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Elevated serum IgG4 is a key diagnostic marker for type 1 autoimmune pancreatitis (AIP), but some 
patients lack IgG4 elevation, complicating diagnosis. This study investigated the clinicopathological 
features of AIP without elevated serum IgG4 levels. A total of 323 patients diagnosed with AIP at 
Hiroshima University Hospital and affiliated institutions were analyzed. Patients were categorized 
into IgG4-positive (≥ 135 mg/dL), IgG4-negative (< 135 mg/dL with “definite” or “probable” diagnosis), 
and possible (with “possible” diagnosis) groups. Comparative analysis was performed between the 
IgG4-positive (n = 281) and IgG4-negative (n = 20) groups. Segmental or focal narrowing of the main 
pancreatic duct (MPD) and retroperitoneal fibrosis were significantly more common in the IgG4-
negative group (90.0% vs. 58.7%, P = 0.011; and 35.0% vs. 12.5%, P = 0.012, respectively). Although 
the number of pathological findings was comparable, the rate of surgical intervention was significantly 
higher in the IgG4-negative group (P < 0.001). No significant differences were observed in relapse 
rates or relapse sites between the two groups. These findings suggest that MPD narrowing and 
retroperitoneal fibrosis may be characteristic of AIP without elevated IgG4. Vigilant monitoring for 
relapse is warranted, regardless of serum IgG4 levels.
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Type 1 autoimmune pancreatitis (AIP) is a pancreatic lesion of immunoglobulin G4 (IgG4)-related disease 
and is characterized by elevated serum IgG4 levels and significant infiltration of IgG4-positive plasma cells 
in pancreatic and extra-pancreatic lesions (such as sclerosing cholangitis, sclerosing dacryoadenitis and 
sialadenitis, retroperitoneal fibrosis, abdominal and hilar lymphadenopathy, chronic thyroiditis, and interstitial 
nephritis)1–5. The diagnosis of AIP is based on a combination of findings, including pancreatic enlargement, 
irregular narrowing of the main pancreatic duct (MPD), elevated serum IgG4 levels, pathological findings, 
extra-pancreatic lesions, and responsiveness to glucocorticoid therapy1. Among these findings, elevated serum 
IgG4 levels are an important parameter, exhibiting high sensitivity and specificity of 73–76% and 93–94%, 
respectively6–8. However, in some cases of AIP, serum IgG4 levels are not elevated, which poses diagnostic 
challenges9–13. In particular, cases showing focal enlargement of the pancreas without elevated serum IgG4 levels 
are often difficult to differentiate from pancreatic cancer, which may lead to unnecessary surgery11.

In this study, we retrospectively investigated the clinical characteristics of type 1 AIP patients without elevated 
serum IgG4 levels to diagnose AIP more accurately.
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Methods
Patients
Patients diagnosed with type 1 AIP at Hiroshima University Hospital and its affiliated hospitals between April 
2003 and December 2022 were enrolled in this study. All patients were diagnosed based on the Japanese Clinical 
Diagnostic Criteria for AIP 2018 (JPS 2018)14 and were classified into “definite diagnosis,” “probable diagnosis,” 
or “possible diagnosis.” The JPS 2018 criteria require characteristic imaging findings of the pancreas and the 
exclusion of other pancreatic diseases, including pancreatic cancer. Patients with primary sclerosing cholangitis 
(PSC), cholangiocarcinoma, or other pancreatobiliary diseases that could interfere with the diagnosis of AIP 
were excluded. In particular, in cases presenting with sclerosing cholangitis of the extra-pancreatic bile ducts, 
careful differentiation of IgG4-related sclerosing cholangitis from PSC and cholangiocarcinoma was essential. 
These differential diagnoses were thoroughly evaluated using ERCP or MRCP findings, with histopathological 
confirmation obtained when necessary. Image evaluations were conducted by gastroenterologists at each 
institution, all with over 15 years of experience in interpreting pancreatic imaging.

This study was conducted in accordance with the Declaration of Helsinki and approved by the ethics 
committee of Hiroshima University (approval number: E-246). The need for informed consent was waived due 
to the retrospective nature of this study.

Study design
All patients were divided into two groups based on diagnostic criteria: those with a definite or probable diagnosis 
and those with a possible diagnosis (“possible group”). The possible diagnosis category included patients showing 
pancreatic enlargement, irregular narrowing of the MPD, and response to glucocorticoid therapy. Patients with a 
definite or probable diagnosis were further divided into two groups based on their serum IgG4 levels. A serum 
IgG4 level of ≥ 135 mg/dL was considered the threshold to define elevated IgG4 levels, in accordance with the JPS 
2018. Patients with serum IgG4 levels ≥ 135 mg/dL were categorized as the “IgG4-positive group,” and those with 
serum IgG4 levels < 135 mg/dL were categorized as the “IgG4-negative group.” Clinicopathological characteristics 
at diagnosis, relapse rates, and sites were compared between the IgG4-positive and IgG4-negative groups. 
The response to glucocorticoid therapy was determined using computed tomography, endoscopic retrograde 
cholangiopancreatography, or magnetic resonance cholangiopancreatography to evaluate improvements in 
pancreatic enlargement and narrowing of the MPD. Relapse was defined as re-swelling of the pancreas or re-
narrowing of the MPD; development or reappearance of extra-pancreatic lesions, such as extra-pancreatic 
sclerosing cholangitis, retroperitoneal fibrosis, sclerosing dacryoadenitis/sialadenitis; or the appearance of renal 
lesions on imaging studies, regardless of serum IgG4 levels. Sclerosing cholangitis was evaluated using ERCP or 
MRCP. Other extra-pancreatic lesions were evaluated using computed tomography.

Outcomes
The primary endpoint was the clinicopathological difference between the IgG4-positive and IgG4-negative 
groups. The following clinical variables were analyzed: age, sex, serological findings at diagnosis (serum IgG level, 
serum IgG4 level, antinuclear antibody positivity, and rheumatoid factor positivity), pancreatic enlargement, 
irregular narrowing of the MPD, extra-pancreatic lesions (extra-pancreatic sclerosing cholangitis, sclerosing 
dacryoadenitis/sialadenitis, retroperitoneal fibrosis, and renal lesions), and glucocorticoid therapy. Pathological 
findings included the number of positive results among the following four features obtained by endoscopic 
ultrasound-guided fine needle aspiration (EUS-FNA), percutaneous pancreatic biopsy, and surgical resection: 
prominent infiltration of lymphocytes and plasma cells along with fibrosis, more than 10 IgG4-positive plasma 
cells per high-power microscopic field, storiform fibrosis, and obliterative phlebitis.

The secondary endpoint was the cumulative relapse rate for all patients in the two groups, including those 
who received glucocorticoid therapy.

Statistical analyses
Statistical analyses were performed using JMP Pro 16.0.0 (SAS Institute Inc., Cary, North Carolina, USA). 
Continuous variables were compared using the Wilcoxon rank-sum test, and categorical variables were compared 
using the chi-square test or Fisher’s exact test. Multivariate logistic regression analyses were performed to identify 
clinical features independently associated with IgG4-negative status. Parameters with a p value < 0.05 in the 
univariate analysis were included in the multivariate analysis. Relapse rates were calculated using the Kaplan–
Meier method, and the log-rank test was used for comparison. Univariate Cox proportional hazards regression 
analyses were performed to identify significant factors associated with relapse in patients without elevated serum 
IgG4 levels. The cutoff value for each quantitative variable was determined using the Youden index derived from 
the receiver operating characteristic (ROC) curve. P values < 0.05 were considered statistically significant.

Results
Patient characteristics and grouping based on serum IgG4 levels
In total, 323 patients with type 1 AIP were enrolled in this study. The clinical characteristics of the 323 patients 
are presented in Table 1. The median serum IgG4 level was 351 mg/dL (interquartile range [IQR], 174–651), and 
elevated serum IgG4 levels (≥ 135 mg/dL) were observed in 281 (87.0%) patients. The diagnosis, according to the 
JPS 2018, was “definite” in 281 (87.0%) patients, “probable” in 20 (6.2%), and “possible” in 22 (6.8%). Figure 1 
illustrates the grouping process based on diagnostic criteria and serum IgG4 levels. Initially, all patients were 
categorized into the following two groups: 301 patients with a “definite” or “probable” diagnosis according to the 
JPS 2018 criteria (93.2%) and 22 patients with a “possible” diagnosis (possible group, 6.8%). The 301 patients 
diagnosed as definite or probable were further divided into two groups based on their serum IgG4 levels. 281 
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patients with serum IgG4 levels ≥ 135 mg/dL were classified as the IgG4-positive group, and 20 patients with 
serum IgG4 levels < 135 mg/dL were categorized into the IgG4-negative group.

Comparison of clinical characteristics
Table 1 presents the comparison of clinical characteristics between the IgG4-positive and IgG4-negative groups. 
The median serum IgG4 level was 407 mg/dL (IQR, 257–704) in the IgG4-positive group and 77 mg/dL (IQR, 
36–110) in the IgG4-negative group (P < 0.001). The incidence of jaundice was significantly higher in the IgG4-
positive group than in the IgG4-negative group (29.5% vs. 5.0%, P = 0.018). The incidence of abdominal pain 
did not differ significantly between the two groups. The extent of irregular narrowing of the MPD differed 
significantly between the two groups (P = 0.011); segmental or focal narrowing of the MPD was significantly 
more common in the IgG4-negative group than in the IgG4-positive group (90.0% vs. 58.7%). Although the 
extent of pancreatic enlargement did not differ significantly between the two groups, the IgG4-negative group 
tended to show segmental or focal pancreatic enlargement more frequently than the IgG4-positive group (75.0% 
vs. 52.0%, P = 0.062). The complication rate of extra-pancreatic lesions did not differ significantly between the 
two groups (P = 0.086). Sclerosing dacryoadenitis/sialadenitis was observed in 42 (14.9%) patients in the IgG4-
positive group but was not observed in any of the patients in the IgG4-negative group. In contrast, retroperitoneal 
fibrosis was significantly more common in the IgG4-negative group than in the IgG4-positive group (35.0% vs. 
12.5%, P = 0.012). The rate of steroid therapy initiation was significantly lower in the IgG4-negative group than 
in the IgG4-positive group (65.0% vs. 87.9%, P = 0.010). Multivariate logistic regression analysis revealed that 
the absence of jaundice (OR = 7.092, 95% CI: 1.400–129.4, p = 0.013), segmental/focal irregular narrowing of 
the MPD (OR = 6.208, 95% CI: 1.714–39.89, p = 0.003), and retroperitoneal fibrosis (OR = 3.438, 95% CI: 1.181–
9.406, p = 0.025) were independently associated with IgG4-negative AIP.

Comparison of pathological findings
A comparison of the pathological findings between the two groups is shown in Table 2. Pathological examinations 
were performed in 203 (72.2%) patients in the IgG4-positive group and 17 (85.0%) in the IgG4-negative group. 
The number of patients who underwent EUS-FNA was 194 (69.0%) in the IgG4-positive group and 13 (65.0%) in 
the IgG4-negative group, with no significant difference (P = 0.803). The number of pathological findings also did 
not differ significantly between the two groups. A total of 21 patients (7.5%) in the IgG4-positive group and two 
(10.0%) in the IgG4-negative group underwent percutaneous pancreatic biopsy, with no significant differences 
between the groups (P = 0.382). Furthermore, no significant differences were observed in the pathological 
findings between the two groups. The number of patients undergoing surgery was significantly higher in the 
IgG4-negative group than in the IgG4-positive group (8 (2.8%) vs. 7 (35.0%), P < 0.001). Among the 15 patients 

Characteristics

All patients IgG4-positive IgG4-negative

P-valuen = 301 n = 281 n = 20

Age at diagnosis (years) 69 (61–75) 69 (62–74) 67 (59–80) 0.996

Sex, male/female 249/52 232/49 17/3 1

Jaundice 84 (27.9) 83 (29.5) 1 (5.0) 0.018

Abdominal pain 80 (26.6) 73 (26.0) 7 (35.0) 0.432

Serological findings at diagnosis

Serum IgG level (mg/dL) 1804 (1455–2281) 1840 (1486–2294) 1363 (1039–1623) < 0.001

Serum IgG4 level (mg/dL) 385 (210–675) 407 (254–704) 77 (36–110) < 0.001

Antinuclear antibodies positive 54/196 (27.6) 47/181 (26.0) 7/15 (46.7) 0.128

Rheumatoid factor positive 18/57 (31.6) 14/43 (32.6) 4/14 (28.6) 1

Enlargement of the pancreas 0.062

Diffuse 140 (46.5) 135 (48.0) 5 (25.0)

Segmental/focal 161 (53.5) 146 (52.0) 15 (75.0)

Irregular narrowing of the MPD 0.011

Diffuse/multiple 118 (39.2) 116 (41.3) 2 (10.0)

Segmental/focal 183 (60.8) 165 (58.7) 18 (90.0)

Extra-pancreatic lesion 105 (34.9) 94 (33.5) 11 (55.0) 0.086

Extra-pancreatic sclerosing cholangitis 29 (9.6) 25 (8.9) 4 (20.0) 0.113

Sclerosing dacryoadenitis/sialadenitis 42 (14.0) 42 (14.9) 0 0.086

Retroperitoneal fibrosis 42 (14.0) 35 (12.5) 7 (35.0) 0.012

Renal lesion 10 (3.3) 10 (3.6) 0 1

Glucocorticoid therapy 260 (86.4) 247 (87.9) 13 (65.0) 0.010

Follow-up period from diagnosis (months) 58 (25–102) 57 (24–100) 81 (28–126) 0.156

Table 1.  Clinical profile and comparison of IgG4-positive and IgG4-negative type 1 AIP. Data are expressed as 
number (percentage) or median (interquartile range). AIP, autoimmune pancreatitis; MPD, main pancreatic 
duct.
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who underwent surgery in both groups, 14 (93.3%) had focal pancreatic enlargement or focal narrowing of the 
MPD. Three or more findings were observed in all eight patients in the IgG4-positive group who underwent 
surgery. Of the seven patients in the IgG4-negative group who underwent surgery, two had only two findings, 
and five had three or more findings.

IgG4-positive
n = 281

IgG4-negative
n = 20 P-value

Pathological examination performed 203 (72.2) 17 (85.0) 0.299

EUS-FNA performed 194 (69.0) 13 (65.0) 0.803

Two findings 29 (14.9) 3 (23.1) 0.427

Three or more findings 6 (3.1) 0 (0.0) 1.000

Percutaneous biopsy performed 21 (7.5) 2 (10.0) 0.657

Two findings 6 (28.6) 0 (0.0) 1.000

Three or more findings 2 (9.5) 0 (0.0) 1.000

Surgery performed 8 (2.8) 7 (35.0) < 0.001

Two findings 0 (0.0) 2 (28.6) 0.200

Three or more findings 8 (100) 5 (71.4) 0.200

Number of patients with two or more findings 50 (24.6) 10 (58.8) 0.008

Table 2.  Comparison of pathological findings in IgG4-positive and IgG4-negative type 1 AIP. Data are 
expressed as number (percentage). AIP, autoimmune pancreatitis; EUS-FNA, endoscopic ultrasound-guided 
fine-needle aspiration.

 

Fig. 1.  Study flow chart. AIP, autoimmune pancreatitis; JPS, the Japanese Clinical Diagnostic Criteria for 
autoimmune pancreatitis.

 

Scientific Reports |        (2025) 15:24518 4| https://doi.org/10.1038/s41598-025-10478-0

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Relapse rates and sites in the two groups
A comparison of the relapse rates and sites between the two groups is shown in Table 3. The overall relapse rates 
were 33.5% (94/281) in the IgG4-positive group and 30.0% (6/20) in the IgG4-negative group, with no significant 
differences between the groups (P = 0.358). In addition, the relapse rates did not differ significantly, regardless 
of whether glucocorticoid therapy was administered. The cumulative relapse rate did not differ between the two 
groups, both in all patients and in those who received glucocorticoid therapy (log-rank, P = 0.603 and 0.540, 
respectively) (Fig. 2). The site of relapse did not differ between the two groups.

Clinical profile of the possible group
The clinical profile of the possible group is shown in Table 4. Extra-pancreatic lesions were absent in all cases. 
Although pathological examinations were conducted in 17 cases (77.3%), none met more than two diagnostic 
criteria. Glucocorticoid therapy was initiated in all cases for both diagnostic and therapeutic purposes. The 
relapse rate in the possible group was 18.2% (4/22).

Relapse predictors in patients without elevated serum IgG4 levels
The results of univariate analyses, which were performed to identify the predictors of relapse in patients without 
elevated serum IgG4 levels (IgG4-negative and possible groups), are shown in Table 5. Since no variables showed 
a statistically significant association in the univariate analysis, multivariate analysis was not performed.

Fig. 2.  Relapse rates. (A) Kaplan-Meier analysis of the post-diagnostic relapse rates in the IgG4-positive and 
IgG4-negative groups. (B) Kaplan-Meier analysis of the relapse rates after the introduction of glucocorticoid 
therapy in the IgG4-positive and IgG4-negative groups.

 

IgG4-positive
n = 281

IgG4-negative
n = 20 P-value

Relapse rate

Overall 33.5% (94/281) 30.0% (6/20) 0.358

With glucocorticoid therapy 34.0% (84/247) 23.1% (3/13) 0.242

Without glucocorticoid therapy 29.4% (10/34) 42.9% (3/7) 0.486

Relapse site, n (%)

Pancreas 72 (76.6) 3 (50.0) 0.374

Extra-pancreatic bile duct 15 (16.0) 2 (33.3) 0.496

Retroperitoneum 10 (10.6) 0 (0.0) 0.559

Lacrimal/salivary gland 6 (6.4) 1 (16.7) 0.530

Kidney 7 (7.4) 0 (0.0) 0.674

Table 3.  Comparison of relapse rates and sites in IgG4-positive and IgG4-negative type 1 AIP. AIP, 
autoimmune pancreatitis.
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Discussion
The serum IgG4 level is a useful parameter for diagnosing AIP. However, cases of AIP without elevated serum 
IgG4 levels are also frequently observed, making diagnosis difficult. Similar to the present study, four other 
studies have compared cases of AIP with and without elevated serum IgG4 levels10–13. In this study, jaundice 
was significantly more prevalent in the IgG4-positive group, which was also reported in a previous study12. 
Additionally, the IgG4-negative group showed significantly more frequent segmental or focal irregular 
narrowing of the MPD and a tendency toward more segmental or focal enlargement of the pancreas, as reported 
in previous studies12. These results suggest a possible correlation between serum IgG4 levels and the extent of 
pancreatic inflammation. Furthermore, in this study, the IgG4-negative group included a higher proportion 
of patients who underwent surgical resection, and a similar finding was noted in a previous report11,13. In this 
study, most of the patients who underwent surgery showed focal pancreatic enlargement or focal narrowing of 
the MPD, suggesting that surgery was performed due to difficulty distinguishing these cases from pancreatic 
cancer. In particular, in cases with negative serum IgG4 levels, differentiation from pancreatic cancer may be 
even more challenging. In the histopathological analysis, cases fulfilling two or more diagnostic criteria were 
significantly more frequent in the IgG4-negative group, which is likely attributable to the higher proportion 
of surgical cases in this group. However, characteristic imaging findings of AIP, such as a capsule-like rim and 
delayed enhancement of the pancreatic parenchyma, may help distinguish it from pancreatic cancer. Nishino 
et al. reported that characteristic ERCP findings of AIP, compared to pancreatic cancer, include a longer MPD 
narrowing, the presence of branch ducts within the narrowed segment, and a smaller upstream MPD diameter15. 
Sekito et al. reported that the apparent diffusion coefficient (ADC) value of localized AIP was significantly lower 
than that of pancreatic ductal adenocarcinoma16. To avoid unnecessary surgery, the diagnosis should be made 
cautiously, considering not only these imaging findings but also extra-pancreatic lesions, pathological findings, 
and the response to glucocorticoid therapy.

Regarding extra-pancreatic lesions, our findings differ from previous reports10–13, which described a 
lower frequency in the IgG4-negative group. In contrast, our study demonstrated a higher frequency of extra-
pancreatic lesions in the IgG4-negative group, particularly retroperitoneal fibrosis. This difference may be due 
to the changes in patient selection and diagnostic criteria over time. Kamisawa et al.10 diagnosed AIP based 

Parameters

Relapse Non-relapse Univariate analysis

n = 10 n = 32 Hazard ratio (95% CI) P-value

Age ≥ 68 years 2 14 0.535 (0.139–2.051) 0.361

Male sex 8 23 1.399 (0.299–6.538) 0.670

Serum IgG4 level ≥ 95 mg/dL 6 8 1.864 (0.556–6.252) 0.313

Diffuse enlargement of the pancreas 3 12 0.771 (0.204–2.913) 0.702

Diffuse or multiple irregular narrowing of the MPD 2 10 0.590 (0.127–2.747) 0.502

Extra-pancreatic lesions 3 8 2.096 (0.591–7.435) 0.252

Glucocorticoid therapy 7 28 0.536 (0.142–2.029) 0.359

Table 5.  Univariate analyses of predictors for relapse in the IgG4-negative and possible groups. MPD, main 
pancreatic duct; CI, confidence interval.

 

Characteristics Values

Age at diagnosis 67 (64–77)

Sex, male/female 14/8

Jaundice 8 (36.4)

Abdominal pain 5 (22.7)

Serum IgG4 level (mg/dL) 62 (31–108)

Diffuse enlargement of the pancreas 10 (45.5)

Diffuse or multiple irregular narrowing of the MPD 10 (45.5)

Extra-pancreatic lesion 0 (0.0)

Pathological examination performed 17 (77.3)

Two or more findings 0 (0.0)

Glucocorticoid therapy 22 (100)

Relapse 4 (18.2)

Relapse site

Pancreas 3 (75.0)

Extra-pancreatic bile duct 1 (25.0)

Table 4.  Clinicopathological characteristics of 22 patients in the possible group. Data are expressed as number 
(percentage) or median (interquartile range). MPD, main pancreatic duct.
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on pancreatic enlargement, irregular narrowing of the MPD, histologically confirmed lymphoplasmacytic 
sclerosing pancreatitis (LPSP), or steroid responsiveness, and included possible cases in the IgG4-negative 
group. Matsubayashi et al. used the Asian criteria17, which do not include extra-pancreatic lesions as part 
of the diagnostic criteria. Paik et al.11 applied the International Consensus Diagnostic Criteria 2011 (ICDC 
2011)1, which incorporate extra-pancreatic involvement; however, they adopted their own criteria, focusing 
on serum IgG4 levels and histopathological findings. Therefore, IgG4-negative cases with extra-pancreatic 
lesions may have been excluded. Sano et al. also applied the ICDC 20111, but included AIP-NOS (Not Otherwise 
Specified) cases—corresponding to the possible group in our study—in the IgG4-negative category, which may 
have contributed to discrepancies in the observed results. In our study, AIP was diagnosed using the JPS 2018 
criteria14, which includes extra-pancreatic lesions as part of the diagnostic criteria. These findings imply that 
extra-pancreatic lesions, especially retroperitoneal fibrosis, may be important in the diagnosis of AIP without 
elevated serum IgG4 levels.

Several studies have reported an association between IgG4 and retroperitoneal fibrosis. Hamano et al.18 
reported no difference in serum IgG4 levels between patients with AIP with retroperitoneal fibrosis and those 
without. In contrast, Wallace et al.19 reported that in IgG4-related diseases, the group with retroperitoneal 
fibrosis had significantly lower serum IgG4 levels, noting that among 23 patients with retroperitoneal fibrosis, 
85% were diagnosed via biopsy but had normal serum IgG4 levels. In addition, Liao et al.20 reported that among 
16 cases of retroperitoneal fibrosis due to IgG4-related diseases, only five (31%) showed elevated serum IgG4 
levels. They highlighted a strong correlation between IgG4 and IgE levels, suggesting that when serum IgG4 
levels are normal, IgE could be useful for diagnosis and assessment of activity and relapse20. The reason serum 
IgG4 levels are rarely elevated in cases of AIP with retroperitoneal fibrosis is currently unknown, and further 
investigation is needed as more data are accumulated.

In our study, sclerosing dacryoadenitis and sialadenitis were only observed in patients with elevated serum 
IgG4 levels. Hamano et al.18 and Kuruma et al.21 reported that patients with AIP, sclerosing dacryoadenitis, 
and sialadenitis had significantly higher serum IgG4 levels than those without these conditions. Additionally, 
Kuruma et al.21 reported a significantly higher relapse rate in AIP complicated by sclerosing dacryoadenitis 
and sialadenitis compared to AIP without these complications. Similarly, Ishii et al.22 reported that sclerosing 
dacryoadenitis and sialadenitis were predictive factors for AIP relapse. Considering these previous reports and 
the results of the present study, serum IgG4 levels appear to be closely associated with disease activity and are 
often elevated in patients with sclerosing dacryoadenitis and sialadenitis.

In this study, the prevalence of extra-pancreatic lesions in the IgG4-positive group—or in the overall cohort—
was lower than that reported by Sano et al.13 and Masamune et al.23. However, in these previous studies, sclerosing 
cholangitis involving the intra-pancreatic bile duct was also classified as an extra-pancreatic lesion, accounting 
for 33.4% and 40.9%, respectively. In contrast, the JPS 2018 criteria14 adopted in our study do not consider 
intra-pancreatic sclerosing cholangitis as an extra-pancreatic lesion. Therefore, the apparent discrepancy in 
the frequency of extra-pancreatic lesions may be attributed to differences in classification rather than a true 
difference in prevalence. Furthermore, in cases of asymptomatic sclerosing dacryoadenitis and sialadenitis or 
pulmonary lesions, the absence of head, neck, or chest imaging may have resulted in an underestimation of the 
frequency of extra-pancreatic lesions.

Although the usefulness of EUS-FNA in the histological diagnosis of AIP has been reported24, no established 
consensus exists regarding the histopathological findings that reflect the relationship between serum IgG4 levels 
and the number of IgG4-positive plasma cells within pancreatic lesions. Our study also could not draw definitive 
conclusions regarding this relationship. Previous studies have reported that the number of IgG4-positive plasma 
cells per high-power field tends to be higher in patients with serum IgG4-positive AIP11,13. However, other 
reports have indicated that among 160 patients with suspected LPSP, 60 (37%) showed no elevation in serum 
IgG4 levels25. In addition, several case reports have demonstrated the presence of IgG4-positive plasma cells in 
the pancreas, salivary glands, and liver tissue, even without elevated serum IgG4 levels26,27. Therefore, when AIP 
is suspected based on imaging findings, obtaining tissue for pathological examination using EUS-FNA remains 
crucial, regardless of serum IgG4 levels.

In this study, no significant difference in relapse rates was observed between the sIgG4-positive and 
sIgG4-negative groups. This finding contrasts with previous studies12,13, and several factors may explain the 
discrepancy. First, differences in patient composition may be relevant. In the study by Sano et al., the frequency 
of extra-pancreatic lesions was lower in the sIgG4-negative group. In contrast, in our study, extra-pancreatic 
involvement—including retroperitoneal fibrosis—was more common in the sIgG4-negative group, suggesting 
the presence of cases with higher disease activity. The inclusion of AIP-NOS cases in the sIgG4-negative group 
in the study by Sano et al.13 may also have influenced their results. Second, differences in follow-up duration 
may have influenced the relapse rates. In addition, variations in tapering speed and discontinuation criteria for 
glucocorticoid therapy among institutions may have also contributed to differences in relapse outcomes. Relapse 
may have occurred during long-term observation, even in the sIgG4-negative group. Even in the possible 
group, some patients experienced relapse or showed increased serum IgG4 levels during the disease course. 
Fluctuations in serum IgG4 levels have been reported to be associated with disease activity28, suggesting that 
diagnosis may have occurred during a phase of relatively low disease activity. These findings suggest that the 
serum IgG4 level at the time of diagnosis alone may not accurately reflect disease activity or relapse risk. A 
comprehensive assessment that considers the long-term clinical course is essential regardless of IgG4 status.

This study had some limitations. First, this was a retrospective study, and there was a substantial difference 
in the number of cases between the sIgG4-positive and sIgG4-negative groups. While this imbalance is to some 
extent unavoidable, as sIgG4-negative AIP represents a minority among all AIP cases, the small absolute number 
of patients in the IgG4-negative group may have affected the generalizability and interpretation of the results. 
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Second, the data used in this study were restricted to individuals of Japanese descent; therefore, conclusions 
regarding other racial or ethnic groups should be drawn with caution.

Conclusions
Type 1 AIP without elevated serum IgG4 levels is characterized by a high incidence of segmental or focal 
irregular narrowing of the MPD, pancreatic enlargement, and retroperitoneal fibrosis. To avoid misdiagnosis of 
pancreatic tumors and unnecessary surgery, these findings should be taken into consideration, and pathological 
examinations should be performed to obtain an appropriate diagnosis. Additionally, patients diagnosed as 
“possible” may require careful follow-up, similar to other AIP patients.

Data availability
The datasets used and/or analysed during the current study available from the corresponding author on reason-
able request.
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