6 38.4 37.6 37.2 37.8
Unknown, n 0 8 5 1 4 13 7 5 8 5 56
Unknown, % 0.0 0.3 0.1 0.0 0.1 0.3 0.1 0.1 0.1 0.1 0.1
Stage
I, n 1,482 1,618 1,746 2,099 2,416 2,547 2,827 2,830 2,968 2,931 23,464
I, % 52.0 52.0 50.3 51.6 51.5 51.4 50.5 49.1 50.5 49.5 50.7
I, n 1,368 1,493 1,722 1,970 2,279 2,409 2,769 2,931 2,904 2,995 22,840
1, % 48.0 48.0 49.7 48.4 48.5 48.6 49.5 50.9 49.5 50.5 49.3

were examined as to whether they received postoperative
adjuvant chemotherapy. In 18,653 patients with stage III
discase, the proportion of patients receiving adjuvant
chemotherapy increased continuously from 50.8% in
2001 to 67.1% in 2005 and 71.0% in 2010, the increase
was smaller after guideline publication (16.3% between
2001 and 2005 vs 3.9% between 2005 and 2010)
(Fig. 6B). The performance of adjuvant chemotherapy

in stage III patients varied substantially among institu-
tions in the early years. However, the variation decreased
over time, with greater increases occurring in institutions
that started with a low proportion of patients receiving
adjuvant chemotherapy (Fig. 7).

In the 80 years and younger age group of patients with
stage III CRC, the longitudinal increase in the proportion
of adjuvant chemotherapy recipients was remarkable, and
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Figure 4. Proportion of patients receiving D3 lymph node dissection by year of surgery. (A)
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the proportion in 2010 was 78.4%. The increase between
2001 and 2005 (19.1%) was greater than the increase
between 2005 and 2010 (5.3%) (Fig. 6C). The propor-
tion each year and during the survey period was lower
in patients aged 81 years and older than in patients
aged 80 years and younger (Fig. 6D).

In contrast to the proportion of stage III patients, that
of stage II patients receiving adjuvant chemotherapy was
lower each year and decreased over time (Fig. GA).

DISCUSSION

This study revealed a nationwide increase over time in the
performance of 2 important treatments recommended in
the clinical practice guidelines for CRC, that is, D3 LN
dissection for stage II to III patients and postoperative
chemotherapy for stage III patieats. Importantly, the
rate of D3 dissection performance accelerated after the
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45,168). (B) Variation in the proportion among institutions.

publication of the guidelines in 2005 and appeared to
be larger in inidally low-performing institutions, indi-
cating that publication of the guidelines might have
played a role in promoting the acceptance of surgical
care practice standards nationwide.

On the other hand, the performance rate of postoper-
ative chemotherapy tended to differ from that of D3
dissection. In stage III patients, the rate of increase in
the proportion of patients receiving postoperative chemo-
therapy decelerated after 2005, and the rate of increase in
the proportion of patients receiving D3 dissection accel-
erated after 2005. Since intravenous L-leucovorin was
approved for CRC in Japan in 1999, the knowledge
that 5-FU plus 1-leucovorin regimen had efficacy as adju-
vant chemotherapy for stage III disease appeared to
spread rapidly to the point of saturation. At the time of
the publication of the guidelines in 2005, this standard
of care might have already been well accepted. In
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role in treatment decisions by revealing the controversy.

Our study has some limitations. First, all of the institu-
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receiving the recommended care might be higher in our
study population than in the general clinical practice pop-
ulation in Japan. Second, information on patient-related
factors, such as comorbidities or activities of daily living,
was not collected. Patients with severe comorbidities
might be appropriately excluded from D3 dissection or
adjuvant chemotherapy. The proportion of elderly
patients undergoing these procedures was lower than
that of younger patients and, therefore, the performance
rate tended to be low in institutions with many elderly
patients. If we are to interpret the performance of these
treatments as indicators of quality of cancer care, this
information would be necessary. Third, details related
to the quality of the surgical technique and chemotherapy
(eg, regimens, doses, and durations) were not considered.
Our focus was on the dissemination of knowledge about
the standards of care and change in performance, not on
the details of the quality of care. Fourth, in this study, we
did not examine outcomes. Although we believe, based
on earlier evidence, that these increases in performance
of recommended care would have led to improved out-
comes, a longer follow-up period (eg, at least 5 years after
surgery) would be necessary to prove it. Evaluating the
relationship between change in the process of care and
oncologic outcomes is the next important task for us
(step 3 in Fig. 1).

Periodic assessment (with feedback) of standards of care
implementation has been commonly done in many coun-
tries, especially in the United States. The American College
of Surgeons continuously assesses (with feedback) quality
of care standards for approved cancer programs using the
National Cancer Database and 6 indicators, including
adjuvant chemotherapy for stage Il patients.”” A data
collection and feedback system via the web has been estab-
lished. The American Society of Clinical Oncology oper-
ates a similar quality assurance system, the Quality
Oncology Practice Initiative, with a larger number of
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indicators.” For Japan, this is the first study to assess
(with feedback) the performance of 2 standards of care
for CRC at each institution. This study is expected to evolve
into a periodic assessment and feedback system of “process
of care” indicator evaluation using the cancer registry.

CONCLUSIONS

This is the first study to demonstrate trends in guideline-
recommended CRC treatments during a 10-year period
in a large clinical practice population in Japan. The per-
formance of both D3 dissection for stage II to III disease
and adjuvant chemotherapy for stage III disease has
become more prevalent, and the variation in performance
among institutions has decreased. In particular, the pub-
lication of the guidelines is considered to have accelerated
the spread of surgical standards. Periodic assessment of
performance of cancer care will promote the standardiza-
tion of cancer care and improve the quality of cancer care,
eventually improving patient outcomes. Additional study
focusing on other standards of care is now in progress,
and we plan to evaluate the relationship between the
change in the rate of performance of the recommended
treatments and oncologic outcomes in the future.
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Abstract

Background Colorectal endoscopic submucosal dissection
(C-ESD) is a promising but challenging procedure. We aimed
to evaluate the factors associated with technical difficulties
(failure of en bloc resection and procedure time, >2 h) and
adverse events (perforation and bleeding) of C-ESD.
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Methods We conducted a retrospective exploratory factor
analysis of a prospectively collected cohort in 15 institutions.
Eight-hundred sixteen colorectal neoplasms larger than
20 mm from patients who underwent C-ESD were included.
We assessed the outcomes of C-ESD and risk factors for
technical difficulties and adverse events.
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Results Of the 816 lesions, 767 (94 %) were resected en bloc,
with a median procedure time of 78 min. Perforation occurred
in 2.1 % and bleeding in 2.2 %. Independent factors associated
with failure of en bloc resection were low-volume center (<30
neoplasms), snare use, and poor lifting after submucosal in-
jection. Factors significantly associated with long procedure
time (>2 h) were large tumor size (>4 cm), low-volume center,
less-experienced endoscopist, CO, insufflation, and use of
two or more endoknives. Poor lifting was the only factor
significantly associated with perforation, whereas rectal lesion
and lack of a thin-type endoscope were factors significantly
associated with bleeding. Poor lifting after submucosal injec-
tion occurred more frequently for nongranular-type laterally
spreading tumors (LST) and for protruding and recurrent
lesions than for granular-type LST (LST-G).

Conclusions Poor lifting after submucosal injection was the
risk factor most frequently associated with technical difficul-
ties and adverse events on C-ESD. Less experienced
endoscopists should start by performing C-ESDs on LST-G
lesions.

Keywords Colonoscopy - Colorectal neoplasm - Endoscopic
gastrointestinal surgery - Endoscopic submucosal dissection

Introduction

Endoscopic resection is a noninvasive, standard treatment for
patients with superficial colorectal neoplasms (adenoma/earty
cancer) without risk of lymph node metastasis [1-3]. Small
colorectal neoplasms can be removed easily with conventional
polypectomy or endoscopic mucosal resection (EMR). How-
ever, conventional EMR may result in piecemeal resection
(i.e., tumor resection in multiple fragments) of large-sized
tumors [4-6]. Limitations of piecemeal resection include
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incomplete histological assessment of the specimen and a
greater risk of tumor recurrence [7]. Indeed en bloc resection
(i.e., resecting the entire tumor in one piece) is preferred for
precise histological assessment of the resected specimen and
to ensure elimination of any residual tumor [4].

Endoscopic submucosal dissection (ESD), of superficial
gastrointestinal neoplasms results in high en bloc resection
rates, regardless of tumor size, location, or fibrosis in the
submucosa (SM) [1]. However, colorectal ESD is associated
with technical difficulties resulting in poor outcomes, such as
failure of en bloc resection and long procedure time [8].
Additionally, the adverse events of colorectal ESD (e.g., per-
foration and bleeding) may be quite severe [9]. These techni-
cal difficulties and adverse events may be associated with
lesion characteristics, type of endoscopic device, and operator
experience. Limitations in attempting to perform colorectal
ESD may be due to a lack of information on these technical
difficulties and adverse events. Assessing factors associated
with such technical difficulties and adverse events may help in
formulating training programs for colorectal ESD and treat-
ment strategies for large colorectal tumors. Although several
large case-series have assessed the feasibility and efficacy of
colorectal ESD, these were retrospective analyses in well-
experienced single centers [10, 11]. Outcomes of colorectal
ESD were also assessed in a prospective multicenter study, but
those centers were all advanced institutions [12]. Therefore,
the outcomes of colorectal ESD performed at institutions with
various levels of experience have not yet been evaluated.

Considering that the rates of adverse events and tumor
recurrence following EMR and ESD had never been directly
compared, we performed a prospective cohort study compar-
ing EMR and ESD for large (>20 mm) colorectal neoplasms
[13, 14]. In the prospectively collected cohort, there was a
large number of ESD procedures (816 ESDs vs. 1,029 EMRS).
Therefore, we retrospectively explored the factors associated
with technical difficulty and adverse events on colorectal ESD
in the cohort.

Patients and methods

This retrospective analysis involved the patients undergoing
colorectal ESD in the prospectively selected patients under-
going colorectal endoscopic resection at 18 tertiary institu-
tions with various levels of experience. The study was per-
formed by the Japanese Society for Cancer of the Colon and
Rectum to compare recurrence rates after EMR and ESD for
colorectal neoplasms >20 mm [13, 14]. The study protocol
was approved by the institutional review board of each center
and registered in the University Hospital Medical Information
Network Clinical Trials Registry as number UMIN
000001642. This manuscript followed the STROBE
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guidelines [15]. All the authors had reviewed and approved
the final manuscript.

Study participants

Consecutive patients >20 years old with superficial colorectal
neoplasms =20 mm in diameter undergoing endoscopic resec-
tion between October 2007 and December 2010 were eligible
for inclusion in the original cohort trial. Lesions predicted to
be noninvasive neoplasms and carcinomas with minute
(<1,000 pum) SM invasion, thought to have no risk of lymph
node metastasis, were removed by endoscopic resection. The
subjects in that trial who underwent ESD were included in this
retrospective exploratory factor analysis (Fig. 1). The choice
between EMR and ESD was made by each participating
colonoscopist, based on the proposed guidelines of the Colo-
rectal ESD Standardization Implementation Working Group
[16, 17]. Lesions with contraindications to endoscopic resec-
tion, as determined by the colonoscopist, inclhuding lesions
involving the orifice of the appendix, those encompassing the
entire circumference of the colonic wall, those showing mas-
sive invasion of the ileum, and lesions inaccessible by colo-
noscopy, were excluded and treated by surgical colectomy.
Written informed consent was obtained from each patient.

Procedures

All procedures were performed by colonoscopists who had
been physicians for at least 5 years and were either board-
certified by the Japanese Gastroenterological Endoscopy So-
ciety (JGES) or had knowledge and endoscopic techniques
equal to that of board-certificated colonoscopists. Therefore,
no trainees were involved in any of these cases. Endoscopic
devices (endoknives), endoscopes, endoscopic systems, and
medications were not regulated by the study protocol, and all
procedures were performed according to each institution’s
standard procedure. Patients were considered admitted to
hospital when they underwent ESD. Although the fasting
and hospitalization periods and examination after colonic
ESD were determined according to each institution’s protocol,
in Japan the usual fasting period is 2 days, including the day

(1845 colorectal neoplasms z zemm‘}
t included in the original cohort

= 1089 underwant EME

816 lesions underwent ESD were ‘“
analyzed in this study j

(

Fig. 1 Study design, showing a flow diagram of enrolled subjects
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on which ESD is performed, and the hospitalization period is
7 days with blood tests performed the day after ESD. The
histopathology of cach resected specimen was assessed at
each institution, following the Japanese classification of colo-
rectal carcinoma [2]. Lesions histopathologically diagnosed as
low/high-grade adenoma, intramucosal carcinoma, or carci-
noma with minute SM invasion (<1,000 um), without high
pathologic risk features (lymph-vascular involvement and/or
poorly differentiated adenocarcinoma), were regarded as cur-
able because they had no risk of lymph node metastasis. By
contrast, lesions histopathologically diagnosed as carcinoma
with deep SM invasion (=1,000 pum) or with high-risk patho-
logic features were regarded as incurable, and these patients
were referred for additional surgery, including lymph node
dissection.

Data collection and measured outcomes

Detailed data sheets on each participating patient were com-
pleted by the investigators and faxed to the independent data
center. Information about endoscopic resection (e.g., endo-
scopic devices, endoscopes, and medications) was collected
after the procedure. Data included patient characteristics (age
and sex), diagnostic modality prior to endoscopic resection
(with or without magnifying endoscopy), tumor characteris-
tics (location, estimated size, type, and history of biopsy),
institution, the experience of each colonoscopist (<11 or
>11 years), fluid injected to form a SM cushion (sodium
hyaluronate or others), type of power source used for electrical
cutting and its setting, type of electrosurgical endokuife, type
of insufflation gas (CO, or air), lifting condition after SM
injection (good or poor), completeness of the endoscopic
resection (en bloc, piecemeal, or unresected), diagnostic mo-
dality for assessment of residual tumor after endoscopic re-
section (with or without magnifying endoscopy), procedure
time (from the beginning of SM injection until lesion remov-
al), adverse events (perforation, bleeding, and others), treat-
ments administered for adverse events and their outcomes,
histopathological diagnosis of the resected specimen (histo-
logical type, lymph-vascular involvement, and tumor involve-
ment on the lateral and proximal margins) according to the
Japanese classification of colorectal carcinoma [2], and addi-
tional therapy for incurable lesions.

Outcomes indicating technical difficulties included failure
of en bloc resection and procedure time and adverse events
included perforation and bleeding. The factors associated with
each were also evaluated.

Definitions
ESD was defined as endoscopic dissection of a colorectal

tumor using an electrosurgical endoknife, consisting of cir-
cumferential mucosal cutting and SM dissection or
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circumferential SM incision prior to EMR (CSI-EMR) [18], as
it was difficult to distinguish whether CSI-EMR was initially
planned prior to the procedure or was used to rescue a proce-
dure which was difficult to complete. As ESD is intended for
en bloc resection, a failed procedure was defined as failure of
en bloc resection (i.e., piecemeal resection or incomplete
procedure). Tumors were classified as being located on the
colon (cecum, ascending, transverse colon, descending or
sigmoid colon) or the rectum. Endoknives were classified into
three categories (needle knife, IT knife, and scissors types), as
well as with or without water-jet function. Tumors were
classified into five categories, based on the Paris classification
and models of tumor growth during the development of colo-
rectal neoplasia [3, 19]. The five types were: (1) granular-type
laterally spreading tumor (LST-G), (2) nongranular-type lat-
erally spreading tumor (LST-NG), (3) protruding tumor, (4)
recurrent tumor after endoscopic resection, and (5) unclassi-
fied. Lifting conditions after SM injection were assessed as
good or poor [20]. Histopathological diagnoses were based on
the Japanese classification and were re-classified according to
the Vienna classification [21]. Low-grade adenomas accord-
ing to the Japanese classification were equivalent to noninva-
sive low-grade neoplasias according to the Vienna classifica-
tion, whereas high-grade adenomas and intramucosal carcino-
mas according to the Japanese classification were equivalent
to noninvasive high-grade neoplasias according to the Vienna
classification. Based on the median number of ESDs per-
formed at each institution during the study period (30 cases/
3 years; i.e., 10 cases/year), institutions were classified as low
(<30 lesions) and high (=30 lesions) volume centers.
Colonoscopists were classified as those who were less
(<11 years) and more (=11 years) experienced, because it
takes at least 5 years to be a board-certified member of JGES
and it is thought that it takes more 5 years to experience
enough ESD cases. Procedure time >2 h was defined as long,
because 30 % of the ESDs needs procedure time >2 h, and it
can be said they are relatively difficult cases than average.
Lesion size was classified as <40 and >40 mm. A bleeding
episode was defined as bleeding resulting in (1) apparent
hematochezia or melena after the procedure, (2) a >2-g/dL
decrease in hemoglobin concentration, or (3) a blood transfu-
sion (the decision for transfusion was left each institution’s
criterion and 7.0 g/dL in hemoglobin concentration is gener-
ally accepted as a criterion for transfusion). Perforation was
defined as a full-thickness defect of the colonic wall with
visible peritoneal fat or the presence of extra-gastrointestinal
air on X-ray or abdominal computed tomography. Although
observation period for delayed adverse events was not
defined, the patients were generally followed up for at
least one year because the follow-up period of the
original cohort study was one year. Therefore, we could
collect the information about late adverse events for two
to four weeks [22].
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Sample size estimation and statistical analysis

This study was a retrospective exploratory factor analysis of a
prospective cohort study. The cohort involved 1,845 colorec-
tal neoplasms >20 mm in diameter. The lesions from patients
who underwent ESD were included to this exploratory anal-
ysis. Multiple lesions in the same patient were counted as
independent lesions.

All data were collected and analyzed at an independent data
center. Continuous, parametric variables are reported as means
(standard deviation (SD)) and nonparametric data as medians
(interquartile range (IQR) or range). Categorical variables
were reported as incidence or rates (%) and compared using
the x* test or Fisher’s exact test, as appropriate. Univariate and
multivariate logistic regression analyses were performed to
examine the factors associated with technical difficulty (fail-
ure of en bloc resection and procedure time, >2 h), whereas the
number of adverse events (perforation and bleeding) was too
small for multivariate analysis and only univariate analysis
was done to examine the factors associated with adverse
events. Variables with p values for association <0.2 on uni-
variate analysis were considered potential risk factors in mul-
tivariate logistic regression analysis. All statistical analyses
were performed using JMP version 10 (SAS Institute
Inc, Cary, NC). All analysis were exploratory and P values
were two-tailed, with p<0.05 defined as statistically
significant.

Results
Study design and baseline patient characteristics

The participants’ flow is shown in Fig. 1. Between October
2007 and December 2010, 1,845 colorectal neoplasms
>20 mm in diameter were enrolled in the prospective cohort
study. Of these, 816 lesions underwent colorectal ESD and
were included in this analysis, and the remainder underwent
conventional EMR.

Baseline patient characteristics are shown in Table 1. ESD
procedures were performed at 15 of the 18 participating
institutions, with a median of 30 lesions (IQR, 11-94 lesions)
treated per center. The median lesion size was 35 mm (IQR,
28-47 mm). Almost two thirds of the lesions (64 %) were
located in the colon. LST-G was the most frequent type
(56 %), with 55 % of the lesions biopsied prior to ESD.
Approximately 90 % of the lesions were removed by colorec-
tal ESD at a high-volume center, with 65 % of these proce-
dures performed by more experienced colonoscopists. One
fourth of the lesions (25 %) showed poor lifting after SM
injection.
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Table 1 Baseline demographic and clinical characteristics of the study subjects
Number Percent
Number of lesions 816
Sex (male/female) 468:348
Mean age (year (::5D)) 67 (%10)
Median tumor size, mm (IQR) 35 (28 47)
Tumor location
Colon Cecum 520 71 64 % 9%
Ascending colon 152 19 %
Transverse colon 144 18 %
Descending colon 32 4%
Sigmoid colon 121 15 %
Rectum 296 36 %
Type
LSTG 459 56 %
LSTNG 281 34 %
Protruding 59 7%
Recurrent tumor after ER 5 1%
Unclassified 12 2%
Institution
High volume (=30 patients), 8 institutions 715 88 %
Low volume (<30 patients), 7 institutions 101 12 %
Experience of endoscopist
More experienced (=11 years) 531 65 %
Less experienced (<11 years) 285 35%
Lifting after submucosal injection
Good 608 75 %
Poor 208 25 %

Abbreviations: IQR interquartile range, LST G granular type laterally spreading tumor, LS7 NG nongranular type laterally spreading tumor, ER

endoscopic resection
Procedures for colorectal ESD

Almost all procedures used CO, gas and sodium hyaluronate
(Table 2). Various types of electrosurgical endoknives were
used. Of the colorectal ESDs, 68 % required one electrosurgical
endoknife, with the remaining 32 % requiring two or more.
Endoknives with water-jet function were used to remove 29 %
of the colorectal ESDs, with only 5 % requiring an endoscopic
snare. Most of the colonoscopists (86 %) preferred to use a thin
endoscope (thin caliber colonoscope or gastroscope). A gastro-
scope was used in 25 % of the procedures, whereas endoscopes
equipped with a water-jet function were utilized in 70 %.

Therapeutic outcomes

Therapeutic outcomes are shown in Table 3. The median
procedure time was 78 min (IQR, 50-120 min). Procedure
times were longer than 2 h for 30 % of the lesions and longer
than 3 h for about 10 %. We found that 57 % of the lesions
were noninvasive high-grade neoplasms, 24 % were
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noninvasive low-grade neoplasms, and 18 % were invasive
adenocarcinomas, including 7 % that were unexpectedly deep
(=1,000 um) invasive SM cancers. These latter tumors were
regarded as incurable by endoscopic local resection and were
referred for additional surgery. Almost all the tumors (94 %)
were resected en bloc, with 6 % requiring piecemeal resection
or surgical colectomy.

Perforation occurred in 17 patients (2.1 %). Although most
perforations were treated endoscopically using endoclips
without surgical intervention, one required emergency sur-
gery. Bleeding occurred in 20 patients (2.2 %), with most
(19 patients) being postoperative. One patient with severe
uncontrolled intraoperative bleeding required emergency sur-
gery. There were no fatal adverse events.

Factors associated with difficulty and adverse events
of colorectal ESD

Tables 4, 5, 6, and 7 show the results of univariate and
multivariate analyses of factors associated with technical
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Table 2 Devices used for colorectal endoscopic submucosal dissection

Number Percent

CO, 693 85 %
Sodium hyaluronate 788 97 %
Electrosurgical endoknife (multiple choice answers)

Needle type® 806 98 %

IT type® 169 21 %

Scissors type® 32 4%

Endoknife with water jet function 238 29 %
Number of electrosurgical endoknives used

1 558 68 %

>2 258 32%

Snare used 42 5%

Thin caliber endoscope (Gastroscope) 703 (205) 86 % (25 %)

Water jet endoscope 568 70 %

*Includes Flushknife (DK2618JN, Fujifilm Medical, Tokyo, Japan),
Flushknife BT (DK2618JB, Fujifilm Medical), Dual knife (KD 650Q,
Olympus Co, Tokyo, Japan), Hook knife (KD 620QR, Olympus), Flex
knife (KD 630 L, Olympus), needle type bipolar needle knife
(BSBK21545, Xeon Medical Co, Tokyo, Japan), and ball tipped bipolar
needle knife (BSBK21B35, Xeon Medical)

® Includes IT knife (KD 610 L, Olympus), IT knife 2 (KD 611 L, Olym
pus), and IT knife nano (KD 612Q, Olympus)

¢ Includes SB knife (MD 47706, Sumitomo Bakelite, Tokyo, Japan) and
SB knife Jr. (MD 47703, Sumitomo Bakelite)

difficulties (failure of en bloc resection and long procedure
time) and adverse events (perforation and bleeding). Univar-
iate analysis showed that protruding type tumor, low-volume
center (<30 neoplasms), lack of sodium hyaluronate use, snare
use, poor lifting after SM injection, noninvasive high-grade
dysplasia and deeply invasive carcinoma (>1,000SMum)

Table 3 Clinical outcomes of colorectal endoscopic submucosal
dissection

Number Percent
Median procedure time (min (range)) 78 (50 120)
Procedure time >2 h 240 30 %
Histology
Noninvasive low grade neoplasm 195 24 %
Noninvasive high grade neoplasm 466 57 %
SM <1,000 pm 88 11 %
SM >1,000 um 62 7%
Unknown 5 1%
Completeness of the procedure
En bloc resection 771 94 %
Piecemeal resection 44 5%
Unresected 1 1%
RO resection 638 78 %

Abbreviation: SM submucosa
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were possible risk factors associated with failure of en bloc
resection. Multivariate analysis showed that low-volume cen-
ter, snare use, and poor lifting after SM injection were inde-
pendent risk factors associated with failure of en bloc resec-
tion (Table 4). Factors associated with long procedure time
(>2 h) on univariate analysis included large tumor size
(=4 cm), colonic lesion, LST-NG, protruding-type tumor,
low-volume center (<30 lesions), less-experienced
endoscopist, CO, use, use of two or more electrosurgical
endoknives, snare use, noninvasive high-grade neoplasm
and deeply invasive carcinoma (>1,000 um). On multivariate
analysis, large tumor size, low-volume center, less-
experienced endoscopist, CO, use, and use of two or more
electrosurgical endoknives were independent risk factors for
long procedure time (Table 5).Univariate analysis showed that
poor lifting after SM injection was the only risk factor asso-
ciated with perforation (Table 6). Factors associated with
bleeding on univariate analysis included rectal lesions and
lack of thin-type endoscope (Table 7).

Poor lifting after SM injection occurred more frequently in
LST-NG and in protruding and recurrent lesions than in LST-
G, with the incidence of poor lifting after SM injection being
extremely high (80 %) for recurrent lesions, although the
incidence of poor lifting was not related to history of biopsy
(Table 8).

Discussion

We found that colorectal ESD yielded satisfactory outcomes
in this prospective cohort treated at several participating insti-
tutions with various levels of experience. Acceptable out-
comes of colorectal ESD have also been reported in western
countries, but improvements are needed because of its techni-
cal difficulties [23]. Adverse events such as perforation and
bleeding [13] have been reported, as have failure of en bloc
resection and long procedure time. We therefore assessed
factors independently associated with these technical difficul-
ties and adverse events.

We found that poor lifting after SM injection was indepen-
dently associated with failure of en bloc resection and with
increased perforation. Poor lifting after SM injection is
thought to be associated with fibrosis in the SM layer. In
single center trials, fibrosis was reported related to failure of
en bloc resection and perforation [20]; and tumor size and the
presence of fibrosis were found to be independent risk factors
for perforation [24, 25]. Although a multicenter trial showed
that only large tumor size and performance of the procedure at
a low-volume institution were risk factors for perforation and
postoperative bleeding, that trial did not assess lifting condi-
tion or fibrosis [13]. Our finding, that poor lifting was a
significant risk factor for failure of en bloc resection and
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Table 4 Univariate (p<0.2) and multivariate logistic analyses of factors associated with failure of en bloc resection during colorectal endoscopic

submucosal dissection

Univariate analysis

Multivariate analysis

Variable En bloc resection Failure of en bloc resection p value Adjusted OR 95 % Cl p value
Institution (n; %)

High volume (=30 patients) 682/715 (95) 33/715 (5)

Low volume (<30 patients) 89/101 (88) 12/101 (12) 0.0008 5.52 2.25 13.37 0.0003
Snare

744 /774 (95) 30/774 (4)

+ 27/42 (64) 15/42 (36) <0.001 25.32 10.37 63.94 <0.0001
Lifting condition after SM injection

Good 590/608 (97) 18/608 (3)

Poor 1817208 (87) 27/208 (13) <0.001 10.74 449 2518 <0.0001

Abbreviations: OR odds ratio, LST & granular type laterally spreading tumor, LS7 NG nongranular type laterally spreading tumor, ER endoscopic

resection, SM submucosa

adverse events, was similar to the results of these earlier trials.
The causes of fibrosis are not completely known, but we
frequently observed the lesions with poor lifting in LST-NG
and in protruding and recurrent lesions. These findings sug-
gest that endoscopists in low-volume centers should start by
performing colorectal ESDs on LST-G lesions.

We also found that performance of ESD at a low-volume
institution was an important risk factor for failure of en bloc
resection and long procedure time. Similarly, another study
reported that the total number of ESDs performed per

institution was inversely associated with the incidence of
adverse events [13]. In this study, institutions performing
fewer than ten colorectal ESDs per year were regarded as
low-volume centers and these institutions should be selective
in performing colorectal ESD. Unfortunately, we could not
collect the colorectal ESD volume of each colonoscopist and
we had to assess the experience of ESD by each institution,
not by each colonoscopist. However, since colorectal ESD is a
technically challenging and relatively rare procedure, we ex-
pect that within each institution such cases are performed by

Table 5 Univariate (»<0.2) and multiple regression analyses of factors associated with longer procedure time (>2 h) during colorectal endoscopic

submucosal dissection

Univariate analysis

Multivariate analysis

Variable <2h >2h p value OR 95 % CI p value
Tumor size (%)

<4 cm 396/477 (83) 81/477 (17)

>4 cm 180/339 (53) 159/339 (47) <0.0001 497 335 747 <0.0001
Institution (n (%))

High volume (=30 patients) 516/715 (72) 199/715 (28)

Low volume (<30 patients) 60/101 (59) 41/101 (41) 0.01 275 1.59 4.78 0.0003
Endoscopist

Experienced 400/531 (75) 131/531 (25)

Less experienced 176/285 (62) 109/285 (38) <0.0001 231 1.61 3.34 <0.0001
CO,

98/123 (80) 25/123 (20)

+ 478/693 (69) 215/693 (31) 0.02 2.02 1.17 3.61 0.012
Number of electrosurgical endoknives used

1 425/558 (76) 133/558 (24)

>2 151/258 (58) 107/258 (42) <0.0001 2.48 1.70 3.62 <0.0001

Abbreviations: OR odds ratio, LST G granular type laterally spreading tumor, LST NG nongranular type laterally spreading tumor, ER endoscopic

resection, SM submucosa
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