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Abstract

BACKGROUND

Autoimmune pancreatitis (AIP) has been linked with elevated immunoglobulin
(Ig) G4 levels. The characteristics and outcomes of AIP based on serum markers
have not been fully evaluated.

AIM
To compare clinical features, treatment efficacy, and outcome of AIP based on
serum IgG4 levels and analyze predictors of relapse.

METHODS

A total of 213 patients with AIP were consecutively reviewed in our hospital from
2006 to 2021. According to the serum IgG4 level, all patients were divided into
two groups, the abnormal group (n = 148) with a high level of IgG4 [> 2 x upper
limit of normal (ULN)] and the normal group (n = 65). The t-test or Mann-
Whitney U test was used to compare continuous variables. Categorical para-
meters were compared by the y? test or Fisher’s exact test. Kaplan-Meier curves
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and log-rank tests were established to assess the cumulative relapse rates. Univariate and multivariate analyses
were used to investigate potential risk factors of AIP relapse.

RESULTS

Compared with the normal group, the abnormal group had a higher average male age (60.3 £ 10.4 vs 56.5 £ 12.9
years, P = 0.047); higher level of serum total protein (72.5+7.9 g/L vs 67.2+7.5 g/L, P < 0.001), IgG4 (1420.5 =
1110.9 mg/dL vs 252.7 + 106.6 mg/dL, P < 0.001), and IgE (635.6 + 958.1 IU/mL vs 231.7 + 352.5 IU/mL, P = 0.002);
and a lower level of serum complement C3 (100.6 + 36.2 mg/dL vs 119.0 £ 45.7 mg/dL, P = 0.050). In addition, a
lower number of cases with abnormal pancreatic duct and pancreatic atrophy (23.6% vs 37.9%, P = 0.045; 1.6% vs
8.6%, P = 0.020, respectively) and a higher rate of relapse (17.6% vs 6.2%, P = 0.030) were seen in the abnormal
group. Multivariate analyses revealed that serum IgG4 [(> 2 x ULN), hazard ratio (HR): 3.583; 95% confidence
interval (CI): 1.218-10.545; P = 0.020] and IgA (> 1 x ULN; HR: 5.908; 95%CI: 1.199-29.120; P = 0.029) and age > 55
years (HR: 2.383; 95%Cl: 1.056-5.378; P = 0.036) were independent risk factors of relapse.

CONCLUSION
AIP patients with high IgG4 levels have clinical features including a more active immune system and higher
relapse rate. Several factors, such as IgG4 and IgA, are associated with relapse.
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Core tip: Our findings suggested that patients with a high immunoglobulin (Ig) G4 level had different clinical features
including a more active immune system and higher relapse rate. Patients with normal IgG4 level still require attention
because they have a high incidence of jaundice and pancreatic atrophy. Some factors were identified as risk factors for
relapse, such as age > 55 years [hazard ratio (HR) 2.383; 95% confidence interval (CI) 1.056-5.378; P = 0.036], high 1gG4
level [> 2 x upper limit of normal (ULN) (HR 3.583; 95%CI 1.218-10.545; P = 0.020) and high IgA level (> 1 x ULN) (HR
5.908; 95%CI 1.199-29.120; P = 0.029).
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INTRODUCTION

Autoimmune pancreatitis (AIP) has recently become a cause of global health concern[1,2]. It is characterized by elevated
serum immunoglobulin (Ig) G4 levels and an enlarged pancreas based on diagnostic imaging. AIP is a form of chronic
pancreatitis that was initially introduced in 1995 by Yoshida et al[3]. However, understanding of the pathology was
limited since then until Hamano et al[4] introduced the role of IgG4 in AIP.

IgG4 has unique properties, unlike other immunoglobulin subtypes. Among the four IgG subclasses, IgG4 levels are
the lowest, accounting for about 5% of total IgG in a healthy adult. IgG4 inhibits the formation of immune complexes
through fab-arm exchange and does not affect the classical complement pathway[5]. A correlation between the IgG4
concentration and chronic inflammatory processes and disease severity has been established; the role of IgG4 and disease
pathogenicity has also been proposed in previous studies[6,7]. Elevated IgG4 levels have also been observed in
autoimmune diseases, such as rheumatoid arthritis, and patients with high IgG4 levels have shown a unique clinical
profile[8]. Although the etiology is not fully elucidated, the role of IgG4 in AIP pathogenesis was highlighted as a
potential diagnostic marker and predictor of relapse[9-13].

A favorable response despite frequent relapse in the long term is generally seen in patients with AIP receiving steroid
therapy. To date, the risk factors of relapse remain controversial. According to an epidemiological survey in Japan, > 20%
of patients diagnosed with AIP experienced relapse at least once. It was less likely that the initial steroid doses and serum
IgG4 level affected the appearance of relapse[1], while another study reported a higher relapse rate in patients with AIP
having high IgG4 levels[14]. In addition, a cohort study highlighted IgG4-related sclerosing cholangitis as a predictor of
relapse[15]. In the present retrospective cohort study, we compared the clinical characteristics of patients with AIP based
on the serum IgG4 level and analyzed the potential risk factors of relapse.
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MATERIALS AND METHODS

Ethics

This was a single-center retrospective study performed at the First Medical Center of Chinese PLA General Hospital. The
research protocol was approved by the Ethical Committee of Chinese PLA General Hospital (52022-330-01).

Study design and population

A total of 308 patients from 2006 to 2021 were reviewed consecutively (Figure 1). Ninety-five patients were excluded due
to other chief diagnoses (1 = 20), insufficient data (n = 31), and non-fulfillment of the International Consensus Diagnostic
Criteria (ICDC; n = 44). Eventually, 213 patients diagnosed with AIP according to ICDC were enrolled. All enrolled
patients were divided into two groups based on serum IgG4 levels: normal group [IgG4 < 402 mg/dL, 2 x upper limit of
normal (ULN)] and abnormal group (IgG4 > 402 mg/dL)[16].

Demographic characteristics of age, sex, and duration of hospitalization were evaluated. Clinical manifestations
included predispositions, symptoms, such as abdominal pain, and involvement of other organs. Weight loss was defined
as > 5 kg in the past 3 mo. Extrapancreatic lesions were diagnosed by the IgG4-RD criteria, 2021[17]. Results of blood
routine examination, biochemistry, coagulation, and immunological tests were collected. Radiological findings were
analyzed from computed tomography (CT), magnetic resonance imaging, and endoscopic retrograde cholangiopan-
creatography/magnetic resonance cholangiopancreatography. The maximum standard uptake value (SUV-max) of
positron emission tomography/CT (PET/CT) was also compared. The effectiveness of treatment was based on patient
symptoms and serological and radiological results. Relapse was defined as the reoccurrence of symptoms, abnormal
serological results, or the presence of imaging lesions.

Statistical analysis

The t-test or Mann-Whitney U test was used to compare continuous variables, which were presented as mean + SD or
median interquartile range. Categorical parameters were compared using the y? test or Fisher’s exact test. Kaplan-Meier
curves and log-rank tests were used to assess cumulative relapse rates and univariate and multivariate Cox regression
models were performed, respectively. Baseline variables that were considered clinically relevant and showed a univariate
relationship with outcome were entered into the multivariate Cox regression model. Variables for inclusion were
carefully chosen, considering the number of available events, to ensure the parsimony of the final model. P < 0.05 was
considered statistically significant. All statistical analyses were performed using GraphPad Prism 9.0 and SPSS 26.0. The
statistical review of this study was performed by a biomedical statistician.

RESULTS

Demographic characteristics

Baseline data are summarized in Table 1 and Supplemental Figures 1-3. There were 65 and 148 patients in the normal and
abnormal groups, respectively. There were 189 patients with type 1 AIP and 24 with type 2 AIP. The ratio of men to
women was 3.06 and 3.63 in the two groups (P = 0.722), respectively. There was no significant difference in the mean age
between the two groups (59.8 + 11.0 years vs 57.4 + 12.6 years, P = 0.163). However, the average age of men in the
abnormal group was higher than that in the normal group (60.3 + 10.4 years vs 56.5 £ 12.9 years, P = 0.047). The duration
from onset to diagnosis (78.4 £ 71.7 d vs 93.1 £ 124.8 d, P = 0.686) and the days of hospitalization (16.5 + 8.7 d vs 15.6 £ 9.0
d, P = 0.351) were similar between the normal and abnormal groups.

Clinical manifestations

Most patients in the normal and abnormal groups had no obvious causes before their onset (86.2% vs 84.5%, P = 0.750;
Table 2). The frequency of patients’ chief complaints including abdominal pain, jaundice, abdominal distension, and
pruritus of patients was similar in the two groups (36.9% vs 42.6%, P = 0.440; 30.8% vs 28.4%, P = 0.724; 16.9% vs 20.9%, P
=0.497;9.2% vs 14.9%, P = 0.263, respectively). It is noteworthy that seven patients in the abnormal group visited a doctor
because of diarrhea, whereas no patient in the normal group went to the hospital for diarrhea (4.7% vs 0%, P = 0.104). The
incidence of weight loss was 52.3% and 50.7% in the normal and abnormal groups, respectively (P = 0.826). With regard
to extrapancreatic lesions, sclerosing cholangitis was the most common disease with a similar prevalence rate between the
normal and abnormal groups (30.8% vs 37.2%, P = 0.368).

Serology results

Laboratory findings are shown in Table 3. The proportion of white blood cells was different between the two groups.
Patients in the abnormal group had a higher percentage of eosinophils (6.2 + 5.4% vs 3.9 + 3.4%, P = 0.001) and a lower
percentage of neutrophils (56.1 £ 10.3% vs 61.8 + 11.1%, P = 0.001). The total protein level was higher in the abnormal
group (72.5+79¢g/Lvs67.2+7.5¢g/L, P <0.001) and serum albumin level was lower (36.7 +4.6 g/Lvs39.4 58 g/L, P =
0.001). The thrombin time was also longer in the abnormal group (17.4 +1.6 s vs16.9 £1.2 s, P = 0.012). With regard to the
immunological tests, patients in the abnormal group had higher levels of IgE (635.6 + 958.1 IU/mL vs 231.7 £ 352.5 IU/
mL, P = 0.002), four IgG subtypes (IgG1, 935.8 + 319.9 mg/dL vs 872.6 + 371.8 mg/dL, P = 0.045; IgG2, 638.6 + 241.6 mg/
dL vs 450.4 + 174.0 mg/dL, P < 0.001; IgG3, 53.6 + 58.4 mg/dL vs 42.70 + 43.37 mg/dL, P = 0.034; IgG4, 1420.5 + 1110.9
mg/dL vs 252.7 + 106.6 mg/dL, P < 0.001), and two subtypes of free light chain [(FLC)-x, 569.6 + 252.5 mg/dL vs 306.1 +
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Table 1 Demographic characteristics of patients in the two groups

Normal group (n = 65) Abnormal group (n = 148) P value
Male (1, %) 49 (75.4) 116 (78.4) 0.722
Ratio (men to women) 3.06 3.63 0.722
Age (yr) 57.4+12.6 59.8 £11.0 0.163
Age of men 56.5+12.9 60.3 +10.4 0.047°
Age of women 60.1+11.8 57.94+£12.9 0.572
Duration before diagnosis (d) 784+71.7 93.1+124.8 0.686
Lengths of stay (d) 16.5+8.7 15.6+9.0 0.351

P < 0.05 vs normal group.

Table 2 Clinical symptoms of patients in the two groups (n, %)

Normal group (n = 65) Abnormal group (n = 148) P value
Inducements
No obvious cause 56 (86.2) 125 (84.5) 0.750
Greasy food intake 7 (10.8) 16 (10.8) 0.993
Alcohol intake 2(3.1) 5(3.4) 0.910
Initial symptoms
Abdominal pain 24 (36.9) 63 (42.6) 0.440
Jaundice 20 (30.8) 42 (28.4) 0.724
Abdominal distension 11 (16.9) 31 (20.9) 0.497
Pruritus 6(9.2) 22 (14.9) 0.263
Diarrhea 0(0.0) 7 (4.7) 0.104
Accompanied symptoms
Jaundice 46 (70.8) 86 (58.1) 0.080
Abdominal pain 28 (43.1) 70 (47.3) 0.569
Pruritus 15 (23.1) 37 (25.0) 0.764
Abdominal distension 11 (16.9) 34 (23.0) 0.319
Loss of weight 34 (52.3) 75 (50.7) 0.826
Extrapancreatic lesions
Sclerosing Cholangitis 20 (30.8) 55 (37.2) 0.368
Salivary and lacrimal gland 7 (10.8) 26 (17.6) 0.207
Retroperitoneal fibrosis 3 (4.6) 6(4.1) 0.851
Kidney 4(6.2) 10 (6.8) 0.870
Lung 1(1.5) 2 (1.4) 0.915

99.7 mg/dL, P < 0.001; FLC-A, 282.5 + 124.5 mg/dL vs 176.4 + 63.4 mg/dL, P < 0.001)]. A lower complement C3 level
(100.6 £+ 36.2 mg/dL vs 119.0 + 45.7 mg/dL, P = 0.050) and a faster erythrocyte sedimentation rate (21.1 + 20.1 mm/h vs
43.4 +28.6 mm/h, P = 0.002) were noted in the abnormal group. Positive rate of serum antinuclear antibody was similar
in the normal and abnormal groups (12.5% vs 20.0%, P = 0.298).

Radiology examinations

AIP can be categorized as diffuse or focal type based on the extent of pancreatic enlargement in the radiological examin-
ations (Table 4). In the normal group, 33 of 58 (56.9%) cases were diffuse type and 16 (27.6%) were focal type. In the
abnormal group, 86 (67.7%) of 127 cases were diffuse type and 24 (18.9%) were focal type. The capsule-like rim was
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Table 3 Laboratory results of patients in the two groups (n, %)

Normal group (n = 65) Abnormal group (n = 143) P value
Hb (g/L) 126.3+16.8 126.8 £14.6 0.828
WBC (x 10°/L) 65+22 58+18 0.026
NEUT 618 +11.1 56.1+103 0.001°
LY 268+9.8 29.2+82 0.071
EOS 39+34 62+54 0.001°
BASO 0.6 +04 08+05 0.003°
PLT (x 10°/L) 2129+ 833 218.6 +75.0 0.621
TP (g/L) 672+7.5 725+7.9 <0.001°
ALB (g/L) 39.4+58 36.7 £4.6 0.001°
TT (s) 169+1.2 17.4£1.6 0.012°
IgG1 (mg/dL) 872.6 +371.8 935.8 +319.9 0.045°
IgG2 (mg/dL) 450.4 +174.0 638.6 + 241.6 <0.001°
IgG3 (mg/dL) 4270 +43.37 53.6 +58.4 0.034°
IgG4 (mg/dL) 252.7 +106.6 1420.5+1110.9 <0.001°
IgE (IU/mL) 231.7 +352.5 635.6 + 958.1 0.002°
IgG (mg/dL) 1323.6 £ 503.9 2062.1+918.9 <0.001°
FLC-x (mg/dL) 306.1+99.7 569.6 + 252.5 <0.001°
FLC-A (mg/dL) 176.4 + 63.4 282.5+124.5 <0.001°
C3 (mg/dL) 119.0 £ 45.7 100.6 +36.2 0.050
ESR (mm/h) 21.1+20.1 43.4+28.6 0.002°
ANA (positive) 5 (12.5) 19 (20.0) 0.298
CA19-9 (abnormal) 33 (53.0) 73 (52.0) 0.887

4P < 0.05 vs normal group. Hb: Hemoglobin; WBC: White blood cell; NEUT: Neutrophil; LY: Lymphocyte; EOS: Eosinophil; PLT: Hemoglobin; BASO:
Basophil; TP: Total protein; ALB: Albumin; TT: Thrombin time; FLC: Free light chain; ANA: Antinuclear antibody; CA19-9: Carbohydrate associated
antigen 19-9; Ig: Immunoglobulin; C3: Complement C3; ESR: Erythrocyte sedimentation rate.

observed in 10 (17.2%) and 30 (23.6%) cases in the normal and abnormal groups, respectively (P = 0.328). Pancreatic duct
images showed that the prevalence of abnormalities (stricture or dilatation) was significantly higher in the normal group
(37.9% vs 23.6%; P = 0.045). Hypodense kidney lesions were seen in 11 (8.7%) cases in the abnormal group and four (6.9%)
cases in the normal group (P = 0.683). The incidence of pancreatic atrophy was significantly higher in the normal group
(8.6% vs 1.6%, P = 0.020). The two groups had similar SUV-max according to PET/CT [normal group: 4.55 (3.725-6.25) vs
abnormal group: 5.35 (4.025-6.475), P = 0.260].

Remission and relapse

Different therapies for AIP were given to patients in the two groups (Table 5, P = 0.029). In the normal group, 26 (40.0%)
patients received steroid monotherapy, 14 (21.5%) received steroids plus immunomodulators, 12 (18.5%) underwent
endoscopy or surgery, and 13 (20.0%) received other therapies such as hepatic protectors. The median duration and dose
of prednisolone therapy were 8 (6-9) wk and 40 (30-50) mg/d. In the abnormal group, 81 (54.7%) patients received
steroid monotherapy, 30 (20.3%) received steroids plus immunomodulators, nine (6.1%) underwent endoscopy or
surgery, and 28 (18.9%) received other therapies. The median duration and dose of prednisolone therapy were 8 (6-9) wk
(P =0.200) and 42.5 (40-100) mg/d (P = 0.750). Only three patients in the abnormal group did not achieve remission; all of
whom received steroid monotherapy: one patient had persistent symptoms and two had prolonged abnormal transa-
minase levels.

During the median follow-up period of 53 mo, 30 patients experienced at least one episode of relapse in the normal and
abnormal groups [4 (6.9%) vs 26 (19.1%), P = 0.031]. Of the 26 patients in the abnormal group, five (19.2%) had a relapse in
extrapancreatic organs (P = 0.337). The cumulative relapse rates at 1 and 3 years were 3.8% and 11.0%, respectively, for
the abnormal group and 2.0% and 6.9%, respectively, for the normal group (log-rank test, P = 0.023, Figure 2). Among the
30 patients with relapse, one (25.0%) of four in the normal group and 15 (57.7%) of 26 in the abnormal group received
steroid monotherapy as their initial treatment (P = 0.129). Four (15.4%) of 26 relapse cases in the abnormal group
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Table 4 Radiological results of patients in the two groups (n, %)

Normal group (n = 65) Abnormal group (n = 127) P value
Parenchymal imaging
Diffuse type 33 (56.9) 86 (67.7) 0.154
Focal type 16 (27.6) 24 (18.9) 0.227
Normal 9 (15.5) 17 (13.4) 0.699
Capsule-like rim 10 (17.2) 30 (23.6) 0.328
Others
Bile duct enhancement 15 (25.9) 44 (34.7) 0.234
Hypo-dense lesion in kidney 4(6.9) 11 (8.7) 0.683
Pancreatic atrophy 5 (8.6) 2 (1.6) 0.020°
Retroperitoneal fibrosis 3(5.2) 1(0.8) 0.057
Pancreatic pseudocyst 1(1.7) 3(24) 0.782
Pancreatic ductal imaging
Stricture or dilatation 22 (37.9) 30 (23.6) 0.045"
Normal 36 (62.1) 97 (76.4)
SUV-max 4.55 (3.725-6.25) 5.35 (4.025-6.475) 0.260

P < 0.05 vs normal group. SUV-max: Maximum standard uptake value.

Patients having AIP diagnosis were reviewed (1 =
308)

Twenty patients were excluded
as they have other chief diagnosis

AIP was the chief diagnosis (17 = 288)

Thirty-one patients were excluded
as their insufficient data

Patients with sufficient data (7 = 257)

Forty-four patients were excluded
as they can not meet the ICDC

Patients with AIP based on the ICDC (17 = 213)

DOI: 10.3748/wjg.v29.i35.5125 Copyright ©The Author(s) 2023.

Figure 1 Flow diagram of the study design. A total of 308 patients were reviewed. Ninety-five patients were excluded due to other chief diagnoses (n = 20),
insufficient data (n = 31), and non-fulfillment of the international consensus diagnostic criteria (n = 44). AIP: Autoimmune pancreatitis; ICDC: International consensus
diagnostic criteria.

experienced more than one relapse (P = 0.399). The median relapse duration in the normal and abnormal groups was 25
(13.5-52.3) and 43 (16.3-72) mo, respectively (P = 0.442). Three (75.0%) of four cases in the normal group and 20 (76.9%) of
26 cases in the abnormal group received corticosteroids for relapse (P = 0.410). All patients responded well to treatment.

Univariate and multivariate analyses
Univariate and multivariate Cox regression models were performed to predict the risk factors for AIP relapse (Figure 3).

Univariate analyses revealed an association between relapse and age > 55 years [hazard ratio (HR): 2.254; 95% confidence
interval (CI): 1.074-4.731; P = 0.032)]. Similarly, serum IgG4 levels (> 402 mg/dL, 2 x ULN) and IgA levels (> 400 mg/dL,
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Table 5 Remission and relapse of patients in the two groups (n, %)

Normal group (1 = 65) Abnormal group (n = 148) P value
Managements
Methods
Steroid monotherapy 26 (40.0) 81 (54.7) 0.029"
Steroid and immunomodulator 14 (21.5) 30 (20.3)
Endoscope or surgery 12 (18.5) 9 (6.1)
Others' 13 (20.0) 28 (18.9)
Duration of steroid (wk) 8 (6-9) 8 (6-9) 0.750
Dose of steroid (prednisolone, mg/d) 42.5 (40-100) 40 (30-50) 0.200
Remission 65 (100.0) 145 (98.0) 0.555
Normal group (n = 4) Abnormal group (n = 26) P value
Relapse
Relapse rate 4/58 (6.2) 26/135 (17.6) 0.030"
Relapse duration (mo) 25 (13.5-52.3) 43 (16.3-72) 0.442
Lesions of relapse
Pancreas 4 (100.0) 21 (80.8) 0.337
Extrapancreatic organs 0 (0.0) 5(19.2)
Times of relapse
Once 4 (100.0) 22 (84.6) 0.399
More than one time 0 (0.0) 4 (15.4)
Initial therapies
Steroid monotherapy 1(25.0) 15 (57.7) 0.129
Steroid and immunomodulator 2 (50.0) 2 (7.70)
Endoscope or surgery 0 (0.00) 2 (7.70)
Others' 1(25.0) 7 (26.9)
Therapies for relapse
Steroid monotherapy 2 (50.0) 18 (69.2) 0.410
Steroid and immunomodulator 1(25.0) 2 (7.70)
Endoscope or surgery 1(25.0) 2(7.70)
Others' 0 (0.00) 4 (15.4)

4P < 0.05 vs normal group.
1Others: Hepatic protectors, antibiotics and proton pump inhibitors.

1 x ULN) were significant contributors to relapse (IgG4, HR: 3.381, 95%CI: 1.176-9.726, P = 0.024; IgA, HR: 6.271, 95%CI:
1.294-30.389, P = 0.023). Patients with a thickened bile duct seen on imaging scans also showed a higher risk of relapse
(HR: 2.619; 95%CI: 1.096-6.258, P = 0.030). The presence of some clinical symptoms such as abdominal pain, type of
parenchymal imaging, type of managements, initial dose of steroid and absence of maintenance therapy, were not
significantly different between the relapse and non-relapse groups. Using multivariate analyses, we identified three
significant independent predictors of relapse, IgG4 levels (> 402 mg/dL; HR: 3.583, 95%CI: 1.218-10.545; P = 0.020), IgA
levels (> 400 mg/dL; HR: 5.908; 95%CI: 1.199-29.120; P = 0.029), and age > 55 years (HR: 2.383, 95%CI: 1.056-5.378; P =
0.036).

DISCUSSION

AIP is characterized by elevated IgG4 levels in the blood and abundant infiltration of IgG4-positive plasma cells and
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Figure 2 Cumulative relapse rates in the normal and abnormal groups. The cumulative relapse rates at 1 and 3 years were 3.8% and 11.0%,
respectively, for the abnormal group and 2.0% and 6.9%, respectively, for the normal group (Log-Rank test, P = 0.023).

lymphocytes in tissues. Serum IgG4 has been recognized as an established diagnostic biomarker for AIP[1,2,18]. In 2011,
the ICDC formally defined a cut-off with 2 x ULN of IgG4 as a diagnostic criterion for AIP. A sensitivity of 53%-81% and
specificity of 90%-99% were reported in studies adopting this cutoff criterion[16,19-21]. Considering the unique features
of IgG4, patients with high IgG4 levels may have a unique clinical profile and prognosis. Previous studies have shown
that AIP had a favorable but short-term prognosis following steroid therapy, with a relapse rate of 24%-63%[22-25].
Patients at a higher risk of relapse had higher serum IgG4 and alkaline phosphatase concentrations. The involvement of
other organs, such as the bile duct and salivary glands, are also recognized as risk factors[12,23,26].

Epidemiological studies revealed that AIP mainly affected elderly adults, especially those > 60 years, with a male
predominance, which was also seen in our study[1,27]. In the abnormal group, the average age of male patients was
higher compared with the normal group. No significant differences were noted among women with AIP. Similar findings
were reported in previous studies[28,29]. Despite the unclear mechanism, a positive correlation was noted between age
and serum IgG4 level with gender preference, which may partly explain the higher incidence rate of AIP in elderly men.

Similar to acute pancreatitis, the enlargement of the pancreas stimulates nerve endings on its capsule, leading the most
common symptom of abdominal pain in patients. In addition, jaundice was obvious in patients due to the involvement of
other organs, such as the bile duct, or the compression by swollen pancreatic parenchyma. Patients in the normal group
had a higher incidence of jaundice with no significant differences. Although little is known about its actual mechanism, it
reminds us that patients with obstructive jaundice and normal IgG4 levels are likely to be diagnosed with AIP rather than
pancreatic carcinoma. Seven patients in the abnormal group had a rare initial symptom of diarrhea, which partly
attributes to the abnormal digestive function of the pancreas.

Analysis of the serological results revealed that patients in the abnormal group had a significantly higher total protein
level and lower albumin level, indicating a high globulin concentration, along with higher IgG and IgE levels. IgG is a
major component of globulin and can be divided into four subclasses based on its structure. It activates the complement
system and regulates phagocytosis[30]. In the abnormal group, except for IgG4, the levels of three subclasses of IgG were
significantly higher. Some studies have demonstrated an association between IgG1 and the immunopathogenesis of AIP
[31,32]. Further studies about the specific mechanism and the relation between each subclass and AIP are required. A
strong relationship between allergic diseases and AIP has been identified[33]. Considering the role of IgE in allergic
disorders and high levels noted in AIP, especially in the abnormal group, IgE may play a role in the pathogenesis of AIP
[13,30,34]. Patients in the abnormal group also had a higher level of two FLC subtypes (FLC-x and FLC-A). FLCs are
produced during immunoglobulin synthesis and can be detected under normal physiological conditions as they are not
bound to the heavy chains. It is speculated that the accumulation of FLC is attributed to the polyclonal activation of B
cells. Previous studies have also proposed their role in other autoimmune disorders; thus, FLCs may be a biomarker for
AIP[35]. Additionally, those patients with high serum IgG4 levels had a faster erythrocyte sedimentation rate and a lower
complement level. Overall, these immunological findings suggest enhanced antibody biosynthesis and a more active
immune system in the patient with high IgG4 levels.

Pancreatic findings such as diffuse enlargement or focal low-density mass in radiology are often the typical features
indicative of AIP. Although unusual, a low-attenuating rim-like capsule is also regarded as a specific characteristic of
AIP. The proportion of different radiological types was similar between the two groups, which implies that there is no
relationship between serum IgG4 levels and radiological types, as reported in a previous study[36]. Imaging scans of the
pancreatic duct showed that AIP may have diffuse narrowing of the duct with long or multifocal strictures[12,16].
Unexpectedly, the proportion of patients with an abnormality in the pancreatic duct was higher in the normal group,
probably due to the limited sample size. A higher rate of atrophy was seen in the normal group, which requires careful
attention to avoid the replacement of parenchyma cells by fibrous tissue as the disease progresses and leads to pancreatic
dysfunction.
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Univariable Multivariable
Demographic results HR (95%CI) P value HR (95%CTI) P value
Female 1.354 (0.585-3.130)  0.479
Age (>55 years) 2.254 (1.074-4.731)  0.032  2.383 (1.056-5.378)  0.036
Clinical symp
Abdominal pain —t—— 1.151 (0.590-2.247)  0.679
Jaundice ——1— 0.656 (0.314-1.370)  0.261
Sclerosing cholangitis 1.595 (0.762-3.337)  0.216
Laboratory results
PLT (>3()(IX]()O/L) 0.373 (0.051-2.742)  0.332
IgE (>200 IU/mL) 4.546 (0.999-20.698)  0.05
IgA (>400 mg/dL) 6.271 (1.294-30.389)  0.023 5.908 (1.199-29.120) 0.029
IgG4 (>402 mg/dL) — 3.381 (1.176-9.726)  0.024 3.583 (1.218-10.545)  0.02
C3 (<80 mg/dL) 1 1.947 (0.588-6.448)  0.275
ESR (muvh) 0.838 (0.192-3.651)  0.814
Parenchymal imaging
Normal 1 (Ref))
Focal type 1 2.474 (0.648-5.725)  0.185
Diffuse type 1 1.704 (0.507-5.725)  0.388
Ductal imaging
Stricture of pancreatic duct 0.739 (0.145-3.766)  0.715
Stricture of bile duct 0.980 (0.242-3.960)  0.977
Thicken of bile duct 4 2.619 (1.096-6.258)  0.03  2.412(0.983-5.919) 0.055
Manag ts
Steroid monotherapy 1 (Ref)
Steroid and immunomodulator —te—— 0.821 (0.276-2.447)  0.724
Endoscope or surgery —_——— 0.647 (0.189-2.208)  0.487
Others' —t— 0.965 (0.427-2.183)  0.932
Steroid therapies
Initial dose of steroid (mg/d) 0.997 (0.991-1.004)  0.439
Maintenance therapy ——— 0.610 (0.269-1.386)  0.238
T T T I —7—
0 2 4 10 20 30 40
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Figure 3 Univariate and multivariate Cox regression analysis for relapse of autoimmune pancreatitis. Univariate Cox regression analysis
indicated that age (> 55 years), immunoglobulin (Ig)A (> 400 mg/dL), IgG4 (> 402 mg/dL), presence of thickened bile duct were risk factors of relapse of autoimmune
pancreatitis. Multivariate Cox regression analysis identified three risk factors of relapse, including age (> 55 years), IgA (> 400 mg/dL) and IgG4 (> 402 mg/dL).
'Others: Hepatic protectors, antibiotics and proton pump inhibitors. PLT: Hemoglobin; Ig: Immunoglobulin; ESR: Erythrocyte sedimentation rate; C3: Complement C3.

Patients in the two groups received varied treatments. In the abnormal group, a higher number of patients received
steroid monotherapy, whereas endoscopy or surgery was more common in the normal group. It is possible that the
physician’s choice of endoscopy or surgery is for biopsy when patients have normal IgG4 levels to exclude cancer
diagnosis. Thus, we need simpler and more accurate methods for diagnosis of AIP and to better distinguish it from
cancer. To date, the relationship between serum IgG4 level and relapse is controversial. Some studies have demonstrated
that an elevated serum IgG4 level is a predictor for relapse[37-39], whereas other studies have reported contrasting
findings[23,40]. In the present study, patients in the abnormal group were significantly more likely to experience relapse.
Additionally, approximately 20% of patients in the abnormal group had one relapse in the extrapancreatic organs and >
15% of patients had at least two relapses, higher than the normal group. This necessitates further attention to investigate
the relationship between high IgG4 levels and AIP.

Previous studies have revealed some controversial predictors of relapse, such as pancreatic enlargement, initial
prednisolone dose, and involvement of extrapancreatic organs[1,15,23,41,42]. According to a UK-based study, the relapse
rate of patients with elevated serum levels of IgG4 (> 2 x ULN) was twice than that of another group (IgG4 <2 x ULN)
[33]. Similar results were also reported in subsequent studies[42-44]. In the present study, serum IgG4 levels seemed to be
an independent risk factor for relapse. Although the specific mechanism remains unclear, the focus on IgG4 should
increase owing to its potential effect on the pathogenesis, diagnosis, and prognosis. The concentration of IgA was
recognized as an independent risk factor for relapse, which emphasized the association between an active immune
system and relapse. IgA is the predominant antibody present at mucosal surfaces, supporting its prominent role in host
defense against pathogens. Augmented presence of IgA immune complexes can result in excessive neutrophil activation,
potentially leading to severe tissue damage in autoimmune diseases like IgA nephropathy and inflammatory bowel
disease[45-47]. A higher IgA level was also reported in IgG4-related disease or calcific pancreatitis[48-50]. However, the
elevated serum IgA levels were associated with a lower incidence of relapse of IgG4-related disease in a Japanese study.
Multicenter and large sample studies are required to clarify the association between these potential risk factors and AIP.
AIP is known to occur more commonly among elderly people. In our analyses, patients over the age of 55 years presented
a higher risk of relapse. Maintenance therapy was recommended in various studies to prevent relapse[1,51], while in our
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study, the absence of maintenance therapy did not seem to be a predictor of relapse.

There were several limitations to our study. Firstly, it was a single-center retrospective study. Secondly, we only
analyzed clinical factors to predict relapse. The possible genetic and environmental factors that may contribute to relapse
were not considered. Additionally, the long duration of follow-up increased the risk of recall bias.

CONCLUSION

Patients with high IgG4 levels have a unique clinical profile and are at a higher risk of relapse of AIP. Normal IgG4 levels
rendered diagnosis challenging, thereby reinforcing the need for a thorough understanding of the disease. Relapse of AIP
is related to age and serum IgG4 and IgA levels. An active immune system is strongly related to high IgG4 levels and the
risk of relapse. Long-term and multicenter studies are needed to confirm the risk factors for relapse.

ARTICLE HIGHLIGHTS

Research background

The role of immunoglobulin (Ig) G4 in the pathogenesis, diagnosis and prognosis of autoimmune pancreatitis (AIP) has
received attention and patients with high levels of IgG4 have unique properties. There is still controversy about the
predictors of AIP relapse, such as high IgG4 level, radiological type and steroid use.

Research motivation

To predict the relapse of AIP and identify the properties of patients with different IgG4 level, especially those with
normal IgG4 level.

Research objectives
We determined some predictors of relapse and identified unique characteristics of patients with different IgG4 levels.
Further studies about improving the diagnosis algorithm of AIP and predicting the relapse are needed.

Research methods

We conducted a retrospective cohort study, including patients with normal IgG4 level (n = 65) and high IgG4 level (n =
148), and compared their clinical characteristics. We also performed univariate and multivariate Cox regression models to
investigate the risk factors of relapse.

Research results

Patients with high IgG4 levels had a higher average male age; a higher level of serum total protein, IgG4, and IgE; and a
lower level of serum complement C3. In addition, a lower number of cases with abnormal pancreatic duct and pancreatic
atrophy and a higher rate of relapse were noted in the abnormal group. Multivariate analyses revealed that serum IgG4
(> 2 x upper limit of normal, ULN) and IgA (> 1 x ULN) and age > 55 years were independent risk factors of relapse.

Research conclusions

Patients with high IgG4 levels had different clinical features including a more active immune system and a higher relapse
rate. Some factors were identified as risk factors of relapse, such as age > 55 years, high IgG4 (> 2 x ULN) and IgA level (>
1 x ULN).

Research perspectives
Further research with large samples should be conducted to verify the predictors of relapse.
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