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Abstract

Objectives: Because several studies for autoimmune pancreatitis (AIP) have revealed

pancreatic calcification resembling that in chronic pancreatitis (CP), we sought to

clarify whether AIP could transform into chronic features similar to advanced CP with

severe pancreatic dysfunction.

Methods: Pancreatic functions of 92 AIP patients, 47 definite CP patients, and 30

healthy controls were assessed by fecal elastase-1 concentration (FEC), fasting

immunoreactive insulin (IRI), and homeostatic model assessment (HOMA)-R.

Results: The 92 AIP patients included 17 (18%) with severe calcification (SC) and 75

without. FEC levels in AIP and CP patients were significantly lower than that in

controls. Exocrine insufficiency defined as FEC <200 pg/g was 39% in AIP without SC,

56% in AIP with SC, and 74% in CP. Fasting IRI and CPR values in CP were

significantly lower than those in AIP, with no significant differences between AIP

subgroups. The prevalence of endocrine insufficiency according to fasting IRI <5.0

pU/mL was 26% in AIP without SC, 31% in AIP with SC, and 59% in CP, respectively.

HOMA-R values were significantly higher in all AIP groups than in CP.

Conclusions: AIP can transform into a state of pancreatic insufficiency following

calcification that is less severe than that in definite CP.



Introduction

Pancreatitis presumably caused by autoimmune mechanism had been originally reported
in Europe.' The disease concept of autoimmune pancreatitis (AIP) was proposed in
Japan? and later subdivided into type 1 and type 2 AIP. Whereas type 1 AIP is
histopathologically designated as lymphoplasmacytic sclerosing pancreatitis, type 2 is
defined as idiopathic duct-centric chronic pancreatitis (CP) or AIP with granulocytic
epithelial lesions.* Type 1 AIP has been characterized by pancreatic swelling, high
serum IgG4 concentration, and a favorable response to corticosteroid treatment.*> The
Japan Pancreas Society published consensus guidelines for AIP in 2011 and later
amended them in 2013.%® The international consensus diagnostic criteria (ICDC) for
AIP were also proposed in 2011 to enable worldwide AIP diagnosis based on a global
standard.” Accordingly, awareness of this disease concept has become widespread and

an increasing number of AIP patients are being treated.

To date, AIP had been recognized as a reversible state disorder due to its clinical
characteristics of histologically lymphoplasmacytic infiltration and favorable response
to corticosteroid treatment.> However, this concept is now under debate since a number
of AIP patients have been reported to exhibit calcification of the pancreas during

long-term follow-up resembling that found in advanced ordinary CP. We previously



described that pancreatic calcification developed in over 30% of AIP patients over
extended follow-up, wherein stone formation was seen in close association with relapse
and narrowing of both Wirsung’s and Santorini’s ducts.'®!! We also uncovered that
approximately 20% of AIP patients displayed severe calcification that fulfilled the
revised Japanese clinical diagnostic criteria for CP'? and was significantly associated
with pancreatic head swelling and non-narrowing of the main pancreatic duct in the
pancreatic body.!? These findings indicated that remnant pancreatic duct narrowing in
long-term follow-up led to pancreatic juice stasis and could progress to severe
pancreatic calcification. Thus, AIP seems able to transform into a chronic state with

imaging findings mimicking those of advanced CP.'>!*

In ordinary CP such as alcoholic pancreatitis, patients exhibiting the characteristic
imaging findings of marked pancreatic calcification, irregular dilation of the pancreatic
duct, and pancreatic atrophy also tend to develop pancreatic endocrine and exocrine
insufficiency. Accordingly, AIP patients with severe pancreatic calcification that fulfills
the image criteria for definite CP may also be at risk for pancreatic insufficiency,
although this issue has not been fully investigated. The short-term effects of
corticosteroids on endocrine function in AIP are controversial, with some reports

15,16

showing improvement and others worsening, >>'® whereas those on exocrine function



appear to be more consistently favorable. In contrast, the long-term changes in exocrine
and endocrine function remain unclear for AIP, and it remains uncertain whether it can
progress to CP with accompanying functional insufficiency. Our preliminary reports
revealed no significant differences in serum amylase or HbAlc levels in AIP cases with
and without severe calcification and indicated no apparent correlation between AIP with
pancreatic calcification and pancreatic dysfunction akin to that in ordinary CP.'!
However, it is possible that AIP may present endocrine and exocrine abnormalities in a
more chronic stage with severe calcification. The present study sought to clarify
whether AIP with severe pancreatic calcification resembling that in advanced ordinary
CP also displayed pancreatic insufficiency during long-term follow-up and determine if

AIP could transform into advanced CP with severe pancreatic insufficiency.

Materials and Methods

2.1. Study subjects

The medical records of 109 patients with AIP who were treated at Shinshu University
Hospital between August 1992 and August 2014 were retrospectively reviewed by
cohort study. Of them, we enrolled 92 patients (71 men and 21 women; median age: 74
years, range: 55-90 years) who had been followed for at least 3 years (median follow-up

period: 102 months, range: 36-301 months). AIP diagnosis was based on the ICDC for



AIP?, and all patients showed no image finding resembling those in chronic pancreatitis
at diagnosis. All patients were diagnosed as having type 1 AIP. Two control groups were
enrolled in this study: 47 patients with definite CP diagnosed based on the revised
Japanese clinical diagnostic criteria for CP'? (44 men and 3 women; median age: 66
years, range: 39-81 years; 42 with alcoholism 5 without) and 30 apparently healthy
subjects without any pancreatic and other diseases, such as diabetes mellitus (DM) (23

men and 7 women; median age: 53 years, range: 31-91 years).

2.2. Evaluation of pancreatic imaging
The presence of pancreatic calcification in AIP and CP patients was evaluated using the
most recent abdominal computerized tomography (CT) images obtained for each

patient.

2.3. Clinical features and laboratory tests

We analyzed the factors of DM and insulin use, use and duration of corticosteroid
treatment, relapse, alcohol intake, smoking and serum blood chemistry markers of
pancreatic function and AIP activity. Alcohol intake was defined as over 25g daily

ethanol consumption and smoking was defined as more than 20 cigarettes smoked per



day. Exocrine function was assessed using fecal elastase-1 concentration (FEC)!
(Pancreatic elastase ELISA kit, BIOSERV Diagnostics GmbH, Germany) and the
N-benzoyl-L-tyrosyl-p-aminobenzoic acid (BT-PABA) test. Endocrine function was
evaluated using serum values of HbAlc, fasting immunoreactive insulin (IRI) for
patients treated without insulin, and fasting C-peptide reactivity (CPR). We calculated
homeostatic model assessment (HOMA)-R and HOMA-B to evaluate insulin resistance
and insulin secretory function, respectively. Pancreatic function and AIP activity
markers were determined at the time of the most recent hospital visit for each patient.

As controls, we evaluated similar parameters among definite CP patients and examined
FEC levels in healthy subjects. All laboratory tests were performed using commercially

available kits and performed according to the manufacturer’s instructions.

2.4. Statistical analysis

Pearson’s chi-square test was adopted to test for differences between patient subgroups.
The Mann-Whitney U and Kruskal-Wallis tests were employed to compare continuous
data. All tests were performed using Statflex ver. 6 software (Artech Co., Ltd., Osaka,

Japan). P values of less than 0.05 were considered to be statistically significant.

2.5. Ethics



This study was approved by the ethics committee of Shinshu University (approval

number: 1973).

Results

3.1. Patient characteristics

Among the 92 recruited AIP patients, 17 displayed imaging findings that fulfilled the

revised Japanese clinical diagnostic criteria for CP showing characteristic image

findings of pancreatic stone and were classified into the AIP with severe calcification

(SC) group (14 men and 3 women; median age: 74 years, range: 60-88 years). Nine of

these patients had obvious stones in the pancreatic duct (Fig. la) and 16 exhibited

diffuse calcification in the parenchyma (Fig. 1b). The remaining 75 patients were

defined as the AIP without SC group. In comparisons of clinical parameters among the

AIP with SC, AIP without SC, and CP groups, the observation period was found to be

significantly longer for the AIP with SC group than for the AIP without SC group (p <

0.05). Both AIP groups were significantly older than the CP group (p < 0.05), while the

male-to-female ratio of the CP group was significantly higher than those of the AIP

subgroups. AIP with SC patients received prednisolone for a significantly longer period

than AIP without SC patients (p < 0.05). The CP group included significantly more



alcoholics (p < 0.0005 vs. both AIP subgroups, respectively). We found a tendency for

several disease activity markers, including IgG, 1gG4, soluble interleukin-2 receptor

(sIL2-R), and circulating immune complex (CIC), to be lower at final visit in AIP with

SC than in AIP without SC (Table 1).

3.2. Evaluation of exocrine function

FEC values were significantly lower in the AIP and CP groups than in healthy controls.

FEC in the CP group was significantly lower, and FEC in the AIP with SC group tended

to be lower, than that in the AIP without SC group (Table 2, Fig. 2). The incidence of

patients with exocrine insufficiency defined as FEC <200 pg/g was 56% (5/9) in AIP

with SC and 39% (13/33) in AIP without SC. This difference was not significant. The

CP group showed the highest exocrine insufficiency incidence of 74% (20/27), which

was significantly greater than that in AIP without SC and indicated that exocrine

dysfunction in AIP with SC was intermediary between the other groups (Table 2). A

total of 43% (18/42) of AIP patients exhibited exocrine insufficiency irrespective of the

presence or absence of pancreatic stones.

BT-PABA test values for the AIP with SC and CP groups were lower than that for AIP

without SC, albeit non-significantly (Table 2). There were no remarkable differences in



the prevalence of exocrine insufficiency defined as BT-PABA <70% among the groups.

Interestingly, all AIP with SC patients showed impaired exocrine sufficiency.

3.3. Evaluation of endocrine function

The prevalence of complicating DM and insulin use among all AIP patients were 47%

(43/92) and 22% (20/92), respectively. These values tended to be higher in the AIP with

SC group (Table 3). Fasting IRI in the CP group was significantly lower than values in

both AIP subgroups, which were comparable (Table 3, Fig. 3a). The incidence of

patients with endocrine insufficiency as defined by fasting IRI <5.0 pU/mL was 59%

(20/34) in the CP group. This was significantly higher than the 26% (16/62) for AIP

patients without SC. At a frequency of 31% (4/13), endocrine dysfunction AIP with SC

appeared to be intermediary between AIP without SC and CP. AIP on the whole

exhibited endocrine insufficiency in 27% (20/75) of cases (Table 3).

Evaluation of fasting CPR showed results similar to those of IRI (Table 3, Fig. 3b). The

prevalence of patients with endocrine insufficiency according to fasting CPR <I1.5

pU/mL was 68% (25/37) in the CP group, which was significantly higher than the 30%

(21/70) for AIP without SC and comparably higher than the intermediary value of 41%

(7/17) for AIP with SC. Endocrine insufficiency was 32% (28/87) among all AIP cases



(Table 3).

HOMA-R values in the AIP subgroups were both significantly higher than that in CP
(Table 3, Fig. 4a). The prevalence of insulin resistance defined as HOMA-R = 2.5
was also significantly higher in the individual and overall AIP groups than in CP. The
results of HOMA-f testing supported those for fasting IRI and CPR: HOMA-B in CP
was significantly lower than that in AIP without SC and tended to be lower than that in
AIP with SC (Table 3, Fig. 4b). The prevalence of patients with decreased insulin
secretion according to HOMA-B <40% was less for all AIP groups versus CP, albeit not

significantly (Table 3).

Discussion

4.1. Clinical characteristics of AIP with SC

Among the 92 patients with AIP, we found severe pancreatic calcification that matched
the Japanese clinical diagnostic criteria 2009 for CP'? (i.e., AIP with SC) in 17 patients
(18%). AIP with SC had significantly longer periods of observation and treatment than
did AIP without SC, indicating that pancreatic calcification required a longer duration of

highly active disease state. Because the stagnation of pancreatic juice due to remnant



pancreatic duct stricture seems to be the major cause of stone formation, longer period

may be required to complete it.'*

AIP patients were older than CP patients and
possessed a lower male-to-female ratio, likely because of the high prevalence of
alcoholism in the CP group. AIP with SC displayed somewhat lower values of activity

markers at final visit, which suggested that an extended chronic disease period may

have resulted in burnout of pancreatic parenchyma.

4.2. Evaluation of pancreatic exocrine function in long-term follow-up AIP patients

We measured FEC as a marker of pancreatic exocrine function in long-term follow-up

AIP patients. FEC values were lower in both AIP groups than in healthy controls. Since

the AIP without SC group showed a significantly higher FEC value than did the CP

group and there was no significant difference between AIP with SC and CP, we

considered that exocrine insufficiency in AIP with SC was moderately depressed and

intermediary between AIP without SC and CP.

Although many reports have described amelioration of exocrine insufficiency in AIP

soon after corticosteroid treatment, few have addressed AIP patients after long-term

follow-up. FEC is an established marker of exocrine function in CP, for which exocrine

insufficiency determined as FEC <200 pg/g has been reported in 76.5% of calcified CP



cases.!” This figure coincided with our results of 74%. Maire et al. observed FEC <200
pg/g in 10 of 28 AIP patients (36%) after a more comparable long-term follow-up
period (median: 41 months, range: 5-130 months),'® which was similar to our result of
43%. In addition, the higher ratio of FEC <200 pg/g in the AIP with SC group (56% vs.
39% in the AIP without SC group) suggested that the occurrence of pancreatic
calcification had deteriorated exocrine function.

There were no significant differences in BT-PABA results among present study groups.
The BT-PABA test has been reported to have several problems that hamper accurate
measurement and result in low sensitivity and specificity.!” However, Uchida et al.
observed an amelioration of BT-PABA in 10 of 21 AIP patients (48%) 6 months after
corticosteroid treatment, but then witnessed exocrine insufficiency in 6 of the patients
afterwards and further deterioration in 4 of the 6 patients over 3 years of follow-up.?’
Accordingly, a proportion of AIP cases appears to progress to exocrine insufficiency,

which may be exacerbated by the onset of calcification.

4.3. Evaluation of pancreatic endocrine function in long-term follow-up AIP patients
The complications of DM and insulin treatment were seen in 47% and 22% of AIP

patients, respectively, which were not remarkably different from those values in CP.



Although the AIP group exhibited significantly higher fasting IRI and CPR levels than
did CP, impaired secretion was found in only 27% and 32% of cases, respectively. Thus,
while endocrine dysfunction can occur in AIP during long-term follow-up, it appears to
progress more slowly than in CP. Since endocrine function in AIP with SC was more
severely impaired than that in AIP without SC, insufficiency may progress quickly after
severe pancreatic calcification to a frequency approaching that in CP. Meanwhile,
HOMA-B levels were generally better maintained in the AIP groups than in CP and
supported the results of fasting IRI and CPR. We observed significantly higher
HOMA-R levels in the AIP groups, which may have been related to increased insulin
resistance due to corticosteroid treatment for AIP.

Maire et al. reported DM complications in 57% of AIP patients during long-term
observation (median: 41 months, range: 5-130 months), which was similar to our result
of 47%.'® Masuda et al. described complicating DM in 11/31 of AIP patients (35%) at 6
months after corticosteroid therapy that was closely associated with pancreatic
atrophy.?! Miyamoto et al. found that DM as estimated by HbAlc was present in 30/69
of AIP patients (46%) and was ameliorated in 10/16 of patients (63%) 3 years after
corticosteroid treatment, although HbAlc levels were presumably affected by various

therapeutic states.”? Hirano et al. reported that endocrine function in 51 AIP patients



according to CPR showed improvement in 13%, deterioration in 19%, and no change in
68% of cases over a mean follow-up period of 60 months.?* They recommended early
stage corticosteroid therapy when insulin secretion was normal and treatment cessation
during stable endocrine function since corticosteroids deteriorated insulin resistance, as
confirmed by our results.”®> Although few studies have monitored long-term endocrine
function in AIP, the present investigation showed that endocrine function in some AIP
patients worsened over time and became further impaired after severe calcification in a

manner similar to that of exocrine function.

4.4. Differing nature of exocrine and endocrine dysfunction in AIP with SC and
ordinary CP

The present study demonstrated that AIP with SC showed milder exocrine and
endocrine insufficiencies than did CP, despite fulfilling the Japanese clinical diagnostic
criteria for CP. These differences may have stemmed from the varying nature of
pancreatic injury between the conditions. Several theories have been proposed for the
pathogenesis of ordinary CP.>* Pathological findings in alcoholic chronic pancreatitis
revealed the progression of dense interlobular fibrosis that resulted in destruction of

parenchymal cells and formation of stones.>> On the other hand, as we have pointed out,



remnant narrowing of the pancreatic duct found in some AIP patients likely caused
pancreatic juice stagnation and the formation of pancreatic duct stones'!, leading to
further secondary injury of pancreatic parenchymal cells.'*!* Suda et al. reported that
whereas interlobular fibrosis combined with a cirrhosis-like appearance and scant
inflammatory infiltration was recognized in the tissues of alcoholic CP, inter- and
intralobular fibrosis admixed with acinar atrophy and lymphocytic infiltration were
intermingled in the tissues of obstructive pancreatitis and AIP,*® which indicated
different underlying pathological findings between the conditions.?® Lastly, Kishi et al.
described prominent pancreatic satellite cell expression in patients with pancreatic duct
obstruction.?’ Such pathological changes may also be associated with the difference in
exocrine dysfunction severity between AIP and ordinary CP.

Since exocrine and endocrine aberrations were also seen in cases of AIP without SC,
direct tissue injury from inflammatory AIP processes may have occurred during
long-term follow-up. Even after clinical remission, elevated serum IgG4 was found in
over 60% of AIP patients,” suggesting the possibility of subclinical inflammatory
activity with tissue injury. Compared with CP, AIP tissue damage has somewhat
reversible properties as shown in findings after corticosteroid treatment.?’ Ito et al.

reported that most ductal basement membranes in AIP were histologically intact and



indicated that exocrine dysfunction in AIP was different from that in CP; ductal cells
and bicarbonate secretion remained intact.'® Song et al. found that type IV collagen was
well preserved in AIP tissues as compared with those in CP.*° Because collagen type IV
is a component of the basement membrane that serves as scaffolding and ensures
accurate regeneration of tissue form during orderly renewal and repair, the initial
structure of the AIP pancreas is regenerated even if considerable pancreatic acinar cell
mass is destroyed. This might explain the reversibility or regeneration of AIP tissue to
some extent.”! The reversible nature of AIP tissue injury may account for the milder
dysfunction found in long-term AIP as compared with CP.

In conclusion, AIP may progress to a state of pancreatic insufficiency after the

appearance of calcification that is less severe than in ordinary CP.
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Figure Legends

Figure 1: CT imaging findings of calcified AIP which fulfills the diagnostic criteria in

Japanese clinical diagnostic criteria for CP. (a) Stones in pancreatic ducts. (b) Diffuse

calcifications distributed in the parenchyma throughout the entire pancreas.

Figure 2: Scattergram for fecal elastase-1 concentration (FEC) in AIP without severe

calcification (SC), AIP with SC, chronic pancreatitis (CP), and healthy controls. NS: not

significant.

Figure 3: Scattergram for (a) fasting immunoreactive insulin (IRI) in AIP without

severe calcification (SC), AIP with SC, and chronic pancreatitis (CP), and (b) fasting

C-peptide reactivity (CPR) in AIP without SC, AIP with SC, and CP. NS: not

significant.

Figure 4: Scattergram for (a) HOMA-R in AIP without severe calcification (SC), AIP

with SC, and chronic pancreatitis (CP), and (b) HOMA- values in AIP without SC, AIP

with SC, and CP. NS: not significant.



Table 1. Comparison of clinical and laboratory features among test groups

AIP without SC AIP with SC Ordinary CP
p value
(n=75) (n=17) (n=47)
Clinical features Median (range)

Observation period, mo 78 (36-301) 148 (42-211) ® 88 (6-402) ®p <0.005
Age, y 74 (55-90) * 74 (60-88) * 66 (39-81) *p < 0.0005
Gender (M/F) 57/18 14/3 44/3" p<0.02
Alcohol intake (+/-) 35/40* 8/9* 42/5 *p < 0.0005
Smoking (+/-) 40/35"° 11/61 41/6 'p<0.05
Prednisolone (PSL) (+/-) 61/14 13/4 NS
PSL period (months) 80 (2-1375) 157 (38-209) p<0.05
Relapse (+/-) 23/52 710 NS

Laboratory results at final visit Median (range)
[e[€] 1458 (315-3240) 1276 (683-1894)
NS
(n=45) (n=12)
1gG4 228.0 (3-1330) 162.5 (42-632)
NS
(n=48) (n=12)
C3 98.0 (59-178) 99.5 (72-132)
NS
(n=45) (n=12)
C4 22.1 (11.2-40.3) 23.6 (16.9-30.5)
NS
(n=45) (n=12)
sIL-2R 455.0 (129-1625) 376.0 (171-909)
NS
(n=45) (n=11)
CIC 3.2(2.0-9.9) 2.2 (2.0-5.9)
NS
(n=36) (n=11)

®p < 0.005 vs. AIP without SC, *p < 0.0005 vs. CP, "p < 0.02 vs. AIP without SC, *p < 0.0005 vs. CP, "p < 0.05 vs. CP
SC: severe calcification; CP: chronic pancreatitis; s/L-2R: soluble interleukin-2 receptor; CIC: circulating immune

complex; NS: not significant



Table 2. Comparison of pancreatic exocrine function parameters

AIP without SC AIP with SC Ordinary CP Control
FEC (ng/g) 229.9 (7.7-642.1) 99.0 (5.1-520.3) 80.2 (3.6-542.5)*  488.2 (66.0-1031.7)®
(n=33) (n=9) (n=27) (n=30)
FEC<200ug/g (%) 13/33 (39%) 5/9 (56%) 20/27 (74%) * 5/30 (17%) ®
Total AIP 18/42 (43%)
BT-PABA (%) 56.4 (16.9-86.6) 42.5 (11.1-56.9) 48.9 (11.9-126.9)
(n=18) (n=5) (n=21) NS
BT-PABA<70% (%) 11/18 (61%) 5/5 (100%) 1721 (81%)
Total AIP 16/23 (70%) NS

Values are expressed as median (range).
*p < 0.02 vs. AIP without SC, total AIP
®p < 0.02 vs. AIP without SC, AIP with SC, total AIP, and Ordinary CP

FEC: fecal elastase-1 concentration; BT-PABA: N-benzoyl-L-tyrosyl-p-aminobenzoic acid; NS: not significant



Table 3. Comparison of pancreatic endocrine function parameters

AIP without SC AlP with SC
Ordinary CP p value
Total AIP
Diabetes mellitus (+/-) (%) 33/42(44) 10/7 (59) 15/30 (33)
NS
Total AIP (+/total) (%) 43/92 (47)
Insulin use (+/-) 15/60 (20) 5/12 (29) 10/35 (22)
NS
Total AIP (+/total) (%) 20/92 (22)
median (range)
IRI (WU/mL) 9.8(1.2-2225)° 10.2 (3.4-44.1)° 3.9 (1.0-28.7)
®p <0.05
(n=62) (n=13) (n=34)
IRI <5.0 pU/mL (%) 16/62 (26) * 4/13 (31) 20/34 (59)
*p < 0.002
Total AIP (+/total) (%) 20/75 (27) *
CPR (ng/mL) 2.3(0.2-8.1)® 2.5(0.3-8.7)® 0.9 (0.2-7.5)
®p <0.05
(n=70) (n=17) (n=37)
CPR <1.5 pU/mL (%) 21/70 (30) ¥ 717 (41) 25/37 (68)
¥p < 0.0005
Total AIP (+/total) (%) 28/87 (32) ¥
HOMA-R 2.9(0.5-82.4)1 3.2 (1.2-22.4)1 1.0 (0.3-9.7)
p < 0.01
(n=56) (n=10) (n=28)
HOMA-R 22.5 (%) 33/56 (59) © 7/10 (70)® 8/28 (29)
®p <0.05
Total AIP (+/total) (%) 40/66 (61) ®
HOMA-B (%) 78.2 (3.6-920.7) 1 84.4 (14.6-255.0) 42.4 (4.4-297.0)
p < 0.01
(n=56) (n=10) (n=28)
HOMA-B <40% (%) 17/56 (30) 3/10 (30) 14/28 (50)
NS

Total AIP (+/total) (%)

20/66 (30)

Values are expressed as median (range).

®p < 0.05vs. CP, *p <0.002 vs. CP, Yp <0.0005vs.CP, "p<0.01vs.CP

IRI: immunoreactive insulin; CPR: C-peptide reactivity; HOMA-R: homeostasis model assessment ratio; HOMA-S:

homeostasis model assessment-beta cells; NS: not significant
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