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ABSTRACT

Aims: Autoimmune pancreatitis (AIP) and immunoglobulin G4-related sclerosing cholangitis (IgG4-SC) can mimic
pancreatobiliary malignancies, leading to diagnostic delay and malignancy misclassification. We evaluated phenotype-specific
diagnostic delay and associated clinical consequences in a real-world cohort.

Methods: In this retrospective cohort study (2019-2024), 68 adults with type 1 AIP and/or IgG4-SC were classified as combined
ATP with IgG4-SC, isolated AIP, or isolated IgG4-SC. Diagnostic evaluation included cross-sectional imaging, cholangiography,
endoscopic ultrasonography, histopathology, and corticosteroid response. Diagnostic delay, malignancy misclassification, and
three harm domains-major iatrogenic harm, healthcare utilization burden, and documented psychosocial harm-were assessed.
Results: Among 68 patients, 45.6% had combined AIP with IgG4-SC, 41.2% had isolated AIP, and 13.2% had isolated IgG4-SC.
Diagnostic delay was longest in isolated IgG4-SC (median 210 days) compared with combined disease (85 days) and isolated
AIP (70 days) (p<0.001). Malignancy misclassification occurred in 35.3% and was most frequent in isolated IgG4-SC (77.8%;
p=0.012). Unnecessary major surgery occurred in 4.4% and only in isolated phenotypes. Misclassified patients underwent more
endoscopic retrograde cholangiopancreatography procedures (median 3 vs. 1; p<0.001) and biliary stent placements (median 3
vs. 1; p<0.001). Documented psychosocial harm occurred in 26.5% overall and 75.0% of misclassified patients.

Conclusion: Isolated IgG4-SC was associated with the longest diagnostic delay, the highest risk of malignancy misclassification,
and the greatest burden of patient harm. These findings highlight isolated IgG4-SC as the highest-risk phenotype and support
harm-aware diagnostic pathways to reduce unnecessary interventions and improve patient-centered outcomes in IgG4-related
pancreatobiliary disease.
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INTRODUCTION

Autoimmune pancreatitis (AIP) and immunoglobulin G4- major clinical problem in both entities is their close clinical,
related sclerosing cholangitis (IgG4-SC) are the principal = biochemical, and radiological resemblance to pancreatobiliary
pancreatobiliary manifestations of immunoglobulin G4-  malignancies, particularly pancreatic ductal adenocarcinoma

related disease (IgG4-RD), a systemic fibroinflammatory  ,pq cholangiocarcinoma.” Unlike malignant disease, IgG4-
condition characterized by tumefactive lesions, dense

lymphoplasmacytic infiltration rich in IgG4-positive
plasma cells, storiform fibrosis, and a favorable response to
corticosteroid therapy.' Type 1 AIP represents the pancreatic
manifestation of IgG4-RD and is frequently associated with
extrapancreatic involvement, including IgG4-SC, whereas Despite international diagnostic criteria and guideline-based
type 2 AIP is not considered part of the IgG4-RD spectrum  diagnostic algorithms, delays in recognition remain common
and usually presents as isolated pancreatic disease.”” in real-world practice.”® This problem is particularly relevant
IgG4-SC is the biliary manifestation of IgG4-RD and most 1 isolated IgG4-SC, which is often the most diagnostically
commonly occurs together with type 1 AIP; however, isolated ~ challenging phenotype and may be difficult to distinguish
biliary involvement without pancreatic disease is increasingly ~ from cholangiocarcinoma at initial presentation.” As a result,
recognized and represents a distinct diagnostic challenge.* A patients may undergo prolonged diagnostic workup, repeated

related pancreatobiliary disorders usually respond rapidly
to corticosteroid treatment, making early and accurate
diagnosis essential to avoid unnecessary surgical or oncologic
interventions.’
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invasive biliary procedures, and, in some cases, unnecessary
major surgery before the correct diagnosis is established.

Most previous studies have focused on diagnostic criteria,
imaging findings, and treatment response, whereas the
phenotype-specific consequences of delayed diagnosis
and malignancy misclassification have been less well
characterized. In this real-world cohort study, we aimed
to evaluate diagnostic delay and its associated clinical
consequences across three phenotypic groups: combined AIP
with 1gG4-SC, isolated AIP, and isolated IgG4-SC. In doing
s0, we sought to clarify the specific burden of misclassification
in routine clinical practice, particularly in patients with
isolated IgG4-SC.

METHODS
Study Design and Setting

We conducted a retrospective observational cohort study
at a high-volume tertiary referral center with a dedicated
pancreatobiliary multidisciplinary team. The study was
designed and reported in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines. The study protocol was approved by the
Kayseri City Hospital Non-interventional Clinical Researches
Ethics Committee (Date: 26.11.2024, Decision No: 251), and
the requirement for informed consent was waived due to
the retrospective analysis of anonymized clinical data. All
procedures were carried out in accordance with the ethical
rules and the principles of the Declaration of Helsinki.

Patient Selection

All consecutive adult patients (age =18 years) evaluated for
pancreatic or biliary pathology between 1 October 2019 and
1 October 2024 were screened. Eligibility required a final
multidisciplinary team diagnosis of autoimmune pancreatitis,
immunoglobulin G4-related sclerosing cholangitis, or
combined disease, supported by comprehensive clinical,
serological, imaging, endoscopic, and histopathological
documentation.

Patients were excluded for any of the following reasons:

o Histologically confirmed pancreatic ductal
adenocarcinoma, cholangiocarcinoma, or  other
malignancy.

o« A diagnosis of type 2 autoimmune pancreatitis
(idiopathic  duct-centric given its
distinct pathophysiology and lack of association with
immunoglobulin G4-related disease.

pancreatitis),

o Secondary causes of sclerosing cholangitis, including
prior biliary surgery, choledocholithiasis, or ischemic
injury.

o Insufficient clinical documentation to reliably determine
diagnostic timelines.

o  Follow-up duration of less than three months after the
final diagnosis.

Diagnostic Criteria and Phenotypic Classification

Diagnoses were established using established international
diagnostic criteria. Type 1 autoimmune pancreatitis was
diagnosed according to the International Consensus
Diagnostic Criteria, integrating characteristic imaging
findings, elevated serum immunoglobulin G4 concentrations
(>135 mg/dl), extrapancreatic organ involvement,
histopathological features (lymphoplasmacytic infiltration
with more than 10 immunoglobulin G4-positive plasma
cells per high-power field, storiform fibrosis, and obliterative
phlebitis), and/or a documented response to corticosteroid
therapy.

Immunoglobulin G4-related sclerosing cholangitis was
diagnosed using established clinical and guideline-based
criteria incorporating cholangiographic patterns, elevated
serum immunoglobulin G4 concentrations, association with
other immunoglobulin G4-related disease manifestations
(particularly autoimmune pancreatitis), supportive histology
from bile duct or liver biopsy when available, and exclusion of
malignancy.

Cross-sectional imaging (computed tomography and/
or magnetic resonance imaging), cholangiographic
assessment (magnetic resonance cholangiopancreatography
or endoscopic retrograde cholangiopancreatography),
and endoscopic ultrasonography (EUS) were used as
complementary diagnostic modalities. EUS was performed
to assess pancreatic parenchymal and ductal features and
to evaluate focal pancreatic masses or diffuse enlargement.
It was also used to guide tissue acquisition when clinically
indicated. EUS-guided fine-needle aspiration or biopsy was
used to support histopathological evaluation and to exclude
malignancy in selected cases.

Following final diagnosis, patients were classified into three
mutually exclusive phenotypic groups:

o Combined autoimmune pancreatitis with
immunoglobulin G4-related sclerosing cholangitis:
Concurrent pancreatic and biliary involvement fulfilling
diagnostic criteria for both conditions.

o Isolated autoimmune pancreatitis:  Pancreatic
involvement meeting diagnostic criteria in the absence
of biliary strictures or cholangiographic features of
immunoglobulin G4-related sclerosing cholangitis.

o Isolated immunoglobulin G4-related sclerosing
cholangitis: Biliary involvement meeting diagnostic
criteria without pancreatic imaging or histopathological
findings suggestive of autoimmune pancreatitis.

Definitions of Key Timepoints and Outcomes

The index date was defined as the date of the first objective
clinical encounter initiating the diagnostic pathway,
corresponding to the earliest of the following: (a) cross-
sectional imaging (computed tomography or magnetic
resonance imaging) reporting a pancreatic mass, pancreatic
enlargement, or biliary stricture; (b) cholangiography
(magnetic  resonance  cholangiopancreatography  or
endoscopic retrograde cholangiopancreatography) identifying
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a dominant biliary stricture; or (c) specialist referral for
suspected pancreatobiliary malignancy.

The final diagnosis date was defined as the date on which the
multidisciplinary team formally documented the diagnosis of
immunoglobulin G4-related disease and either recommended
disease-specific therapy (such as corticosteroids) or
discontinued malignancy-directed diagnostic evaluation.

Diagnostic delay was defined as the interval, in days, between
the index date and the final diagnosis date.

Malignancy  misclassification =~ was  defined as a
documented provisional diagnosis of pancreatic cancer or
cholangiocarcinoma prior to the final immunoglobulin G4-
related disease diagnosis, accompanied by at least one of the
following criteria: referral to oncology or surgery, planning of
cancer-directed therapy, or performance of invasive staging
procedures for malignancy.

Three domains of harm attributable to diagnostic delay or
malignancy misclassification were predefined and assessed:

o Major iatrogenic harm: Unnecessary major surgery
(such as pancreaticoduodenectomy) or administration
of chemotherapy and/or radiotherapy for presumed
malignancy.

o Healthcare utilization burden: The cumulative number
of invasive diagnostic procedures, including endoscopic
retrograde cholangiopancreatography with biliary stent
placement or exchange, and total hospital admission days
prior to final diagnosis.

o Psychosocial harm: Documentation indicating that a
cancer diagnosis was communicated to the patient or
that psychological support was initiated due to suspected
malignancy.

Data Collection and Management

Data were extracted from electronic health records
using a standardized, piloted case report form. Variables
collected included demographics, presenting features, peak
serum immunoglobulin G4 levels, imaging, endoscopic
ultrasonography, and endoscopic findings, histopathology
reports, treatments, and follow-up data. To ensure data
accuracy, a random sample of 20% of cases underwent
independent re-abstraction by a second investigator, with
discrepancies resolved by consensus involving a third senior
investigator.

Statistical Analysis

Continuous variables are presented as medians with
interquartile ranges and were compared across phenotypic
groups using the Kruskal-Wallis test. Post hoc pairwise
comparisons were performed using the Mann-Whitney U
test with Bonferroni correction for multiple comparisons.
Categorical variables are presented as counts and percentages
and were compared using Fisher’s exact test for comparisons
involving small cell counts and the chi-square test where
appropriate. Primary analyses focused on differences in
diagnostic delay, malignancy misclassification rates, and harm
outcomes across phenotypic groups. Given the modest sample
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size, particularly the small isolated IgG4-SC subgroup (n=9),
and the limited number of outcome events, multivariable
analysis was not performed as it would have been statistically
unstable. A two-sided p<0.05 was considered statistically
significant. All statistical analyses were performed using
IBM SPSS Statistics for Windows, version 28.0 (IBM Corp.,
Armonk, NY, USA).

RESULTS
Patient Selection and Cohort Characteristics

Between 1 October 2019 and 1 October 2024, 107 patients
evaluated for suspected pancreatobiliary disease were
screened for eligibility. After application of the predefined
inclusion and exclusion criteria, 68 patients comprised the
final study cohort (Figure). Exclusions were due to confirmed
malignancy (n=22), type 2 autoimmune pancreatitis (n=3),
secondary sclerosing cholangitis (n=4), insufficient clinical
data (n=7), and follow-up duration of less than three months
(n=3).

Assessed for eligibility
(n=107)

Excluded (n = 39)

» Confirmed malignancy (n = 22)

«Type 2AIP (n=23)

« Secondary sclerosing cholangitis (n = 4)
« Insufficient clinical data (n = 7)

« Follow-up < 3 months (n = 3)

Final study cohort
n=68)

| |

Combined AIP + IgG4-SC Isolated AIP Isolated IgG4-SC
(n=31) (n =28) (n=9)

Figure. Flowchart of patient selection, exclusion criteria, and final phenotypic
classification of the study cohort

Patients were classified into three phenotypic groups:
combined AIP with IgG4-SC (n=31, 45.6%), isolated AIP
(n=28, 41.2%), and isolated IgG4-SC (n=9, 13.2%). Baseline
demographic, clinical, serological, and imaging characteristics
are summarized in Table 1. The overall cohort had a median
age of 65 years (IQR 58-72) and demonstrated a marked male
predominance (80.9%).

Patients with isolated IgG4-SC had the highest median
age (71 years), compared with 64 years in the combined
AIP with IgG4-SC group and 63 years in the isolated
AIP group (p=0.032). Obstructive jaundice was the most
common presenting symptom overall (66.2%) and was most
prevalent in the isolated IgG4-SC group (88.9%). Serum IgG4
concentrations exceeded 135 mg/dl in 88.2% of patients, and
the highest median level was observed in the combined AIP
with IgG4-SC group (478 mg/dl; IQR 298-845).

Cross-sectional imaging was available for all patients.
Endoscopic ultrasonography (EUS) was performed in 49
patients (72.1%), and EUS-guided tissue acquisition was
performed in 31 (45.6%), with no significant differences
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Table 1. Baseline demographic, clinical, and diagnostic characteristics by phenotype

Variable Combined AIP with IgG4-SC (n=31) Isolated AIP (n=28) Isolated IgG4-SC (n=9) p-value
Age, years, median (IQR) 64 (56-71) 63 (55-70) 71 (66-76) 0.032
Male sex, n (%) 26 (83.9) 22 (78.6) 7 (77.8) 0.71
Obstructive jaundice, n (%) 19 (61.3) 14 (50.0) 8 (88.9) 0.041
Serum IgG4 >135 mg/dl, n (%) 29 (93.5) 24 (85.7) 7(77.8) 0.18
Serum IgG4, mg/dl, median (IQR) 478 (298-845) 392 (210-610) 356 (198-502) 0.09
EUS performed, n (%) 23 (74.2) 19 (67.9) 7 (77.8) 0.41
Histopathology obtained, n (%) 25 (80.6) 21 (75.0) 6 (66.7) 0.53
Steroid trial, n (%) 20 (64.5) 16 (57.1) 5 (55.6) 0.62

Values are presented as median (IQR) or number (%). p-values were derived from the Kruskal-Wallis test or Chi-square/Fisher’s exact test, as appropriate.

AIP: Autoimmune pancreatitis, IgG4-SC: Immunoglobulin G4-related sclerosing cholangitis, IQR: Inter quartile range, EUS: Endoscopic ultrasonography

in EUS utilization across phenotypic groups (p=0.41).
Histopathological sampling from any site was obtained in
52 patients (76.5%), and a diagnostic corticosteroid trial was
performed in 41 patients (60.3%), also without significant
between-group differences.

Diagnostic Delay and Malignancy Misclassification

The median diagnostic delay for the entire cohort was 92 days
(IQR 48-180), with significant variation across phenotypic
groups (p<0.001). Patients with isolated IgG4-SC had the
longest diagnostic delay (median 210 days; IQR 132-328),
followed by those with combined AIP with IgG4-SC (median
85 days; IQR 42-138) and isolated AIP (median 70 days; IQR
32-118).

Malignancy misclassification occurred in 24 patients (35.3%)
and was most frequent in the isolated IgG4-SC group,
affecting 7 of 9 patients (77.8%). The corresponding rates were
9 of 31 (29.0%) in the combined AIP with IgG4-SC group and
8 of 28 (28.6%) in the isolated AIP group (p=0.012, Fisher’s
exact test).

Among misclassified patients, EUS was performed in 20 cases
(83.3%), and EUS-guided tissue acquisition was performed in
14 (58.3%).

Harm Outcomes

Harm outcomes attributable to diagnostic delay and
malignancy misclassification are summarized in Table 2.

Major Iatrogenic Harm

Three patients (4.4% of the cohort) underwent unnecessary
major oncologic surgery before the correct diagnosis was
established. Two of these patients belonged to the isolated
IgG4-SC group (22.2%), and one belonged to the isolated
AIP group (3.6%). No patient in the combined AIP with
IgG4-SC group underwent unnecessary surgery (p=0.027).
Clinical characteristics, initial suspected malignancies,
surgical procedures, and final diagnoses of these patients
are summarized in Table 3. All three patients subsequently
achieved complete clinical and biochemical remission after
corticosteroid therapy.

Healthcare Utilization Burden

Across phenotypic groups, the isolated IgG4-SC group
had the highest median number of endoscopic retrograde
cholangiopancreatography (ERCP) procedures and biliary
stent placements (Table 2). In a separate classification-based
analysis, patients who were initially misclassified experienced

Table 2. Diagnostic delay, malignancy misclassification, and harm outcomes by phenotype

Outcome Combined AIP with IgG4-SC (n=31) Isolated AIP (n=28) Isolated IgG4-SC (n=9) p-value
Diagnostic delay, days, median (IQR) 85 (42-138) 70 (32-118) 210 (132-328) <0.001
Malignancy misclassification, n (%) 9 (29.0) 8 (28.6) 7 (77.8) 0.012
ERCP procedures, median (IQR) 2 (1-3) 1(1-2) 4(3-5) <0.001
Biliary stent placements, median (IQR) 2 (1-3) 1(0-1) 4 (3-5) <0.001
Psychosocial harm, n (%) 6(19.4) 5(17.9) 7 (77.8) <0.001

Values are presented as median (IQR) or number (%). p-values were derived from the Kruskal-Wallis test or Fisher’s exact test, as appropriate.

AIP: Autoimmune pancreatitis, IgG4-SC: Immunoglobulin G4-related sclerosing cholangitis, IQR: Inter quartile range, ERCP: Endoscopic retrograde cholangiopancreatography

Table 3. Clinical characteristics of patients undergoing unnecessary major surgery

Case Phenotype Initial suspected malignancy Surgery performed Final diagnosis Steroid response

1 Isolated IgG4-SC Cholangiocarcinoma Hepatic resection IgG4-SC Complete remission
2 Isolated IgG4-SC Cholangiocarcinoma Biliary surgery IgG4-SC Complete remission
3 Isolated AIP Pancreatic cancer Pancreaticoduodenectomy AIP Complete remission

All three patients achieved complete clinical and biochemical remission after corticosteroid therapy.

1gG4-SC: Immunoglobulin G4-related sclerosing cholangitis, AIP: Autoimmune pancreatitis
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a substantially greater procedural burden. They underwent a
median of 3 endoscopic retrograde cholangiopancreatography
procedures (IQR 2-4), compared with 1 (IQR 1-2) among
patients correctly classified at presentation (p<0.001). The
median number of biliary stent placements or exchanges was
also higher in the misclassified group [3 (IQR 2-5) vs. 1 (IQR
0-1); p<0.001].

Psychosocial Harm

Documented psychosocial harm, defined as disclosure of a
cancer diagnosis to the patient or referral for psychological
support, was identified in 18 patients (26.5%). Among
misclassified patients, 18 of 24 (75.0%) had documented
psychosocial harm.

Clinical, radiological, EUS, and pathological characteristics of
the three patients who underwent unnecessary major surgery
are summarized in Table 3.

DISCUSSION

This real-world cohort study shows that diagnostic delay
and initial malignancy misclassification remain clinically
important and harmful problems in AIP and IgG4-SC, despite
the availability of established diagnostic criteria and guideline-
based algorithms. Three main findings can be highlighted.
First, diagnostic delay was substantial and strongly phenotype
dependent, with the longest delays observed in patients with
isolated IgG4-SC. Second, malignancy misclassification was
common overall and was concentrated in this same high-risk
subgroup. Third, diagnostic misclassification translated into
tangible patient harm, including unnecessary major surgery,
repeated invasive procedures, and documented psychosocial
burden.

The marked prolongation of diagnostic delay in isolated
IgG4-SC, compared with isolated AIP and combined
disease, quantifies a well-recognized diagnostic blind spot.
In the absence of pancreatic involvement, IgG4-SC often
lacks the characteristic imaging findings that prompt early
consideration of [gG4-related disease, making differentiation
from cholangiocarcinoma particularly difficult.”"* Although
prior studies have highlighted cholangiographic patterns and
serum IgG4 thresholds as potentially useful diagnostic aids,
these features are neither uniformly present nor sufficiently
specific to reliably exclude malignancy."”" Our findings extend
this literature by showing that, in routine clinical practice,
these limitations are associated with clinically meaningful
delays, particularly in patients with isolated IgG4-SC.

Initial misclassification as pancreatobiliary malignancy
affected more than one-third of the overall cohort and
nearly 80% of patients with isolated IgG4-SC. This finding is
consistent with previous reports identifying isolated IgG4-
SC as the phenotype at highest risk for an erroneous cancer
diagnosis."”'* Importantly, our study goes beyond descriptive
misclassification rates by examining the downstream clinical
consequences of such errors. Although the absolute number of
patients undergoing unnecessary major surgery was small, the
proportion observed within the isolated IgG4-SC subgroup
is clinically relevant and underscores that even infrequent
diagnostic failures may result in irreversible harm."”'” Recent
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studies have further emphasized the diagnostic complexity
of isolated IgG4-SC and the need for improved recognition
and more structured diagnostic pathways.”” Endoscopic and
imaging-based diagnostic approaches have also evolved,
highlighting the growing role of advanced endoscopic
evaluation in challenging pancreatobiliary IgG4-related
disease.”’ In parallel, contemporary reviews have reinforced
the persistent difficulty of distinguishing IgG4-SC from
malignant biliary disease in routine clinical practice.”
International diagnostic and classification criteria have
been developed to improve diagnostic accuracy and reduce
unnecessary surgery.”’

A key contribution of this study is the expansion of the concept
of harm beyond surgical outcomes alone. Patients who were
misclassified experienced a substantially greater burden of
healthcare utilization, including repeated ERCP procedures
and multiple biliary stent placements. In IgG4-SC, prolonged
biliary stenting is not without risk and may be associated
with recurrent cholangitis, stent dysfunction, and cumulative
procedural morbidity.”* In addition, three-quarters of
misclassified patients had documented psychosocial burden.
Diagnostic uncertainty is further compounded by the limited
utility of available biomarkers and the broader clinical
heterogeneity of autoimmune pancreatitis and related biliary
manifestations.”” This combination likely contributes to
repeated interventions, prolonged diagnostic workup, and the
non-operative harm observed in routine practice.

Our results, however, suggest that adherence to criteria alone
may not always be sufficient in routine clinical practice,
particularly when isolated biliary disease predominates.
Serum IgG4 elevations below highly specific thresholds,
indeterminate cytology, and nonspecific imaging findings
frequently perpetuate diagnostic ambiguity. Although a
corticosteroid trial may be diagnostically informative in
selected patients, its use requires careful governance because
rare clinical or biochemical improvement has also been
reported in malignant disease.”” More recent consensus
updates have similarly emphasized the need for careful
diagnostic integration and cautious steroid use in suspected
autoimmune pancreatitis.”’ Taken together, our findings
support a harm-aware diagnostic strategy that incorporates
early multidisciplinary review, timely tissue acquisition
when feasible, and closely supervised steroid trials only after
malignancy has been reasonably excluded.

Limitations

The strengths of this study include its real-world design,
systematic adjudication of diagnostic timelines and harm
outcomes, and explicit focus on patient-relevant consequences
of diagnostic misclassification. Several limitations should also
be acknowledged. The retrospective, single-center design may
limit generalizability and is subject to referral bias, potentially
enriching the cohort with diagnostically complex cases. The
small size of the isolated IgG4-SC subgroup (n=9) precluded
multivariable analysis; therefore, residual confounding may
exist. Psychosocial burden was identified through clinical
documentation rather than validated instruments, which may
have led to underestimation of its true prevalence and impact.
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CONCLUSION

In this contemporary real-world cohort, diagnostic delay
and malignancy misclassification in AIP and IgG4-SC,
particularly in isolated IgG4-SC, remained important and
potentially avoidable sources of patient harm. Even when
unnecessary surgery was uncommon, the cumulative burden
of repeated invasive procedures, prolonged diagnostic
uncertainty, and psychosocial burden was substantial.
Improved recognition of high-risk phenotypes such as
isolated IgG4-SC may help reduce diagnostic delay, minimize
avoidable harm, and improve patient-centered care in IgG4-
related pancreatobiliary disease.
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