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Abstract

Background 1gG4-sclerosing  cholangitis  (IgG4-SC)
patients have an increased level of serum IgG4, dense
infiltration of IgG4-positive plasma cells with extensive
fibrosis in the bile duct wall, and a good response to steroid
therapy. However, it is not easy to distinguish IgG4-SC
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from primary sclerosing cholangitis, pancreatic cancer, and
cholangiocarcinoma on the basis of cholangiographic
findings alone because various cholangiographic features
of IgG4-SC are similar to those of the above progressive or
malignant diseases.

Methods The Research Committee of IgG4-related Dis-
eases and the Research Committee of Intractable Diseases
of Liver and Biliary Tract in association with the Ministry
of Health, Labor and Welfare, Japan and the Japan Biliary
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Association have set up a working group consisting of
researchers specializing in IgG4-SC, and established the
new clinical diagnostic criteria of IgG4-SC 2012.

Results The diagnosis of IgG4-SC is based on the
combination of the following 4 criteria: (1) characteristic
biliary imaging findings, (2) elevation of serum IgG4
concentrations, (3) the coexistence of IgG4-related diseases
except those of the biliary tract, and (4) characteristic
histopathological features. Furthermore, the effectiveness
of steroid therapy is an optional extra diagnostic criterion
to confirm accurate diagnosis of IgG4-SC.

Conclusion These diagnostic criteria for IgG4-SC are use-
ful in practice for general physicians and other nonspecialists.

Keywords IgG4 - Sclerosing cholangitis - Primary
sclerosing cholangitis - Autoimmune pancreatitis -
Cholangiocarcinoma

Introduction

IgG4-related sclerosing cholangitis (IgG4-SC) is a char-
acteristic type of sclerosing cholangitis with an unknown
pathogenic mechanism. IgG4-SC patients show increased
levels of serum IgG4 [1] and dense infiltration of IgG4-
positive plasma cells with extensive fibrosis in the bile duct
wall [2]. IgG4-SC is frequently associated with autoim-
mune pancreatitis, and it shows a good response to steroid
therapy [3-7]. Various cholangiographic features of IgG4-
SC are similar to those of primary sclerosing cholangitis
(PSC), pancreatic cancer, and cholangiocarcinoma {8, 9].
Therefore, it is not easy to discriminate 1gG4-SC from
these progressive or malignant diseases on the basis of
cholangiographic findings alone [10, 11], and accurate
diagnosis of IgG4-SC not associated with autoimmune
pancreatitis is particularly difficult [12].
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Therefore, the Research Committee of IgG4-related
Diseases (Chairman, Kazuichi Okazaki) and the Research
Committee of Intractable Diseases of Liver and Biliary
Tract (Chairman, Hirohito Tsubouchi) in association with
the Ministry of Health, Labor, and Welfare of Japan, and the
Japan Biliary Association (Chairman, Kazuo Inui) have set
up a working group consisting of researchers specializing in
1gG4-SC. After several meetings held on 15 October 2010,
1 February 2011, and 2 August 2011, and after the exchange
of opinions via e-mail, this working group developed a
tentative proposal for the clinical diagnostic criteria of
IgG4-SC, including the clinical features of IgG4-SC, in
order to avoid the misdiagnosis of PSC and malignant dis-
eases. The open forum was held at the 47th Annual Meeting
of the Japan Biliary Association on 17 September 2011, and
the official announcement was made on the home page of
the Japan Biliary Association, where extensive discussion
of the tentative proposal can be found.

Disease concept of IgG4-SC

The working group analyzed the clinical features and
conditions of IgG4-SC, resulting in the following disease
concept of IgG4-SC.

IgG4-SC is a characteristic type of sclerosing cholan-
gitis with an unknown pathogenic mechanism. IgG4-SC
patients show increased levels of serum I1gG4 [1] and dense
infiltration of IgG4-positive plasma cells with extensive
fibrosis in the bile duct wall [2]. Circular and symmetrical
thickening of the bile duct wall is observed not only in the
stenotic areas but also in the areas without stenosis that
appear normal in the cholangiogram [13]. IgG4-SC is fre-
quently associated with autoimmune pancreatitis [3-7].
IgG4-related dacryoadenitis/sialadenitis and IgG4-related
retroperitoneal fibrosis are also occasionally observed in
I1gG4-SC [14-17]. However, some cases of IgG4-SC do not
show any other organ involvement [12].

IgG4-SC is more common in elderly men. Obstructive
jaundice is frequently observed in I1gG4-SC. The clinical
and radiological features of IgG4-SC are resolved by ste-
roid therapy, though long-term prognosis of this disease is
not clear [4-7].

The differential diagnosis of IgG4-SC from PSC and
neoplastic lesions such as pancreatic or biliary cancers is
very important. It is also necessary to rule out secondary
sclerosing cholangitis caused by diseases with obvious
pathogenesis.

The new clinical diagnostic criteria of IgG4-SC 2012

The working group established their final proposal for the
new clinical diagnostic criteria of IgG4-SC 2012 (Table 1).
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Table 1 Clinical diagnostic
criteria of IgG4-related
sclerosing cholangitis 2012

Diagnostic items

(1) Biliary tract imaging reveals diffuse or segmental narrowing of the intrahepatic and/or extrahepatic

bile duct associated with the thickening of bile duct wall
(2) Hematological examination shows elevated serum IgG4 concentrations (>135 mg/dl)
(3) Coexistence of autoimmune pancreatitis, IgG4-related dacryoadenitis/sialadenitis, or IgG4-related

retroperitoneal fibrosis

(4) Histopathological examination shows:
a. Marked lymphocytic and plasmacyte infiltration and fibrosis
b. Infiltration of 1gG4-positive plasma cells: >10 IgG4-positive plasma cells/HPF

c. Storiform fibrosis
d. Obliterative phlebitis

Option: effectiveness of steroid therapy

A specialized facility, in which detailed examinations such as endoscopic biliary biopsy and endoscopic
ultrasound-guided fine needle aspiration (EUS-FNA) can be administered, may include in its diagnosis
the effectiveness of steroid therapy, once pancreatic or biliary cancers have been ruled out.

Diagnosis

Definite diagnosis
O+ 3
M+ +@Dab
4)a,b,c
(4)a, b, d

Probable diagnosis
(1) + (2) + option

Possible diagnosis
M+

It is necessary to exclude PSC, malignant diseases such as pancreatic or biliary cancers, and secondary
sclerosing cholangitis caused by the diseases with obvious pathogenesis. When it is difficult to differentiate
from malignant conditions, a patient must not be treated with facile steroid therapy but should be referred to a

specialized medical facility

The diagnosis of 1gG4-SC is based on the combination of
the following 4 criteria: (1) characteristic biliary imaging
findings, (2) elevation of serum IgG4 concentrations, (3)
coexistence of IgG4-related diseases except those of the
biliary tract, and (4) characteristic histopathological fea-
tures. However, it is not easy to obtain sufficient biliary
tract tissue to determine the characteristic histology of
IgG4-SC by biopsy [[13], [18]]. Furthermore, the effec-
tiveness of steroid therapy is an optional additional diag-
nostic criterion to confirm accurate diagnosis of IgG4-SC.
The types of typical cholangiographic features are shown
schematically [19]. The diseases to be discriminated from
IgG4-SC and the necessary examinations for diagnosis are
also described so that these diagnostic criteria can be used
clinically [20].

Diagnostic imaging findings
Narrowing of the bile duct

Although magnetic resonance cholangiopancreatogréphy
provides useful information, the narrowing of the bile duct

@ Springer

should be assessed by direct cholangiography such as
endoscopic retrograde cholangiopancreatography or per-
cutaneous transhepatic cholangiography.

IgG4-SC associated with autoimmune pancreatitis fre-
quently shows a stricture of the lower common bile duct.
This stricture might be caused by both the thickening of the
bile duct and the effect of inflammation and/or edema of
the pancreas [21].

Dilation after the confluent stricture is a characteristic
feature of IgG4-SC. The typical cholangiographic findings
of PSC, such as a band-like stricture, beaded appearance,
pruned-tree appearance, and diverticulum-like outpouching
are not observed in IgG4-SC (Fig. 1) [8].

The characteristic features of IgG4-SC can be classified
into 4 types based on the regions of stricture as revealed by
cholangiography and differential diagnosis (Fig. 2) [19].
Type 1 IgG4-SC shows stenosis only in the lower part of
the common bile duct, and it should be differentiated from
chronic pancreatitis, pancreatic cancer, and cholangiocar-
cinoma. The modalities useful for differential diagnosis are
intraductal ultrasonography (IDUS) [13], endoscopic
ultrasound-guided fine needle aspiration [22], and cytology
and/or biopsy of the bile duct [13, 14]. Type 2 1gG4-SC, in
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IgG4-related sclerosing cholangitis

1. dilation after confluent stricture
2. stricture of lower common bile duct

Fig. 1 The schematic comparison of cholangiographic findings
between IgG4-related sclerosing cholangitis and primary sclerosing
cholangitis. IgG4-related sclerosing cholangitis showing dilation after
confluent stricture (>10 mm) and stricture of lower common bile
duct. Primary sclerosing cholangitis showing band-like stricture (short

Type 1

Type 2

Primary sclerosing cholangitis

3. band-like stricture

4. beaded appearance

5. pruned-tree appearance

6. diverticulum-like outpouching

stricture 1-2 mm), beaded appearance (short and annular stricture
alternating with normal or minimally dilated segments), pruned-tree
appearance (diminished arbolization of intrahepatic duct and pruning)
and diverticulum-like outpouching (outpouchings resembling diver-
ticula, often protruding between adjacent strictures)
Type 3 Type 4
o &
—
|

J

¥

Differential diagnosis Panecreaticcancer Primary sclerosing cholangitis Bile duct cancer
Bile ductcancer Gallbladder cancer
Chronic pancreatitis

Useful modalities IDUS* (bile duct) Liverbiopsy EUS (bile duct, pancreas)
EUS-FNA**(pancreas)  Colonoscopy IDUS (bile duct)
Biopsy (bile duct) (RJO coexistence of IBD ***) Biopsy (bile duet)

Fig. 2 The cholangiographic classification of IgG4-related sclerosing
cholangitis and differential diagnosis. Stenosis is located only in the
lower part of the common bile duct in type 1; stenosis is diffusely
distributed in the intra- and extrahepatic bile ducts in type 2. Type 2 is
further subdivided into 2 types: extended narrowing of the intrahe-
patic bile ducts with prestenotic dilation is widely distributed in type
2a; narrowing of the intrahepatic bile ducts without prestenotic

which stenosis is diffusely distributed throughout the
intrahepatic and extrahepatic bile ducts, should be differ-
entiated from PSC. Type 2 is subdivided into 2 further

dilation and reduced bile duct branches are widely distributed in type
2b. Stenosis is detected in both the hilar hepatic lesions and the lower
part of the common bile ducts in type 3; and strictures of the bile duct
are detected only in the hilar hepatic lesions in type 4. *IDUS
intraductal ultrasonography, **EUS-FNA endoscopic ultrasound-
guided fine needle aspiration, ***IBD inflammatory bowel disease

types: type 2a, with narrowing of the intrahepatic bile ducts
with prestenotic dilation; and type 2b, with narrowing of
the intrahepatic bile ducts without prestenotic dilation and

@ Springer

-1165-



540

J Hepatobiliary Pancreat Sci (2012) 19:536-542

reduced bile duct branches, which is caused by marked
lymphocytic and plasmacyte infiltration into the peripheral
bile ducts. Type 3 IgG4-SC is characterized by stenosis in
both the hilar hepatic lesions and the lower part of the
common bile duct. Type 4 IgG4-SC shows strictures of the
bile duct only in the hilar hepatic lesions. Cholangio-
graphic findings of types 3 and 4 need to be discriminated
from those of cholangiocarcinoma. The modalities useful
for the differential diagnosis of types 3 and 4 are endo-
scopic ultrasonography (EUS), IDUS [13], and cytology
and/or biopsy of the bile duct [13, 14]. Nevertheless, there
are some IgG4-SC cases whose cholangiographic findings
do not fit into any of the above 4 types.

Thickening of the bile duct

Abdominal ultrasonography (US) [23], abdominal com-
puted tomography [24], abdominal magnetic resonance
imaging, EUS, and IDUS show circular and symmetrical
thickening of the bile duct wall, smooth outer and inner
margins, and a homogenous internal echo [13]. These
characteristic features are recognized not only in stenotic
areas or occasionally in the gallbladder but also in areas
without stenosis that appear normal on cholangiogram.

Hematological examination

Elevated level of serum IgG4 (135 mg/dl or higher, nep-
helometric method) is one of the diagnostic criteria for
1gG4-SC [1]. Elevation of serum IgG4 levels is not nec-
essarily specific to IgG4-SC because it is also observed in
atopic dermatitis, pemphigus, asthma, etc.; in particular,
elevated levels of serum IgG4 are also observed in some
malignant cholangiopancreatic diseases (e.g., pancreatic
cancer, cholangiocarcinoma) [25, 26].

Other organ involvement

IgG4-SC is frequently associated with autoimmune pan-
creatitis. It is particularly difficult to accurately diagnose
IgG4-SC in cases not associated with autoimmune pan-
creatitis. Occasionally, IgG4-SC is associated with other
systemic IgG4-related diseases, including IgG4-related
symmetrical dacryoadenitis/sialadenitis and IgG4-related
retroperitoneal fibrosis [14—17]. These associations are
helpful in the correct diagnosis of IgG4-SC. Although
IgG4-related dacryoadenitis/sialadenitis is basically char-
acterized by symmetrical bilateral swelling, unilateral
swelling can be included only if pathological diagnosis is
made. Inflammatory bowel disease (IBD) is not usually an

@ Springer

associated feature, unlike the frequent association of IBD
with PSC [27, 28].

Pathological findings of bile ducts

In 1gG4-SC, fibroinflammatory involvement is observed
mainly in the submucosa of the bile duct wall, whereas the
epithelium of the bile duct is intact [29]. However, slight
injury and/or neutrophil infiltration are occasionally
observed in IgG4-SC with associated secondary cholangi-
tis. PSC should be excluded if inflammation is observed,
particularly in the epithelium of the bile duct wall.

Cytological examination is commonly used for the
diagnosis of cholangiocarcinoma. Endoscopic transpapil-
lary bile duct biopsy is performed to rule out cholangio-
carcinoma; however, it is not easy to obtain sufficient
biliary tract tissue to study the characteristic histology of
IgG4-SC biopsy specimens (e.g., storiform fibrosis, oblit-
erative phlebitis) [13]. Liver biopsy is sometimes useful to
diagnose IgG4-SC cases with intrahepatic bile duct stric-
tures [30-32].

Exclusion of secondary sclerosing cholangitis

It is necessary to rule out the following features of sec-
ondary sclerosing cholangitis with obvious pathogenesis,
including common bile duct stones, cholangiocarcinoma,
trauma, previous operation on the biliary tract, congenital
biliary anatomy, corrosive cholangitis, ischemic bile duct
stenosis, AIDS-related cholangitis, and biliary injury
caused by intra-arterial chemotherapy.

Effectiveness of steroid therapy

This optional diagnostic criterion should be applied only to
the IgG4-SC cases in which the effect of steroid therapy
can be evaluated by imaging modalities. Accordingly,
clinical conditions or hematological findings cannot be
evaluated by this method. It is sometimes difficult to obtain
sufficient biopsy specimens from patients suffering from
diseases of not only the biliary tract but also of other
organs, such as the pancreas, lachrymal gland, salivary
gland, and retroperitoneum. However, efforts should be
made to collect enough tissue samples for diagnosis and
steroid trials should be strictly avoided.

The effectiveness of steroid therapy should be cau-
tiously evaluated because some malignant lesions may
occasionally improve after steroid administration [33]. If
neoplastic lesions cannot be clinically ruled out after
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steroid therapy, it is advisable to perform re-evaluation to
rule out malignant cholangiopancreatic diseases.

Conclusion

These IgG4-SC 2012 clinical diagnostic criteria, estab-
lished by a working group consisting of researchers spe-
cializing in IgG4-SC, are thought to be useful practically
for general physicians and nonspecialists. In the future,
detailed investigation of IgG4-SC cases, improvement in
diagnostic modalities, and basic research should be
undertaken to evaluate the clinical features and pathogenic
mechanism of IgG4-SC.

Appendix: members of the working group
for the clinical diagnostic criteria of IgG4-SC

The Research Committee of 1gG4-related Diseases in asso-
ciation with the Ministry of Health, Labor, and Welfare of
Japan (Chairman, Kazuichi Okazaki): K. Okazaki, K. Inui,
S. Kawa, T. Kamisawa, S. Tazuma, K. Uchida, K. Hirano,
H. Yoshida, T. Nishino, S.B.H. Ko, N. Mizuno, H. Hamano,
A. Kanno, K. Notohara, O. Hasebe, T. Nakazawa, and
H. Ohara.

The Research Committee of Intractable Diseases of
Liver and Biliary Tract in association with the Ministry of
Health, Labor, and Welfare of Japan (Chairman, Hirohito
Tsubouchi): H. Tsubouchi, S. Tazuma, Y. Nakanuma, and
H. Takikawa.

The Japan Biliary Association (Chairman, Kazuo Inui):
K. Inui.

This work was supported partially by the Research
Program of Intractable Disease provided by the Ministry of
Health, Labor, and Welfare of Japan.

References

1. Hamano H, Kawa S, Horiuchi A, Unno H, Furuya N, Akamatsu
T, et al. High serum IgG4 concentrations in patients with scle-
rosing pancreatitis. N Engl J Med. 2001;344:732-8.

2. Zen Y, Harada K, Sasaki M, Sato Y, Tsuneyama K, Haratake J,
et al. IgG4-related sclerosing cholangitis with and without
hepatic inflammatory pseudotumor, and sclerosing pancreatitis-
associated sclerosing cholangitis: do they belong to a spectrum
of sclerosing pancreatitis? Am J Surg Pathol. 2004;28:
1193-203.

3. Nakazawa T, Ohara H, Yamada T, Ando H, Sano H, Kajino S, et al.
Atypical primary sclerosing cholangitis cases associated with
unusual pancreatitis. Hepatogastroenterology. 2001;48:625-30.

4. Nakazawa T, Ohara H, Sano H, Ando T, Acki S, Kobayashi S,
et al. Clinical differences between primary sclerosing cholangitis

- 1167~

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

and sclerosing cholangitis with autoimmune pancreatitis. Pan-
creas. 2005;30:20-5.

. Nishino T, Toki F, Oyama H, Oi I, Kobayashi M, Takasaki K,

et al. Biliary tract involvement in autoimmune pancreatitis,
Pancreas. 2005;30:76-82.

. Hirano K, Tada M, Isayama H, Yagioka H, Sasaki T, Kogure H,

et al. Long-term prognosis of autoimmune pancreatitis with and
without corticosteroid treatment. Gut. 2007;56:1719-24.

. Ghazale A, Chari ST, Zhang L, Smyrk TC, Takahashi N, Levy

MIJ, et al. Immunoglobulin G4-associated cholangitis: clinical
profile and response to therapy. Gastroenterology. 2008;134:
706-15.

. Nakazawa T, Ohara H, Sano H, Aoki S, Kobayashi S, Okamoto

T, et al. Cholangiography can discriminate sclerosing cholangitis
with autoimmune pancreatitis from primary sclerosing cholan-
gitis. Gastrointest Endosc. 2004;60:937-44.

. Nishino T, Oyama H, Hashimoto E, Toki F, Oi I, Kobayashi M,

et al. Clinicopathological differentiation between sclerosing
cholangitis with autoimmune pancreatitis and primary sclerosing
cholangitis. J Gastroenterol. 2007;42:550-9.

Kalaitzakis E, Levy M, Kamisawa T, Johnson GJ, Baron TH,
Topazian MD, et al. Endoscopic retrograde cholangiography does
not reliably distinguish IgG4-associated cholangitis from primary
sclerosing cholangitis or cholangiocarcinoma. Clin Gastroenterol
Hepatol. 2011;9:800-3.e2.

Nakazawa T, Ando T, Hayashi K, Naitoh I, Okumura F, Miyabe
K, et al. Diagnostic criteria for 1gG4-related sclerosing cholan-
gitis based on cholangiographic classification. J Gastroenterol.
2012;40:79-87.

Hamano H, Kawa S, Uehara T, Ochi Y, Takayama M, Komatsu
K, et al. Immunoglobulin G4-related lymphoplasmacytic scle-
rosing cholangitis that mimics infiltrating hilar cholangiocarci-
noma: part of a spectrum of autoimmune pancreatitis?
Gastrointest Endosc. 2005;62:152-7.

Naitoh I, Nakazawa T, Ohara H, Andoh T, Hayashi K, Tanaka H,
et al. Endoscopic transpapillary intraductal ultrasonography and
biopsy in the diagnosis of IgG4-related sclerosing cholangitis.
J Gastroenterol. 2009;44:1147-55.

Kamisawa T, Funata N, Hayashi Y, Eishi Y, Koike M, Tsuruta K,
et al. A new clinicopathological entity of IgG4-related autoim-
mune disease. J Gastroenterol. 2003;38:982-4.

Ohara H, Nakazawa T, Sano H, Ando T, Okamoto T, Takada H,
et al. Systemic extrapancreatic lesions associated with autoim-
mune pancreatitis. Pancreas. 2005;31:232-7.

Hamano H, Arakura N, Muraki T, Ozaki Y, Kiyosawa K, Kawa
S. Prevalence and distribution of extrapancreatic lesions com-
plicating autoimmune pancreatitis. J Gastroenterol. 2006;41:
1197-205.

Naitoh I, Nakazawa T, Ohara H, Andoh T, Hayashi X, Tanaka H,
et al. Clinical significance of extrapancreatic lesions in autoim-
mune pancreatitis. Pancreas. 2010;39:e1-5.

Kawakami H, Zen Y, Kuwatani M, Eto K, Haba S, Yamato H,

et al. IgG4-related sclerosing cholangitis and autoimmune pan-

creatitis: histological assessment of biopsies from Vater’s
ampulla and the bile duct. J Gastroenterol Hepatol. 2010;25:
1648-55.

Nakazawa T, Ohara H, Sano H, Ando T, Joh T. Schematic
classification of sclerosing cholangitis with autoimmune pancre-
atitis by cholangiography. Pancreas. 2006;32:229.

Nakazawa T, Ando T, Hayashi K, Naitoh I, Ohara H, Joh T.
Diagnostic procedures for IgG4-related sclerosing cholangitis.
J Hepatobiliary Pancreat Sci. 2011;18:127-36.

Hirano K, Tada M, Isayama H, Yamamoto K, Mizuno S, Yagioka
H, et al. Endoscopic evaluation of factors contributing to intra-
pancreatic biliary stricture in autoimmune pancreatitis. Gastro-
intest Endosc. 2010;71:85-90.

‘2_] Springer



542

J Hepatobiliary Pancreat Sci (2012) 19:536-542

22,

23.

24.

25.

26.

27.

28.

Mizuno N, Bhatia V, Hosoda W, Sawaki A, Hoki N, Hara K,
et al. Histological diagnosis of autoimmune pancreatitis using
EUS-guided trucut biopsy: a comparison study with EUS-FNA.
J Gastroenterol. 2009;44:742-50.

Koyama R, Imamura T, Okuda C, Sakamoto N, Honmjo H,
Takeuchi K, et al. Ultrasonographic imaging of bile duct lesions
in autoimmune pancreatitis. Pancreas. 2008;37:259-64.

Itoh S, Nagasaka T, Suzuki K, Satake H, Ota T, Naganawa N.
Lymphoplasmacytic sclerosing cholangitis: assessment of clini-
cal, CT, and pathological findings. Clin Radiol. 2009;64:1104—
14.

Mendes FD, Jorgensen R, Keach J, Katzmann JA, Smyrk T,
Donlinger I, et al. Elevated serum IgG4 concentration in patients
with primary sclerosing cholangitis. Am J Gastroenterol. 2006;
101:2070-5.

Oseini AM, Chaiteerakij R, Shire AM, Ghazale A, Kaiya J,
Moser CD, et al. Utility of serum immunoglobulin G4 in distin-
guishing immunoglobulin G4-associated cholangitis from chol-
angiocarcinoma. Hepatology. 2011;54:940-8.

Loftus EV Jr, Harewood GC, Loftus CG, Tremaine WJ, Harmsen
WS, Zinsmeister AR, et al. PSC-IBD: a unique form of inflam-
matory bowel disease associated with primary sclerosing cho-
langitis. Gut. 2005;54:91-6.

Sano H, Nakazawa T, Ando T, Hayashi K, Naitoh I, Okumura F,
Miyabe K, Yoshida M, Takahashi S, Ohara H, Joh T. Clinical

@ Springer

29.

30.

3L

32.

33.

- 1168 -

characteristics of inflammatory bowel disease associated with
primary sclerosing cholangitis. J Hepatobiliary Pancreat Sci.
2011;18:154-61.

Nakanuma Y, Zen Y. Pathology and immunopathology of
immunoglobulin G4-related sclerosing cholangitis: The latest
addition to the sclerosing cholangitis family. Hepatol Res. 2007;
37(Suppl 3):S478-86.

Umemura T, Zen Y, Hamano H, Kawa S, Nakanuma Y, Kiyos-
awa K, et al. Immunoglobin G4-hepatopathy: association of
immunoglobin G4-bearing plasma cells in liver with autoimmune
pancreatitis. Hepatology. 2007,46:463-71.

Deshpande V, Sainani NI, Chung RT, Pratt DS, Mentha G,
Rubbia-Brandt L, et al. IgG4-associated cholangitis: a compara-
tive histological and immunophenotypic study with primary
sclerosing cholangitis on liver biopsy material. Mod Pathol.
2009;22:1287-95.

Naitoh I, Zen Y, Nakazawa T, Ando T, Hayashi K, Okumura F,
et al. Small bile duct involvement in IgG4-related sclerosing
cholangitis: liver biopsy and cholangiography correlation. J Gas-
troenterol. 2011;46:269-76.

Tomiyama T, Uchida K, Matsushita M, Ikeura T, Fukui T,
Takaoka M, et al. Comparison of steroid pulse therapy and
conventional oral steroid therapy as initial treatment for auto-
immune pancreatitis. J Gastroenterol. 2011;46:696-704.



JRiEReZEE, JHELIRICRE ) WA PHESE LT
WEZICHBEE 25 EENROKEZRETDH
bo ZO7d, L ZREHEREOHRIZEY
THRE )BT BRI B RETH D b
NREEECIRIC L 5 SEAWE T Yr—F 2 H
WIHELIB & [ L, REfzFICEO TS
T2o AW, WPIREEEOBEOBEE S = 2
L= a YHRBESIC OIS EETH b, IBEIRIL
REHCBWTE AR TH L EEZ T b,

MR B ARG I R L 20 i 7 © e wili A
BRIE T dH 5 2%, B E B e Bl % Mirrizi fE &
# - confluence stone JEBI T, 3EATRERM T
DIFFNHFRPRE L o T b T EB% L, kR
BHREO) A7 EE V. 4H, fplEERE R
L7ZEBNCH L, SBR-CIT o T 2 JREEE GBI
L B3EEHET e —F 2 H L, RTBD
Fa—7TiE%L, BEEENCF2—T%
AL, BEEELBE FLr—Y75FE%r
ERL, REREREZBIZOTHRET %,

U1 s
A7 7a—Fikld, WHBEDREZLEL T LR

* Masaru KOIZUMI et al. BWEBEHKZEHELE - —&

S8k

IBEEE, MR, CFa—TRLU—Y

|4 mecz mas

BEBEICH T DEREIHICED .
SRS7 J0—FzAWN CFa—-TJ -l

lhs Xt BE owEY B EET
BwK B M AR TR =0

ERERE, BEES =L —Y 3 VRSO
59, WP IREBREEICH U CORAMNT 2 F
HTH b,

1. §iTEIE2HR, AEEIEEYIRA

EPIEAEIC L 22 EHERT, WA
PTGBD CREELAEFFIHEZE N L — VD) 2557 &
N Tz, #TRT O PTGBD &5 ¢, B X
DA FFFIER I JHBESEER AN U CHAE L T
Wiz (B 1a)o [AEROSHEE KR T X IdA o
2HREL, EIHRHERS, REERE LD
P EEE CREBEIHL LR o7 (K
1b). HBIREOKE S, BHEESDA TR
R RTZ LDEIER SN,

2. PEEEOHIIR

NegE - JREE = A, SRIBEL -0 Bz, JH3E
EOIRZEM AR L, RENCIREE - Elm
CEIB L CAER IR L 20 AERE Y EEEDR
B 2 MER A AR - TR % L (R2a)e &
D & PG IHEE OBRA~BEAO LT ),
JEEEE 2 BIBE 0GR E TRz Ed 5
(X 2b) .

3. [BEE - HIREOREBSEOEE SR
NEZER G B & IREE DA TEM CRE|WRE R T
179 &, BRShBREORIZ, BEE L RE

| 471 |

-1169-



a
X1 [EESS

a) WRET® PTGRD %5,
b) fFEFAEEER (KR BE

a CBD
M2 BEEOYRE

BB o

CBD

a) JREFEOREER, MRLUR. HEDBE (RED : JEBREEA) .

b) NBFEE OMETI (FHREER « FREE,

DEWEH A Do T OEMIT DRSO FEH

TEHEHTE WIS THY, JIEE & EEIEH
fAEL L TAML T A, Z OB HEERYE
DIFEEREE L 2o Twh, S OBBEREICH L
T, HEHZWEE ANSLZEIZE o T, JREE LG
JBEDREFSIMAE Y, FBEE S FREE~
DT 7A—F%A75 T LAEEE RS (B3),
[REERE O R SIMEAZEDSKE Wiz, ORI
EILZMT L7 ORBEBELYTERNL DI

| 472 |

SRED - R R ERAL)

?jﬁ%f)iﬂ\%"@gb A o

4, CFa—TDEA

Z QY REAL Y & F 2 — 7 5Fr. % IF NS
Mo THA LA, FREEE SIS s w5
20, Fl~OF 2 -7 0/AIESHTHE (K
da), SEIDFEF T, BIXKIBHOBE TH o7z
Toid, HBEBEMEF o —TANES L HICIRAL
MR JEEE R 2 4T, BB OME Z ML

%ﬁqmﬂ

-1170-



720

5. IEEIBEEMIDEE

Fa—TEAFYINELT, FBEEERL, 8
BRI DIEE Z 5-0 N4 4 ¥V THSE, wmmcH
kRS Lz (R4b)e P TCFa—7 4k
VEBEIEWCY —27 7 A MeiTw, K&i)—
TDHENT ERFER L,

6. REEEEDRES - MM

M DB L 72 ARBEE R | 5 5-0 54 F ¥
YCHEIREE L, BBL, COFE LSS
ECFa—ToBEL, BEELL (R4b)o &
NIZED, RTBDF 2 — 7 HFBATELZ VL)
LAl IRE DBERIC L B, WS RTH
5o

Witk 3 A A EICER L, PEHHE, FRERAED R
W EERMERL, Fa—TaHEL, TOED
BT RIFTH %,

m £ =

WA EEREER T, BES O5E L BE
FLF—YBRETH b, BINE, BIFEL~Y
T, WBOREOWEELS DR\, BEE

a CBD
B4 CFa—-FrRLF—VFa—TDEA

CBD
3 BEREREOREEEOUR
JEEEE NG O IBREREE O WE (R B
B, SRED C GIBRERND) o

WMOBELTFa—-7TFLFr—Y#EA C
Fa—-T7 FVF—VHA H5VWIERTBD
Fa—710kB FLF—Y, ENBD F 2 — 73
B SNTWAER T, BHBgEIThhTwy
bho LML, 2WASHL Y RBOPERE T,
HALFASH TIIIRE ORE T R TURELTD Y,
RTBD F2— 712k 5 FLF— Y L BERED
BREMTONEZ EDZ WS, JEEISHv & &1
BLELITRETHS, 2oz, bhbho®

b CBD

a) CFa—T NLF—TF a—7OMA G - FokE),
b) EBRGHOBE (KM, BEEDREORSHYE CFa— 7OBKEE Gk

& R

Fili #£665 £45

| 475 |

- 1171~



FELRREURICL L 3EAWHT T —F%
JBH L BB EOWBIC LB CFa—T L
F—VREH R L=V LCEE#E2
Bo

REZZERTHIE 2% L LT, Mirrizi
R, SRS OBE, IRAHES AR
DN - g YOFFEIER Uzo Mirrizi i
BEBETISHEE - RIREE L T A2 L0 Y,
FREESEE & 5 I BB ~ D5  HHIE  JHE I &
DIREE, WIREORENSIEELL, X510 TBEE
RAEL, WEABRLEEELZLRTWS Y, B
EIREHED D 5 Mirrizi EHERETHE, WENICAR
72ENBD F2—7HBEBTHY, HifkicbFIH
TEREZOEARIWESRL TR Y,

EES I, BSOS &AM R L 2R
EIEAT AN B CHIEAS & BB O L2 #E 5
DWEREEICEE LTV 5, BEMBLOE
Bid, 365 mm TLREE E O T 566%
Thol b MELTVD, FHCETREZEY N
BER AL OIS L ORTHER L £ 50D
AL CHEE L7245, RO IBEES T, WEREREEE
SREEBTHEBLTWAI EPERI AT
Y, ZOWELY, RINE LIS OO RREE
I BOMETH S OB T 2
TEERHETHLEEZLNL, DI, BWE
BBV B EITEY O MR RS 118 M 4
Db o 7245, RIEE & JHE OIS 2 A9

| 474 |

BRI E &b - CHRBERIC o 72D O
LHELTVD, JORBEERIE, HMERA2
LIREEEET RS L, BB OMEY &
BB CIREEE DY & ET 5 BESH
BRI TRE VY,

JRZEE IR DB ER L ARBIc X B F
L —VEEERTH LD, SHB0EMOERFL
EHEIC X pAk OIS Ae 2 EOAPHEOH
HBDETH bo

WA REREL THTHLRE L CRIEE 2

DAERWIBEEDRIC L 2 3BEERIE~DT 7
O—F, SHEEEOIREEGEOBEICERTH
%o

SR

1) fEAATEE A BB E M) Mirrizi & 52
(Corlette 174, Csendes ITE!) o 14, B & B30
679-682, 2009

2) EEHEIGIIA,  KEHEE - FLr—VFa—T78E
WCIFE R 2 FUE L2 BRI A 0F Mirrizi EBHRE
D140 HEES4EE 68 : 665-670, 2007

3) FHNEZ A JREEEEALG TR BT 2 FRREREER AL
DG E R U COMBEE. HiEASEE28
1788-1793, 1995

4) AKRREE  JREROBEN NS -2 3 v LR &
Ak 38 : 2553-2558, 1989

Fifi - 2012

-1172-



J Gastrointest Surg (2012) 16:1171-1180
DOI 10.1007/s11605-012-1840-7

ORIGINAL ARTICLE

Resection Margin with Anatomic or Nonanatomic
Hepatectomy for Liver Metastasis from Colorectal Cancer

Yoshihiro Inoue - Michihiro Hayashi - Koji Komeda -
Shinsuke Masubuchi - Masashi Yamamoto -
Hidenori Yamana - Hajime Kayano -

Tetsunosuke Shimizu « Mitsuhiro Asakuma -
Fumitoshi Hirokawa - Yoshiharu Miyamoto -
Atsushi Takeshita - Yuro Shibayama -

Kazuhisa Uchiyama

Received: 14 December 2011/ Accepted: 7 February 2012 /Published online: 28 February 2012
¢ 2012 The Society for Surgery of the Alimentary Tract

Abstract
Background When hepatectomy is used as a primary treatment for liver metastasis from colorectal cancer (CRCLM), the

balance between surgical curability and functional preservation of the remnant liver is of great importance.

Methods A total of 108 patients who underwent initial hepatectomy for CRCLM were retrospectively analyzed with respect
to tumor extent, operative method, and prognosis, including recurrence.

Results The 1-, 2-, 3-, and 5-year overall survival rates (OS) for all patients were 90.5%, 77.8%, 63.2%, and 51.6%, respectively.
Multivariate analysis indicated serum carbohydrate antigen 19-9 (CA 19-9) level after hepatectomy (<36 or >36 mAU/mL) and
presence of recurrence as independent prognostic factors of OS (P=0.0458 and 0.0249, respectively), and tumor depth of
colorectal cancer (<se (a2) vs. 2se (a2)) and serum CA 19-9 level after hepatectomy as the significant factors affecting disease-
free survival (DFS) (P=0.0025 and 0.00138, respectively). Neither resection margin nor type of hepatectomy (anatomic or
nonanatomic) for CRCLM was a significant prognostic factor for OS or DFS or CRCLM recurrence, including intrahepatic
recurrence.

Conclusions ITn CRCLM, we believe that nonanatomic hepatectomy with narrow margin is indicated, and optimal treatment
would include functional preservation of as much of the remnant liver as possible.

Keywords Liver metastasis from colorectal cancer - Abbreviations

Resection margin width - Type of hepatectomy - Intrahepatic CRC Colorectal cancer

recurrence CRCLM Liver metastasis from colorectal cancer
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Introduction

Colorectal cancer (CRC) is the most common gastrointestinal
malignancy worldwide. Many advanced cases with hepatic or
peritoneal metastases are encountered despite recent improve-
ment in the diagnosis and management of CRC, which has
enabled early detection followed by early treatment. For
further improvement ofthe prognosis of CRC, it is particularly
important to prolong survival in advanced cases with distant
metastasis.

The liver is usually the first site of spread in CRC, and
approximately 25% of patients present with liver metastases
at the time of initial diagnosis of CRC. A further 40-50% of
patients develop liver metastasis from colorectal cancer
(CRCLM) within 3 years of resection of the primary tumor.
Hepatectomy for CRCLM is recommended as the most
effective therapy."”) However, to date, 57% to 78% of
patients develop a recurrence of the disease after curative
resection of CRCLM, and intrahepatic recurrence occurs in
approximately 50%.">®!" The curative rate by initial hepa-
tectomy is only 20% to 30% of cases.'" Moreover, the
overall 5-year survival rates are in the range of 20% to 58%,
and the median survival times are 24-46 months,”"%!%:12-14
The prognosis is not sufficiently favorable and needs to be
improved. Several clinicopathologic factors have been asso-
ciated with recurrence and prognostic determinants after
initial hepatectomy. Among these factors, the type of liver
resection and resection margin both depend upon surgical
technique.

Anatomic hepatectomy refers to the en bloc removal of a
hepatic segment supplied by a major branch of the portal
vein and hepatic artery around the main tumor because
intrahepatic metastasis via vascular invasion of CRC is
reported as a key factor influencing prognosis.'” In contrast,
nonanatomic hepatectomy allows for the preservation of
maximal hepatic parenchyma.'®'” Indeed, in patients with
hepatocellular carcinoma (HCC), anatomic resection was
reported to offer a survival benefit over nonanatomic
resection.'*" However, the data are limited and less con-
sistent for CRCLM.

In addition, some authors have shown that a resection
margin of more than 1 cm was an adverse prognostic factor
for long-term survival, but others found no correlation
between the width of the resection margin and long-term
prognosis.’'® From these conflicting studies, prognostic
significance of the optimal type of resection and margin
width remain unclear and controversial despite extensive
studies.

Given the lack of resolution on this issue, we investigated
our experience with hepatectomy for CRCLM. The purpose
of this study was to determine current trends of hépatectomy
as a primary treatment for CRCLM and to retrospectively
investigate whether the method of hepatectomy influenced

@ Springer

patient survival and the pattern of tumor recurrence at a
single institution.

Materials and Methods
Patient Population and Selection

From August 18, 1995 to December 16, 2009, a total of 108
patients underwent initial hepatectomy for CRCLM at
Osaka Medical College Hospital in Takatsuki City, Japan.
Curative resection was defined as complete removal of the
tumor with a clear microscopic margin. One patient died
after surgery; as such, in-hospital mortality rate was 0.9%.
No patient was lost to follow-up during the study period.
Two patients underwent noncurative operations, and the
remaining 106 patients with hepatectomy with curative
intent were retrospectively reviewed.

Hepatectomy

In our patients, hepatectomy for CRCLM is performed when
the following three conditions are met: (1) the primary CRC
was curatively resected, (2) metastasis is located only in the
liver, and (3) there is no limitation regarding the number or
size of CRCLM as far as hepatic functional reserve is
warranted after liver resection. All procedures were per-
formed by four experienced hepatobiliary surgeons (Y1,
FH, MH, and KU) during the study period. All patients
received potentially curative hepatectomy with removal of
gross tumor with negative macroscopic margin. With
respect to hepatic hilar lymph nodes, we do not routinely
perform lymph node dissection, since node-positive cases in
this region were strongly associated with extremely poor
survival in our previous experience (data not shown).

Synchronous (as opposed to metachronous) CRCLM
was defined as simultaneous presentation of liver metastasis at
the time of CRC operation, and was detected in 20
patients (18.9%). Patients received either synchronous
or metachronous hepatectomy, mainly based on each
patient's condition and whether or not emergency sur-
gery was needed.

Operative procedures were classified according to con-
ventional terminology derived from eight segments of the
liver as suggested by Couinaud.”’ Anatomic resection was
defined as resection of the neoplasm together with the portal
vein related to the neoplasm and the corresponding hepatic
territory. This includes bisegmentectomy, (extended) right
hepatectomy, (extended) left hepatectomy, or a combination
of these. Nonanatomic resection was defined as resection of
a lesion without regard to segmental, sectional, or lobar
anatomy. Extended monosegmentectomy or sectionectomy,
defined as additional partial resection contiguous to a
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segment or a section resected anatomically, were classified
as anatomic resections.

Patients were also classified by the width of the resection
margin into three groups: group I, <l mm; group II,
2-9 mm; and group III, >10 mm. Width of resection margin
was assessed by the pathologists and defined as the shortest
microscopic distance from the edge of tumor to the line of
transection. In case of multiple liver metastases, the closest
margin was recorded as the final margin. These three
groups, along with type of resection (anatomic or nonana-
tomic), were compared for postoperative recurrence rates
and the site of recurrence, including intrahepatic recurrence.

We principally performed partial or nonanatomic hepa-
tectomy, whereas systemic or anatomic hepatectomy was
used preferentially in cases in which this procedure had
advantages in terms of operative time, blood loss, safety,
and/or invasiveness. Hepatectomy was performed following
the standard technique as previously reported.”® An ultra-
sonic dissector (SonoSurg system; Olympus Inc., Tokyo,
Japan) was used for parenchymal transection, and small
vessels were ligated or coagulated using a soft-coagulation
system or bipolar electrocautery. During the resection pro-
cedure, the surgical margin was carefully confirmed using
intraoperative ultrasonography in order to obtain a surgical
margin of 5-10 mm when possible.

Preoperative Factors

Data examined included preoperative factors, surgical fac-
tors, and pathological factors. Preoperative factors investi-
gated were age, gender, viral infection status, aspartate
aminotransferase (AST) level, alanine aminotransferase
(ALT) level, platelet count, albumin, total bilirubin, pro-
thrombin time, Child—Pugh classification,?’ degree of liver
damage,™ indocyanine green retention rate at 15 min (ICG-
R15), carcinoembryonic antigen (CEA), and carbohydrate
antigen 19-9 (CA19-9). CEA and CA19-9 were defined as
positive when values were >5.0 ng/mL and 36 mAU/mL,
respectively, according to the cut-off levels at our institu-
tion. Patients testing positive for hepatitis B virus surface
antigen (HBsAg) were considered positive for hepatitis B
virus (HBV) infection, and those testing positive for hepa-
titis C virus (HCV) antibody were considered positive for
HCV infection. Preoperative tumor numbers were determined
by preoperative imaging including contrast-enhanced
computed tomography (CT), magnetic resonance imag-
ing (MRI), and ultrasonography, with images analyzed
by two specialist radiologists.

Surgical and Pathological Factors

Surgical factors comprised surgical duration, intraoperative
blood loss, blood transfusion requirement, and operative

method. Pathological factors evaluated included size of the
largest tumor, number of tumors, tumor cell differentiation
(well differentiated vs. others), serosal invasion, vascular
invasion (macroscopic and microscopic portal and/or hepat-
ic vein invasion), surgical margin status, and background
liver histology. Two specialists in pathology reviewed speci-
mens for confirmation of the pathological diagnosis. In this
study, surgical margin status was assessed by the patholo-
gists and defined as the distance of the lesion(s) closest
to the cut surface of the liver and microscopically
classified into three groups: a surgical margin of <1, 2-9,
and >10 mm.

Patient Follow-Up

Patients were closely followed until October 31, 2011.
Patients were examined for CRCLM recurrence by ultraso-
nography and contrast-enhanced CT every 3—6 months, and
blood tests including CEA and CA 19-9 were followed up at
1-2 months after discharge and every 2-3 months thereafter,
‘When recurrence was suspected, contrast-enhanced CT and/
or MRI were performed to assess the occurrence of new
lesions in the remnant liver, while systemic recurrence was
examined by fluorodeoxyglucose-positron emission tomog-
raphy (FDG-PET) or gallium scintigraphy. Chest and pelvic
CT was also performed generally every 6 months for iden-
tification of local and pulmonary metastasis or recurrence.
Recurrence was defined as intra- and/or extrahepatic recur-
rence of CRC and was diagnosed when at least two imaging
studies confirm the new lesions showing typical features of
CRC/CRCLM, compared with previous images. As the
principles underlying selection criteria, disease-free survival
(DFS) was defined as the time interval between hepatectomy
and the first occurrence of recurrent lesion(s).

Classification of Intrahepatic Recurrences

Intrahepatic recurrences were classified according to the cor-
relation between the location of the primary tumor and sites of
recurrence at the time of initial recurrence. Five classifications
were used: (1) marginal recurrence, intrahepatic recurrence
only in the vicinity of the cut surface; (2) same segment, single
recurrence only in the same segment as the primary tumor; (3)
adjacent segment, single recurrence only in the adjacent seg-
ment in the ipsilateral lobe; (4) distal segment, single recur-
rence only in the contralateral lobe; and (5) multiple segments,
recurrences were multiple and located in either both liver
lobes or the contralateral lobe,

Statistical Analysis

Continuous variables are expressed as mean + standard
deviation. Continuous variables were compared using
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Student's # test. Categorical variables were compared by the
likelihood ratio test or Fisher exact test, as appropriate.
Factors that were found to be significant by univariate
analysis were also subjected to multivariate logistic regres-
sion analysis to determine adjusted odds ratios. Actuarial
overall survival (OS) rates and DFS rates were calculated by
the Kaplan—-Meier method to analyze differences. Univariate
analyses were performed using the log-rank test. Multivar-
iate analyses were performed by Cox proportional hazards
regression. Values of P<0.05 were considered statistically
significant.

Results
Characteristics of Colorectal Cancer

The primary tumor was in the colon in 74 cases (70.0%) and
in the rectum in 32 cases (30.0%). Among the patients with
colonic tumors, tumors were located in the ascending colon
in 16 (21.6%), transverse colon in 11 (14.9%), and descend-
ing colon in 47 (63.5%). Sixty percent of the primary tumors
had involved regional lymph nodes, and 36.9% and 60.2%
had well or moderately differentiated histology, respectively.
The histological depth of invasion in the colorectal wall is
denoted as follows: se, serosa; ss, subserosa; al, subadventi-
tia; and a2, adventitia. In 73 patients (68.9%), the depth of the
primary tumors was within the subserosal layer (<se (a2)) of
the colorectal wall.

Characteristics of Liver Metastasis from Colorectal Cancer

Liver metastases were diagnosed synchronously in 20
patients (18.9%). Sixty patients (56.6%) had a solitary liver
metastasis, whereas 46 patients (43.4%) had multiple liver
metastases (mean number, 3.5+2.3; range, 2—-13). In 60
patients with solitary liver metastasis, the tumor location
was unilobar (right in 29, left in 31), and 22 patients
(20.3%) had bilobar disease resected. The mean and median
diameter of the largest liver metastases was 3.4+1.9 cm
(range, 0.3-10 cm) and 3.0 cm, respectively. Portal vein
invasion was observed in eight patients (7.5%), and hepatic
vein invasion was in four patients (3.8%).

Analyzed Prognostic Factors

The 1-, 2-, 3-, and 5-year OS rates for all patients were
90.5%, 77.8%, 63.2%, and 51.6%, respectively (Fig. la).
Univariate analysis showed that significant prognostic
factors were tumor depth of CRC (<se (a2) vs. >se (a2);
P<0.0001), the presence of lymph node metastasis
(P=0.0341), CEA after liver resection (<5 or >5 ng/mL; P=
0.0336), CA 19-9 after hepatectomy (<36 or >36 mAU/mL;
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Fig. 1 a Overall survival {(OS) curves: 1 year, 90.5%; 3 years, 63.2%;
S years, 51.6%. b Disease-free survival (DFS) curves: 1 year, 56.2%;
3 years, 31.3%; 5 years, 29.4%

P=0.0458), the presence of recurrence (P<0.0001), intrahe-
patic recurrence (P=0.0026), and chemotherapy before hepa-
tectomy (P=0.0291; Table 1). Multivariate analysis, which
was performed for prognostic factors found to be significant
by univariate analysis, identified CA 19-9 after hepatectomy
(<36 or 236 mAU/mL; P=0.0458) and presence of recurrence
(P=0.0249) as significant prognostic factors (Table 1).

Analyzed Disease-Free Survival Factors

The 1-, 2-, 3-, and S-year DFS rates for all patients were
56.2%, 34.8%, 31.3%, and 29.4%, respectively (Fig. 1b),
and are shown in Table 2. According to univariate analysis
of the factors listed in Table 2, tumor depth of CRC
(<se (a2) vs. =se (a2); P=0.0012), CEA before hepatectomy
(<5 or =5 ng/mL; P=0.0246), CEA after hepatectomy
(<5 or =25 ng/mL; P=0.0166), CA 19-9 after hepatectomy
(<36 or =36 mAU/mL; P=0.0462), and the location of
CRCLM (unilobar vs. bilobar; P=0.0397) were found to
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Table 1 Univariate and multi-

variate analysis of clinicopatho- ~ Variables Categorization P value

logical factors for prognosis in .

106 patients undergoing curative Univariate Multivariate

resection
Depth of CRC <se (al), >se (a2) <0.0001* 0.2005
Lymph node metastasis Present, absent 0.0341* 0.9118
CEA after hepatectomy (ng/mL) <5,25 0.0336* 0.5552
CA 19-9 after hepatectomy (nAU/mL) <36, 236 0.0458* 0.0458*
Type of hepatectomy Anatomic, non-anatomic 0.0514 -
Surgical margin of CRCLM (mm) <1,>1 0.0738 -

. ice i <1,2-9, > .

CRC colorectal cancer. CEA Surgical margin of CRCLM (mm) <1,2-9,>210 0.2010

carcinoembryonic antigen. Tumor exposure Present, absent 0.2406 -

C419-9 carbohydrate antigen Recurrence Present, absent <0.0001* 0.0249*

19-9, CRCLM liver metastasis Intrahepatic recurrence Present, absent 0.0026* 0.1301

from coloreotal cancer Chemotherapy before hepatectony Present, absent 0.0291* 0.0684

* Statistically significant

be significant factors for DFS rates. Multivariate analysis indi-
cated tumor depth of CRC (<se (a2) vs. >se (a2); P=0.0020)
and CA 19-9 after hepatectomy (<36 or >36 mAU/mL; P=
0.0138) as the significant prognostic factors (Table 2).

Risk Factors for Intrahepatic Recurrences after
Hepatectomy

Risk factors for intrahepatic recurrence were analyzed. Uni-
variate analysis showed that CEA before hepatectomy was
the only significant risk factor (P=0.0074), and neither type
of hepatectomy nor resection margin width was significant
for intrahepatic recurrence in the current series (P=0.6676
and 0.5524, respectively). Moreover, there was no signifi-
cant correlation between portal or hepatic vein invasion and
intrahepatic recurrence rate (P£=0.2837 and 1.00600,
respectively).

We performed a subgroup analysis of 32 patients with
anatomic resection with respect to intrahepatic recuirence.
Univariate and multivariate analyses in anatomic resection

indicated CEA after hepatectomy (P=0.0083). Seventy-four
patients with nonanatomic resection were also analyzed,
and univariate and multivariate analyses identified CEA
before hepatectomy as the only significant risk factor
(P=0.0291).

Recurrence Rate and Pattern of Tumor Recurrence

Up to October 2011, recurrences occurred in 72 of 105
patients (68.6%), and intrahepatic recurrence was found in
45 of 72 patients (62.5%). Forty-two of 45 patients (93.3%)
experienced intrahepatic recurrence within 24 months after
resection. The frequencies of intrahepatic recurrence were as
follows: marginal, 8.9%; same segment, 8.9%; adjacent
segment, 13.3%; distal segment, 13.3%; and multiple seg-
ments, 55.6%. The frequency of intrahepatic recurrence in
multiple segments was high, and most of these recurrences
were distant from the resection margin. In addition, most of
the multiple segmental recurrences occurred in both lobes of
the remmnant liver.

Table 2 Univariate and multi-

variate analysis of clinicopatho- Variables Categorization P value
logical factors for disease-free — .
survival (DFS) rates in 106 Univariate Multivariate
patients undergoing curative
resection Depth of CRC <se (al), >se (a2) 0.6012% 0.0025%*
CEA before hepatectomy (ng/mL) <5,25 0.0264* 0.1727
CEA after hepatectomy (ng/mL) <5,25 0.0166* 0.4971
CA 19-9 after hepatectomy {mAU/mL) <36, =36 0.00462* 0.0138*
sati RCLM i i X *
CRC colorectal cancer, CEA Location of CRCL Umloba.r, bilobar ' 0.0397 0.1090
carcinoembryonic antigen, Type of hepatectomy Anatomic, non-anatomic 0.2372 -
CA419-9 carbohydrate antigen Surgical margin of CRCLM (mm) <1,>1 0.1683 -
19-9, CRCLM liver metastasis Surgical margin of CRCLM (mm) <1,2-9,>10 0.1192
from (?,ol.orectalf,aznlcer Tumor exposure Present, absent 0.4096 -
* Statistically significant
@_ Springer
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Effects of the Type of Hepatectomy

With regard to the type of hepatectomy, 32 patients (30.2%)
underwent an anatomic hepatectomy, and 74 patients
(69.8%) underwent a nonanatomic hepatectomy. Baseline
characteristics were compared by resection type. Twelve
patients (37.5%) had multiple metastases, which were mi-
croscopically diagnosed from resected specimens, in 32
patients with the anatomical resection, and 34 patients
(46.0%) had in 74 with the nonanatomic resection. There
were no significant differences between the two groups in
terms of resection type (P=0.5230). The mean number of
liver metastases was 1.8%1.4 (range, 1-7) in the anatomic
resection group and 2.2+2.2 (range, 1-13) in the nonana-
tomic resection group (P=0.2687). The distribution of liver
metastases was also similar in the two groups (P=0.5100).
However, in the anatomic resection group, there were Sig-
nificantly more larger tumors (4.1 vs. 3.1 cm, P=0.0074).
The number of larger tumors was the only significant dif-
ference between the two groups.

With regard to clinical outcome, no differences in OS and
DFS rates between these groups were noted (£=0.0514 and
P=0.2372, respectively; Fig. 2). Moreover, there were no
significant differences between the two groups in terms of
type of recurrence and site of intrahepatic recurrence
(Table 3).

Effects of Resection Margin Width on Postoperative
Intrahepatic Recurrence

Among 104 patients with macroscopically complete resec-
tion of CRCLM, mean resection margin width was 9.4+
7.4 mm (range, 0-36 mm). All patients were classified by
the width of the resection margin into three groups. Thirteen

— Non-anatomic

..... anatomic

Disease-free survival rate (%)

0.0 4111771

0 12 24 36 48 60 72 84 96 108 120

Months after operation (mo)

Fig. 2 DFS stratified by the type of hepatectomy. Median DFS rate
was 11.0 months in the anatomic resection group and 16.5 months in
the nonanatomic resection group. The 5-year DFS rate was 25.4% and
31.3%, respectively (P=0.2372)

@_ Springer

Table 3 Pattern of intrahepatic recurrence according to the extent of
hepatectomy

Site of intrahepatic Anatomic Non- Total P value
recurrence group (#=32) anatomic (n=106)
group (n=74)

Marginal 3 (9.4%) 1(1.4%) 4(3.8%) 0.1310
Same segment 0 (0%) 4 (5.4%) 4 (3.8%)

Adjacent segment 2 (6.3%) 4 (5.4%) 6 (5.7%)

Distal segment 1 (3.1%) 5 (6.8%) 6 (5.7%)
Multi-segmental 6 (18.8%) 19 (25.7%)  25(23.6%)

Total 12 (37.5%) 33 (44.6%) 45 (42.5%)

patients (12.5%) were in group I (<1 mm margin), and 43
patients (41.3%) were in group IT (2-9 mm margin), and 48
patients (46.2%) were in group 1II (>10 mm margin). There
were no significant differences in any of the host, tumor, or
surgical factors among these groups (data not shown). The
1~, 3-, and S-year OS rates were 84.6%, 36.9%, and 36.9%,
respectively, in group I; 90.7%, 65.2%, and 57.7%, respec-
tively, in group II; and 89.4%, 67.8%, and 48.2%, respec-
tively, in group III (P=0.2010). The 1-, 3-, and 5-year DFS
rates were 46.2%, 15.4%, and 15.4%, respectively, in group
I; 65.1%, 41.3%, and 41.3%, respectively, in group II; and
51.1%, 25.5%, and 20.4%, respectively, in group Il (P=
0.1192, Fig. 3). No differences in OS and DFS rates in terms
of resection margin width, and no significant differences
between the three groups in terms of type of recurrence
and site of infrahepatic recurrence were similar to the type
of hepatectomy (Table 4). Moreover, there were no signifi-
cant differences in OS and DFS rates between the resection
margin <1 and >1 mm (P=0.0738 and 0.1683, Tables | and 2),
and if tumors were exposed on the cut surface of the liver
during hepatic parenchymal resection, the OS and DFS rates of
those patients were not significantly different from the other

e Group 11 < 1 mm

1.0+

0.84

0.6

0.4

0.2+

0.0~ T T
0 12 24 36 48 60 72 84 96 108 120
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Fig. 3 Kaplan-Meijer DFS estimates based on hepatectomy margin
status. Median DFS rates were 11.0, 18, and 14 months in patients with
resection margins of <1, 2-9, and >10 mm, respectively (P=0.1192)

- 1178~



J Gastrointest Surg (2012) 16:1171-1180

1177

Table 4 Pattern of intrahepatic

recurrence according to the Site of intrahepatic Reseqien Resection Resection Total Pvalue
resection margin of hepatectomy ~ Tecurrence margi, margin, margin, (n=104)
<1 mm (n=13) 2-9 mm (#=43) =10 mm (n=48)

Marginal 2 (15.4%) 1(2.3%) 0 3 (2.9%) 0.1378

Same segment 0 2 (4.7%) 2 (4.2%) 4 (3.8%)

Adjacent segment 0 2 (4.7%) 4 (8.3%) 6 (5.8%)

Distal segment 0 2 (4.7%) 4 (8.3%) 6 (5.8%)

Multiple segments 5 (38.5%) 11 (25.6%) 10 (20.8%) 26 (25.0%)

Total 7 (53.8%) 18 (41.9%) 20 (41.7%) 45 (43.3%)

patients without tumor exposure (P=0.2406 and 0.1683,
respectively).

Repeat Therapies for Intrahepatic Recurrence

In 72 patients with recurrence, intrahepatic recurrence was
evident in 45 of 72 patients (62.5%), and 20 patients
(27.8%) had recurrences in the lung. Among the 45 patients
with intrahepatic recurrence, 26 patients (57.8%) underwent
a second hepatectomy, as well as combinational chemother-
apy. Treatment for intrahepatic recurrence in the other
patients was systemic chemotherapy in 13 (28.9%). The
~ other six patients (13.3%) were treated with best supportive
care. The differences in survival rates between patients un-
derwent various therapies for CRCLM recurrences, and those
without the therapy were significant (£<0.0001). For the
various therapies for CRCLM recurrences, there were signi-
ficant differences between repeat hepatectomy or systemic
chemotherapy and best supportive care (£<0.0001; Table 5).

Discussion

Hepatic resection has been recognized as a gold standard
treatment for CRCLM, and the surgical techniques for
hepatic resection have recently improved. However, the
optimal resection method for cure has yet to be established,
and long-term prognosis after curative resection is still
unsatisfactory because of the high incidence of recurrence.
Several studies’®'!" have reported that the cumulative

Table 5 Univariate analysis of treatment type for prognosis in 45
patients with intrahepatic recurrence

Treatment Number 3-year  Median P value
survival  survival
rate (%) (months)
Repeat hepatectomy 26 66.6 38 <0.0001*
Systemic chemotherapy 13 13.0 25
No therapy 6 0.0 6

* Statistically significant

5-year recurrence rate was 57% to 78%, and the most
common site of recurrence was the remnant liver.

Makuuchi et al*! introduced the concept of anatomic
resection by systematic removal of a hepatic segment con-
fined by the tumor-bearing portal unit around the main
tumor because intrahepatic metastasis via vascular invasion
of HCC is a key factor influencing prognosis. On the other
hand, nonanatomic resection has been recommended to
maximally preserve nontumorous liver parenchyma. Among
the advantages of preserving as much liver parenchyma as
possible is reduction of the risk of postoperative hepatic
failure.*** With respect to the resection margin, using a
wide resection margin to ensure histological clearance is a
general principle of surgical oncology, and hepatectomy
with a wide resection margin theoretically gives a higher
potential for cure. However, preserving nontumorous liver
parenchyma in CRCLM patients is also an important con-
sideration, since regeneration of the liver after hepatectomy
is generally limited, especially in a liver with pathological
changes, such as steatosis and sinusoidal congestion
induced by preoperative chemotherapy.:‘sﬁ ¢ Therefore, the
balance between surgical curability and preservation of liver
function has been discussed for many years, although the
optimal Jiver resection margin and type of hepatectomy
(anatomic or nonanatomic) remain controversial,

In our study, multivariate analysis following univariate
analysis indicated that the independent and significant prog-
nostic factors were CA 19-9 after hepatectomy (<36
or >36 mAU/mL) and the presence of recurrence. The
significant factors for DFS were tumor depth of CRC and
CA 19-9 after hepatectomy (<36 or >36 mAU/mL). With
respect to surgical techniques, neither type of hepatectomy
(anatomic or nonanatomic) nor resection margin width rep-
resented significant prognostic or risk factors.

One potential question is whether it is necessary to per-
form anatomic hepatectomy for CRCLM patients. In
patients with HCC, numerous studies'®™" have revealed
that anatomic resection was a significantly favorable factor
for OS and DFS. This is partly because intrahepatic metas-
tases via Glissonian pedicle were more common in these
patients. In the patients with CRCLM, anatomic resection
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