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Abstract: Background and aims: Autoimmune pancreatitis (AIP) is an IgG4-related disease that is prone to be misdi-
agnosed as pancreatic cancer (PC) because of similar clinical symptoms and imaging appearance. Serum IgG4 has 
helped much in the differentiation of the two diseases, but its diagnostic sensitivity and specificity are still not very 
satisfactory. Methods: In this work, 82 AIP and 160 stage IA and IB PC patients with complete clinical and laboratory 
data were enrolled and analyzed retrospectively. Serum IgG4, CA19-9, CEA and total bilirubin levels were measured. 
Mann-Whitney U and Chi-square test were used for statistical analyses, and receiver operating characteristic curve 
analysis was performed to determine optimal cut-off values and the area under the curve. Results: IgG4 was the 
best single serum marker, while either serum CA19-9 or CEA alone also help to differentiate AIP and early-stage PC 
patients. Combination of CA19-9 improved the overall diagnostic efficiency of IgG4 but sacrificed the sensitivity a lit-
tle. Further incorporation of serum CEA into the combination of IgG4 and CA19-9 in a special pattern, however, pro-
duced the best diagnostic performance with intriguing parameters: sensitivity, 86.59%; specificity, 95.63%; positive 
predictive value, 91.03%; negative predictive value, 93.29%: accuracy, 91.03%; and AUC, 0.911. Conclusions: This 
article, for the first time, revealed that CEA, in combination with serum CA19-9 and IgG4 in a special pattern, would 
overwhelmingly enhance the diagnostic performance of serum IgG4 alone or the combination of IgG4 and CA19-9 
in differentiating AIP from early-stage PC patients. The new utility of CEA is worthy of further clinical investigation.
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Introduction

Sarles and his colleagues first reported a spe-
cial type of pancreatitis with hypergammaglob-
ulinemia and named it primary inflammatory 
sclerosis [1]. And the concept of autoimmune 
pancreatitis (AIP) characterized by elevated 
IgG4 was established until 1995 [2]. Nearly 20 
years after, AIP has now been known well by cli-
nicians. Diffuse enlargement of the pancreas 
or the presence of a pancreatic head mass and 
irregular stenosis of the pancreatic duct in 
imaging examinations are the major clinical 
manifestations of AIP which make it easy to be 
misdiagnosed as pancreatic cancer (PC) [3]. In 
fact, a number of AIP patients have been suf-
fering unnecessary exploratory laparotomy or 
surgical resection since glucocorticoid therapy 
could always achieve a satisfactory therapeutic 

effect for AIP [4]. When undertaking pancreato-
duodenectomy for a suspicious lesion in the 
pancreatic head, there might be at least a 5% 
chance of resecting a benign, inflammatory 
lesion masquerading as cancer [5]. AIP is the 
most common benign lesion which would be 
suspected of PC and be surgically excised [6]. 
The proportion of AIP cases in patients who 
underwent pancreatic resection is 2.2-2.4%, 
and the proportion dramatically rises to 19.5-
28% in patients with benign pancreatic disease 
who underwent pancreatic resection [7]. 
Therefore, powerful markers for the differentia-
tion of AIP from early-stage PC patients are 
urgently needed.

As an important cornerstone of diagnosis of 
AIP, elevated serum IgG4 is currently included 
in the International Consensus Diagnostic 
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Criteria (ICDC) for AIP [8]. However, as a subset 
of AIP patients have normal IgG4 levels, and 
IgG4 levels could be elevated non-specifically 
in some other diseases [9], the diagnostic sen-
sitivity and specificity of serum IgG4 alone for 
AIP are not very satisfactory [10]. Abnormally 
high level of carbohydrate antigen 19-9 (CA19-
9) has been found in many types of malignant 
tumors, including PC. Previous studies have 
assessed the diagnostic performance of IgG4 
combined with CA19-9 in differentiating AIP 
and PC [11, 12], but the diagnostic efficiency 
was only moderately improved. Other markers 
that can further improve the differentiation of 
AIP from PC are still needed. 

Carcinoembryonic antigen (CEA) is a traditional 
gastrointestinal tumor maker. Although the 
sensitivity and specificity of CEA alone in the 
diagnosis of PC are low, its addition to the com-
bination of serum IgG4 and CA19-9 might fur-
ther improve the accuracy of differentiation of 
AIP from early-stage PC. To test this hypothesis, 
the present study, with the largest number of 
patients with confirmed AIP ever reported in 
Mainland China, investigated the performance 
of serum CEA, combined with serum IgG4 and 
CA19-9, in differentiating AIP from early-stage 
PC.

Materials and methods

Patients

During 2011-2013, a total of 102 patients had 
a confirmed diagnosis of AIP at our hospital, of 
whom 82 had complete clinical, imaging and 
laboratory data non-smokers were enrolled and 
analyzed retrospectively. Non-smokers in this 
study were defined as never-smokers and ex-
smokers who had stopped smoking more than 
6 months prior and had never exceeded 5 
pack-years at any time. We compared them 
with a control group involving 160 non-smokers 
who were diagnosed with stage IA and IB PC  
at our hospital. The Asian criteria [13], HISORt 
criteria [14] and International Consensus 
Diagnostic Criteria [8] were adopted, and all AIP 
patients included in this study met at least one 
of these diagnostic criteria. All AIP patients 
were treated with oral prednisolone which 
started at 0.6 mg/kg/day, the dosage of the 
steroids was gradually tapered over 4-6 weeks. 
These AIP patients were periodically monitored 
by serological and imaging tests from the start 

of therapy. PC diagnosis was confirmed histo-
pathologically or cytologically by two seasoned 
pathologists. Informed consent was obtained 
from all the patients. The study was approved 
by the ethics committee of Changhai Hospital.

Sample collection and measurements

Blood samples were collected from untreated 
subjects included in our study to measure 
serum levels of IgG4, CA19-9, CEA and total 
bilirubin. Serum IgG4 levels were measured by 
immunological scatting turbidity method on a 
BNII automatic protein analyzer (SIEMENS, 
Germany); SIEMENS original reagents were 
applied in analysis, and N/T Protein Control 
SL/M and N/T Protein Control SL/H (SIEMENS, 
Germany) were used as internal quality con-
trols. Serum CA19-9 and CEA levels were mea-
sured by immunochemiluminometric assays on 
an ARCHITECT i2000sr automatic chemilumi-
nescence immunoassay analyzer (Abbott, USA), 
with Immunoassay Control Level 1 and Level 3 
(Randox, UK) as internal quality controls. Serum 
total bilirubin was measured by vanadate oxida-
tion method (Wako, Japan) on a 7600 automat-
ic biochemical analyzer (HITACHI, Japan), with 
Synchron@ Control (Beckman Coulter, USA) as 
an internal quality control.

Statistical analysis

Serum IgG4, CA19-9, CEA and total bilirubin 
levels are presented as medians with quartiles, 
and Mann-Whitney U test was used to reveal 
differences between groups, with P-values < 
0.05 considered statistically significant. Two 
independent sample t-tests were used to detect 
age differences between groups. Sex and clini-
cal manifestations were analyzed by Chi-square 
test. Binary logistic regression analyses were 
performed to disclose the predictive perfor-
mance of serum IgG4, CA19-9 and CEA levels 
in the differential diagnosis of AIP and early-
stage PC. Receiver operating characteristic 
(ROC) curves were used to determine the opti-
mal cut-off values and the area under the curve 
(AUC) of diagnostic tests. 

Results

Clinical characteristics of AIP and PC patients

A total of 82 AIP and 160 stage IA and IB PC 
patients were enrolled in this study, and the 
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clinical features and laboratory data were sig-
nificantly different between the two groups 
(Table 1). A relatively higher ratio of younger 
male patients was confirmed in AIP compared 
to PC patients. Abdominal pain was quite com-
mon and steatorrhea was rare in both AIP and 
PC patients. Weight loss and diabetes mellitus 
seemed more likely to occur in PC patients. As 
could be expected, serum IgG4 levels were sig-
nificantly higher and CA19-9 levels were signifi-
cantly lower in AIP patients than in PC patients 
(Table 1). Further analysis of the data demon-
strated that serum IgG4 levels in 57 out of 82 
(70%) AIP patients were higher above 1.4 g/L 
(the cut-off value suggested by multiple previ-
ous studies) [10-12], while serum CA19-9 lev-
els in 65 out of 160 (41%) PC patients were 
above 1200 IU/L (the upper limit of CA19-9 in 
our laboratory). Although lower serum total bili-
rubin levels were confirmed in AIP patients, 
jaundice was also a common clinical symptom 

in AIP patients compared to PC patients (50% 
vs. 61%, Table 1 and Figure 1). Serum CEA had 
a lower positive rate than CA19-9 in PC patients 
(8.5% vs. 61.3%, cut-off value: < 5 IU/L), but 
serum CEA levels were statistically higher in PC 
patients than in AIP patients. The surprisingly 
different distribution of serum CEA levels in AIP 
and PC patients suggested that CEA might be a 
useful marker for helping differentiate AIP from 
PC patients and is thus worthy of further 
investigation.

Predictive potential of serum IgG4, CA19-9, 
CEA and total bilirubin levels for AIP 

Binary logistic regression analyses were per-
formed to analyze the predictive potential of 
serum IgG4, CA19-9, CEA and total bilirubin lev-
els for AIP (Table 2). Univariate analysis showed 
that serum IgG4 was positively while CA19-9 
and CEA levels alone were negatively correlat-

Table 1. Clinical data for AIP and pancreatic cancer patients 
AIP patients (n = 82) PC patients (n = 160) P

Age (mean ± SD, years) 57.5 ± 11.1 64.4 ± 11.8 < 0.001
Male-to-female ratio 73:9 92:68 < 0.001
Abdominal pain 37 (45%) 88 (55%) 0.146
Weight loss 9 (11%) 42 (26%) 0.006
Diabetes mellitus 12 (23%) 52 (33%) 0.003
Steatorrhea 2 (3%) 8 (5%) 0.343
IgG4 median (interquatile range, g/L) 8.2 (4.4-14.9) 0.7 (0.3-1.4) < 0.001
CA19-9 median (interquatile range, U/mL) 14.3 (7.7-33.7) 484.7 (68.2-1200) < 0.001
CEA median (interquatile range, ng/mL) 2.3 (1.7-3.4) 5.73 (3.4-10.4) < 0.001
Bilirubin median (interquatile range, μmol/L) 17.5 (11.1-45.1) 25.4 (10.4-109.4) < 0.001

Figure 1. Scatter plots of serum IgG4, CA19-9 and CEA levels in AIP and PC patients. Serum IgG4 (A), CA19-9 (B) 
and CEA (C) were quantified and analyzed by the Mann-Whitney U test. The horizontal bar denotes the median with 
interquartile range. Note: Data more than 1200 IU/L of CA19-9 levels were set as 1200 IU/L. AIP: autoimmune 
pancreatitis; ***P < 0.0001.
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ed with AIP (P < 0.001), suggesting that these 
three markers might have predictive power for 
the diagnosis of AIP when used for the discrimi-
nation of AIP and early-stage PC. Multivariate 
analysis further revealed that all the three 
serum markers had predictive potential for the 
diagnosis of AIP. In contrast, serum total biliru-
bin was not significantly related with AIP (P = 
0.635).

Performance of serum IgG4, CA19-9 and CEA 
alone in the differential diagnosis of AIP from 
early-stage PC

Based on our enrolled AIP and PC patients, we 
first evaluated the diagnostic sensitivity, speci-
ficity and accuracy of serum IgG4, CA19-9 and 
CEA alone. The diagnostic efficiency of these 

indexes is shown in Table 3; Figures 1 and 2. 
Using an optimal cut-off value of 3.08 g/L for 
IgG4 derived from ROC analysis, the diagnostic 
sensitivity, specificity, accuracy and AUC for AIP 
were 87.8%, 85%, 85.95% and 0.90, respec-
tively. Although this cut-off value seemed bet-
ter than the cutoff value (1.4 g/L) suggested by 
most of other studies, there were still 10 (12%) 
AIP patients who demonstrated “normal” 
serum IgG4 levels and 24 PC (15%) patients 
who exhibited “increased” serum IgG4 levels. 
The diagnostic sensitivity, specificity, accuracy 
and AUC of CA19-9 were 92.68%, 73.75%, 
80.17% and 0.84, respectively, when 94.85 
KU/L was chosen as the optimal cut-off value. 
Remarkably, 6 AIP cases and 42 PC patients 
were missed because their serum CA19-9 lev-
els were above or under the cut-off value, 

Table 2. Logistic regression analyses to evaluate the predictive potential of serum IgG4, CA19-9 and 
CEA

Univariate Analysis Multivariate Analysis
B Wals OR (95% CI) P B Wals OR (95% CI) P

IgG4 -0.312 49.663 0.732 (0.671-0.798) < 0.001 -0.388 25.893 0.679 (0.585-0.788) < 0.001
CA19-9 0.007 20.472 1.007 (1.004-1.01) < 0.001 0.006 11.445 1.006 (1.002-1.009) < 0.001
CEA 0.541 35.828 1.718 (1.439-2.05) < 0.001 0.599 16.657 1.82 (1.365-2.426) < 0.001

Table 3. Diagnostic performance of IgG4, CA19-9 and CEA with different cut-offs and/or different 
panels in differentiating AIP from pancreatic cancer
Cut-offs SEN SPE PPV NPV Accuracy LR+ LR- AUC
IgG4 > 3.08 87.80% 85% 75% 93.15% 85.95% 5.85 0.14 0.9
IgG4 > 1.4 91.46% 76.88% 67% 94.62% 81.82% 3.955 0.111 0.842
CA19-9 < 94.5 92.68% 73.75% 64.41% 95.16% 80.17% 3.53 0.1 0.836
CA19-9 < 43 82.93% 79.38% 67.33% 90.07% 80.58% 4.02 0.22 0.812
CA19-9 < 37 78.05% 80.63% 67.37% 87.76% 79.75% 4.03 0.27 0.793
CEA < 4.02 86.59% 68.75% 58.68% 90.91% 74.79% 2.77 0.2 0.819
IgG4 > 3.08 and CA19-9 < 94.5 80.49% 95.63% 90.41% 90.53% 90.50% 18.4 0.2 0.881
IgG4 > 3.08 and CA19-9 < 43 71.95% 97.50% 93.65% 87.15% 88.84% 28.78 0.29 0.847
IgG4 > 3.08 and CA19-9 < 37 67.07% 97.50% 93.22% 85.25% 87.19% 26.83 0.34 0.823
IgG4 > 3.08 and CEA < 4.02 75.61% 98.13% 95.38% 88.70% 90.50% 40.33 0.25 0.869
IgG4 > 3.08 and CA19-9 < 94.5 and CEA < 4.02 69.51% 100% 100.00% 86.49% 89.67% ∞ 0.3 0.848
IgG4 > 3.08 and CA19-9 < 43 and CEA < 4.02 60.98% 100% 100% 83.33% 86.78% ∞ 0.39 0.805
IgG4 > 3.08 and CA19-9 < 37 and CEA < 4.02 57.32% 100% 100.00% 82.05% 85.54% ∞ 0.43 0.787
IgG4 > 3.08 and (CA19-9 < 94.5 or CEA < 4.02) 86.59% 93.75% 87.65% 93.17% 91.32% 13.85 0.14 0.902
IgG4 > 3.08 and (CA19-9 < 43 or CEA < 4.02) 86.59% 95.63% 91.03% 93.29% 92.56% 19.79 0.14 0.911
IgG4 > 3.08 and (CA19-9 < 37 or CEA < 4.02) 87.80% 85% 75% 93.15% 85.95% 5.85 0.14 0.864
IgG4 > 1.4 and (CA19-9 < 94.5 or CEA < 4.02) 90.24% 90% 82.22% 94.74% 90.08% 9.024 0.1084 0.901
IgG4 > 1.4 and (CA19-9 < 43 or CEA < 4.02) 90.24% 91.88% 85.06% 94.84% 91.32% 11.11 0.1062 0.911
IgG4 > 1.4 and (CA19-9 < 37 or CEA < 4.02) 90.24% 84.38% 74.75% 94.41% 86.36% 5.776 0.1156 0.873
SEN: sensitivity, SPE: specificity, PPV: positive predictive value, NPV: negative predictive value, LR+: likelihood ratio of positive test, LR-: likelihood 
ratio of negative test, AUC: area under the curve.
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respectively. When CEA was evaluated at 4.02 
g/L, the diagnostic sensitivity, specificity, accu-
racy and AUC were 86.59%, 68.75%, 74.79% 
and 0.82, respectively. This time we found 11 
(13%) AIP patients with serum CEA higher and 
even more PC (50, 31%) patients with serum 
CEA lower than the cut-off value. Collectively, 
IgG4 is the best single serum marker, although 
CA19-9 and CEA might be able to help differen-
tiate AIP and early-stage PC patients. 

Combination with CA19-9 or CEA improves the 
differential diagnostic performance of IgG4

Since the three markers alone had unsatisfac-
tory performance in the differential diagnosis, 

we attempted to combine IgG4 with CA19-9 or 
CEA to improve the diagnostic efficiency of 
IgG4. As shown in Table 3 and Figure 2, when 
IgG4 > 3.08 g/L and CA19-9 < 94.85 IU/L were 
selected as the cut-off values and were com-
bined for the diagnosis of AIP, the diagnostic 
specificity and accuracy were significantly 
increased (95.63% and 90.50%, respectively) 
accompanied by a slight reduction of sensitivity 
and AUC (80.49% and 0.88%, respectively) 
compared with serum IgG4 alone (Table 3). 
Combination of IgG4 with other cut-off values 
of CA19-9 performed even less well (Table 3). 
The combination of serum IgG4 and CEA did 
not provide more surprising diagnostic perfor-

Figure 2. Receiver operating characteristic (ROC) curves for single markers or combined panels in differentiating 
AIP and PC patients. A. Comparison among three single serum markers; B. Comparison between the combination 
of IgG4 with CA19-9 or CEA; C. Comparison among different panels composed of IgG4, CA19-9 and CEA simultane-
ously. D. Comparison among single IgG4, IgG4 combined with CEA, and the best triple combination. CEA efficiently 
enhances the diagnostic performance of IgG4 with or without CA19-9.
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mance for AIP, either. Therefore, combination 
with CA19-9 improves the overall diagnostic 
efficiency of IgG4 but sacrificed the sensitivity a 
little, which means more AIP patients would be 
missed. 

Serum CEA significantly enhances the diag-
nostic performance of the combination of IgG4 
and CA19-9 in AIP

In order to further improve the sensitivity of 
IgG4 and CA19-9 combination in differential 
diagnosis between AIP and PC while retaining 
their good specificity and accuracy as far as 
possible, we then attempted to combine all the 
three markers with different cut-off values 
together to screen out more powerful serum 
laboratory proofs for AIP. As shown in Table 3 
and Figure 2, when the suggested optimal cut-
off values were selected (IgG4 > 3.08 g/L; 
CA19-9 < 94.85 IU/L and CEA < 4.02 μg/L, 
respectively) and combined together directly, 
satisfactory specificity, PPV, accuracy and AUC 
(100%, 100%, 89.67% and 0.90, respectively) 
were obtained except for a more disappointing 
sensitivity (69.51%). Further screening of differ-
ent combinations identified that the best panel 
should include serum CEA and the combination 
pattern should be “IgG4 > 3.08 g/L and (CA19-
9 < 43 IU/L or CEA < 4.02 μg/L)”. When this 
panel was adopted, there were only 8 (10%) AIP 
patients and 13 (8%) PC patients who were not 
classified into their corresponding groups. The 
diagnostic performance parameters of the 
panel were as follows: sensitivity, 86.59%; 
specificity, 95.63%; PPV, 91.03%; NPV, 93.29%; 
LR+: 19.79; LR-: 0.14; accuracy, 91.03%; and 
AUC, 0.911. Therefore, serum CEA further  
helps to differentiate AIP from early-stage PC 
patients.

Discussion

AIP is a special type of chronic pancreatitis with 
complicated etiopathogenesis as well as un- 
known pathogenesis. It has been recognized 
that the abnormality of autoimmune system is 
vital throughout the genesis and development 
of AIP [15]. AIP can be divided into two types: 1 
and 2. Type 1 AIP often offends elderly men. 
The primary complaint is painless jaundice, fol-
lowed by abdominal distension and pain, weight 
loss and steatorrhea, and part of the patients 
suffer diabetes or acute pancreatitis too [16]. 
The most valuable indicators for diagnosing 

type 1 AIP are elevated serum levels of IgG and 
IgG4. Type 2 AIP tends to affect young patients, 
the extrapancreatic organ involvement is 
extremely rare, serum IgG4 levels are often nor-
mal, and it is often complicated with inflamma-
tory bowel disease [17]. An international multi-
center survey has reported recently that the 
proportion of type 2 AIP cases was 3.7% in 
Asia, 12.9% in Europe and 13.7% in North 
America [6], which means that using serum 
IgG4 alone might inevitably miss some AIP 
patients in clinical work. 

Actually, AIP is prone to be misdiagnosed as PC 
because of their similar clinical symptoms and 
imaging appearance. Although histopathology 
is always the golden standard for AIP diagnosis, 
this disease is often difficult to be diagnosed 
pathologically due to a combination of several 
reasons. First, the acceptance rate of patho-
logic biopsy of the pancreas is rather low. 
Second, although endoscopic ultrasound 
(EUS)-guided fine needle aspiration biopsy can 
help to rule out malignancy, the diagnostic 
accuracy is often restricted by the limited 
amount of biopsy specimens [18]. Serological 
examination has long been commonly per-
formed for the diagnosis and differential diag-
nosis of AIP and PC. Among many serological 
exceptions of AIP patients, the elevation of 
IgG4 is the most common one [2, 8, 11-14]. As 
the only serological marker that was recom-
mended by the ICDC, IgG4 is very efficient in 
the differential diagnosis of AIP and PC. AIP is 
reported to be characterized by elevated serum 
IgG4 levels [19]. In their article where only 20 
AIP patients were enrolled, they demonstrated 
that IgG4 could help to differentiate AIP from 
PC patients with a sensitivity of 95% and a 
specificity of 97%. This study opened a new 
chapter in serological diagnosis markers for 
AIP. Nevertheless, subsequent studies in 
European populations reported considerably 
low diagnostic efficiency of serum IgG4 for AIP 
because elevated serum IgG4 was also identi-
fied in a number of acute/chronic pancreatitis 
and PC patients. It was reported that if 1.64 
g/L was selected as a cut-off value for serum 
IgG4, there were only 45% of AIP patients with 
elevated IgG4 [20]. In another separate study, 
only 44% AIP patients were found to have ele-
vated IgG4 when 1.40 g/L was set as a cut-off 
value for serum IgG4 [10]. Although many other 
studies recommended using 1.40 g/Las the 
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diagnostic cut-off for IgG4, serum IgG4 levels in 
AIP patients vary significantly due to differenc-
es in geographic location, race, type of AIP, and 
detection systems. Another important factor 
that affects the objective evaluation of diag-
nostic performance of serum IgG4 is the very 
small number of AIP patients included in most 
of the recent studies [10, 19, 20].

In our work, 102 AIP patients were enrolled, of 
whom 82 with complete clinical data were fur-
ther analyzed with 160 stage IA and IB PC 
patients. In order to differentiate AIP from ear-
ly-stage PC, we figured out 3.08 g/L as an opti-
mal cut-off value for serum IgG4 according to 
the specific ROC curve. The diagnostic perfor-
mance of using 3.08 g/L as a cut-off value for 
IgG4 was significantly better than 1.40 g/L, the 
most commonly used cut-off value for serum 
IgG4 in the literature. Remarkably, the diagnos-
tic specificity was significantly improved. Even 
so, there were still 12% (10/82) of AIP patients 
with normal serum IgG4 levels, and 15% 
(24/160) of PC patients with elevated serum 
IgG4 levels in our study. AIP and PC are two 
essentially different diseases, and the treat-
ment measures are completely distinct from 
each other. When it comes to the differential 
diagnosis of AIP and early-stage PC, both diag-
nostic sensitivity and specificity should be 
taken into account. A low sensitivity or specific-
ity of a detection method could lead to leak-
diagnosis or misdiagnosis and the following 
mistreatments. Therefore, further improvement 
of the sensitivity and specificity of serum mark-
ers for AIP is urgently needed.

CA19-9 has been found to have a relatively sat-
isfying diagnostic sensitivity in PC. Therefore, 
the combination of serum IgG4 and CA19-9 
might help differentiate AIP and PC patients. 
However, Lewisa-b-individuals (10-15% of our 
population) do not express CA19-9 [21]. In 
some benign pancreatic diseases or hepatobili-
ary diseases, due to inadequate bile drainage, 
CA19-9 would increase in various degrees, too. 
Our study group and other researchers have 
tried to combine IgG4 and other serum markers 
to diagnose AIP, and the diagnostic efficiency 
was improved a little but was still not very satis-
factory. When combining CA19-9 ≤ 74 and 1.0 
< IgG4 ≤ 2.6 or IgG4 ≥ 2.6, the diagnostic sen-
sitivity, specificity and AUC were 93.5%, 100% 
and 0.97, respectively. It seemed that this study 

had achieved a perfectly good diagnostic effi-
ciency, but their results were supposed to be 
inconclusive due to their small size of enrolled 
AIP and total samples (33 AIP patients). 
Moreover, another study with larger samples 
(188 AIP patients) reported that combined 
serum IgG4 (> 2.80 g/L) and CA19-9 (< 85 U/L) 
could not obviously improve the diagnostic effi-
ciency in differentiating AIP from PC [12]. The 
demonstrated sensitivity was only 68.9%, 
which meant that there would be 31.1% of AIP 
patients who were difficult to differentiate from 
PC patients. When combined IgG4 (> 3.08 g/L) 
and CA19-9 (< 94.5 IU/L) were used in our 
study where more AIP and PC patients were 
included, we got a better but also not satisfying 
sensitivity (80.49%). Taken together, these 
results demonstrated that CA19-9 could help 
IgG4 to differentiate AIP from PC patients, but 
the sensitivity needs further improvement.

CEA is expressed on embryonic gastrointesti-
nal mucosal epithelial cells and some malig-
nant cells. Increased serum CEA has been 
found in many patients with gastrointestinal 
tumors and in part of PC patients. Since it has 
been proven that smoking could also raise the 
serum CEA level, only non-smokers were 
enrolled in this study. However, serum CEA 
alone is not satisfying in diagnosing PC because 
of lower sensitivity and specificity. Since signifi-
cantly lower serum CEA levels were identified in 
AIP patients than in PC patients in our study 
(shown in Table 1), we then probed into its 
potential value in helping differentiate these 
two disease. Although combining IgG4 and CEA 
directly did not provide more surprisingly clini-
cal value than the combination of serum IgG4 
and CA19-9, further addition of CEA to the com-
bination of IgG4 and CA19-9 in a special pat-
tern greatly enhanced the sensitivity for differ-
entiation without reducing their specificity and 
accuracy, and finally got the highest AUC (0.911) 
among all the attempted combinations.

In summary, for the first time, our work revealed 
that serum CEA, a traditional gastrointestinal 
tumor maker, in combination with serum CA19-
9 and IgG4 in a special pattern, would over-
whelmingly enhance the diagnostic perfor-
mance of IgG4 alone or the combination of 
IgG4 and CA19-9 in differentiating AIP from 
early-stage PC patients. This work is clinically 
valuable because of the difficult differentiation 
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of AIP from early-stage PC, the completely dif-
ferent or even conflict therapeutic regimens 
and the following totally different prognosis of 
the two diseases. The new utility of CEA is wor-
thy of further clinical investigation.

Acknowledgements

This study was supported by grants from the 
National Natural Science Foundation of China 
(81172883, 81102249).

Disclosure of conflict of interest

None.

Address correspondence to: Gusheng Tang, Depart- 
ment of Hematology, Changhai Hospital, The Second 
Military Medical University, Shanghai, China. Tel: 
86-21-31161294; E-mail: drake015@163.com; 
Qian Shen, Department of Laboratory Medicine, 
Changhai Hospital, The Second Military Medical 
University, Shanghai, China. Tel: 86-21-31161295; 
Fax: 86-21-31161295; E-mail: shenqiandoc@163.
com; shenq611@163.com

References

[1] Sarles H, Sarles JC, Muratore R, Guien C. 
Chronic inflammatory sclerosis of the pancre-
as an autonomous pancreatic disease? Am J 
Dig Dis 1961; 6: 688-698.

[2] Yoshida K, Toki F, Takeuchi T, Watanabe S, 
Shiratori K, Hayashi N. Chronic pancreatitis 
caused by an autoimmune abnormality. 
Proposal of the concept of autoimmune pan-
creatitis. Dig Dis Sci 1995; 40: 1561-1568.

[3] Fritz S, Bergmann F, Grenacher L, Sgroi M, Hinz 
U, Hackert T, Büchler MW, Werner J. Diagnosis 
and treatment of autoimmune pancreatitis 
types 1 and 2. Br J Surg 2014; 101: 1257-
1265.

[4] Okazaki K, Uchida K, Sumimoto K, Mitsuyama 
T, Ikeura T, Takaoka M. Autoimmune pancreati-
tis: pathogenesis, latest developments and 
clinical guidance. Ther Adv Chronic Dis 2014; 
5: 104-111.

[5] van Gulik TM, Reeders JW, Bosma A, Moojen 
TM, Smits NJ, Allema JH, Rauws EA, Offerhaus 
GJ, Obertop H, Gouma DJ. Incidence and clini-
cal findings of benign, inflammatory disease in 
patients resected for presumed pancreatic 
head cancer. Gastrointest Endosc 1997; 46: 
417-423.

[6] Hart PA, Kamisawa T, Brugge WR, Chung JB, 
Culver EL, Czakó L, Frulloni L, Go VL, Gress TM, 
Kim MH, Kawa S, Lee KT, Lerch MM, Liao WC, 
Löhr M, Okazaki K, Ryu JK, Schleinitz N, 

Shimizu K, Shimosegawa T, Soetikno R, 
Webster G, Yadav D, Zen Y, Chari ST. Long-term 
outcomes of autoimmune pancreatitis: a mul-
ticentre, international analysis. Gut 2013; 62: 
1771-1776.

[7] MinoKenudson M, Iauwers GY. Histopathology 
of autoimmune pancreatitis: recognized fea-
tures and unsolved issues. J Gastrointest Surg 
2005; 9: 6-10. 

[8] Shimosegawa T, Chari ST, Frulloni L, Kamisawa 
T, Kawa S, Mino-Kenudson M, Kim MH, Klöppel 
G, Lerch MM, Löhr M, Notohara K, Okazaki K, 
Schneider A, Zhang L; International Association 
of Pancreatology. International consensus di-
agnostic criteria for autoimmune pancreatitis: 
guidelines of the international association of 
pancreatology. Pancreas 2011; 40: 352-358.

[9] Bojková M, Dítě P, Dvořáčková J, Novotný I, 
Floreánová K, Kianička B, Uvírová M, Martínek 
A. Immunoglobulin G4, autoimmune pancre-
atitis and pancreatic cancer. Dig Dis 2015; 33: 
86-90.

[10] Raina A, Yadav D, Krasinskas AM, McGrath 
KM, Khalid A, Sanders M, Whitcomb DC, Slivka 
A. Evaluation and management of autoim-
mune pancreatitis: experience at a large US 
center. Am J Gastroenterol 2009; 104: 2295-
2306.

[11] van Heerde MJ, Buijs J, Hansen BE, de Waart 
M, van Eijck CH, Kazemier G, Pek CJ, Poley JW, 
Bruno MJ, Kuipers EJ, van Buuren HR. Serum 
level of Ca 19-9 increases ability of IgG4 test to 
distinguish patients with autoimmune pancre-
atitis from those with pancreatic carcinoma. 
Dig Dis Sci 2014; 59: 1322-1329.

[12] Chang MC, Liang PC, Jan S, Yang CY, Tien YW, 
Wei SC, Wong JM, Chang YT. Increase diagnos-
tic accuracy in differentiating focal type auto-
immune pancreatitis from pancreatic cancer 
with combined serum IgG4 and CA19-9 levels. 
Pancreatology 2014; 14: 366-372.

[13] Otsuki M, Chung JB, Okazaki K, Kim MH, 
Kamisawa T, Kawa S, Park SW, Shimosegawa 
T, Lee K, Ito T, Nishimori I, Notohara K, Naruse 
S, Ko SB, Kihara Y. Research committee of in-
tractable pancreatic diseases provided by the 
ministry of health, labour and welfare of japan 
and the korean society of pancreatobiliary dis-
eases. Asian diagnostic criteria for autoim-
mune pancreatitis: consensus of the Janpan-
Korea symposium on autoimmune pancreati-
tis. J Gastroenterol 2008; 43: 403-408.

[14] Chari ST, Smyrk TC, Levy MJ, Topazian MD, 
Takahashi N, Zhang L, Clain JE, Pearson RK, 
Petersen BT, Vege SS, Farnell MB. Diagnosis of 
autoimmune pancreatitis: the Mayo Clinic ex-
perience. Clin Gastroenterol Hepatol 2006; 4: 
1010-1016.

mailto:drake015@163.com
mailto:shenqiandoc@163
mailto:shenq611@163.com


Serum CEA helps differentiate AIP 

5010 Int J Clin Exp Med 2016;9(2):5002-5010

[15] Watanabe T, Yamashita K, Fujikawa S, Sakurai 
T, Kudo M, Shiokawa M, Kodama Y, Uchida K, 
Okazaki K, Chiba T. Involvement of activation 
of Toll-like receptors and nucleotide-binding 
oligomerization domain-like receptors in en-
hanced IgG4 responses in autoimmune pan-
creatitis. Arthritis Rheum 2012; 64: 914-924.

[16] Chatterjee S, Oppong KW, Scott JS, Jones DE, 
Charnley RM, Manas DM, Jaques BC, White 
SA, French JJ, Sen GS, Haugk B, Nayar MK. 
Autoimmune pancreatitis-diagnosis, manage-
ment and long-term follow-up. J Gastrointestin 
Liver Dis 2014; 23: 179-185.

[17] Kamisawa T, Chari ST, Lerch MM, Kim MH, 
Gress TM, Shi-mosegawa T. Recent advances 
in autoimmune pancreatitis: type 1 and type 2. 
Gut 2013; 62: 1373-1380.

[18] Mizuno N, Bhatia V, Hosoda W, Sawaki A, Hoki 
N, Hara K, Takagi T, Ko SB, Yatabe Y, Goto H, 
Yamao K. Histological diagnosis of autoim-
mune pancreatitis using EUS-guided trucut bi-
opsy: a comparison study with EUS-FNA. J 
Gastroenterol 2009; 44: 742-750.

[19] Hamano H, Kawa S, Horiuchi A, Unno H, Furuya 
N, Akamatsu T, Takagi T, Ko SB, Yatabe Y, Goto 
H, Yamao K. High serum IgG4 concentrations 
in patients with sclerosing pancreatitis. N Engl 
J Med 2001; 344: 732-738.

[20] Church NI, Pereira SP, Deheragoda MG, 
Sandanayake N, Amin Z, Lees WR, Gillams A, 
Rodriguez-Justo M, Novelli M, Seward EW, 
Hatfield AR, Webster GJ. Autoimmune pancre-
atitis: clinical and radiological features and ob-
jective response to steroid therapy in a UK se-
ries. Am J Gastroenterol 2007; 102: 2417-
2425.

[21] Ozkan H, Kaya M, Cengiz A. Comparison of tu-
mor marker CA242 with CA19-9 and carcino-
embryonic antigen (CEA) in pancreatic cancer. 
Hepatogastroenterology 2003; 50: 1669-
1674.


