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Abstract
BACKGROUND
Multifocal-type autoimmune pancreatitis (AIP), sometimes forming multiple pancreatic masses, is frequently misdiagnosed as pancreatic malignancy in routine clinical practice. It is critical to know the imaging features of multifocal-type AIP to prevent misdiagnosis and unnecessary surgery. To the best of our knowledge, there have been no studies evaluating the value of diffusion‑weighted imaging (DWI), axial fat-suppressed T1 weighted image (T1WI), and dynamic contrast enhanced-computed tomography (DCE-CT) in detecting the lesions of multifocal-type AIP.

AIM
To clarify the exact prevalence and radiological findings of multifocal AIP in our cohorts and compare the sensitivity of DWI, axial fat-suppressed T1WI, and DCE-CT for detecting AIP lesions. We also compared radiological features between multifocal AIP and pancreatic ductal adenocarcinoma with several key imaging landmarks.

METHODS
Twenty-six patients with proven multifocal AIP were retrospectively included. Two blinded independent radiologists rated their confidence level in detecting the lesions on a 5-point scale and assessed the diagnostic performance of DWI, axial fat-suppressed T1WI, and DCE-CT. CT and magnetic resonance imaging of multifocal AIP were systematically reviewed for typical imaging findings and compared with the key imaging features of pancreatic ductal adenocarcinoma.

RESULTS
Among 118 patients with AIP, 26 (22.0%) had multiple lesions (56 lesions). Ulcerative colitis was associated with multifocal AIP in 7.7% (2/26) of patients, and Crohn’s disease was present in 15.3% (4/26) of patients. In multifocal AIP, multiple lesions, delayed homogeneous enhancement, multifocal strictures of the main pancreatic duct, capsule-like rim, lower apparent diffusion coefficient values, and elevated serum Ig4 level were observed significantly more frequently than pancreatic ductal adenocarcinoma, whereas the presence of capsule-like rim in multifocal-type AIP was lower in frequency than total AIP. Of these lesions of multifocal AIP, DWI detected 89.3% (50/56) and 82.1% (46/56) by the senior and junior radiologist, respectively.

CONCLUSION
Multifocal AIP is not as rare as previously thought and was seen in 22.0% of our patients. The diagnostic performance of DWI for detecting multifocal AIP was best followed by axial fat-suppressed T1WI and DCE-CT. 
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INTRODUCTION
Autoimmune pancreatitis (AIP) is a distinctive type of chronic pancreatitis generally characterized by an autoimmune inflammatory condition in which prominent lymphoplasmacytic infiltration with associated pancreatic fibrosis causes organ dysfunction[1]. Previous studies have shown that AIP is recognized as a heterogeneous disease classified into at least two subtypes, including lymphoplasmacytic sclerosing pancreatitis (type 1) and idiopathic duct-centric pancreatitis (type 2) with granulocytic epithelial lesions[2]. Meanwhile, AIP has also been classified radiologically as diffuse, unifocal, or multifocal[3-5]. Diffuse-type AIP is easily distinguished from pancreatic ductal adenocarcinoma (PDA) by typical imaging features, i.e. diffuse sausage-like swelling of pancreatic parenchyma with capsule-like peripancreatic rim[6,7]. Moreover, some studies[4,8] recently attempted to identify differential imaging findings between unifocal AIP and PDA by using computed tomography (CT), magnetic resonance imaging (MRI), or magnetic resonance cholangiopancreatography. Several key imaging landmarks, with reference to radiological morphology of the pancreatic mass lesion and stricture pattern of the main pancreatic duct (MPD), were clearly identified to be crucial to distinguish unifocal AIP from PDA. Hence, the differential diagnosis between unifocal AIP and PDA may not be as challenging as before. 
However, multifocal-type AIP, sometimes forming multiple pancreatic masses, is frequently misdiagnosed as pancreatic malignancy in routine clinical practice[9,10]. It is critical to know the imaging features of multifocal-type AIP to prevent misdiagnosis and unnecessary surgery. Consequently, a clearer diagnostic consensus on the imaging characteristics of multifocal AIP is needed to differentiate from pancreatic malignancy. For this purpose, we herein report 26 cases of multifocal AIP and a review of the previous literature with an emphasis on CT and MRI imaging features that may help definitively distinguish between multifocal AIP and PDA.
CT is the most commonly performed, noninvasive modality to evaluate both pancreatic and extrapancreatic manifestations in patients with suspected AIP[4,11]. In our experience and according to the previous literature, CT has certain limitations in showing some specific findings of focal AIP, i.e., focal masses and focal MPD strictures, while these imaging findings seem to be more clearly demonstrated on MRI, especially on diffusion‑weighted imaging (DWI)[12]. In our previous study, we confirmed that axial T1 weighted image (T1WI) is the optimal sequence of identifying homogenously isoattenuating insulinoma on dynamic contrast enhanced-computed tomography (DCE-CT)[13]. Zhu et al[14] found that the appearance of multiple solid lesions can provide a diagnostic clue for identifying pancreatic nonmalignancies. Therefore, it is essential to find an optimal modality to identify pancreatic lesions as correctly as possible. To the best of our knowledge, there have been no studies evaluating the value of DWI, axial fat-suppressed T1WI, and DCE-CT in detecting the lesions of multifocal-type AIP.
We aimed to clarify the exact prevalence and radiological findings of multifocal AIP in our cohorts and compare the sensitivity of DWI, axial fat-suppressed T1WI, and DCE-CT for detecting AIP lesions. We also compared radiological features between multifocal AIP and PDA with several key imaging landmarks.

MATERIALS AND METHODS
Study population
This retrospective study was approved by the Institutional Review Board of the First Affiliated Hospital of Fujian Medical University (Fuzhou, China), and written informed consent from patients was waived. The clinical, radiological, and pathological databases at our hospital between January 2005 and July 2020 were reviewed. A total of 234 consecutive patients who had undergone DCE-CT on multidetector computerized tomography and conventional MRI imaging protocols on a 3T scanner within 5 wk of each other for suspected AIP were included. Of these initially suspected cases, we finally identified 118 patients who were diagnosed with AIP according to international consensus diagnostic criteria[15].
Among these confirmed patients, 26 patients with 56 lesions were retrospectively included in our study, based on the following inclusion criteria: (1) the use of DCE-CT with the acquisition on the pancreatic arterial, pancreatic parenchyma, and portal venous phases; (2) conventional MRI sequences, including both axial fat-suppressed T1WI and DWI before steroid treatment; and (3) multiple focal-type AIP. In criterion (3), the multiple focal-type was defined by the presence of two or more focal lesions observed on DCE-CT or MRI, and lesions of AIP were separate (i.e. continuous lesion that involves at least one segment of the pancreas was previously considered to be a single lesion[14] and were thus excluded from this study).
From January 2001 to July 2020, 908 patients underwent pancreatic curative-intent surgery for PDA at our institution. To enable a 1:2 matching with the multifocal AIP group, we randomly chose 112 [78 men and 34 women; mean age ± standard deviation, 61 ± 8.7 years (range: 38-86 years)] among the 613 patients with PDA who also underwent both DCE-CT and conventional MRI before surgery, using Statistic Package for Social Science software to generate the random numbers.

Imaging examinations
CT protocols: DCE-CT examinations were performed using 16-, 80-, or 320-detector CT scanner (Aquilion; Toshiba Medical Systems, Tokyo, Japan), using the following pancreatic scanning parameters: (1) detector collimation, 320.0 mm × 0.5 mm, 80.0 mm × 0.5 mm or 16.0 mm × 0.5 mm; (2) pitch, 1.0-1.4; (3) gantry rotation time, 0.35-0.50 s; (4) tube voltage, 120 kV; and (5) pancreatic reference tube current, 80-120 mA. All images were routinely reconstructed from the contrast-enhanced CT scans with thin-section images (slice thickness = 0.75-1.00 mm, reconstruction increment = 0.5 mm). Unenhanced and DCE-CT including the arterial, pancreatic parenchymal, and portal venous phases were acquired before and after intravenous administration of contrast agent. After unenhanced CT scanning, 300 mg/mL iodine (Ultravist 300; Schering; Bayer Healthcare Pharmaceuticals, Leverkusen, Germany) was injected intravenously using a power injector via an 18-gauge plastic antecubital catheter. An iodine dose of 1.5 mL/kg body weight was given at a flow rate of 4 mL/s. The administration of contrast agent was immediately followed by a flush of 30 mL saline. To accurately determine the timing for the standard triple-phase pancreatic imaging, a scanning delay was performed based on an automated bolus-tracking technique offered by the supplier of the Toshiba CT system. Three phases enhanced scanning were obtained at a fixed delay of 20- to 25-s, 40- to 50- s, and 80- to 90-s after the contrast agent injection.

MR protocols: The MRI examinations were conducted using a 3.0 T imaging system (Magnetom Trio; Siemens Healthineers, Erlangen, Germany) with an 8-channel phased-array coil. The routine MR sequences for imaging the pancreas, including axial fat-suppressed T1-weighted turbo spin echo sequence, coronal T2-weighted (half-Fourier acquisition single-shot turbo spin echo) sequence, axial fat-suppressed T2-weighted turbo spin echo sequence, axial T1-weighted in-phase and out-of-phase sequences with fixed echo times of 1.4 and 2.8 ms, respectively, and DWI were performed at our institution. Axial single-shot echo-planar DWI sequence was completed using the following scanning parameters: repetition time, 6900 ms; echo time, 73 ms; intersection gap, 6 mm; slice thickness, 3 mm; field of view, 350 mm × 350 mm; matrix size, 128 mm × 128 mm; flip angle, 90°; partial Fourier factor, 6/8; parallel imaging reduction factor, 2; bandwidth, 2441 Hz per pixel; and the number of excitations, 8 (water excitation technique with b-value of 50 s/mm2 and 800 s/mm2). Axial fat-suppressed T1WI was performed with the following parameters: echo time, 1.4 ms; repetition time, 3.9 ms; flip angle 9°; slice thickness, 3 mm; matrix, 320 mm × 182 mm; field of view, 250 mm × 280 mm; and the number of excitations, 1. DWI and axial fat-suppressed T1WI sequences were performed with breath hold and free breathing, respectively. The main scan parameters of the MR sequences were presented in our earlier paper[13]. Apparent diffusion coefficient values (ADC) maps were automatically generated from DW images, and ADC values were calculated on a Syngo workstation (Syngo Multimodality Workplace; Siemens Healthineers). One radiologist, who had precise knowledge of the lesion’s location based on the overall findings from the radiological images and pathological and surgical datasets, retrospectively manually drew and placed the largest possible regions of interest within the pancreatic lesion and surrounding parenchyma. ADC values of pancreatic lesions were measured and compared with the surrounding parenchyma.

Image analysis: The detection of each multifocal AIP lesion was divided into three image sets: axial fat-suppressed T1WI, DWI, and DCE-CT. Each image set was independently analyzed on a picture archiving and communication workstation (Shida picture archiving and communication system, Fuzhou, China) with the free adjustment of window width and level by two abdominal radiologists (21 and 7 years of experience in interpreting abdominal CT/MRI). The two radiologists knew that this study was being conducted to detect the lesions of multifocal AIP but were unaware of any clinical information, biological data, other conventional imaging findings, histopathological, and surgical results. The radiologists identified the absence or presence of the lesion with a 5‑point diagnostic confidence scales as follows: Score 1, definitely absent; Score 2, probably absent; score 3, indeterminate; Score 4, probably present; and Score 5, definitely present. In cases with diagnostic confidence score of 4 or 5, a lesion was present, and the location of the lesion was recorded on a report sheet. The signal intensity of the lesion was assessed on axial fat-suppressed T1WI and DWI image sets compared with the surrounding parenchyma and was categorized as low, intermediate, or high.
One month after the completion of the detection rating for all patients of multifocal AIP, two radiologists subsequently analyzed the DCE-CT and MRI images of all 168 patients (56 AIP and 112 PDA) in a random sequence and determined, in consensus, the absence or presence of the following characteristic imaging features as previous reports[4,16-18] for differentiating between AIP and PDA: multiple pancreatic masses; ill-defined margin; delayed homogeneous enhancement; capsule-like rim; marked upstream MPD dilation; upstream pancreatic atrophy; multiple MPD strictures; and extrapancreatic manifestations, including vascular invasion, peripancreatic fat infiltration, and peripancreatic and retroperitoneal lymphadenopathy.

Laboratory data: The serum immunoglobulin G fraction 4 (IgG4) concentrations, if available, were carefully recorded.

Statistical analysis
Statistical analysis was performed using Statistic Package for Social Science (version 19.0; IBM Corp., Armonk, NY, United States) software. Quantitative variables were summarized as the mean ± standard deviation. Descriptive variables were determined using percentages and medians. The Wilcoxon signed rank test was performed to analyze the mean ADC values in multifocal AIP lesions and the surrounding parenchyma and to compare the ADC values in multifocal AIP and PDA. Prior to determining the agreement between the two radiologists with respect to confidence ratings for a detection task of multifocal AIP lesions, κ-values were used to assess interobserver agreement interpreted as follows: 0.81-1.00, excellent agreement; 0.61-0.80, good agreement; 0.41-0.60, moderate agreement; and 0.21-0.40, fair agreement[19,20]. Friedman’s nonparametric test was performed to evaluate the differences of diagnostic confidence level among axial fat-suppressed T1WI, DWI, and DCE-CT image sets for each radiologist. The frequency of the characteristic imaging findings for differentiating multifocal AIP from PDA was compared via the chi-squared or McNemar’s test, as appropriate. A two-tailed P value of < 0.05 was deemed to be a statistically significant difference.

RESULTS
Overall profile of 26 patients with multifocal AIP at our center
Clinical findings: From 26 patients, 18 were female, and 8 were male. The median age was 60.7 ± 17.0 years (range: 26-89 years). Among 118 patients with AIP, 54 (45.8%) showed diffuse-type AIP, 38 (32.2%) showed unifocal-type AIP, and twenty-six cases (22.0%) showed multifocal-type AIP. Of the 26 patients with multifocal-type AIP, 4 (15.3%) were associated with Crohn’s disease, and 2 (7.7%) were associated with ulcerative colitis (Figure 1). A total 56 lesions were found in these 26 patients with multifocal AIP. Twenty-two patients had two lesions, and four patients had three lesions. The lesions of 16 patients were in the pancreatic head/uncinate process and tail. The lesions of 6 patients were in the pancreatic head and body; 4 patients with 3 lesions each were in the pancreatic head, body, and tail. Pancreatic tissue samples were obtained in 18 patients (69.2%) including three from surgical resection, five from endoscopic ultrasound-guided fine-needle aspiration biopsy, and ten from CT guided percutaneous biopsy. All patients were affected by type 1 AIP.
The serum concentrations of IgG4 (0.03-2.01 g/L) were elevated above the normal limit in 94.9% (112/118) of the patients with AIP, 96.2% (25/26) of the patients with multifocal-type AIP, 96.3% (52/54) of the patients with diffuse-type AIP, and 92.1% (35/38) of the patients with unifocal-type AIP. The mean serum concentration of IgG4 of the patients with multifocal-type AIP was 14.77 ± 8.05 g/L. IgG4 levels were not elevated in 53 patients with PDA, and the remaining 59 patients with PDA had no measurement of serum IgG4 before surgery.

Treatment and relapse of patients with multifocal-type AIP: Initial treatment of all patients with multifocal AIP consisted of steroid therapy in 23 patients (88.5%) or surgical resection in three patients (11.5%). After the diagnosis was rendered, 22 patients received treatment with high-dose steroid. They received an intravenous injection of daily methylprednisolone 40-80 mg for 3 to 7 d, after which 10-20 mg of oral prednisone was given per day. During the median 8.6 mo (interquartile range: 5.1 to 23.0 mo) of follow-up, all patients who underwent steroid treatment with/without surgical resection showed complete radiological and clinical remission. The remaining 4 patients refused steroid treatment and were lost to follow-up.

Diagnostic performances of DWI, axial fat-suppressed T1WI, and DCE-CT
The senior and junior radiologist detected 50/56 and 46/56 lesions on DWI, 34/56 and 38/56 on axial fat-suppressed T1WI, and 22/56 and 24/56 on DCE-CT, respectively. DWI MRI had the highest relative sensitivity [46‑50/56 (82.1%‑89.3%) lesions] in the detection of lesions in multifocal AIP (Figures 2 and 3).
Statistically significant differences of the confidence level score were observed among these three image sets for the two radiologists. Diagnostic confidence level score of DWI alone was the highest, while that of DCE-CT was the lowest for each radiologist (Table 1). Weighted κ‑values that rated the confidence levels of the readers in terms of image interpretation are summarized in Table 2. Good interobserver agreement was observed between the two radiologists for determining the presence or absence of lesions on DWI datasets (weighted κ = 0.878). Moderate interobserver agreement was observed between two readers on axial fat-suppressed T1WI and DCE-CT image datasets (weighted κ = 0.742 and weighted κ = 0.683, respectively).
The mean ADC values (× 10-3 mm2/s) of multifocal AIP lesions and the surrounding pancreatic parenchyma were 0.96 ± 0.14 (range: 0.68‑1.26) and 1.15 ± 0.15 (range: 0.89‑1.40), respectively. ADC values of the AIP lesions were significantly lower compared with those of the surrounding pancreatic parenchyma according to the Wilcoxon signed‑rank test (P = 0.001; Table 3).

Evaluation of radiological findings between multifocal-type AIP and PDA
Fifty-six patients with multifocal-type AIP and 112 patients with PDA were compared. The differences in the imaging features between multifocal-type AIP and PDA are summarized in Table 4. Multifocality (100% vs 1.7%, P < 0.01), capsule-like rim (21.4% vs 3.6%, P < 0.01), multiple MPD strictures (47.3% vs 1.8%, P < 0.01), and delayed homogeneous enhancement (92.8% vs 13.4%, P < 0.01) were significantly more frequent in multifocal AIP. Peripancreatic fat infiltration (46.4% vs 91.0%, P < 0.01), vascular invasion (14.3% vs 71.4%, P < 0.01), upstream pancreatic atrophy (19.6% vs 58.9%, P < 0.01), peripancreatic and retroperitoneal lymphadenopathy (3.6% vs 61.6%, P < 0.01), and marked upstream MPD dilatation (3.6% vs 52.7%, P < 0.01) were significantly more frequent in PDA than in multifocal AIP. ADC values of the multifocal AIP lesions were significantly lower than that of PDA. However, the indistinct margin between multifocal AIP and PDA was not statistically different. Furthermore, the capsule-like rim was present with a lower frequency (21.4%) in multifocal AIP in our study. Additionally, three multifocal AIP patients underwent 18F-fluorodeoxyglucose (FDG) positron emission tomography/CT, and increased FDG uptake was noted in seven lesions in the whole pancreas (Figures 2 and 3).

DISCUSSION
AIP is an uncommon form of chronic pancreatitis that typically affects men in their fifth to sixth decades and usually presents with pancreatic enlargement and obstructive jaundice, with a reported incidence rate of up to 6% in chronic pancreatitis patients[1,21,22]. The most common radiological manifestation of AIP is a grossly enlarged sausage-shaped hypoattenuating pancreas with homogeneous decreased enhancement at the arterial phase and delayed rim-like enhancement at the portal venous phase. The unifocal form of AIP at the pancreatic head is by far the second-most common type[6]. As in our cases, the most uncommon type is the multifocal form that has only been described in a few reports[3,10,23]. All patients with multifocal AIP in our study were type 1 and responded well to steroid therapy, consistent with previous study results. 
In this cohort of 118 patients of AIP, 22.0% showed multifocal-type AIP, suggesting it is not as uncommon as previously thought in actual clinical practice. One possible reason for overlooking is the radiologists have been extremely unfamiliar with its characteristic imaging features. Another possible reason may be attributed to some CT and MR imaging findings of unifocal-type or diffuse-type AIP may overlap with multifocal-type AIP. It has also been hypothesized that different diagnostic approaches in China may greatly contribute to the relatively lower incidence rate of multifocal AIP. 
Current diagnostic methods available for the differentiation of pancreatic lesions are various, among which contrast-enhanced ultrasonography, endoscopic ultrasonography (EUS), contrast enhanced-CT, contrast enhanced-MRI, contrast-enhanced elastography, EUS-fine-needle aspiration, and contrast enhanced-EUS have been widely used in recent years. As one of the current gold standards for diagnosis of pancreatic neoplasms, EUS- fine-needle aspiration with 100% specificity can correctly access the pathological diagnosis directly. In addition, an accurate tissue diagnosis based on a EUS- fine-needle aspiration biopsy specimen may render surgery for those benign neoplasms or indolent cancer unnecessary. However, the best method for pancreatic mass diagnosis remains unclear[24]. In our country, DCE-CT, diagnostic endoscopic retrograde pancreatography, endoscopic biopsy, and the following therapeutic trial of steroids have been more actively conducted in the management of patients with suspected AIP than before[9,14,25]. Multifocal AIP can be mistakenly classified as diffuse or unifocal AIP when only using CT, as our study results showed that DWI and axial fat-suppressed T1WI have higher sensitivity than DCE-CT to find AIP lesions.
A literature search with the medical subject headings term ‘autoimmune pancreatitis’ in PubMed, Wanfang Database, and the China National Knowledge Infrastructure was performed by authors (Zhen-Shan Shi) on August 8, 2020. The reference lists of relevant studies were searched to identify other additional eligible articles. A PubMed search of the past 20 years revealed 783 articles describing focal-type AIP in the English and Chinese literature. However, most reported studies of focal AIP have focused on the imaging features of unifocal and not multifocal; only 18 articles involved the imaging features of multifocal-type AIP. Most of these studies were small case series or single case reports. A total of 132 cases of multifocal AIP, including our current cases, were retrospectively analyzed and summarized in the present study. We found that multifocal AIP accounted for 22% of total AIP, and most patients presented above the age of 60 years with more females than males[1,21]. The gender difference of multifocal AIP was not consistent with that of total AIP with more males than females.
In our study, 23.3% of multifocal AIP patients had associated IBDs (15.3% had Crohn’s disease, and 7.7% had ulcerative colitis) and were type 1 AIP. Most cases with coexisting AIP and IBD were type 2 AIP in the previous studies[2,26]. The possible reason is type 1 AIP is significantly more frequent in East Asia, and type 2 AIP generally prevails in Western countries[26]. Our data suggest that elevated serum IgG4 concentrations are also helpful in identifying multifocal AIP, like in previous studies[4,27].
This study confirmed the high sensitivity (82%‑89%) of DWI for the detection of AIP lesions[7,28], which also provided an important contribution to the highest radiologist diagnostic confidence score and the highest level of interobserver agreement (weighted κ = 0.878) between the two radiologists and also demonstrated that DWI was the optimal image sequence among the three image sets (DWI, axial fat-suppressed T1WI, and DCE-CT). We speculate that the lowest confidence score and interobserver agreement of DCE-CT between the two radiologists with different experience may be due to the inferior resolution in showing the slight difference of CT value between AIP lesions and the surrounding pancreas, which may make images more difficult to interpret than with DWI and axial fat-suppressed T1WI. Conversely, MRI has the excellent soft tissue contrast resolution, and DWI has outstanding imaging capability to detect pancreatic focal lesions, even minor lesions[29,30]. 
A significant difference in ADC value was also found between multifocal AIP lesions and the surrounding pancreas, similar to the results of unifocal-type AIP[4]. We hypothesize that DWI, which can be conducted without contrast media and in a relatively short time, will become a crucial imaging technique in the detection of AIP lesions.
Our present study showed that seven key distinguishing features of PDA and multifocal AIP were as follows among various CT and MR findings, particularly for multifocal AIP: (1) multiple pancreatic lesions; (2) hypoattenuating capsule-like rim; (3) delayed homogeneous good enhancement; (4) absence of distal pancreatic atrophy; (5) mild upstream MPD dilatation; (6) multiple MPD strictures; and (7) a lower ADC value are more frequently observed in multifocal AIP like other prior reports of unifocal-type AIP, which could be deemed reliable findings to prevent unnecessary invasive procedures and surgical treatment in the management of the suspected patients. 
On the contrary, peripancreatic fat infiltration, vascular invasion, and peripancreatic and retroperitoneal lymphadenopathy are more often observed in PDA. Additionally, even with 18F-FDG-positron emission tomography/CT examination, when the pancreatic lesion is accurately localized, it can be often confused with PDA because it has been recently reported to show increased FDG uptake at the locally affected lesions of AIP[31-33], which is also an observation from our study. We consider that the use of these seven key differentiating features can be helpful in supporting the diagnosis of AIP when the clinical, laboratory, and other imaging features are equivocal for distinguishing between focal-type AIP and PDA.
We found that there was no statistically significant difference between multifocal AIP and PDA with respect to ill-defined margin, as in previous studies[4,16]. The capsule-like rim or halo sign has already been reported as a specific feature of AIP, with a varying frequency up to 63%[5,14,34]. This sign was observed with lower frequency (21%) in multifocal AIP in our study. We presume that multifocal-type AIP is the early manifestation of AIP, and the multiple lesions will be merged into diffuse-type along with the progression of this entity. Then, typical or uncommon imaging features will be typical, and the halo sign may be more frequently seen. However, further work is needed to confirm this hypothesis.
Our study has a few limitations. First, this study was performed by a retrospective research design, and the number of cases is relatively small. However, AIP itself is a rare entity, and multifocal AIP is even rarer. Second, the incidence rate of multifocal AIP in this study was at a single tertiary center with a specialized care clinic that has been widely recognized for its expertise and experience with pancreatic diseases in our country and may confer a considerable potential referral bias with an overestimated frequency of multifocal AIP. Third, the blinded radiologists had initially determined patient diagnosis in daily clinical practice; recall bias might have occurred. Last, we used a variety of CT scanners with different detectors (e.g., 320-, 80- and 16- detectors) from the same manufacturer with scan parameters that slightly varied from each other, which may affect the diagnostic performance among these modalities. 

CONCLUSION
In conclusion, multifocal AIP is not as rare as previously thought. DWI as part of pancreatic conventional MRI protocol has the potential benefit in the detection of AIP lesions. The combinations of CT and MRI imaging features may be helpful for differentiating multifocal AIP from PDA by the key distinguishing findings, including multiple pancreatic lesions, capsule-like rim, delayed homogeneous enhancement, multiple MPD strictures, and lower ADC values.

ARTICLE HIGHLIGHTS
Research background
Multifocal-type autoimmune pancreatitis (AIP), sometimes forming multiple pancreatic masses, is frequently misdiagnosed as pancreatic malignancy in routine clinical practice. It is critical to know the imaging features of multifocal-type AIP to prevent misdiagnosis and unnecessary surgery. To the best of our knowledge, there have been no studies evaluating the value of diffusion‑weighted imaging (DWI), axial fat-suppressed T1 weighted image (T1WI), and dynamic contrast enhanced-computed tomography (DCE-CT) in detecting the lesions of multifocal-type AIP.

Research motivation
The key issue is whether CT and magnetic resonance imaging features of multifocal-type AIP can help definitively distinguish from pancreatic ductal adenocarcinoma (PDA) and whether there is an optimal modality to identify pancreatic lesions as correctly as possible. The results will provide important information on the diagnostic performances of DWI, axial fat-suppressed T1WI, and DCE-CT and the key imaging features for differentiating multifocal-type AIP from PDA.

Research objectives
We aimed to clarify the exact prevalence and radiological findings of multifocal AIP in our cohorts and compare the sensitivity of DWI, axial fat-suppressed T1WI, and DCE-CT for detecting AIP lesions. We also compared radiological features between multifocal AIP and PDA with several key imaging landmarks.

Research methods
Twenty-six patients with proven multifocal AIP were retrospectively included. Two blinded independent radiologists rated their confidence level in detecting the lesions on a 5-point scale and assessed the diagnostic performance of DWI, axial fat-suppressed T1WI, and DCE-CT. CT and magnetic resonance images of multifocal AIP were systematically reviewed for typical imaging findings and compared with the key imaging features of PDA.

Research results
Among 118 patients with AIP, 26 (22.0%) had multiple lesions (56 lesions). Ulcerative colitis was associated with multifocal AIP in 7.7% (2/26) of patients, and Crohn’s disease was associated in 15.3% (4/26) of patients. In multifocal AIP, multiple lesions, delayed homogeneous enhancement, multifocal strictures of main pancreatic duct, capsule-like rim, lower apparent diffusion coefficient values, and elevated serum Ig4 Level were observed significantly more frequently than in PDA, whereas the presence of capsule-like rim in multifocal-type AIP was lower in frequency than total AIP. Of these lesions of multifocal AIP, DWI detected 89.3% (50/56) and 82.1% (46/56) by the senior and junior radiologist, respectively.

Research conclusions
Multifocal AIP is not as rare as previously thought and was seen in 22% of our patients. The diagnostic performance of DWI for detecting multifocal AIP was best followed by axial fat-suppressed T1WI and DCE-CT.

Research perspectives
Larger and longer term prospective studies to investigate the important radiological findings for differential diagnosis between multifocal AIP and PDA should be performed in future studies.
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Figure Legends
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[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Figure 1 Flowchart of patients with multifocal autoimmune pancreatitis have Crohn’s disease and ulcerative colitis. AIP: Autoimmune pancreatitis; CD: Crohn’s disease; UC: Ulcerative colitis.
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Figure 2 A 72-year-old man with multifocal autoimmune pancreatitis. A-D: Diffusion‑weighted imaging and axial fat-suppressed T1 weighted image showed three indistinct mass-like swelling (arrows) in the pancreatic head, body, and tail; E: The pancreatic head lesion (arrow) could not be clearly shown on dynamic contrast enhanced-computed tomography; F: Dynamic contrast enhanced-computed tomography could only show a merged lesion in the pancreatic body/tail (arrow); G-H: Positron emission tomography-computed tomography images showed three focal intense uptakes of fluorodeoxyglucose in the whole pancreas, which were not detectable on dynamic contrast enhanced-computed tomography. B, D, and F: The computed tomography and magnetic resonance images demonstrated relatively normal volume of pancreas (arrowheads) in the pancreatic neck.
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Figure 3 A 68-year-old man with multifocal autoimmune pancreatitis. A-D: Diffusion‑weighted imaging and axial fat-suppressed T1 weighted image showed two indistinct mass-like swelling (arrows) in the pancreatic head and body; E and F: Positron emission tomography-computed tomography image showed two focal intense uptakes of fluorodeoxyglucose in the pancreatic head and body, which were not detectable on dynamic contrast enhanced-computed tomography. 
Table 1 Friedman analysis of variance by ranks for the diagnosis confidence level score
	Groups
	Junior radiologist
	Senior radiologist

	DWI
	2.32
	2.32

	Axial-suppressed T1WI
	1.95
	2.07

	Dynamic contrast enhanced CT
	1.73
	1.61

	P value
	0.033
	0.004


CT: Computed tomography; DWI: Diffusion‑weighted imaging; T1WI: T1 weighted image. 


Table 2 Interobserver agreement in image interpretation
	Groups
	κ-value

	DWI
	0.878 

	Axial fat-suppressed T1WI
	0.742

	Dynamic contrast enhanced CT
	0.683


CT: Computed tomography; DWI: Diffusion‑weighted imaging; T1WI: T1 weighted image.


Table 3 Apparent diffusion coefficient values of autoimmune pancreatitis lesions compared with those of surrounding pancreatic tissue1
	
	AIP lesions ADC
	Surrounding parenchyma ADC
	Wilcoxon signed-rank test

	
	Values (n = 56) (× 10-3 mm2/s)
	Values (n = 56) (× 10-3 mm2/s)
	Z value
	P value

	Mean
	0.96
	1.15
	-5.11
	0.001

	SD
	0.14
	0.15
	
	

	Median
	0.96
	1.16
	
	

	Minimum
	0.68
	0.89
	
	

	Maximum
	1.26
	1.40
	
	


1Apparent diffusion coefficient values in autoimmune pancreatitis lesions were lower (0.96 ± 0.14) compared with those in the surrounding pancreatic parenchyma (1.15 ± 0.15), Wilcoxon signed-rank test demonstrated this difference to be statistically significant (P = 0.001). ADC: Apparent diffusion coefficient; AIP: Autoimmune pancreatitis; SD: Standard deviation.


Table 4 Comparison of radiological findings between patients with multifocal autoimmune pancreatitis and pancreatic ductal adenocarcinoma, n (%)
	
	Multifocal AIP 
	PDA 
	P value

	No. of radiological findings of the pancreas
	56
	112
	

	Multifocal lesion
	56 (100)
	2 (1.7)
	< 0.01

	Capsule-like rim
	12 (21.4)
	4 (3.6)
	< 0.01

	Delayed homogeneous enhancement on MDCT
	52 (92.8)
	15 (13.4)
	< 0.01

	Margin (indistinct)
	48 (85.7)
	89 (79.5)
	0.325

	Peripancreatic fat infiltration
	26 (46.4)
	102 (91.0)
	< 0.01

	Vascular invasion
	8 (14.3)
	80 (71.4)
	< 0.01

	Multiple MPD strictures
	53 (47.3)
	2 (1.8)
	< 0.01

	Marked upstream MPD dilatation
	2 (3.6)
	59 (52.7)
	< 0.01

	Upstream pancreatic atrophy 
	11 (19.6)
	66 (58.9)
	< 0.01

	Lymphadenopathy
	2 (3.6)
	69 (61.6)
	< 0.01

	ADC values (× 10-3 mm2/s)
	0.96 ± 0.16
	1.15 ± 0.14 
	< 0.01


ADC: Apparent diffusion coefficient; AIP: Autoimmune pancreatitis; MDCT: Multidetector computed tomography; MPD: Main pancreatic duct; MRI: Magnetic resonance image; PDA: Pancreatic ductal adenocarcinoma.
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