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Abstract
Background/Aim—Elevated serum immunoglobulin G4 (sIgG4) is a feature of autoimmune
pancreatitis (AIP) and IgG4-associated cholangitis (IAC); a >2-fold increase in sIgG4 is
considered highly specific for these disorders. Many patients with IAC present with biliary
strictures and obstructive jaundice, making cholangiocarcinoma (CCA) an important differential
diagnosis. We determined the value of sIgG4 in distinguishing IAC from CCA.

Methods—sIgG4 levels were measured in a test cohort of 126 CCA and 50 IAC patients. The
results were confirmed in a validation cohort of 161 CCA and 47 IAC patients.
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Results—Of the 126 CCA patients in the test cohort, 17 (13.5%) had elevated sIgG4 (>140 mg/
dL) and 4 (3.2%) had >2-fold (>280 mg/dL) increase. Primary sclerosing cholangitis (PSC) was
present in 31/126 CCA patients, of whom 7 (22.6%) had elevated sIgG4 and 2 (6.5%) had >2-fold
elevation. Of the 50 IAC patients, 39 (78.0%) had elevated sIgG4 and 25 (50.0%) had >2-fold
increase. The results in the validation cohort were consistent with those of the test cohort.

Conclusion—Although elevated sIgG4 levels are characteristic of IAC, some patients with
CCA, particularly with PSC, have elevated IgG4 levels, including a small percentage with a more
than 2-fold increase in IgG4. Therefore sIgG4 elevation alone does not exclude the diagnosis of
CCA. Depending on the prevalence of the two diagnoses, the use of a 2-fold cut-off for sIgG4 may
not reliably distinguish IAC from CCA. At a cut-off of 4 times the upper limit of normal, sIgG4 is
100% specific for IAC.

Keywords
Immunoglobulin G4; IgG4-associated cholangitis; IgG4-related systemic disease; Autoimmune
pancreatitis; Primary sclerosing cholangitis

Introduction
IgG4-related systemic disease (ISD) is a multi-system fibroinflammatory syndrome
characterized by elevated levels of serum immunoglobulin G subclass 4 (sIgG4) and a
multifocal IgG4-rich lymphoplasmacytic infiltration of affected organs. The condition is
generally associated with intense sclerosis and responds favorably to glucocorticoids (1–3).
The prototype of ISD is autoimmune pancreatitis (AIP), which by virtue of its clinical and
radiologic characteristics (pancreatic mass, painless jaundice, weight loss, and diabetes) can
mimic pancreatic adenocarcinoma (4, 5). Other organs that can be involved in this condition
include the biliary tree, salivary glands, retroperitoneum, lymph nodes, kidneys and aorta (2,
6, 7). Both the pancreatic and extrapancreatic variants of ISD respond well to steroid therapy
(8). In 2001 it was reported that an elevated sIgG4 level is highly sensitive and specific for
AIP (1, 9). Since then sIgG4 has seen wide use in cases of suspected AIP (or ISD) and has
become part of criteria for the diagnosis of AIP, included in both the consensus Asian
diagnostic criteria for autoimmune pancreatitis and the Mayo Clinic HISORt criteria
(Histology, Imaging, Serum IgG4, Other organ involvement and Response to therapy) (3,
10, 11).

IgG4-associated cholangitis (IAC) is the biliary manifestation of ISD which is commonly
found in association with AIP and presents with biliary strictures and obstructive jaundice
that may mimic primary sclerosing cholangitis (PSC) or cholangiocarcinoma (CCA). IAC
may also occur without the classic radiologic findings of pancreatic involvement seen in
AIP, which can make it difficult to distinguish between IAC and PSC or CCA (12–18).

The reliability of sIgG4 to distinguish between IAC and other pancreaticobiliary diseases
has recently been questioned. An elevated sIgG4 has been reported in 9% of patients with
PSC (19). Histologic and immunohistochemical examination of explanted livers from
patients who underwent liver transplantation for PSC showed the presence of elevated sIgG4
in 22% of cases and IgG4 positive plasma cell infiltrates in the hilar regions of 23% of the
explanted livers. Further, the presence of IgG4 positive plasma cell infiltrates was associated
with a more aggressive clinical course including a significantly shorter time to transplant, a
lower likelihood of cirrhosis at the time of transplant, and a greater than 3-fold higher risk of
PSC recurrence after transplant (20). These findings raise the possibility that IgG4 positive
plasma cell infiltrates define a distinct subtype of PSC. Of particular interest, 17% of the
PSC cases with IgG4 positive plasma cell infiltrates were associated with
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cholangiocarcinoma, and 18% of non-PSC related cholangiocarcinomas showed moderate
IgG4 positive plasma cell infiltrates. It has also been shown that histologic examination
reveals higher numbers of IgG4 positive cells in IAC than in PSC (6). Although the sIgG4
was not assessed, another recent study has shown positive tissue staining for IgG4 in 9 of 26
(35%) liver tissue specimens from patients with autoimmune hepatitis (21).

Regarding the utility of IgG4 in distinguishing ISD from cancer, between 7 to10% of
pancreatic cancer patients have been found to have elevated sIgG4 (22, 23), but the utility of
the sIgG4 in distinguishing IAC from CCA has not been examined to date. Several studies
have reported cases of IAC (either isolated or in association with AIP) mimicking CCA on
presentation. Unfortunately, a number of these patients were treated with surgical resections
that could have been avoided if the correct diagnosis of IAC had been made (11, 13–18, 24).
On the other hand, treatment of patients suspected of having IAC with glucocorticoids when
the actual underlying condition is CCA may not only delay accurate diagnosis and timely
intervention, but may result in fatal outcomes. It is therefore important to develop minimally
invasive methods for distinguishing IAC from other pancreaticobiliary diseases, particularly
CCA.

Elevation of the sIgG4 remains an essential element in the HISORt criteria, but whether the
serum (or tissue) IgG4 level can distinguish IAC from CCA (e.g. in a patient with an
isolated biliary stricture) is not yet known. Therefore the principal aim of this study was to
determine the utility of the sIgG4 in distinguishing IAC from CCA. The following questions
were addressed: (1) Is the sIgG4 level discriminatory between IAC and CCA? (2) At what
sIgG4 value can IAC be reliably distinguished from CCA (without the benefit or harm of an
invasive histologic diagnosis)? (3) Is the ability of the sIgG4 to distinguish IAC from CCA
affected by the concomitant existence of PSC? To answer these questions, we (1) compared
sIgG4 levels in a test cohort of 126 patients with CCA and 50 patients with IAC as well as in
a validation cohort of 161 patients with CCA and 47 patients with IAC; (2) compared the
demographic and serologic characteristics of patients with CCA without PSC (CCA−PSC),
CCA with concomitant PSC (CCA+PSC), and IAC; and (3) examined whether there is a
sIgG4 threshold at which CCA (with or without PSC) could be distinguished from IAC with
relatively high specificity and sensitivity. The secondary aim of this study is to determine
the clinical significance of sIgG4 in CCA. The relationship between sIgG4 and CA19-9
levels and the association of sIgG4 with survival of CCA patients were investigated in both
cohorts.

Materials and Methods
Study Subjects

The protocol for this study was approved by the Mayo Clinic Institutional Review Board.
Patients referred to the Mayo Clinic Hepatobiliary Neoplasia Clinic between March 2003
and February 2011 and subsequently diagnosed with CCA, were included (Figure 1). A total
of 287 CCA patients were divided into 2 separate cohorts. The test cohort included 126
CCA patients enrolled between March 2003 and June 2006. An additional 161 CCA patients
enrolled between July 2006 and February 2011 served as a validation cohort. The diagnosis
of CCA was determined by histology, standard imaging criteria, or clinical course. The final
diagnosis, age, gender, and clinical presentation, diagnosis and last follow-up dates, status at
the last follow-up visit, serum IgG4 and CA 19-9 levels were abstracted from the clinical
record.

A total of 97 patients with AIC, as determined by the HISORt criteria, came from a
prospective database of ISD cases maintained at Mayo Clinic Rochester (12). Of these, 50
patients who were seen at Mayo Clinic between January 1989 and October 2006 were
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included in the test cohort. At the time of last follow-up in March 2011, these 50 IAC
patients had follow-up for a mean duration of 58.6 months (range 11.5–265.9 months) after
initial presentation and a mean duration of 45.0 months (range 1.5–84.9 months) after
initiation of treatment. None of the IAC patients in the test cohort developed clinical
evidence of CCA during follow-up. For the validation cohort, 47 IAC patients who were
seen at Mayo Clinic between November 2006 and February 2011 were included; none of
these patients developed CCA during follow-up. The mean (range) follow-up was 20.6 (0.5–
62.1) months after initial presentation and 19.3 (0.0–46.1) months after initiation of
treatment.

Serology
Serum concentrations of IgG subclass 4 were measured by automated nephelometry
(Behring Nephelometer II; Dade Behring, Inc, Newark, DE)(12).

Histology and Tissue IgG4 Immunostaining
Tissue immunostaining using monoclonal anti-human IgG4 antibody was performed as
previously reported (3). The number of IgG4-positive plasma cells per high-power field
(hpf) was counted in each specimen (Nikon E 600, field diameter 0.625 mm; Nikon, Tokyo,
Japan). Moderate (11–30 cells/hpf) to severe (>30 cells/hpf) infiltration with IgG4-positive
cells in the presence of characteristic histology was considered diagnostic of AIP. Scores
were assigned as negative (0–1) or positive (2–3). All histologic specimens were reviewed
by a single pathologist (L.Z). IAC was diagnosed histologically from a resection specimen
or core biopsy if there was a lymphoplasmacytic infiltrate within and around bile ducts with
associated obliterative phlebitis and storiform fibrosis leading to sclerosis of the bile duct
(25–27).

Imaging
Available cholangiograms, computerized tomography, magnetic resonance imaging and
magnetic resonance cholangiopancreatography scans from the 31 patients with CCA−PSC
in the test cohort were reviewed by a single radiologist (N.T.) for features of AIP.

Statistical analysis
Data were analyzed using JMP version 8.0.0 (SAS Institute Inc., Cary, NC). Differences
between groups were evaluated by using the Chi-square or Fisher’s exact test for qualitative
variables and the rank sum test for quantitative variables. Receiver operator characteristic
(ROC) curves were used to judge the diagnostic utility of sIgG4 levels. IgG4 values are
represented as median as well as mean ± standard error of mean (SEM), and a two-tailed P
value of less than 0.05 was considered significant.

Spearman’s Correlation coefficient analysis was used to determine the relationship between
CA19-9 and sIgG4 level in CCA patients. Survival of CCA patients was defined as the time
from diagnosis to death or last follow up visit date. Median survival of CCA patients with
elevated IgG4 > ULN was compared to that of CCA patients with normal sIgG4 levels by
the Kaplan Meier method.

Results
Elevated sIgG4 occurs in 13.5% of test cohort and 12.4% of validation cohort patients with
cholangiocarcinoma

For the test cohort, we used frozen serum collected at the time of diagnosis from 126
patients with CCA (82 hilar or extrahepatic CCA and 44 intrahepatic CCA). We compared
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the sIgG4 level and other clinical and laboratory characteristics in these patients to those of
50 patients with known IAC. As expected, the mean ± SEM and the median sIgG4 levels in
the 50 IAC patients (475.8 ± 77.2, median 261.0 mg/dL) were significantly higher than the
levels in the 126 patients with CCA (irrespective of PSC status) (68.6 ± 7.4, median 37.5
mg/dL)(p<0.0001, rank sum test) (Table 1A). The individual sIgG4 levels in each group are
shown in the scatter plot (Figure 2). In the test cohort of 126 CCA patients (54 females, 72
males), 17 (13.5%) had a sIgG4 greater than 1xULN (i.e. >140 mg/dL), while 4 (3.2%) had
a value greater than 2xULN (>280 mg/dL). None of the CCA patients had a sIgG4 value
greater than 4xULN (>560 mg/dL). Of the sera from the 50 IAC patients (9 females, 41
males), 39 (78.0%) had an IgG4 level greater than 1xULN and 25 (50.0%) had an IgG4
value over 2xULN. Table 1B shows the results of sIgG4 levels in the validation cohort of
161 CCA and 47 IAC patients. In summary, the mean ± SEM and median sIgG4 levels and
the proportion of patients who had sIgG4 levels greater than 1xULN and 2xULN (140 and
280 mg/dL) in CCA and IAC patients were similar to the findings in the test cohort, except
that 1 of the 51 (2.0%) CCA+PSC patients in the validation cohort had a sIgG4 over 4xULN
(>560 mg/dL).

To help determine the ability of IgG4 to reliably distinguish IAC from CCA, we used
receiver operating characteristic (ROC) curves to identify the appropriate sIgG4 cut offs for
the two disease entities (Figure 3A). We found that in the test cohort a sIgG4 of over
2xULN (>280 mg/dL) yields a specificity of 97.0% in distinguishing IAC from CCA, while
a sIgG4 of over 4xULN (>560 mg/dL) yields a specificity of 100%, albeit at a decreased
sensitivity of 26%. Compared to the results of the test cohort, in the validation cohort the
cut-off of sIgG4 of 2xULN was less sensitive (34% vs 50%) but still highly specific (96% vs
97%). The performance of sIgG4 in discriminating IAC from all CCA in the test (T) and
validation (V) cohorts is summarized in Table 2.

Patients with cholangiocarcinoma secondary to PSC have a higher frequency of elevated
sIgG4 than patients with cholangiocarcinoma without PSC

Of the 126 CCA patients in the test cohort, 31 had associated PSC (CCA+PSC) and the
remaining 95 did not have PSC (CCA−PSC). Twenty-seven (87%) of the 31 CCA+PSC
patients had hilar or extrahepatic CCA, while 4 (13%) had intrahepatic CCA. One of the
CCA+PSC patients had an overlap syndrome of PSC with autoimmune hepatitis and a
normal serum IgG4 of 7.7 mg/dL. Seven (22.6%) of the 31 CCA+PSC patients had sera with
elevated IgG4 and 2 (6.5%) of these had a sIgG4 >2xULN; as compared with 10 (10.5%)
and 2 (2.1%) respectively, for CCA−PSC patients (p = 0.13 and 0.25, Fisher’s exact test).
The sIgG4 levels (mean ± SEM) were higher in the CCA+PSC group than in the CCA−PSC
group, but the difference did not reach statistical significance (90.7 ± 20.2 vs 61.4 ± 7.2,
P=0.18) (Table 1A). In the validation cohort of 161 CCA patients, the proportion of CCA
+PSC patients with IgG4 levels >1xULN and >2xULN were consistent with those in the test
cohort and are summarized in Table 1B. In this cohort also, CCA+PSC patients tended to
have higher sIgG4 levels compared to CCA−PSC patients, but the difference did not reach
statistical significance (92.5 ± 16.2 vs 64.6 ± 6.3, P=0.11).

A proportion of cholangiocarcinomas, particularly from PSC patients, stain positive for
IgG4, but none have the classic imaging features of AIP/IAC

Since biliary infiltration with IgG4-positive (IgG4+) plasma cells is one of the hallmarks of
IAC, we examined the correlation between the sIgG4 level and the presence of biliary
IgG4+ plasma cells in CCA patients in the test cohort with a sIgG4 above the upper limit of
normal (17/126). Paraffin-embedded tissue was available from 13 of the 17 CCA patients (7
CCA+PSC, 6 CCA−PSC). Immunostaining for IgG4 showed IgG4 positive staining in 5 of
the 13 tissues (41.7%) of which 4 of the 5 (80%) were CCA+PSC patients. We compared
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IgG4 tissue staining in this high-serum-IgG4 subgroup with tissue stains from 8 randomly
selected low-serum-IgG4 CCA patients (all CCA+PSC). Only 1 out of the 8 (12.5%) low
sIgG4 CCA patients had tissue IgG4 positivity. Finally, we evaluated the radiologic features
of all 31 CCA+PSC patients in the test cohort against the classic imaging findings of AIP/
AIC. While none of the cases had the typical imaging appearance, images from 3 of the
patients were suspicious for AIP/IAC.

There is no significant difference in sIgG4 levels in patients with hilar, middle or distal
extrahepatic CCA vs intrahepatic CCA

Of the 126 CCA patients in the test cohort, all 4 CCA patients with sIgG4 levels over 280
mg/dl had hilar CCA. Four of the 47 (8.5%) patients with intrahepatic CCA had sIgG4
levels over 140 mg/dl, compared to 11 of 62 (17.7%) patients with hilar CCA (P=0.26,
Fisher’s Exact Test). Two of 17 (11.8%) patients with middle or distal extrahepatic CCAs
had sIgG4 levels over 140 mg/dl (P=0.65 compared to patients with intrahepatic CCA and
P=0.72 compared to patients with hilar CCA).

Correlation between sIgG4 and CA 19-9 level and survival in CCA patients
Table 3 summarizes the CA 19-9 levels and correlation coefficient of CA 19-9 and sIgG4
levels of CCA patients in the test and validation cohorts. The mean CA 19-9 levels were not
significantly different between those with sIgG4 >1xULN and those with normal sIgG4
levels in both cohorts. Further, there was no correlation between sIgG4 and CA19-9 levels
in both the All CCA patient group and the subgroup of CCA patients with elevated sIgG4
levels.

The median survival of all CCA patients with elevated sIgG4 over 1xULN was longer than
for patients with normal sIgG4 levels, however, the difference did not reach statistical
significance (97.1 vs 27.1 months, p=0.43, 19.8 vs 28.1 months, p=0.93 and 97.1 vs 27.6
months, p=0.53, for the test, validation and combined cohorts, respectively). Survival curve
between the both groups were shown in Figure 4.

Discussion
Elevation of the sIgG4 is the best-known marker for AIP and IAC. Among the IgG4
subclasses, IgG4 makes up about 5% of the total IgG and is known for its low target antigen
affinity and inability to bind C1q complement (28). Before high sIgG4 concentrations were
associated with AIP, similar findings were made in a few pathological conditions, including
atopic dermatitis, Bancroftian filariasis and in pemphigus vulgaris and foliaceus (9, 29–31).
Since the discovery of high sIgG4 levels in AIP, several studies have explored the systemic
ramifications of this disease to determine whether the presence of elevated sIgG4 is unique
to only AIP in the gastrointestinal tract; or rather a characteristic shared by other
pancreaticobiliary diseases. Through these efforts, it has become evident that AIP and its
biliary variant IAC, are parts of a spectrum of a systemic IgG4-related fibro-inflammatory
disease (ISD) that may involve other organs as well (1, 5, 12, 32). Indeed, recent work has
shown that although the sIgG4 remains highly specific for AIP/IAC, some cases of
pancreatic cancer (10%) and primary sclerosing cholangitis (9%) exhibit high levels of
sIgG4 as well (19, 22, 23, 33). IAC can mimic CCA due to similarities in their radiologic
and clinical features, but there is as yet no published work examining sIgG4 levels in CCA
patients and the utility of sIgG4 for distinguishing IAC from CCA.

The HISORt criteria propose that in a patient with an unexplained biliary stricture, at least 2
of the following findings are required for a “probable IAC” diagnosis: a) elevated sIgG4, b)
suggestive pancreatic imaging findings, c) another organ involvement or d) positive IgG4
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staining on bile duct biopsy. Probable AIP/IAC becomes definite when the stricture
responds to steroids (12). In the absence of suggestive pancreatic or other organ involvement
on imaging, it is important to exclude CCA if possible before a trial of corticosteroids is
administered for probable IAC. Hence, in patients with an isolated biliary stricture and an
elevated sIgG4, before any invasive diagnostic procedures are performed to provide
histologic confirmation, it is important to consider the following: (1) could this patient have
CCA and a high sIgG4 concentration as well (such as is the case with previously published
subsets of pancreatic cancer and PSC patients)? (2) Is the sIgG4 level alone sufficiently
discriminatory between IAC and CCA? (3) If an elevated sIgG4 level by itself is capable of
distinguishing IAC from CCA, then at what IgG4 value can it reliably do so? These
questions are particularly important as there are clinical circumstances in which it is
inappropriate to obtain a diagnostic needle biopsy that traverses the bile duct lining,
particularly for protocols of liver transplantation for hilar cholangiocarcinoma, in which
transbiliary biopsies have been associated with a high rate of post-transplant tumor
recurrence.

Our results show that 17/126 (13.5%) and 20/161 (12.4%) of CCA patients had an elevated
sIgG4 level, as compared to 39/50 (78.0%) and 30/47 (63.8%) of IAC patients in the test and
validation cohorts, respectively. When the cut-point for an elevated IgG4 was considered to
be twice the upper limit of normal sIgG4 level, the rate of elevated IgG4 decreases to 4/126
(3.2%) and 7/161 (4.3%) in all CCA patients in the test and validation cohorts, respectively.
Relative to this, 25/50 (50.0%) and 16/47 (34.0%) of IAC patients in the test and validation
cohorts had a sIgG4 greater than two times the upper limit of normal. Elevation of the sIgG4
to more than twice the upper limit of normal therefore substantially enhanced the specificity
of the diagnosis, albeit with a penalty of an approximately 30% reduction in sensitivity.
However, even with a cut-off of two times the upper limit of normal, because of the
differences in the numbers of patients with IAC and CCA that are seen at a given institution,
an elevated sIgG4 may be of limited utility in differentiating IAC from CCA. For example,
at Mayo Clinic Rochester, approximately 10 cases of IAC are diagnosed per year, of whom
about 5 cases (50% of 10, using the results from the test cohort) would have a sIgG4 greater
than two times the upper limit of normal. Each year, in part because of the large CCA
referral practice, approximately 250 cases of CCA are diagnosed per year, of whom 8 cases
(3.2% of 250) would have a sIgG4 greater than two times the upper limit of normal.
Therefore, a patient presenting with a biliary stricture and elevated sIgG4 greater than two
times the upper limit of normal at our institution has a greater than 50% chance (8/(5+8) =
8/13 = 62%) of having CCA as the final diagnosis. While the exact proportions will be
different at different institutions, this example illustrates the critical importance of our
findings for the appropriate evaluation of patients presenting with biliary strictures and an
elevated sIgG4. Among the subjects studied, the specificity for IAC (vs. CCA) is 100% at
>450 mg/dL for the test cohort and >620 mg/dL for the validation cohort. Increasing the cut-
off for diagnosis of IAC to a high specificity cut-off of four times the upper limit of normal
(560 mg/dL) would allow more confidence in the diagnosis of IAC (vs. CCA) with
specificities of 100% and 99% for the test and validation cohorts, but at the cost of a
significantly decreased test sensitivity of 26% for the test cohort and 17% for the validation
cohort.

Interestingly, a higher percentage (22.6% and 19.6%) of the subset of CCA patients with
associated PSC (CCA+PSC) had an elevated sIgG4 than of the subset of CCA patients
without PSC (CCA−PSC) (10.5% and 9.1%). With a cut-point of twice the upper limit of
normal, 2/31 (6.5%) and 4/51 (7.8%) of CCA+PSC patients had IgG4 elevations above that
level. There is therefore a trend towards a higher sIgG4 concentration in patients with CCA
and concomitant PSC (CCA+PSC). In fact, the percentages of CCA+PSC patients with high
sIgG4 levels (i.e. >140mg/dL) in both our cohorts is higher than those reported for
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pancreatic (10%) and non-CCA associated PSC (9%) (19, 22). In addition, CCA+PSC
patients were more likely to have a positive tissue IgG4 by immunohistochemistry. This
potential association of PSC with high serum and tissue IgG4 in CCA patients suggests that
PSC patients with high IgG4 may be at increased risk of developing CCA. Considered
together with the finding that PSC patients with elevated sIgG4 tend to have more severe
liver disease and a shorter time to liver transplantation, our study suggests the possibility
that IgG4 immunoreactivity may be one of the driving forces behind the malignant
transformation from PSC to CCA or perhaps to other neoplastic processes such as non-
Hodgkin lymphoma (11, 19, 34). It is also possible that those with PSC + CCA, especially
those with sIgG4 greater than two times the upper limit of normal, could have had long
standing IAC which was complicated by CCA. The fact that 3 patients with elevated sIgG4
had abnormal pancreatic imaging suggests that some patients could have had undiagnosed
IAC. However, none of the resected bile ducts showed evidence of IAC despite staining for
IgG4, which would argue against this hypothesis. Finally, we found no association of
elevated sIgG4 levels with stricture distribution (intra- or extra-hepatic) and no correlation
between sIgG4 and CA19-9 level in CCA patients. We also found no evidence of
association of an overlap syndrome of autoimmune hepatitis in conjunction with PSC with
elevated sIgG4 levels in CCA patients.

In summary, we have demonstrated the following findings relating to sIgG4 in
cholangiocarcinoma: (1) the sIgG4 is elevated in a subset of patients with CCA; (2) CCA
patients with concomitant PSC (CCA+PSC) are more likely to exhibit higher sIgG4 levels
than those without PSC (CCA−PSC); (3) In order to more reliably distinguish IAC from
CCA based on the sIgG4 alone, an IgG4 cut-point of at least twice the upper limit of normal
is required. However, at approximately four times the upper limit of normal, sIgG4 is 99–
100% specific for distinguishing IAC from CCA. In view of the similar clinical and
radiologic features of CCA and IAC, CCA should be carefully ruled out in patients with
suspected IAC whose sIgG4 is only mildly elevated, particularly when they do not fully
meet the HISORt criteria required to diagnose IAC. This distinction is important in view of
the use of steroids to manage IAC, which may result in delays in administering appropriate
treatment of CCA.
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CCA Cholangiocarcinoma

PSC Primary Sclerosing Cholangitis

CCA+PSC CCA with concomitant PSC

CCA−PSC CCA without PSC

IAC IgG4-Associated Cholangitis

HCC Hepatocellular Carcinoma

ISD IgG4-related Systemic Disease
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AIP Autoimmune Pancreatitis
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Figure 1. Outline of the Study Groups
All CCA = All cases of Cholangiocarcinoma; PSC = Primary Sclerosing Cholangitis; CCA
+PSC (CCA with concomitant PSC); CCA−PSC (CCA without PSC); IAC (IgG4-
Associated Cholangitis).
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Figure 2. Scatter plots of serum IgG4 in the different study groups in the test (Figure 2A) and
validation cohort (Figure 2B)
Cut-offs of 1xULN (>140mg/dL) and 2xULN (>280mg/dL) are shown as dotted lines. The
y-axis has a square root scale.
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Figure 3. Receiver operating characteristic (ROC) curves of IgG4 for diagnosis of IAC versus All
CCA patients in the test and validation cohorts
ROC curve of Sensitivity plotted against 1-Specificity of IgG4 in 50 IAC cases and All 126
CCA controls in the test cohort (A) and in 47 IAC and All 161 CCA controls in the
validation cohort (B). The areas under the ROC curve are 0.87 and 0.80, respectively.
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Figure 4.
Survival curves of CCA patients with normal and elevated sIgG4 levels in the test (Figure
4A), validation (Figure 4B), and combined (Figure 4C) cohorts
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Table 1

Serum IgG4 in the CCA and IAC groups in the test and validation cohorts

A. Test Cohort

CCA − PSC CCA + PSC All CCA IAC

Number 95 31 126 50

Age, Mean ± SD 61.2 ± 13.5 46.5 ± 13.7 57.6 ± 14.4 60.3 ± 16.0

Gender 43F, 52M 11F, 20M 54F, 72M 9F, 41M

Mean IgG4 ± SEM 61.4 ± 7.2* 90.7 ± 20.2* 68.6 ± 7.4 475.8 ± 77.2

Median IgG4 32.1 44.1 37.5 261.0

Range of IgG4 3.4 – 421.0 3.9 – 450.0 3.4 – 450 6.0 – 2490.0

% IgG4 >140mg/dl 10 (10.5%) 7 (22.6%) 17 (13.5%) 39 (78.0%)

% IgG4 >280mg/dl 2 (2.1%) 2 (6.5 %) 4 (3.2%) 25 (50.0%)

B. Validation Cohort

CCA − PSC CCA + PSC All CCA IAC

Number 110 51 161 47

Age, Mean ± SD 66.4 ± 11.7 52.1 ± 11.9 61.9 ± 13.5 55.3 ± 17.4

Gender 42F, 68M 16F, 35M 58F, 103M 13F, 34M

Mean IgG4 ± SEM 64.6 ± 6.3¶ 92.5 ± 16.2¶ 73.4 ± 6.7 277.1 ± 55.2

Median IgG4 43.7 45.7 45.1 190.5

Range of IgG4 0.3 – 383.0 3.0 – 620.0 0.3 – 620.0 7.0 – 905.0

% IgG4 >140mg/dl 10 (9.1%) 10 (19.6%) 20 (12.4%) 30 (63.8%)

% IgG4 >280mg/dl 3 (2.7%) 4 (7.8%) 7 (4.3%) 16 (34.0%)

*
P=0.18;

¶
P=0.11

All CCA = All cases of Cholangiocarcinoma; PSC = Primary Sclerosing Cholangitis; CCA+PSC (CCA with concomitant PSC); CCA−PSC (CCA
without PSC); IAC (IgG4-Associated Cholangitis)
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