
Ava i l ab l e on l i ne a t www.sc i enced i r ec t . com

Journal of Crohn's and Colitis (2013) 7, e35–e41

D
ow

nloaded from
 https
Elevated immunoglobulin G4 level is associated with
reduced colectomy-free survival in patients with
primary sclerosing cholangitis and ulcerative colitis
Udayakumar Navaneethan a,⁎,1, Preethi GK Venkatesh a,2,
Maria Choudhary a,2, Bo Shen a,3, Ravi P. Kiran b,3
://academ
ic.o
a Department of Gastroenterology, Digestive disease Institute, The Cleveland Clinic, Cleveland, OH, USA
b Department of Colorectal Surgery, Digestive disease Institute, The Cleveland Clinic, Cleveland, OH, USA
up.com
/ecco-
Received 11 March 2012; received in revised form 8 April 2012; accepted 8 April 2012
Abbreviations 5-ASA, 5-aminosalic
langiography; IPAA, ileal pouch anal
pancreatocholangiography; OLT, orth
ursodexoxycholic acid.
⁎ Corresponding author at: Digestive

USA. Tel.: +1 216 502 0981; fax: +1 21
E-mail addresses: udhaykumar81@g

1 Study concept and design, paper pr
2 Data monitoring and paper prepara
3 Study design, study concept and cr

1873-9946/$ - see front matter © 2012
doi:10.1016/j.crohns.2012.04.006

jcc/
article/7/2/e35/484774 
KEYWORDS
Primary sclerosing
cholangitis;
Ulcerative colitis;
Liver transplantation;
Immunoglobulin G4

Abstract

Background and aim: Patients with primary sclerosing cholangitis (PSC) and elevated
immunoglobulin (Ig) G4 have been shown to have more severe disease with a shorter time to
orthotopic liver transplantation (OLT). The aim of the study was to investigate the clinical
outcomes of PSC and UC in patients with elevated serum IgG4.
Methods: We analyzed data from 50 patients with PSC and known serum levels of IgG4. They
 by guest on 19 April 2024
were divided into groups called high IgG4 (N112 IU/L; n=10) or normal IgG4 (n=40). We
compared the requirement of OLT and colectomy between groups.
Results: High IgG4 was found in 10 PSC patients (20%). UC was associated in 9/10 patients with
high IgG4 vs. 32/40 patients with normal IgG4 (p=0.67). Patients with high IgG4 were younger
at PSC diagnosis (28.1±13.9 vs. 37.6±13.4 years, P=0.04), more likely to have backwash ileitis
(7/9 vs. 12/32, Pb0.001) and UC flares (median of 5.5 vs. 1.5, P=0.02). Kaplan–Meier curve
analysis showed that patients with elevated IgG4 had reduced colectomy-free survival than
patients with normal IgG4 (Log Rank pb0.001). The median time to colectomy was 5 years from
UC diagnosis in high IgG4 group vs. 12 years in the normal IgG4 group (p=0.01).
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Conclusions: Elevated IgG4 was seen in a small number of PSC patients. Most of these patients
had associated UC, were younger at the time of PSC diagnosis, more likely to have backwash
ileitis and had reduced colectomy-free survival than patients with normal IgG4.
© 2012 European Crohn's and Colitis Organisation. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Primary sclerosing cholangitis (PSC) is a chronic, liver disease
affecting the young and middle aged and is commonly seen in
patients with underlying inflammatory bowel disease (IBD),
most commonly ulcerative colitis (UC).1,2 Approximately 70%
to 80% of patients with PSC have underlying IBD and 1.4% to
7.5% of patients with IBD eventually develop PSC during
their disease course.3 UC patients who have concomitant PSC
present with a unique clinical phenotype with a higher
prevalence of backwash ileitis, pancolitis and colorectal
neoplasia.4–8

In a study from the Mayo Clinic, 9% of patients with PSC
had elevated serum levels of IgG4.9 These patients also had
significantly higher levels of bilirubin, and higher PSC Mayo
risk scores in comparison to patients with normal IgG4.9

Also, the time to orthotopic liver transplantation (OLT) was
significantly shorter in patients with elevated IgG4, com-
pared with patients with normal IgG4 concentration.9 The
authors suggested that PSC patients with elevated IgG4
levels could have a different, more severe disease course. In
their study, IBD was less commonly seen in patients with
elevated IgG4 levels.9

Recent studies suggest that IgG4 may play a role in the
disease process of IBD in patients with or without a history of
pancreatic disease.10,11 We had shown elevated serum IgG4
in patients with chronic pouchitis following ileal pouch anal
anastomosis (IPAA) surgery10 and tissue infiltration of IgG4
positive plasma cells in the pouch and afferent limb in IPAA
patients.11 In addition, we had demonstrated IgG4-
associated ampullitis and cholangiopathy in a patient with
Crohn's disease (CD).12

Given the link between IgG4 and PSC and its role in IBD,
we wanted to explore the role of IgG4 in the subset of PSC
and UC patients. To our knowledge, the role of elevated
serum IgG4 in patients with PSC and UC and their outcomes
have not been studied.

The aims of our study were to compare the outcomes of
PSC and UC in patients with and without elevated IgG4 and
to study the differences in requirement for colectomy and
OLT between the two groups. The secondary outcome was to
study the differences in the prevalence of cholangiocarci-
noma and colon carcinoma between the two groups.
2. Patients and methods

2.1. Patients

The historical cohort study was approved by the Cleveland
Clinic Institutional Review Board. We identified 142 patients
from a prospectively maintained EDIT (Electronic Data Inter-
face for Transplantation) and the retrospectively collected
PSC and UC database over the time period from 2001 to 2011.
We identified 50 patients with serum IgG4measured before the
outcome of colectomy, colon carcinoma, cholangiocarcinoma
or OLT. These 50 patients were included for analysis in the
present study. Patients were divided into two groups: those
with serum IgG4 greater than 112 mg/dl (high IgG4 group) and
those with no elevation of serum IgG4 (Normal IgG4 group).
Among the 50 patients, we identified 42 patients with
associated UC and the remaining 8 patients with PSC alone.
There were no patients with indeterminate colitis or CD
included in the study.

2.2. Inclusion and exclusion criteria

Inclusion criteria were as follows: 1) age older than 18 years
at the time of inclusion in the study and 2) presence of PSC
with or without OLT. Exclusion criteria were patients with
PSC who did not have follow-up at the Cleveland Clinic and
patients with CD and indeterminate colitis.

2.3. Diagnostic criteria

PSC was defined as the presence of intra- and/or extra-
hepatic bile duct abnormalities in the form of beading, duct
ectasia, and stricturing of the intra- or extrahepatic bile
ducts documented in the medical record from endoscopic
retrograde cholangiopancreatography, magnetic resonance
cholangiopancreatography, and/or liver biopsy.1 Small duct
PSC was defined when there were histological features
consistent with PSC on liver biopsy in the absence of
characteristic radiological features, and clinical cholestasis
with persistently elevated serum alkaline phosphatase levels
for greater than 6 months.

The diagnosis of UC was confirmed with characteristic
endoscopic examination of inflammation as well as from
compatible histological examination described before.13

2.4. Demographic and clinical variables

Demographic and clinical variables were studied from patient
medical records including age, gender, smoking and alcohol
history, and family history of IBD, PSC, or liver/colon cancer in
first degree relatives. The clinical variables were defined as
follows—“duration of UC” defined as the time from the
diagnosis of UC to the time of last clinical follow-up, “family
history of IBD”—CD or UC in first degree relatives. “smoking”—
smoking more than 7 cigarettes a week, “Alcohol use” defined
as more than 2 drinks a day, extent of UC “Extensive colitis”—
endoscopic, macroscopic or microscopic evidence of disease
proximal to the splenic flexure.

In patients with concomitant UC, we assessed UC activity
in the last 5 years of the follow-up period before the last
clinic follow-up; type of UC treatment used during the whole
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follow-up period (steroids, azathioprine, biologics (infliximab
and adalimumab) and surgery); severity of disease at last
colonoscopy (before last follow-up), assessed macroscopical-
ly; prevalence of colorectal dysplasia and/or carcinoma; PSC
duration from diagnosis; severity of PSC at last follow-up or
before OLT (serum albumin, bilirubin values and presence of
ascites); outcome (patient alive at last follow-up, dead or had
OLT). With regards to endoscopic assessment of activity, we
used the definition used by Rutter et al.14 A normal appearing
mucosa or chronic changes without acute inflammation was
termed as quiescent disease on endoscopy, while the rest
were termed as active disease. The use of ursodeoxycholic
acid (UDCA) and its dose was obtained from the database.
UDCA was defined by the use of this medication for at
least 50% of the follow-up period. UC flare was defined as the
occurrence of clinical symptoms requiring a short course of
corticosteroids with or without endoscopic confirmation of
inflammation. Information pertaining to UC flares was
obtained for the 5 years of follow-up. The follow-up period
was calculated from the first visit to our institute to the day of
OLT, death or last visit) in the two groups.

The Mayo Risk Score was calculated at entry using the
revised PSC Mayo Risk Score.15 Patients who were followed
up had periodic laboratory data checked every year. For
inclusion in the study, the serum IgG4 levels were to be
measured before the development of end points including
colectomy, OLT, colon carcinoma and cholangiocarcinoma.
We obtained the earliest value available in our institution.
Some patients had serum IgG4 measured several times. In
those patients, the initial value was adopted. Also the IgG4
values were obtained at the time of routine follow-up and
not in patients who had disease flare.

The diagnosis of cholangiocarcinoma was confirmed by
histology. All patients underwent serial colonoscopic sur-
veillance for the development of colonic neoplasia or colon
cancer according to the American College of Gastroenterol-
ogy guidelines.16 Details relating to the number of surveil-
lance colonoscopies for each patient were obtained from the
electronic medical records. The stage of colon cancer was
determined based on the American Joint Committee on
Cancer (AJCC) system.17 Definite dysplasia was graded as
low or high grade based on criteria established by the
Inflammatory Bowel Disease/Dysplasia Morphology Study
Group.18 The highest grade of dysplasia in each patient was
selected for analysis.

All patients had terminal ileal intubation and thus were
equally assessed for terminal ileitis. Backwash ileitis was
defined as the presence of mucosal inflammation proximal to
the ileocecal valve which typically is associated with panco-
litis in patients with UC.19 We classified it as endoscopic
backwash ileitis in which there was contiguous endoscopic
inflammation from the cecum and histologic backwash ileitis
in which there were histologic signs of terminal ileal
inflammation defined by cryptitis, crypt abscesses and
presence of erosions/ulcer.20 The length of involvement of
backwash ileitis varied from 0.5 to 8 cm which was also
recorded. The documentation of backwash ileitis was based on
follow-up endoscopies done at the Cleveland Clinic. If any of
the endoscopies showed backwash ileitis, we classified those
patients as having backwash ileitis.

Serum IgG4 was measured by particle-enhanced immu-
nonephelometry (Dade Behring, Inc, Newark, DE). An
elevated concentration of serum IgG4 was defined by values
greater than 112 mg/dl according to the reference standard
used in our institution. The serum IgG4 was measured at the
time of routine follow-up and not at the times of flares. All
patients had serum IgG4 measured at least 8 weeks after
corticosteroids were stopped for underlying UC to amelio-
rate the effect of corticosteroids on IgG4 levels. We
compared the two groups in terms of associated diseases,
laboratory data and prognosis.

2.5. Outcome measurement

The primary outcome of interest was to compare the
outcomes of PSC and UC in patients with and without
elevated IgG4 to study the differences in requirement for
colectomy and OLT between the two groups. The secondary
outcome was to study the differences in the prevalence of
cholangiocarcinoma and colon carcinoma between the two
groups.

2.6. Statistical analysis

Descriptive statistics were computed for all factors. These
include medians, 25th and 75th percentiles, range or mean
and standard deviation for continuous factors and frequen-
cies and percentages for categorical factors. Wilcoxon's rank
sum tests for continuous factors and Pearson's chi-square or
Fisher's exact tests for categorical factors were used.

Survival rates were estimated using a Kaplan–Meier
approach. Patients who were alive at the time of last
follow-up were censored. Cumulative event occurrence rate
curves were analyzed using the Kaplan–Meier technique
with log-rank test. A significance level of 0.05 was used for
all analyses. R 2.10.1 software (The R Foundation for
Statistical Computing, Vienna, Austria) was used to perform
all analyses.

3. Results

3.1. Demographic and clinical characteristics

The basic demographic and clinical information including
age, sex, race, UC duration from diagnosis, PSC duration
from diagnosis and colonoscopic extent of UC are summa-
rized in Table 1. Patients with PSC were divided into two
groups: 10 with elevated serum IgG4 (high IgG4 group) and
40 with normal IgG4 (normal IgG4 group). High IgG4 was
found in 10 PSC patients (20%). UC was associated in 9/10
patients with high IgG4 vs. 32/40 patients with normal IgG4
(p=0.67) Patients with high IgG4 did not differ in the age
of onset of UC compared to patients with normal IgG4.
(22.0±15.6 vs. 22.1±15.8 years, P=0.88). The median time
interval between UC and PSC diagnosis and serum IgG4
measurement was 8 years.

Patients with high IgG4 were younger at the time of
diagnosis of PSC (28.1±13.9 vs. 37.6±13.4 years, P=0.04).
The distribution of strictures in terms of location (intrahe-
patic, extrahepatic or both) was similar. The mean serum
IgG4 in the high IgG4 group was significantly higher
(695.3±366.0 vs. 29.4±24.5, pb0.001) and the mean



Table 1 Comparison of demographic and clinical variables between PSC patients with or without elevated IgG4.

Variable PSC with normal IgG4
N=40 (80%)

PSC with elevated IgG4
N=10 (20%)

P value

Age (end of follow-up or OLT), years (mean±SD) 49.8±13.0 53.5±12.1 0.1
Male Gender 23 (57.5%) 9 (10%) 0.07
Serum IgG4 (Mean±SD ) 29.4±24.5 695.3±366.0 b0.001
Serum IgG (Mean±SD ) 1403.9±540.2 1933.0±975.9 0.10
Ulcerative colitis 32 (80%) 9 (90%) 0.67
Median Body mass index (g/m2) [(median (interquartile range)] 25.9 (17.2–37) 20.9 (17.9–29.2) 0.01
Smoker
Yes 1 (2.5%) 0 (0%) 0.99
Ex-smoker 3 (7.5%) 0 (0%)

Alcohol
Yes 3 (7.5%) 0 (0%) 0.67
Ex-alcohol use 2 (5%) 0 (0%)

Age at diagnosis of PSC, years [(mean±SD)] 37.6±13.4 28.10±13.9 0.05
Age at diagnosis of UC, years [(mean±SD)] 22.1±14.8 22.0±15.6 0.88
Bile duct involvement
Intrahepatic only 10 (25%) 4 (40%)
Extrahepatic only 9 (22.5%) 0 (0%) 0.25
Intra- and extrahepatic 21 (52.5%) 6 (60%)

Median initial albumin, mg/dl (range) 3.6 (1.6–4.9) 4 (2.5–4.5) 0.15
Median initial bilirubin, mg/dl (range) 1.2 (0.2–25.8) 0.5 (0.2–5.3) 0.19
Mean initial PSC Mayo risk score (SD) 0.82±1.76 −0.19±1.77 0.10
Median initial AST, IU/L (range) 58.5 (9–288) 103 (17–210) 0.71
Median final albumin, mg/dl (range) 3.2 (1.7–4.9) 3.4 (2.9–4.6) 0.53
Median final bilirubin, mg/dl (range) 8.1 (0.3–31.0) 1 (0.4–15) 0.34
Liver transplantation during follow-up 10 (25%) 2 (20%) 1
Age at orthotopic liver transplantation (Mean±SD ) 42.2±14.7 49.5±12.0 0.39
Colectomy during follow-up 21 (52.5%) 9 (90%) 0.1
Age at colectomy, years median (range) 44 (11, 65) 25 (19, 61) 0.15
Azathioprine/6-mercaptopurine 4 (10%) 2 (20%) 0.59
Corticosteroid use 18 (45%) 8 (80%) 0.28
5-Aminosalicylic acid use 12 (30%) 2 (20%) 0.70
Median number of UC flares (Range) 1.5 (0–12) 5.5 (0–20) 0.02
Quiescent disease 18 (45%) 1 (10%) 0.11
Dysplasia
Low-grade 2 (5%) 1 (10%) 0.10
High-grade 4 (10%) 3 (30%)

Colon carcinoma 4 (10%) 1 (10%) 0.10
Dysplasia and/or colon carcinoma 10 (25%) 5 (50%) 0.14
Cholangiocarcinoma 2 (5%) 0 (0%) 1
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serum IgG in the high IgG4 group was higher (1933.0±975.9
vs. 1403.9±540.2, p=0.10).

Patients in the high IgG4 group at the time of initial
referral to our center had similar serum bilirubin, aspartate
aminotransferase and serum albumin as compared to
patients in the normal IgG4 group (Table 1). Their Mayo
PSC risk score (−0.19±1.77 vs. 0.82±1.76, P=0.10) was also
not significantly different from the normal IgG4 group. The
median follow-up period in high IgG4 group was 12 years and
11 years in the normal IgG4 group (p=0.10).

At the end of the follow-up period, the high IgG4 group
had similar serum albumin, and serum bilirubin compared
with the normal IgG4 group. None of our patients had
concurrent autoimmune pancreatitis and/or pancreatic
carcinoma. Two patients (20%) in the high IgG4 group
required OLT compared to 10 (25%) patients in the normal
IgG4 group (p=1).
3.2. Clinical activity of UC

Patients with high serum IgG4 were more likely to have
endoscopic and histologic backwash ileitis (7/9 vs. 12/32,
Pb0.001) and increased median number of UC flares during
the last 5 years of follow-up (5.5 (range 0–20) vs. 1.5 (range
0–12), P=0.02). The median length of backwash ileitis was
not different, 1.6 in the high IgG4 group vs. 1.8 in the normal
IgG4 group (p=1). In terms of UC activity endoscopically, 2/9
(22.2%) patients with high IgG4 had quiescent disease
compared to 18/32 (56.3%) patients with normal IgG4



Figure 2 Comparison of Kaplan–Meier curve for overall
survival in patients with and without elevated serum IgG4. We
did not find any statistically significant difference between both
groups (P=0.94, Log rank test).
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(p=0.27). The use of azathioprine/mercaptopurine was
not significantly different, 2/9 (22.2%) in the high IgG4
group vs. 4/32 (12.5%) in the normal IgG4 group (p=0.59).
Corticosteroid use was also not significantly different
between the high IgG4 and normal IgG4 groups (8/9 [88.9%]
vs. 22 [68.8%], p=0.28). Among 10 patients with elevated
IgG4, 5-aminosalicylates were used in 2 patients and cortico-
steroids were used in 4 patients prior to IgG4 measurement.
In patients without elevated IgG4, 5-aminosalicylates were
used in 12 patients and corticosteroids were used in 6 patients
prior to IgG4 measurement.

3.3. Surgery for UC

The requirement for colectomy was not significantly differ-
ent, 9/9 (100%) in the high IgG4 group vs. 21/32 (65.6%) in
the normal IgG4 group (p=0.17). The median age at
colectomy was 25 years in the high IgG4 group vs. 44 years
in the normal IgG4 group (p=0.15).

3.4. Kaplan–Meier survival analysis

Fig. 1 summarizes the Kaplan–Meier curve and suggested
that patients with elevated IgG4 had shorter colectomy-free
survival than patients with normal IgG4 (Log Rank p=0.026).
The median time to colectomy was 5 years from UC diagnosis
in the elevated IgG4 group as compared to 12 years in the
normal IgG4 group. (p=0.01) Figs. 2 and 3 summarize the
Kaplan–Meier curve for the overall survival and OLT free
survival which was no different in both groups.

3.5. Cholangiocarcinoma, dysplasia and colon cancer

Colon carcinoma and dysplasia was not significantly differ-
ent between the two groups 5/10 (50%) in the high IgG4
group vs. 10/40 (25%) in the normal IgG4 group (p=0.14).
Low grade dysplasia was seen in 3 (30%) vs. 2 (5%), and high
grade dysplasia in 1 (10%) vs. 4 (10%), p=0.10). In the normal
Figure 1 Comparison of Kaplan–Meier curve for colectomy-
free survival in patients with and without elevated serum IgG4.
Patients with elevated serum IgG4 had reduced colectomy free
survival (p=0.026, Log rank test).
IgG4 group, 4 (10%) had developed colorectal cancer, while
in the high IgG4 group 1 (10%) patients developed colorectal
cancer; Two patients (5%) in the normal IgG4 group had
cholangiocarcinoma versus 0 patient in the high IgG4 group
(p=1) (Table 1).
4. Discussion

Our study showed the possible association between elevated
serum IgG4 and the clinical outcome of UC associated with
PSC. We also observed that elevated serum IgG4 was
Figure 3 Comparison of Kaplan–Meier curve for OLT-free
survival in patients with and without elevated serum IgG4. We
did not find any statistically significant difference between both
groups (P=0.59, Log rank test).
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associated with backwash ileitis (both endoscopic and histo-
logic), and reduced colectomy free survival than patients with
normal IgG4. High IgG4 was seen in 20% of PSC patients. The
majority of these patients had associated UC. Although these
patients were younger at the time of PSC diagnosis, their time
to OLT and overall survival was similar to patients with normal
IgG4.

Previous studies have shown that PSC–UC is a distinct
clinical phenotype with a higher prevalence of backwash
ileitis, pancolitis, colorectal neoplasia, and overall a worse
survival than patients without concomitant PSC.4–8 In-
creased serum IgG4 level has been observed in 9% of patients
with PSC and these patients had significantly higher levels of
bilirubin, and higher PSC Mayo risk scores in comparison to
patients with normal IgG4 with shorter time to OLT.9 The
authors suggested that PSC patients with elevated IgG4
levels could have a different, more severe disease course.
Subsequently, increased numbers of IgG4+ plasma cells were
found in 23% of explanted liver specimens from 99 patients
who underwent OLT for PSC and these patients had a higher
likelihood of recurrence of PSC than IgG4-negative PSC.21

Thus elevated serum IgG4 or tissue IgG4 infiltration was
associated with poor liver outcomes for these patients.
Similarly, in a study of explanted livers of 41 PSC patients, 2
(5%) showed IgG4+ plasma cell infiltration.22 However these
patients appeared to be clinically distinct with both having
associated UC and were younger. However the impact of
elevated serum IgG4 on the clinical presentation, course and
outcome of associated IBD has not been explored before.

IgG4 may play a role in the disease process of IBD patients
with or without a history of pancreatic disease. IgG4 was
even studied as a marker to differentiate UC from CD. UC
patients had more IgG4-positive plasma cell infiltration
(10.6 vs. 2.1/high-power field [hpf]) than that in CD and
the number of IgG4+ plasma cells in UC patients correlated
with more severe histologic inflammation.23 Also in our
prospective study of serum IgG4 in IPAA patients, we found
that 8% of patients had elevated serum IgG4, which was
associated with chronic antibiotic refractory pouchitis.10 We
also observed IgG4 plasma cell infiltration in IPAA patients
and the Pouchitis Disease Activity Index (PDAI) endoscopy
score in the pouch was an independent risk factors for the
presence of IgG4+ plasma cell infiltration.11 We observed
that PSC was a significant risk factor for tissue IgG4+ plasma
cell infiltration in univariable analysis, but not in multivar-
iable analysis because of a small number of patients with PSC
in the study.11 Given the relationship between IgG4 and
inflammation in IBD patients after surgery, we wanted to
explore the relationship between serum IgG4 and outcomes
of IBD before surgery.

We observed that elevated serum IgG4 was associated
with endoscopic and histologic backwash ileitis in PSC–UC
patients. Two previous studies have shown an increased
incidence of backwash ileitis in PSC–UC patients compared
with UC patients without PSC.6,7 In contrast to the above
mentioned studies, a recent study reported no difference in
the presence of backwash ileitis in the PSC–UC group when
compared with the UC-only group (10% vs. 7.5%).8 The
discrepant findings may be at partly explained by the varying
criteria used to classify backwash ileitis and sample sizes of
the studies. However we defined backwash ileitis based on
both endoscopy and histology. Whether elevated serum IgG4
is a marker for the presence of backwash ileitis is unclear.
However our study suggests this relationship.

We also found that elevated serum IgG4 patients had a
shorter colectomy free survival than normal IgG4 group.
Colectomy was also more frequent in the high serum IgG4
group. Thus the presence of elevated serum IgG4 could be a
marker of more severe disease sub-type in the PSC–UC.
However our results are different from the Mayo Clinic study
as we did not observe worse liver-related outcomes in our
patients.9 A subsequent study from the Mayo Clinic also
reported that 11.6% of patients with PSC had elevated serum
IgG4 levels and also reported worse liver-related out-
comes.24 This could be explained based on variable time
intervals from the measurement of serum IgG4 and also that
the Mayo risk score was slightly lower in the high IgG4 group
and the follow-up period was not sufficient enough to
observe an adverse outcome. The other possibility is that
the Mayo risk score at diagnosis in patients with elevated
IgG4 was much higher in the study from Mayo Clinic than
patients in our study.9 This could have altered the time
to OLT overall. It was significant that corticosteroids were
used in 80% of patients with elevated serum IgG4 for their
UC and this could have altered the time to OLT in our
group as patients with elevated serum IgG4 and PSC may
respond to corticosteroids. It is a possibility that elevated
serum IgG4 may be secondary to IgG4-associated disease
and these patients with PSC-like biliary lesions have the
same mechanism, without the typical pancreatic findings. If
patients with elevated IgG4 represented autoimmune scle-
rosing cholangitis and not classic PSC, one would expect
them to have more prominent involvement of the lower
common bile duct, rather than changes in the intra- and
extrahepatic bile ducts.25 We did not observe isolated extra-
hepatic bile duct involvement in any of the 10 patients with
elevated serum IgG4. Also IBD was commonly associated with
elevated IgG4 in our group in contrast to IgG4-associated
disease in which IBD is less commonly associated.8,25 Also
none of our patients had pancreatic involvement highlight-
ing that elevation in serum IgG4 in these patients is not a
process similar to IgG4 associated disease.

The prevalence of high IgG4 was 20% in our study which
was higher than 9% as reported from the Mayo Clinic.
However, in a recent study from Europe, elevated IgG4 was
seen in 6/23 (26.1%) of PSC patients similar to our study.26

In our cohort of 142 patients, only 50 had serum IgG4
measured. To account for the possible bias involved in serum
IgG4 measurement, we had compared disease activity in the
50 patients with serum IgG4 measurement and the remaining
92 patients who did not have IgG4 measured. There was no
difference in the disease activity, requirement for colect-
omy and OLT between the two groups (data not shown).

Our study is clinically significant for a number of reasons.
Elevated serum IgG4 is associated with backwash ileitis (both
endoscopic and histologic), increased median UC flares and
reduced colectomy free survival than patients with normal
IgG4. Thus the presence of elevated serum IgG4 as a marker
of PSC–UC patients with poor prognosis for gut related
outcomes needs to be validated in a prospective cohort.

There are certain limitations of our study. The study
population was recruited from a subspecialty tertiary care
referral center. This contributes to a selection bias. The
retrospective nature of our cohort study limited our ability
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to obtain longitudinal data and its inherent study limita-
tions. The results of our study could also be influenced by
Berkson's bias as we had a selected group of patients with
chronic problems which could have contributed to the high
IgG4 and normal IgG4 patients to be systematically different
from each other. However this bias is difficult to adjust for
using statistical methods. Also because of the small sample
size, it is difficult to draw conclusions about the significance
in relation to other variables on multi-variable analysis. Also
patients who had serum IgG4 measured had it measured at
variable time periods. However we attempted to account for
the bias by including patients with IgG4 measured at the
time of follow-up and not at the time of disease flare. Also,
we did not examine the explanted livers for IgG4 cells as the
patients in our cohort had liver transplantation spanning
three decades. Nevertheless, from a large cohort of PSC–UC
patients, we found that elevated serum IgG4 was associated
with backwash ileitis and reduced colectomy free survival.

To conclude, elevated IgG4 was seen in a small number of
PSC patients. Most of these patients had associated UC, were
younger at the time of PSC diagnosis, more likely to have
backwash ileitis and had reduced colectomy-free survival
suggesting more severe colitis than patients with normal
IgG4.
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