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Abstract
Introduction Fibroinflammatory biliary stricture (FIBS) is a rare benign tumor-like process of the extrahepatic bile duct that
masquerades as cholangiocarcinoma.
Methods In order to distinguish this unusual entity from cancer, we performed a systematic analysis of 11 patients with
FIBS. All patients presented with jaundice; six patients had coexisting autoimmune disease. Preoperative evaluation
included computed tomography scan and endoscopic retrograde cholangiopancreatography with benign brush cytology.
Surgical treatment included nine bile duct resections with five concurrent liver resections and two incisional biopsies. Light
microscopy demonstrated fibrous lesions admixed with chronic inflammation.
Results and discussion Immunohistochemistry demonstrated smooth muscle actin expression in all lesions except one; five
tumors exhibited IgG4 positive plasma cells. The lesions were negative for cytokeratin, ALK1, CD21, S100, Ki67, and p53.
Six patients received postoperative immunosuppression. At 41 month median follow-up (range 15–58 months), there was
no evidence of recurrent FIBS in ten patients, while one was lost to follow-up.
Conclusion FIBS is a rare myofibroblastic lesion with an immunohistochemical profile distinct from other epithelial and
stromal neoplasms of the extrahepatic bile duct. A subset of these cases appear to represent IgG4-related sclerosing
cholangitis. Because preoperative cytology is not diagnostic of FIBS, surgical resection remains the mainstay of diagnosis
and treatment, while immunosuppression may reduce the risk of recurrence.
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Introduction

Fibroinflammatory biliary strictures (FIBS) are rare benign
lesions of the extrahepatic bile duct that can masquerade as
cholangiocarcinoma. Because histopathologic examination
is currently required to distinguish between benign and
malignant lesions of the bile duct, resection has become the
method for diagnosis as well as treatment of extrahepatic
biliary strictures. Emerging technologies like endoscopical-
ly directed forceps biopsy (Spyglass™)1, 2-fluoro-2-deoxy-
D-glucose-positron emission tomography,2 contrast-enhanced
MRI,3 and molecular analysis of cytologic specimens4 may
soon have sufficient sensitivity and specificity to identify
benign bile duct lesions nonoperatively. Clinical application
of these technologies requires uniform classification of
benign lesions of the bile duct as well as an understanding
of their natural history, unique pathology, and response to
treatment.

The term “malignant masquerade” was first used by
Hadjis in 1985 to describe the clinical and radiographic
similarities between benign and malignant lesions of the
bile duct.5 Although once thought to be rare, recent data
suggest that benign tumors of the extrahepatic bile duct
cause 8–13.4% of all biliary strictures.6 Verbeek and
Corvera reported unsuspected focal fibrotic strictures
instead of cholangiocarcinoma in 11 of 82 (13.4%) and 22
of 275 (8%) patients, respectively.6,7 Similarly, Wetter
reported eight patients (8%) with benign strictures in a
series of 98 cases of suspected bile duct cancer, including
three cases labeled “idiopathic benign focal stenosis.”8

Published descriptions of benign bile duct tumors6,8,9

include disparate diseases like lymphoplasmacytic scleros-
ing cholangitis associated with autoimmune pancreatitis,10

idiopathic benign focal stenosis,8 periductal fibrosis,11

cholangitis glandularis proliferans,12,13 and inflammatory
pseudotumor.14 Although these reports do not provide a
uniform classification of the underlying bile duct pathology,
the bile duct lesions consistently demonstrate an infiltrating,
non-neoplastic mass associated with chronic inflammation
and fibrosis.

The term “inflammatory pseudotumor” loosely
describes a diverse group of fibroinflammatory diseases
characterized by the growth of an inflammatory mass
which displaces surrounding structures and causes organ
dysfunction related to compression. These inflammatory
lesions were first described in the lung but also have been
reported in the spleen, liver, lymph nodes, and common
bile duct.15,16 The descriptive name arises from the
discrepancy between the macroscopic appearance of the
biliary lesion, suggesting a mass lesion infiltrating the bile
duct, and its histological appearance of inflammation and
fibrosis. Fibroinflammatory disorders are a heterogeneous
group of clinical conditions of unclear etiology including

retroperitoneal fibrosis, sclerosing cholangitis, sclerosing
mesenteritis, and Reidel’s thyroiditis. The pathogenesis of
these lesions has recently been linked to autoimmune
diseases like collagen vascular disease and IgG4- related
sclerosing diseases.17

We selected patients undergoing surgery for suspected
bile duct cancer at the University of Pittsburgh Medical
Center and excluded those with confirmed cancer, classic
intrahepatic primary sclerosing cholangitis, autoimmune
pancreatitis, anastomotic strictures from prior biliary sur-
gery, and choledocholithiasis. We chose the term FIBS to
encompass the remaining group of benign biliary lesions of
the extrapancreatic bile duct, and we summarized the
clinical, radiographic, pathologic, and immunohistochemi-
cal features of this rare entity in 11 patients.

Materials and Methods

Study procedures were approved by the Institutional
Review Board of the University of Pittsburgh. De-
identified medical records were reviewed for demograph-
ics, symptoms, and coexisting medical conditions, results
of radiographic and laboratory evaluations, operative
findings, pathologic diagnosis, medical management, and
postoperative follow-up. Potential cases of FIBS were
screened by two pathologists (AK and JD) using hema-
toxylin and eosin-stained tissue sections. Classic intra-
hepatic primary sclerosing cholangitis, preexisting bile
duct injury or surgery, intrapancreatic duct involvement
by autoimmune pancreatitis, choledocholithiasis, or the
unexpected finding of cholangiocarcinoma precluded a
diagnosis of FIBS. The radiographs and endoscopic
retrograde cholangiograms (ERC) of patients with con-
firmed FIBS were reviewed (M.E.T.) for common diag-
nostic features. Operative reports and frozen section
results were assessed to identify findings unique to this
type of bile duct lesion.

Archived pathology specimens were retrieved to perform
immunohistochemical analysis. Additional formalin-fixed,
paraffin-embedded 4-μm thick sections were cut from avail-
able tissue blocks and processed using the Ventana Benchmark
XT automated platform (Ventana Medical Systems, Inc.,
Tucson, AZ, USA) with established positive and negative
controls. Sections were incubated for 28 min at 37°C with a
panel of primary antibodies (Table 1). Antibody binding was
visualized using the Ventana iVIEW™ detection system
(Ventana Medical Systems, Inc.). Because the frequency of
IgG4-positive cells is not firmly established for IgG4-related
biliary tract disease, we selected a minimum of ten IgG4-
positive plasma cells per hpf consistent with diagnostic
criteria for autoimmune pancreatitis.18 Serum IgG levels were
not measured in our series.
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Results

Clinical and Radiographic Features

Eleven patients were treated for FIBS of the extrahepatic
bile duct between 1998 and 2007. The median age of the
patients was 53 years (range 29–68) with seven females and
four males (Table 2). All patients presented with vague
abdominal pain, jaundice, light-colored stools, and dark urine.
Four patients had coexisting autoimmune diseases at the time
of diagnosis, while two patients were diagnosed with an
autoimmune disease postoperatively. The presenting serum
CEA values were all within normal limits (0.4–2.0 ng/ml),
whereas Ca 19-9 was elevated (>37 U/ml) in three patients
and ranged from 6 to 1,085 (median=33 U/ml).

Computed tomography (CT) was performed in all
patients; radiographic features of bile duct cancer were

seen in eight patients (Table 3, Fig. 1). Four patients had a
definable mass associated with the extrapancreatic bile
duct, while four patients had soft tissue infiltrating the porta
hepatis, five had abnormal-appearing hilar lymph nodes,
and two had vascular encasement or occlusion of the
hepatic artery and/or portal vein. Only one patient had
gallstones; however, five patients had undergone prior
cholecystectomy. Among the five patients with prior
cholecystectomy, no relationship was established with timing
of presentation or location of hemoclips. No additional clips
were noted at surgical exploration which might have indicated
an anatomically challenging prior procedure nor were any
clips noted to be in close proximity to the presenting stricture.
The preoperative CT scans showed residual biliary ductal
dilatation following stenting in eight patients. The sensitivity
and specificity of these CT findings may have been
compromised by prior endoscopic manipulation of the

Table 1 Immunohistochemical Reagents and their Pathologic Significance

Antibody Clone Company Diagnostic significance

Smooth muscle actin (SMA) IA4 Dako, Carpinteria, CA, USA Myofibroblast differentiation
CD34 IOM34 AMAC, Inc., Westbrook, ME, USA Solitary fibrous tumor and stromal tumors
Ki67 (MIB-1) Ki-S5 Dako, Carpinteria, CA, USA Marker of cell proliferation
Pan-cytokeratin Polyclonal Dako, Carpinteria, CA, USA Marker for epithelial differentiation
ALK 1 ALK-01 Ventana Medical Systems, Tuscon, AZ, USA Inflammatory myofibroblastic tumor
CD21 1F8 Dako, Carpinteria, CA, USA Dendritic cell sarcoma
S100 Polyclonal Dako, Carpinteria, CA, USA Neural tumors (schwannomas)
p53 DO7 Dako, Carpinteria, CA, USA Tumor suppressor gene
IgG4 HP6025 Zymed, San Francisco, CA, USA IgG4-positive plasma cells

Table 2 Clinical Presentation and Outcome of Patients with Fibroinflammatory Biliary Stricture

Patient Age (years
old)/Gender

Autoimmune
Disease

CA 19-9
(U/ml)

CEA
(ng/ml)

Procedure IgG4 stain
(cells/HPF)

Medical Treatment Status

1 51 F 34.3 2.0 BDR >10,
ductocentric

Immunosuppression Dead;
Adenocarcinomaa

2 68 M Ulcerative Colitis 88.9 1.3 BDR + HR >50, diffuse Immunosuppression Alive; NED
3 63 M 16.1 0.79 BDR + HR Rare None Alive; NED
4 49 F Scleroderma;

Raynaud’s
6.1 N/A BDR + HR Negative None Dead; NED

5 48 F Rheumatoid arthritis 39.4 <0.5 Biopsy; then BDR
10 months later

Rare Immunosuppression Alive; NED

6 67 M Crohn’s Disease 1085 1.7 BDR + HR >10 Immunosuppression Dead; NED
7 29 F N/A N/A Biopsy N/A None Lost to follow up
8 36 F Reidel’s sclerosing

thyroiditis
26 0.5 Biopsy Rare Immunosuppression Alive; NED

9 42 F 32.5 1.1 BDR + HR Rare None Alive; NED
10 64 F Temporal Arteritis N/A N/A BDR >10,

ductocentric
Immunosuppression Alive; NED

11 68 M 6.3 1.0 BDR >10 None Alive; NED

BDR bile duct resection, HR hepatic resection, NED no evidence of disease
a Died of adenocarcinoma of unknown primary metastatic to the liver 12 months after bile duct resection without evidence of recurrent bile duct
stricture
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biliary tree and biliary stenting. Endoscopic retrograde
cholangiography (ERC) revealed a dominant stricture of
the extrapancreatic bile duct in all patients, and endoscopic
biliary stents were inserted to relieve obstructive jaundice in
all patients (Fig. 2). Brush cytology was performed in ten of
11 patients, and all were negative for malignancy. Five
specimens showed atypical epithelial cells, while five had
reactive or degenerated epithelial cells (two with scant acute
and chronic inflammation).

Operative Management and Follow-up

All patients with FIBS underwent surgical exploration with
the intention of resecting bile duct cancer (Table 2).
Operative findings were generally consistent with the
preoperative suspicion of cholangiocarcinoma. As a result,

nine patients underwent resection of the extrahepatic bile
duct, including five concurrent major hepatic resections for
definitive tumor clearance. Two patients were found to have
unresectable involvement of the porta hepatis and under-
went biopsy of the bile duct to establish a tissue diagnosis.
No discrete pancreatic masses were identified. Frozen
section examination was suspicious for malignancy in only
one case. The remaining cases were classified intraoper-
atively as benign and/or inflammatory. Operative explora-
tion of patients with FIBS demonstrated the following
common features: the bile duct was firm in all cases; the
infiltrative process originated in the mid common bile duct
in six patients and the hilum in five. Eight patients had

Figure 2 ERCP during stent placement shows focal hilar biliary
stricture.

Figure 1 Representative hepatic phase CT shows compressed right
portal vein and infiltrating tumor in an inflammatory myofibroblastic
biliary stricture case presumed to be Klatskin’s tumor preoperatively.

Table 3 CT and ERC Findings in Patients Diagnosed with FIBS

Patient Biliary
Dilatation

Extrapancreatic
BD mass

Soft tissue
infiltration of
porta

Hilar LAD Hepatic Artery/
Portal Vein
Involvement

Gallstones ERC dominant
stricture of bile
duct

Lobar
atrophy

1. No No No Yes No No Yes No
2. Yes No Yes Yes No No Yes No
3. Yes No No No No No Yes Yes
4. Yes Yes (1.2×1.6 cm) Yes No No No Yes No
5. No No No No No Yes Yes No
6. Yes Yes (3.8×2.9 cm) Yes Yes Yes (hepatic

artery encasement)
s/p cholecystectomy Yes No

7. Yes Yes (3.4×3 cm) Yes No No s/p cholecystectomy Yes No
8. Yes No No Yes No s/p cholecystectomy Yes No
9. Yes No No Yes Yes (Right portal vein

thrombus)
No Yes Yes

10. No No No No No s/p cholecystectomy Yes No
11. Yes Yes

(13 mmx9 mm)
No No No s/p cholecystectomy Yes No
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identifiable masses associated with the bile duct, and three
were suspected of having malignant lymphadenopathy. The
mass infiltrated the transverse mesocolon in one case and
appeared to encase the portal vasculature in two cases.

Postoperatively, six patients received immunosuppression
with azathioprine and/or tapered dose prednisone based on
the final pathologic impression of an inflammatory process/
autoimmune disease. After 41 month median follow-up
(range 15–58 months), ten patients were free of recurrent
FIBS, and one was lost to follow-up. Two patients died
without evidence of malignancy. A third patient died
12 months after bile duct resection due to bilobar hepatic
metastases caused by adenocarcinoma of unknown primary.
Re-review of the original cases’ pathologic material did not
identify any evidence of malignancy in the resected bile duct.
It is possible that the malignant biliary stricture was missed
on the initial bile duct resection; however, the presenting
clinical picture of jaundice resolved for 1 year postopera-
tively, and the bile duct resection specimen did contain a
dominant stricture.

Pathologic and Immunohistochemical Characterization

Routine histology of the bile duct lesions exhibited varying
degrees of fibrosis in all cases with a mild to marked

inflammatory infiltrate (Table 4). Five lesions (45%)
demonstrated a lymphocytic and plasma cell infiltrate
centered around the bile duct (Fig. 3a, b). Four additional
lesions (36%) showed an inflammatory cell infiltrate
containing either scattered eosinophils or prominent lym-
phoid follicles with germinal centers. The mixed fibroin-
flammatory process spread beyond the porta hepatis in four
cases (36%) and involved the peripancreatic fat, mesentery,
liver, and colonic serosa (Fig. 3c).

To investigate the biology of these lesions, immunohis-
tochemistry was used to probe for markers of cell
proliferation, neoplastic transformation, and differentiation
including Ki67, pancytokeratin, p53, smooth muscle actin,
CD34, ALK1, CD21, S100, and IgG4 (Table 4). All lesions
except one expressed smooth muscle actin, consistent with
smooth muscle or myoepithelial (myofibroblastic) origin.
Rare ki67 positivity among the stromal cells indicated a low
proliferative index and did not support neoplastic transfor-
mation of a mesenchymal tumor. The focal CD34 labeling
was interpreted as nonspecific antibody binding rather than
evidence for a solitary fibrous tumor or stromal tumor.
Conversely, none of the lesions expressed cytokeratins or
p53 to indicate an epithelial-derived carcinoma like bile
duct cancer. The absence of ALK1, CD21, and S100
expression excluded the remaining tumors in the differen-

Table 4 Pathological Features of Fibroinflammatory Biliary Strictures

Pt Morphologic Features IgG4 stain
(cells/HPF)

SMA CD34 Ki67 Pancytokeratin,
ALK1, CD21,
S100, p53

DELTE THIS
COLUMN Pathologic
Impression

1 Dense periductal fibrosis with mild LP
inflammation and scattered eosinophils

>10, ductocentric Neg Pos (focal) Neg Neg AIC/NFIP

2 Marked fibroinflammatory process with
periductal and perineural LP inflammation

>50, diffuse Pos Pos (focal) Neg Neg AIC

3 Focally marked ductocentric LP
inflammation with fibrosis; polypoid
granulation tissue within duct

Rare Pos Pos (focal) Neg Neg NFIP

4 Mixed fibroinflammatory process Negative Pos Pos (focal) Low Neg IMT
5 Marked fibroinflammatory process

involving mesentery and liver
Rare Pos Pos (focal) Low Neg SM

6 Dense fibrosis with periductal, perivenular
and perineural LP inflammation with
scattered eosinophils

>10 Pos Pos (focal) Neg Neg AIC

7 Mixed fibroinflammatory process N/A N/A N/A N/A S100 Neg IMT
8 Fibroinflammatory process of mesentery,

colonic serosa and peripancreatic fat
Rare Pos Pos (focal) Low Neg SM/RP

9 Dense fibrosis with old (fibrotic) venous
thrombi

Rare Pos Pos (focal) Low Neg NFIP

10 Marked ductocentric LP inflammation with
fibrosis

>10, ductocentric Pos Pos (focal) Low Neg AIC/NFIP

11 Marked ductocentric LP inflammation with
fibrosis

>10 Pos N/A N/A ALK1, S100 Neg ???

Pt patient, HPF high-power field, LP lymphoplasmacytic, SMA smooth muscle actin, NFIP nonspecific fibroinflammatory process, AIC
autoimmune cholangitis, SM sclerosing mesenteritis, RP retroperitoneal fibrosis, IMT inflammatory myofibroblastic tumor
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tial diagnosis of neoplastic bile duct stricture, which
includes spindle cell carcinoma, dendritic cell sarcoma,
and neural tumors arising from the bile duct.

Since fibroinflammatory processes can be caused by a
systemic IgG4-related sclerosing disease, we probed the
available tissue blocks for evidence of IgG4-secreting
plasma cells.12,13 Five tumors had >10 IgG4-positive cells
per hpf (Fig. 3d), all of which had ductocentric lympho-
plasmacytic inflammation indicating IgG4-related scleros-
ing cholangitis (FIBS + IgG4). The remaining six cases did
not contain IgG4-positive plasma cells but possessed a
similar pattern of inflammation and fibrosis (FIBS-IgG4).

Discussion

This report is the first detailed characterization of extrap-
ancreatic bile duct stricture caused by a benign lesion that
we designated “fibroinflammatory biliary stricture.” FIBS
patients presented with signs and symptoms typical of bile
duct cancer including vague abdominal pain and obstruc-
tive jaundice. The median age at the time of diagnosis was
53 years with a 2:1 female preponderance. Six of eleven

patients had coexisting autoimmune diseases. Serum CEA
levels were normal in all patients, while Ca19-9 exceeded
100 U/ml in only one patient (11%). ERC demonstrated a
dominant stricture of the extrapancreatic bile duct in all
patients, while brush cytologies were benign or inconclu-
sive. Operative findings included a thickened bile duct with
an infiltrating mass, the suspicion of malignant adenopathy,
encasement or occlusion of the portal vasculature, and
involvement of adjacent organs. Although these features are
characteristic of cholangiocarcinoma, malignancy was not
identified on any intraoperative frozen sections with the
exception of one sample regarded as suspicious. The final
pathologic diagnosis of FIBS required immunohistochem-
ical analysis of resected tissue. Six patients received
postoperative immunosuppression, four on the basis of
IgG4-positive plasma cells suggesting a component of
IgG4-related sclerosing cholangitis. After 41 months medi-
an follow-up, all patients remained free of disease. Three
died of unrelated causes of which one died of bilobar
hepatic metastases from adenocarcinoma of unknown
primary.

We designated these diverse fibroinflammatory lesions
“FIBS” on the basis of a non-neoplastic pattern of tumor

Figure 3 Pathologic findings. In five of the cases, the chronic
inflammatory infiltrate was centered around the bile duct and its
branches. a In this example, there is a moderate amount of chronic
inflammation present beneath the bile duct epithelium and increased
periductal fibrosis (×40); b At higher magnification, numerous plasma
cells are present within the inflammatory infiltrate (×400). In two
cases, the fibroinflammtory process was predominantly fibrotic, more
diffuse, and involved periductal soft tissue and fat, as well as other

organs, consistent with sclerosing mesenteritis. c In this example,
dense fibrosis and short fibrotic bands are admixed with chronic
inflammatory cells and the fibroinflammatory process infiltrates
adipose tissue (the bile duct is not present in this field) (×40). d
Representative example of an IgG4-postive case showing numerous
IgG4-positive cells beneath the ductal epithelium and within the wall
of the bile duct (IgG4 immunohistochemical stain), consistent with
IgG4-related sclerosing cholangitis (×400).

718 J Gastrointest Surg (2009) 13:713–721



marker expression and low proliferative index. By defini-
tion, FIBS is a subset of benign bile duct tumors unrelated
to autoimmune pancreatitis, primary sclerosing cholangitis,
cholangiocarcinoma, prior bile duct injury or repair, and
choledocholithiasis. Histologically, the FIBS lesion is
composed of spindle cells, fibroblasts, and myoblasts with
varying degrees of fibrosis and lymphoplasmacytic inflam-
matory infiltrate.19 If a defined mass was present, it was
firm and lacked a capsule. By comparison with patients
having bile duct cancer, FIBS patients presented at a
significantly younger age, 53 vs. 69 years old, were more
likely to be female, and had a high incidence of coexisting
autoimmune diseases (54%).20 No FIBS patients had a
serum CEA level >2.2 ng/ml unlike a recently published
cohort of cholangiocarcinoma patients, 69% of whom had
serum CEA >2.2 ng/ml.21 Only one FIBS patient (11%)
had a serum Ca 19-9 level exceeding 100 U/ml, a
diagnostic threshold for cholangiocarcinoma which has
68% positive predictive value. Finally, none of the FIBS
patients had positive endoscopic retrograde cholangiopan-
creatography (ERCP) brush cytology unlike a cohort of
patients with surgically confirmed cholangiocarcinoma,
31% of whom had positive cytology specimens.22

Inflammatory pseudotumors were originally described in
the lung but have also been reported in a variety of
extrapulmonary sites including the liver, omentum, ureters,
lymph nodes.23 The varying degrees of fibrosis and
inflammatory infiltration associated with FIBS is responsi-
ble for confusing nomenclature that includes inflammatory
pseudotumor, inflammatory myofibroblastic tumor (IMFT),
postinflammatory tumor, idiopathic benign focal stenosis,
and nonspecific inflammatory process.6,24–28 The term
“inflammatory pseudotumor” has been used to describe
nonneoplastic lesions of the viscera and soft tissue, and
unfortunately, the same term has been applied to some true
inflammatory neoplasms like dendritic cell tumors29 and
myofibroblastic tumors30 including inflammatory fibrosar-
coma.31 Given such diverse histologies, the biological
behavior of inflammatory pseudotumor is actively debated
in the literature,31,32 although the term is now most
commonly used to describe a “benign nonmetastasizing
proliferation of myofibroblasts with potential for recurrence
and persistent local growth.”32 Long-term follow-up of 38
patients undergoing surgical resection for histopathologi-
cally similar inflammatory tumors of the retroperitoneum
and mesentery demonstrated a 37% local recurrence rate as
well as an 11% rate of distant metastasis. The term
“inflammatory fibrosarcoma” was applied to these lesions
because of their aggressive behavior.31 Cytogenetic abnor-
malities discovered in inflammatory lesions of the mesen-
tery, liver, lung, and soft tissue lesion have been cited as
potential evidence of malignant behavior.33–36 Conversely,
a series of 84 extrapulmonary inflammatory tumors has

been reported with a 15% rate of intra-abdominal recur-
rence but no distant metastases.

The malignant potential of FIBS in the extrapancreatic
bile duct remains unknown due to the rarity of this disease.
These lesions can masquerade as cholangiocarcinoma due
to reactive epithelial hyperplasia, perineural extension, and
involvement of vascular structures and adjacent organs.
These features can be particularly misleading when exam-
ining intraoperative frozen sections due to the limitations of
sample processing and the time constraints of immunohis-
tochemistry. Nonetheless, the absence of cytokeratin,
CD34, CD21, p53, and Ki67 expression among FIBS
patients significantly reduced the likelihood of a neoplastic
diagnosis. Although the development of liver metastases in
one of our patients raised the possibility of missed
cholangiocarcinoma, metastatic adenocarcinoma is not
consistent with malignant degeneration of a benign fibrous
inflammatory tumor because of published data indicating
fibrosarcoma histology in such metastatic deposits.31

The pathological characteristics of FIBS resemble inflam-
matory pseudotumors and are plasma-cell predominant.
Immunohistochemistry may demonstrate muscle-specific ac-
tin and smooth muscle actin expression consistent with
myofibroblasts as well as positivity for anaplastic lymphoma
kinase (ALK), an oncogenic tyrosine kinase.37 Though IgG4-
positive infiltrates have been identified in the IgG4-related
sclerosing diseases of autoimmune sclerosing cholangitis and
autoimmune pancreatitis,38 there is little published data
linking an IgG4-positive sclerosing process with fibrous
inflammatory strictures/tumors of the extrahepatic bile duct.

We subclassified FIBS on the basis of the IgG4 status
of the dense lymphoplasmacytic infiltrate as strictures
with autoimmune cholangitis (FIBS + AC).39,40 Although
primary sclerosing cholangitis is also associated with
autoimmune diseases, the clinical features of FIBS are
distinct from PSC. No patient in this series exhibited either
the characteristic onion-skinning appearance of PSC or
biliary cirrhosis on final pathology. PSC patients show a
slow progression of disease over a 5- to 10-year period
compared to those with inflammatory myofibroblastic
tumors who have a more aggressive natural history and a
focal stricture which generally regresses following immu-
nosuppression.41–43,49

Although the etiology of FIBS is unclear, recent data
suggest that IgG4-related sclerosing pancreatititis and
cholangitis are inflammatory disorders caused by activation
of T helper 2 (Th2) cells and T regulatory cells. Real-time
PCR and immunohistochemistry of human tissues demon-
strate overproduction of Th2 cells and regulatory cytokines,
such as interleukin-10, interferon-γ, and TGF-β, which
precede IgG4 class switching and fibroplasia in autoim-
mune pancreatitis.44 Additional stimuli for cytokine over-
production may include biliary tract infection. Case reports
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of hepatic inflammatory tumors demonstrate parasitic frag-
ments and bacteria, and there is speculation that Ebstein–
Barr virus (EBV) or dendritic cells may be responsible for
FIBS.45,46 Recent data suggest a link between hepatic
stellate cells and the formation of an inflammatory stricture.
Cytokines cause hepatic stellate cells to acquire myofibro-
blast-like features and produce extracellular matrix during
liver fibrogenesis.47 We speculate that the myofibroblasts
observed in FIBS are derived from activated stellate cells
adjacent to the bile ducts which cause fibrogenesis and
extracellular matrix production resulting in stricture forma-
tion. By inhibiting lymphocyte activation and cytokine
production, immunosuppression may prevent the myofibro-
blast transformation of stellate cells and resulting fibro-
genesis. Because platelet-derived growth factor mediates
cytokine-induced signaling and proliferation of stellate
cells, anti-PDGF therapy may offer a targeted approach to
FIBS which will ameliorate the phenotype of this disease
and prevent recurrence after resection.47

Given the potential morbidity of hepatobiliary resection
for suspected bile duct cancer, FIBS should be entertained
in the differential diagnosis of bile duct stricture in
relatively younger patients with coexisting autoimmune
diseases and normal serum tumor marker levels. Negative
or atypical preoperative brush cytology has insufficient
specificity to exclude cholangiocarcinoma in the presence
of a biliary stent, and intraoperative findings may suggest
locally advanced cancer, for which nonsurgical palliation
has a dismal outcome. Until new methods of detecting
cholangiocarcinoma are developed, surgical resection will
remain the mainstay of diagnosis and treatment for presumed
malignant biliary strictures. Recent data indicate that major
postoperative complications develop in 32% of patients
treated for benign biliary stricture with long-term sequelae
of surgery developing in a further 36% of surgical patients.6

The clinical suspicion of FIBS may significantly alter
intraoperative decision-making if frozen sections are nega-
tive for malignancy and a conservative surgical approach is
warranted to permit a short-course of postoperative cortico-
steroid treatment.48,49 The importance of ancillary studies
and extensive pathologic evaluation remains paramount to
rule out true biliary malignancies. The combination of
molecular pathology, including loss of heterozygosity anal-
ysis and gene sequencing for k-ras mutations, and endo-
scopically directed forceps biopsy of the bile duct lesion
(Spyglass™) are promising techniques which may be applied
to the preoperative diagnosis of FIBS.1,4 The testing for
elevated IgG4 in the serum of patients and increased
numbers of IgG4+ cells in preoperative tissue biopsies hold
the potential to render the diagnosis preoperatively in the
future. Given the rare nature of this lesion, the long-term
prognosis and risk of recurrence following surgical treatment
for FIBS remains a subject of active scrutiny.

We acknowledge that this is a rare disorder, and current
management remains surgical resection given that most
cases will represent cholangiocarcinoma. Biliary brushings
and tumor markers are important elements for consideration
in all biliary stricture cases. Currently, we continue to
address resectable lesions operatively and have found that
this diagnosis should be considered with a patient with
normal tumor markers, autoimmune disease, young in age,
and perhaps female presents with a dominant stricture. The
inflammatory elements of this stricture and its common
occurrence with autoimmune disease support the logic of
immunosuppression, and patients are typically followed
with yearly contrast imaging (CT/MRI).
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