L))

Check for
updat

Original Articl

Immunoglobulin (lg) G4-related sclerosing cholangitis in patients
resected for presumed perihilar cholangiocarcinoma: a 10-year
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Background: This study aimed to investigate the incidence of immunoglobulin (Ig) G4-related sclerosing
cholangitis (IgG4-SC) in patients resected for perihilar cholangiocarcinoma (PHC) in a designated hospital
from 2010 to 2019. We also aimed to evaluate the diagnostic dilemma of IgG4-SC clinically.

Methods: Between January 2010 and December 2019, all patients who underwent radical resection due to
presumed PHC were included. Independent pathologists scored bile duct samples based on the International
Consensus Pathology Criteria for IgG4-related Disease (ICPD).

Results: Of the 289 patients who underwent radical resection of primary liver cancer, 26 (9%) were
diagnosed as benign, without histological evidence of malignancy, among them, 23 had sclerosing
inflammation, 1 had cystadenoma, and 2 had xanthogranulomatous cholangitis. Additionally, 18 had a
definitive diagnosis of IgG4-SC. The misdiagnosis rate was 19% (54/289), of which, 26 patients had benign
disease, and 28 patients had malignancies.

Conclusions: It is difficult to distinguish IgG-SC from PHC. The misdiagnosis has resulted in a large
number of ineffective hepatectomies. Improving the detection rate of serum IgG4 (sIgG4) may therefore

avoid misdiagnosis, surgery, and life-threatening complications.
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Introduction is responsive to steroid therapy (2). Distinguishing

Immunoglobulin (Ig) G4-related sclerosing cholangitis IgG4-SC from perihilar cholangiocarcinoma (PHC) is

(IgG4-SC), also called IgG4-associated cholangitis challenging as the presentation of these diseases may

(IAC) (1), is a multi-organ inflammatory disorder which be similar, and accurate diagnostic serological markers
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have still not been found. Therefore, up to one-third
of patients, before being diagnosed with IgG4-SC,
underwent surgery that was presumed to be for PHC (3).
The general diagnostic methods for IgG4-SC include
preoperative imaging observations, endoscopic retrograde
cholangiopancreatography (ERCP), brush cytology, and
detection of sIgG4. Imaging examinations of IgG4-SC can
detect the extrahepatic bile duct or the bile duct around
the porta hepatis, which is one of the signs of primary liver
cancer.

In a series of reports prior to 2008, the benign lesion
resection rate of PHC was considered to vary from 8%
to 22% (4). It is unclear whether this was due to IgG4-
SC. The International Consensus Pathology Criteria
for IgG4-related Disease (ICPD) have been developed
to determine the diagnosis of IgG4-SC in resected
specimens (5). Pathological sections are characterized by
infiltration of lymphocytes and a large number of IgG4
plasma cells, accompanied by typical histopathological
changes, including storage fibrosis and obliterative phlebitis.

The purpose of this study was to investigate the
incidence rate of IgG4-SC in patients with primary liver
cancer and to reveal whether the incidence rate of IgG4-
SC has declined in the 10 years since 2010. In addition, we
aimed to evaluate the diagnostic dilemma of IgG4-SC.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-140).

Methods
Study subjects and data collection

All patients who underwent radical resection of presumed
primary liver cancer in West China Hospital of Sichuan
University from January 2010 to December 2019 were
included. Demographic characteristics, initial symptoms,
clinical manifestations (jaundice, abdominal pain, weight
loss, nausea, and vomiting), and blood chemistry and
serological tests, including total bilirubin (T'B), alanine
transaminase (ALT), gamma glutamyltransferase (GGT),
carbohydrate antigen 19-9 (CA 19-9), carcinoembryonic
antigen (CEA), cancer antigen 125 (CA-125),
alpha fetoprotein (AFP), and sIgG4, were collected
retrospectively. In addition, information on biliary drainage
procedures, types of resection, postoperative outcomes,
and complications [histopathology, incidence rate, Clavien-
Dindo classification of complications and mortality (6,7)]
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were recorded. Patients were divided into the PHC group
and the IgG4-SC group, and their clinical and laboratory
characteristics were analyzed.

Histopathological evaluation

The resected specimens of all patients with benign diseases
were reevaluated by a professional pathologist who was not
informed of the diagnostic information, and the paraffin-
embedded resected specimens were assessed according
to the ICPD (5). The 3 major histopathological features
associated with IgG4-SC were dense lymphoplasmacytic
infiltration, fibrosis, and focal and occlusive phlebitis.
Secondary criteria were phlebitis without cavity occlusion
and eosinophilia. The criteria were positive or negative.
Immunohistochemical staining of IgG4 plasma cells was
also performed, and IgG4 cell counts were obtained for
surgical specimens. The diagnostic accuracy of plasma cell
numbers depends largely on the selected reference values,
and the different organizational conditions and changes. In
a case-control study on endoscopic biopsies of the ampulla
of Vater and bile duct wall, a threshold of 10 IgG4+ plasma
cells/(high power field, HPF) yielded limited sensitivity but
reasonable specificity (8). In this study, 2 or 3 histological
features combined with more than 10 IgG4 plasma cells/
HPF in each surgical specimen were considered to be highly
suggestive of IgG4-SC. Benign disease that did not meet
the IgGG4-SC histological criteria or other diagnoses were
considered atypical inflammation/fibrosis. This study did
not reassess and excluded resected specimens from patients
with malignant disease.

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). This retrospective study was
approved by the Ethics Committee of West China Hospital
of Sichuan University (2020 Year of Approval No. 388) and

waived the need for informed consent.

Statistical analysis

The characteristics of the different patients in the IgG4-
SC group and the PHC group were analyzed by descriptive
statistical methods, and the differences between groups
were compared using the independent sample 7-test and
chi square test. SPSS 26 software was used for statistical
analysis, and significant differences were defined as
P value <0.05.
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Table 1 Histological diagnosis of the study cohort

Histological diagnosis N=289

Perihilar cholangiocarcinoma 235 (81%)

Other malignancy 28 (10%)
Gall bladder carcinoma 3
Congenital common bile duct cyst with 2

malignant transformation

Hepatocellular carcinoma involves hilar bile 15
ducts

Intrahepatic cholangiocarcinoma 8
Benign disease 26 (9%)

Sclerosing inflammation 23

Bile duct cystadenomas 1

Xanthogranulomatous cholangitis 2

Results
Population characteristics

A total of 289 patients underwent radical resection for
presumed PHC at our hospital from January 2010 to
December 2019. Among the 263 (91%) patients with
malignant disease, 235 (81%) were diagnosed with PHC
and 28 (10%) of them had a malignancy other than PHC,
including intrahepatic cholangiocarcinoma, gallbladder
carcinoma, and hepatocellular carcinoma involving the
perihilar bile ducts.

A total of 26 patients (9%) had benign disease, without
histological evidence of malignancy. Among them, 23 had
sclerosing inflammation, 1 had cystadenoma, and 2 had
xanthogranulomatous cholangitis. Additionally, 18 had a
definitive diagnosis of IgG4-SC. The misdiagnosis rate was
19% (54/289), of which, 26 patients had benign disease, and
28 patients had malignancies (7able 1).

Histopathological evaluation of IgG4-SC

A total of 26 resection specimens were available for
reevaluation of IgG4-SC, including 23 patients with a
sclerosing type of inflammation. In addition, 18 resection
specimens met the adjusted pathological criteria for IgG4-
SC (Figure 14,B). Moreover, 7 patients scored over 50
IgG4" plasma cells/HPEF, and 22 scored over 10 IgG4*
plasma cells/HPF (Figure 1C, Table 2). The remaining 5
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patients were difficult to classify and were excluded from
this study.

Demographic, clinical characteristics, blood chemistry, and
serology

Demographic, clinical characteristics, blood chemistry,
and serology are shown in Table 3. The mean age of onset
was similar between the two groups (59 vs. 57, P=0.39),
however, the percentage of male patients in the IgG4-SC
group was significantly higher than in the PHC group (83%
vs. 59%, P=0.004). Compared with PHC patients, IgG4-
SC patients were more prone to abdominal pain and weight
loss (P<0.001).

There was no significant difference in the rate of jaundice
between 2 groups (76% vs. 78%, P=0.85), however, patients
with PHC were supported by a higher preoperative TB level
(199 vs. 47 pmol/L, p<0.001). Furthermore, preoperative
ALT and GGT were also significantly higher in the
PHC group (143 vs. 73 U/L, P=0.013, 677 vs. 391 U/L,
respectively, P=0.029). CA 19-9 and CA-125 levels were
higher in PHC patients compared to IgG4-SC patients (387
vs. 66, 59 vs. 26 U/mL, respectively, P<0.001), while the two
groups had similar CEA levels (16 vs. 9 ng/mL, P=0.73).

Pre-operative drainage, resection type, morbidity, and
perioperative mortality

At the same time as radical resection, patients with PHC
received extended hemihepatectomy more often than
patients with IgG4-SC (88% wvs. 44%, P<0.001), and patients
with PHC had more frequent preoperative drainage (37% uvs.
11%, P=0.027). However, there was no significant difference
in postoperative morbidity between the two groups
(P=0.29; Table 4). The PHC group had higher perioperative
mortality, but the difference between the two groups was not
statistically significant (3.8% wvs. 0%, P=0.447; Table 4).

Imaging and diagnostic endoscopic techniques

This study also evaluated the presence of extrabiliary
IgG4-related disease (RD) in patients with IgG4-SC on
preoperative MRI/CT scans. Two patients presented with
chronic pancreatitis (parenchymal atrophy and calcification),
with no typical change in autoimmune pancreatitis (AIP;
diffuse enlargement of the pancreas; Figure 24,B). No
other possible manifestations of IgG4-RD were found in
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Figure 1 Typical histopathological features of IgG4-SC on resection specimen. (A) A low-magnification microscopic section reveals

a prominent lymphoplasmacytic infiltrate (the blue arrow) associated with dense storiform fibrosis (the red arrow) (H&E, original

magnification x200); (B) high-magnification view of the mixed inflammatory infiltrate, diffuse fibrosis and obliterative phlebitis. The blue

arrow points out the obliterative phlebitis (H&E, original magnification x200); (C) the IgG4 immunohistochemical staining highlights the

marked infiltrate of IgG4-positive plasma cells (IHC, original magnification x400).

Table 2 Features of IgG-SC on histopathology

Features of IgG4-SC on histopathology n=23 [%]
Maijor histological criteria

Lymphoplasmacytic infiltration 23 [100]
Storiform fibrosis 18 [83]
Obliterative phlebitis 11 [48]
Minor histological criteria

Phlebitis without obliteration of the lumen 20 [87]
Eosinophilia 18 [78]
IgG4+ plasma cells infiltration

>10 1gG4+ cells/HPF 22 [96]
>50 IgG4+ cells/HPF 7 [30]
Meeting IgG-SC criteria

2 of 3 major criteria & >10 IgG4+ cells/HPF 18 [78]
2 of 3 major criteria & >50 1gG4+ cells/HPF 7 [30]

1gG4-SC, immunoglobulin (Ig) G4-related sclerosing cholangitis;
HPF, high power field.

preoperative imaging.

In summary, of the 289 patients who underwent PHC
resection, 26 (9%) were eventually diagnosed as benign. There
were 18 patients (6% of the total) diagnosed with IgG4-SC by
histology, accounting for 69% of all benign diseases.

Discussion

IgG4-SC is a biliary manifestation of IgG4-RD and
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a subgroup of SC, which is defined as the progressive
narrowing and destruction of the bile duct caused by
diffuse inflammation and fibrosis. The clinical features of
IgG4-SC are: (I) chronic cholestasis enzyme elevation, (II)
continuously increasing serum IgG4 levels, (III) intrahepatic
and/or extrahepatic bile duct segmental or diffuse
stenosis, and bile duct wall thickening, (IV) histologically
visible lymphoplasmacytic and IgG4-positive plasma cell
infiltration and fibrosis, (V) IgG4-RD in other organs,
mainly involving AIP, (VI) effectiveness of steroid therapy.

Unfortunately, due to the rare occurrence of the disease
and the lack of a diagnostic gold standard, the clinical,
serological, and imaging characteristics of IgG4-SC have
not been clearly described. In 2008, Ghazale et 4l. described
the clinical characteristics, treatment responses, and
recurrence predictors of 53 IgG4-SC patients (3). Six years
later, Huggett ez al. found that AIP and IgG4-SC were
significantly related to morbidity and mortality in a cohort
of 115 patients, including 68 IgG4-SC patients, which is the
largest series of IgG4-SC cases reported so far (9). At the
same time, isolated IgG4-SC without evidence of pancreas
or other organ involvement is uncommon, and it is difficult
to distinguish it from preoperative PHC.

In this study, we reported the incidence of IgG4-SC in a
large cohort of 289 patients resected for presumed primary
liver cancer over the past 10 years. We found that 26
patients (9%) had benign diseases rather than PHC, which
was lower than the literature since 2008 (10,11). This may
be due to the improvements in imaging methods over the
past decade. Eighteen patients with benign diseases were
clearly diagnosed as IgG4-SC. In our study, this disease
mainly affected men aged 26 to 72 (male to female ratio
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Table 3 Demographical, clinical characteristics, blood chemistry and serology

Variable PHC (n=235) 19G4-SC (n=18) P value
Age (median, range) 59 [28-80] 57 [26-72] 0.39
Gender (male/female) 138/97 (59%) 15/3 (83%) 0.04
Presenting symptoms
Jaundice 178 (76%) 14 (78%) 0.85
Abdominal pain 21 (9%) 16 (89%) <0.001
Weight loss 19 (8%) 12 (67%) <0.001
Nausea and vomiting 12 (5%) 1 (5%) 0.58
Tumor markers (median, range)
Preoperative CA 19-9 level (U/mL)* 387 [0.60-1,000] 66 [0.74-273] <0.001
Preoperative CA 125 level (U/mL) 59 [7-300] 26 [4-138] <0.001
Preoperative CEA level (ng/mL) 16 [0.63-1,000] 9[0.62-118] 0.73
Liver functions (median, range)
Preoperative TB (umol/L) 199 [7-610] 47 [12-102] <0.001
Preoperative ALT (U/L) 141 [8-761] 73 [4-550] 0.013
Preoperative GGT (U/L) 677 [13-2,372] 391 [16-943] 0.029
Preoperative slgG4
Patients have preoperative slgG4 63 (27%) 5 (28%) 0.929
Preoperative slgG4 (mg/mL) 1.00 [0.112-5.620] 3.81[1.145-6.229] 0.039
>1.500 mg/mL 12 (19%) 4 (80%) 0.006
>6.00 mg/mL (>4 ULN) 0 (0%) 1(20%) <0.001

*The maximum limit that our hospital can detect is 1,000 U/mL. PHC, perihilar cholangiocarcinoma; CA 19-9, carbohydrate antigen
19-9; CA 125, carbohydrate antigen 125; CEA, carcinoembryonic antigen; TB, total bilirubin; ALT, alanine transaminase; GGT, gamma
glutamyltransferase; slgG4, serum immunoglobulin (Ig) G4; ULN, limit of normal.

was 5:1), and it usually manifested as obstructive jaundice,
weight loss, and abdominal pain. The preoperative T'B,
ALT, GGT, CA 19-9, and CA-125 levels in the PHC group
were significantly increased, and the incidence of large-area
resection in the PHC group was also higher than that of the
IgG4-SC group, suggesting that IgG4-SC mostly showed
mild bile duct obstruction and with less cholestasis. Patients
with less cholestasis and significantly elevated levels of CA
19-9 and CA-125 were more likely to develop PHC.
Although sIgG4 levels are often elevated in IgG4-
SC, when they are only slightly elevated [<4x upper limit
of normal (ULN)] the diagnostic value is limited, as
approximately 15% of PHC patients have elevated sIgG4
levels, and 20% of IgG4-SC patients have normal sIgG4
levels. Therefore, merely elevated sIgGG4 does not exclude

PHC, and using a 2-fold cut-off for sIgG4 may not be able

© Annals of Translational Medicine. All rights reserved.

to reliably distinguish IgG4-SC. When the cut-off value is
4 times, ULN-sIgG#4 is 100% specific for IgG4-SC (12). In
our study, less than one-third of patients had preoperative
sIgG4 levels. The preoperative sIgG4 level of the IgG4-SC
group was significantly higher than that of the PHC group
(3.81 vs. 1.00 mg/mL, P=0.039). Among them, 19% of
PHC patients had elevated sIgG#4 levels (>1.5 mg/mL), and
20% of IgG4-SC patients had normal sIgG4 levels. The
sensitivity and specificity of sIgG4 for diagnosing IgG4-SC
were 80% and 81%, respectively. Therefore, when there is
only a slight increase in sIgG4 (1-4x ULN), the diagnostic
value is limited. In addition, when the cut-off value is 4
times the ULN, sIgG4 has 100% specificity for IgG4-SC,
however, the sensitivity quickly drops to 20%.

Considering the small sample sizes of the 2 groups,
these data may not reflect the true situation. However,
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Table 4 Drainage pre-operation, resection type, morbidity and perioperative mortality

Variable PHC (n=235) [%] 1gG4-SC (n=18) [%] P value
Drainage pre-operation 87 [37] 2 [11] 0.027
Resection type

Perihilar bile duct resection only 29[12] 10 [56]

Left hemihepatectomy 80 [34] 2 [11]

Right hemihepatectomy 61 [26] 3[17]

Left trisegmentectomy 31 [13] 0[0]

Right trisegmentectomy 9 [4] 0[0]

Central resection 13 [6] 11[5.6]

Hepatic caudate lobe resection 12 [5] 2 [11.1]
Morbidity* 66 [28] 3[17] 0.294
Perioperative mortality* 9 [3.8] 0[0] 0.447

*Part of data were missing due to incomplete records. PHC, perihilar cholangiocarcinoma; 1gG4-SC, immunoglobulin (Ig) G4-related

sclerosing cholangitis.

Figure 2 Typical imaging features of chronic pancreatitis. (A) Typical features of chronic pancreatitis, parenchymal atrophy and

calcifications, head of the pancreas was enlarged, and the pancreatic tail was slightly shrunk (the blue arrow); (B) the pancreatic parenchyma

is atrophied and calcified, head of pancreatic is enlarged with dilated bile ducts (the blue arrow).

increasing the detection rate of sIgG4 can reduce the
misdiagnosis rate to a certain extent. According to research
by the National People’s Congress, in the background
of dense lymphoplasma cell infiltration, IgG4+ plasma
cell infiltration, as well as the presence of storage fibrosis
and/or phlebitis obliterans, are highly suggestive of
IgG4-RD (5). In addition, Masaki et al. also showed that
reducing the critical level of >50 IgG4+ plasma cells/HPF
to the critical level of >10 IgG4+ plasma cells/HPF, when
combined with the above major histological criteria, will
not reduce specificity but will increase sensitivity (13).
In our study, 2 or 3 histological features combined with
>10 IgG4+ plasma cells/HPF in each surgical specimen

© Annals of Translational Medicine. All rights reserved.

were considered to be highly suggestive of 1gG4-SC.
By scoring the IgG4+ plasma cell infiltration and typical
histopathological characteristics in the excised specimens,
we found that 78% (n=18/23) of patients had histological
evidence of IgG4-SC, and there were only 7 patients who
scored greater than 50 IgG4+ cells in the 23 cases of benign
diseases. Furthermore, there were 18 cases of IgG4+ cells/
HPF >10 who also met the main histological criteria, which
is consistent with the above conclusions.

Although endoscopic biopsy through the bile duct and
Vater’s nipple is an important method to exclude PHC,
it is very difficult to obtain a large enough pathological
sample with IgG4-SC characteristics (14). The specimens
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are usually too small to observe the full spectrum of
lymphoplasmacytic cholangitis. Therefore, preoperative
imaging should be given priority. Cholangiography [ERCP
or magnetic resonance cholangiopancreatography (MRCP)]
and computed tomography (CT) plus venography can detect
stenosis of the bile duct tree, thickening and enhancement
of the bile duct wall, dilation of the upstream bile duct,
and in some cases soft tissue masses are suspected of being
malignant (14-16). By reviewing the imaging data, we found
that there were no clinical or imaging features that could
clearly distinguish PHC from IgG4-SC. However, the
preoperative imaging examinations should always be strict.

In recent years, the awareness of IgG4-SC in patients
with primary liver cancer has gradually increased. However,
our research results showed that in the past 10 years, the
proportion of suspected primary liver cancer patients with
IgG4-SC after resection has not significantly decreased.
This may be largely due to the lack of an accurate IgG4-SC
diagnostic test. A more accurate, non-invasive diagnostic
test would be beneficial for patients with malignancies and/
or IgG4-SC. Doorenspleet et 4. demonstrated that IgG4/
IgG RNA determined by quantitative polymerase chain
reaction (QPCR) has a higher diagnostic accuracy than
sIgG4 for 1gG4-SC (17). Therefore, it is recommended
to include this in the diagnosis of hypothetical PHC
patients (18). However, due to the complexity of detection,
clinical application takes time.

In addition, diagnostic endoscopy techniques such
as choledochoscopy (19-22) and endoscopic ultrasound
(EUS) enhance the accuracy of bile duct imaging and tissue
sampling, and are in line with current gold standards (such
as ERCP-guided brush cytology). Compared with the
diagnosis of bile duct stricture, the sensitivity and specificity
are higher (23). Intraductal ultrasound (IDUS) can
effectively distinguish IgG4-SC and PHC (14). IDUS can
obtain high-resolution images of the layered structure of the
bile duct wall, and can clearly distinguish the pathological
differences between IgG4-SC and PHC. The most valuable
characteristic for diagnosing bile duct stricture is the
uniform thickening of the inner and outer walls. CT and
MRCP can also be used to detect the thickness of the bile
duct wall, however, EUS or IDUS can show these subtle
changes more clearly. The combined application of MRCP
and EUS is therefore helpful for the differential diagnosis
of [gG4-SC and PHC.

In our study, only a few patients had IDUS and EUS
before surgery, but most patients underwent CT and
MRCP. However, no clinical or radiographic features

© Annals of Translational Medicine. All rights reserved.

Page 7 of 9

were found that could clearly differentiate IgG4-SC from
PHC and thus prevent a number of unnecessary resections
in patients with IgG4-SC. Two patients with IgG4-
RD had signs of chronic pancreatitis on initial imaging
examinations, but were not typical signs of AIP. Even so,
preoperative imaging and endoscopic diagnostic techniques
should always strictly examine the signs of extrabiliary
manifestations of IgG4-RD.

In conclusion, it is difficult to distinguish IgG-SC from
PHC. In the past 10 years, this misdiagnosis has resulted in
a large number of ineffective hepatectomies. Improving the
detection rate of sIgGG4 may therefore avoid misdiagnosis,
surgery, and life-threatening complications. Furthermore,
when the cut-off value is 4 times the ULN, sIgG4 may
strongly indicate IgG4-SC. For patients who intend to
receive surgical treatment, preoperative IDUs and EUS
examinations are recommended.
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