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Abstract

Objective: Currently, serum chromogranin A is a well-established biomarker for pancreatic neu-
roendocrine tumors; however, other pancreatic diseases, oral use of a proton pump inhibitor
and renal impairment can affect chromogranin A. Meanwhile, chromogranin B, belonging to the
same granin family as chromogranin A, is not fully examined in these conditions. The present
study aimed to evaluate the utility of chromogranin B as a pancreatic neuroendocrine tumor
biomarker.

Methods: Serum chromogranin B levels were determined by radioimmunoassay and serum chro-
mogranin A levels by enzyme-linked immunosorbent assay in pancreatic neuroendocrine tumor
(n = 91) and other pancreatic conditions, and in healthy people (n = 104), to assess the relation-
ships with clinical features.

Results: The diagnostic ability of chromogranin B was as good as chromogranin A. The area
under the curve was 0.79 for chromogranin B (sensitivity/specificity: 72%/77%), and 0.78 for chro-
mogranin A (sensitivity/specificity: 79%/64%). Chromogranin B was not affected by proton pump
inhibitor use and age, which affected chromogranin A. The number of cases without liver metasta-
ses was larger in pancreatic neuroendocrine tumor patients with positive chromogranin B and
negative chromogranin A. Though chromogranin A significantly elevated cases with proton pump
inhibitor treatment and had positive correlation with age, chromogranin B did not have the ten-
dencies. However, both chromogranin B and chromogranin A elevated in the case with renal
impairment. In addition, the logistic regression analysis showed that chromogranin B was super-
ior to chromogranin A in differentiation of pancreatic neuroendocrine tumor from other pancreatic
diseases.

Conclusions: Compared with chromogranin A, chromogranin B may be more useful during
proton pump inhibitor treatment and can detect tumors without liver metastases. In addition,
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chromogranin B may be an excellent biomarker when differentiation of pancreatic neuroendocrine

tumor from other pancreatic diseases is required.
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Introduction

Pancreatic neuroendocrine tumor (pNET) is a relatively rare disease,
but its prevalence has been rising (1). Occasionally, pNET pro-
gresses quickly and has a poor prognosis; therefore, pNET has
recently been recognized as a malignant tumor. Among pNET cases,
non-functional pNETs with very few clinical manifestations (2) are
often found to have distant metastases at the time of diagnosis (3),
and postoperative recurrence is not rare in non-functional pNETs (4).
Owing to the current improvements in prognosis attributable to
advancements in treatment and new drugs (5-7), the use of a bio-
marker with a higher diagnostic accuracy for pNET is necessary.

At present, serum chromogranin A (CgA) is the most useful diag-
nostic marker for pNET (3,8-11).

However, serum CgA values rise with oral use of proton pump
inhibitors (PPIs) (12-14), and in patients with renal impairment (15),
cardiovascular disease (16), inflammatory bowel disease (17),
various malignant tumors (18) and other pancreatic diseases,
showing false negative results (19,20), as described in previous
studies (21,22).

Meanwhile, chromogranin B (CgB), a secretory protein in the same
family as CgA, has been reported to be useful as a biomarker for pNET
(8,23) and can be expected to replace CgA as a pNET marker that is
not influenced by the above-mentioned variables that affect CgA
(24,25). There are a few reports on CgB and CgA in pNET stating that
no significant difference exists in the diagnostic ability between CgA
and CgB (26), and that CgB is not likely to be affected by renal impair-
ment or PPI treatment (24). Nevertheless, only a few reports describe a
detailed comparison of utility between CgA and CgB as pNET biomar-
kers; therefore, this subject remains controversial.

Accordingly, in the present study, CgB was compared with CgA
to evaluate its utility as diagnostic marker for Japanese patients with
pNET.

Materials and methods

Collection of samples and measurements

We evaluated serum samples of patients with pNET (2 = 91),
neuroendocrine carcinoma (NEC) (n = 7), pancreatic cancer (PC)
(n = 52), chronic pancreatitis (CP) (# = 54) and autoimmune pan-
creatitis (AIP) (z = 24). As per the World Health Organization 2010
classification, all patients in the pNET group had undergone tumor
biopsies and were histologically diagnosed with well-differentiated
tumors. Most (92.9%, 83/91) of the patients were classified into
NET G1 with a Ki-67 index of no more than 2% or NET G2 with a
Ki-67 index 2-20%. In the remaining 7.1% (8/91) of patients, a Ki-
67 value was not determined. Each functional pNET was diagnosed
on the basis of symptoms arising from over-secretion of hormones.
Additionally, all patients with NEC were histologically diagnosed to
determine poorly differentiated tumors with a Ki-67 index over
20% according to the World Health Organization 2010 classifica-
tion. All patients with PC were histologically verified. All patients
with CP or AIP were diagnosed using the standard diagnostic cri-
teria in Japan. In addition, we excluded patients with cardiovascular

disease, other cancers, inflammatory bowel disease or liver cirrhosis,
because these diseases may cause elevation of serum CgA levels.
We also collected serum from 104 healthy, age- and sex-matched con-
trols. The study protocol was approved by the Ethics Committee at
Kyushu University and all patients and healthy controls gave informed
consent. We obtained clinical data retrospectively from our hospital
information systems. Blood samples were collected from each patient
while fasting, centrifuged to obtain serum samples and stored at
—80°C until assayed. CgB was detected by the radioimmunoassay
technique and CgA was detected by the enzyme-linked immunosorb-
ent assay (ELISA) technique. For measurement of CgB and CgA
values, we used EURIA-CgB (Eurodiagnostica, Malmo, Sweden), and
CgA ELISA Chroma (CIS Bioassays, GIF-SUR-YVETTE, France).

Clinical features of patients
The characteristics of all patients are summarized in Table 1.

In this study, renal impairment was defined as estimated glom-
erular filtration rate (eGFR) <60 ml/min/1.73 m?, which is equal to
the Kidney Disease Outcomes Quality Initiative (KDOQI) kidney
disease stages G3 and G4. The percentage of patients with renal
impairment in the pNET, NEC, PC, CP, AIP and control groups
were 17% (17/91), 29% (2/7), 39% (20/52), 52% (28/54), 13%
(3/24) and 0%, respectively. The percentage of PPI users in the
pNET, NEC, PC, CP, AIP and control groups were 39% (35/91),
29% (217), 39% (20/52), 29% (2/7), 52% (28/54), 54% (13/24)
and 0%, respectively. In the AIP group, the ratio of male tended to
be higher than in other groups. The age of the NEC group was high-
er than that of the other groups. The pNET group consisted of 47
G1, 37 G2, and seven not determined cases. Over two-third [68%
(62/91)] of the pNET were non-functioning and the remaining were
19 gastrinomas, 12 insulinomas and 5 others, which included 1
somatostatinoma, 1 glucagonoma and 3 vasoactive intestinal
polypeptide-omas (VIPoma). Among the patients with a primary
tumor remaining in the pancreas, the maximum diameter of the pri-
mary tumor was within 2 cm in 40 patients (44%) and >2 cm in 22
patients (24%). The percentages of patients with liver metastases
and multiple endocrine neoplasia type 1 (MEN-1) in the pNET
group were 47% (43/91) and 9% (8/91), respectively.

Statistical analysis

We analyzed the differences of each biomarker between two group
using the nonparametric Mann-Whitney’s U test. P values < 0.05
were considered statistically significant. Construct receiver operating
characteristics (ROC) curves was obtained to determine cut-off
values and to compare the diagnostic accuracy. The point on the
ROC curve which corresponding to Youden index, at which
[sensitivity + specificity — 1] is maximized, was defined as cut-off
values of CgB and CgA. Pearson’s correlation coefficient was used
to determine the relationship between each markers. In addition, we
constructed single and multiple logistic regression models to assess
the related factors for positive results of each marker and differenti-
ation between pNET and another disease.
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The software packages JMP v. 12 (SAS and JMP, Institute Inc.,
Cary, NY) and R version 3.2.3 (R Core Team, 2016) were employed
for the statistical analysis.

Results

Comparison of serum CgB and CgA between pNET

and controls

Figure 1 shows a box plot corresponding to the distributions of CgB
and CgA, values in pNET cases and controls. The median serum CgB

Table 1. Patient characteristics in the study

was 1.76 nmol/l in the controls and 2.34 nmol/l in the pNET group (P
< 0.0001), and for CgA, it was 38.8ng/ml in the controls and
92.9 ng/ml (P < 0.0001) in the pNET group, demonstrating a signifi-
cant increase of both biomarkers. Aiming to evaluate their diagnostic
ability, we formulated ROC curves for CgB (Fig. 2a) and CgA
(Fig. 2b). Based on the ROC curves, the CgB cut-off value was 2.03
nmol/l (area under the curve, AUC: 0.79, sensitivity/specificity: 73 %/
77%), and the CgA cut-off value was 47.1 ng/ml (AUC: 0.78, sensitiv-
ity/specificity: 79%/64%) (Table 2). In addition, analysis of CgB and
CgA values for non-functioning pNET (without functioning) showed
the similar diagnostic performance (Supplementary Fig. 1).

Characteristics pNET NEC PC CP AIP control P value versus control
Total number 91 7 52 54 24 104
Sex (%)
Male 46 3 29 32 21 64 0.123
Female 45 (49) 4 (57) 23 (44) 22 (40) 3(13) 40 (38)
Age (years old)
Mean + SD 571 +13.7 66.3 +£9.5 63.6 £9.9 52.6 + 14.1 64 +11.3 55.3+13.7 0.389
Range 19-86 47-74 38-84 25-81 35-8S5 26-99
PPI use (%)
Yes 35(39) 2 (29) 20 (39) 28 (52) 13 (54) 0 (0) <0.0001
¢GFR (ml/min/1.73 m?) <60
Yes 15 (17) 2 (29) 8 (15) 6(11) 4(17) 0 (0) <0.0001
Presence of liver metastasis
Yes 43 (47) 7 (100) 20 (38)
Histological grade
G1 47 (52)
G2 37 (40)
Undetermined® 7 (8)
Size of the pancreatic tumor
<2cm 40 (44) 0 (0)
>2cm 22 (24) 5(71)
Postoperative” 29 (32) 2 (29)
Presence of MEN-1
Yes 8(9)
Type
Non-functioning 55 (60)
Functioning
Gastrinoma 19 (21)
Insulinoma 12 (13)
Others® 5(5)

pNET, pancreatic neuroendocrine tumor; NEC, neuroendocrine carcinoma; PC, pancreatic cancer; CP, chronic pancreatitis; AIP, autoimmune pancreatitis;

¢GFR, estimated glomerular filtration rate. *Diagnosed to be NET G1 or G2 and Ki-67 was not evaluated. "Patients with liver metastases after resection of the

pancreatic tumor. “Others includes somatostatinoma, glucagonoma, VIPoma. P value was calculated using Chi-squared test. "Statistically significant.
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Figure 1. Box plot showing the distributions of marker levels. (a) Log of CgB and (b) log of CgA. The median is indicated with a line in the box, the end of the
box indicates the 25th and 75th percentiles, and the10th and 90th percentiles are indicated with error bars. *Significant difference (P < 0.05) was calculated

using a Mann-Whitney's U test.
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Figure 2. Receiver operating characteristic curve of (a) CgB value (pNET versus controls) and (b) CgA value (pNET versus controls). AUC, area under the curve.

Table 2. Sensitivity and specificity of CgB and CgA values (cut-off value: CgB, 2.03 nmol/l; CgA, 47.1 ng/ml)

Positive biomarker Number (z = 91) AUC (95% CI) Sensitivity Specificity P value
CgB 66 0.79 (0.71-0.85) 0.73 0.77 <0.0001*
CgA 72 0.78 (0.71-0.84) 0.79 0.64 <0.0001*

CgA, chromogranin A; CgB, chromogranin B; CI, confidence interval; AUC, area under the curve; *Statistically significant using Chi-square test.
Correlation between each marker and gastrin - ”
Next, we calculated correlation coefficient for biomarkers in pNET. ° . °
Pearson’s correlation coefficient  between CgB and CgA was 0.407 = o o

o - o & o

(Fig. 3). Additionally, correlation coefficient for CgB and gastrin (r =
0.133) was lower than CgA and gastrin (r = 0.571) (Fig. 4a and b).

Related factors with positive serum CgB and CgA

in pNET

Furthermore, the subjects were divided into positive and negative
groups by CgB and CgA. Age, sex, functioning/non-functioning,
primary (pancreatic) tumor size, histological grade (G1/G2),
presence/absence of multiple endocrine neoplasia type 1 (MEN-
1) and presence/absence of liver metastases were examined by
univariate logistic regression analysis to find the factors related
to positive results (Table 3). The factors that were significantly
related to positive results (P value < 0.05) were primary tumor
size >2cm (P = 0.048, odds ratio [OR] 3.6) and the presence
of liver metastases (P = 0.003, OR 4.3) for CgB, and primary
tumor size >2 cm (P = 0.002, OR 12.8), histological grade G2
(P = 0.07, OR 2.7) and the presence of liver metastases (P <
0.0001, OR 27.5) for CgA.

Furthermore, multiple regression analysis of these factors
showed that there were no significant differences between any
items for CgB, while in the presence of liver, metastases (P =
0.0004) have a significant tendency to show the elevation for CgA.
Additionally, we analyzed 11 cases that were positive for CgB and
negative for CgA (Supplementary Table 1). Among the 11 cases,
3 had insulinomas and 8 had non-functioning pNETs. Seven had
histological grade G1 and three had G2 (1, not determined). And
among 10 pre-operative cases of them, 8 cases had primary tumor
with the size <2 cm. Ten of 11 cases with isolated elevation of CgB
(with normal CgA) did not have liver metastases. Therefore, CgB

Log of CgB

Log of CgA

r=0.407
fitted line: y =-0.2180 + 0.222x

Figure 3. Correlation between log of CgB and CgA. r means Pearson’s correl-
ation coefficient.

has a higher sensitivity in the cases with no liver metastases com-
pared with CgA.

Effects of oral PPI, renal impairment and age on serum
CgB and CgA values

Next, to analyze the related factor of CgB and CgA in whole cases,
we examined the difference of CgB and CgA between two groups
divided according to following: sex, PPI use (Fig. 5a and b) and the
presence of renal impairment (Fig. Sc and d). We also calculated the
correlations between each marker and age (Fig. 6). Both markers
were increased in the presence of renal impairment and have no
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Figure 4. Correlation between log of gastrin and (a) log of CgB, (b) log of CgA. r means Pearson’s correlation coefficient.

Table 3. Univariate and multivariate analysis in patients with pNET

Univariate analysis

Multivariate analysis

Factor Size CgB CgA Size CgB Size CgA
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Age (years old) 91 0.98 (0.94-1.01) 0.16 1.02 (0.99-1.06) 0.25 -
Sex, male versus 91 0.93(0.39-2.4) 0.89  2.26 (0.81-6.35) 0.12 -
female
Functioning tumor, 91 1.14 (0.47-2.96) 0.78 0.98 (0.35-2.70) 0.96 -
yes versus no
Primary tumor size 62 3.6 (1.03-15.9) 0.048* 12.8 (1.56-104.9) 0.002* 61 1.79(0.099-2.7) 0.47 56 4.43(0.46-111.6) 0.21
more than 2 cm,
yes versus no
Historical grade, G2 83 2.17 (0.85-6.0) 0.12  2.72 (0.88-8.41) 0.07 56 4.20(0.51-89.2) 0.19
versus G1
Presence of MEN-1, 91 0.81 (0.15-4.35) 0.79  2.08 (0.24-18.0) 0.51 -

yes versus no
Presence of liver 91 4.29 (1.4-10.4)
metastases, yes

versus no

0.003* 27.5 (3.49-217.2) <0.0001* 61

4.20 (0.79-33.5) 0.10 56 866066 5776.68- 0.0004*

OR, odds ratio; CI, confidence interval; variables with P < 0.1 (bold figure) in univariate analysis were retained in multivariate regression analysis (available-

case analysis). *Statistically significant (P < 0.05); size, the number of the case excluded for missing data.

difference in gender. CgA was significantly higher in patient using
PPI; however, CgB did not have the tendency. In addition, CgA and
age are related to positive correlation.

We analyzed the distribution of both markers divided by
the presence of PPI use and renal impairment in each disease
(Supplementary Figs 2 and 3 and Supplementary Tables 2 and 3)
and calculated the differences by using Mann—-Whitney’s U test.
According to the analysis, they showed that CgA was significantly
higher in PC (P = 0.002) and AIP (P = 0.047) but CgB was not sig-
nificantly different in any group under PPI use. In terms of association

with renal impairment, CgA was higher in pNET; however, CgB did
not show any significant difference.

Serum CgA and CgB values in pNET and other
pancreatic diseases

To evaluate the utility for differential diagnosis, we analyzed the
results of serum CgB and CgA values in different diseases (Table 4).
Compared with the controls, CgA was significantly higher in any of
the pNET groups (P < 0.0001), NEC (P = 0.0032), PC (P = 0.0007),
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Figure 5. Box plot showing the distributions of marker levels. (a) Log of CgB and (b) log of CgA in case with or without PPI treatment. (c) Log of CgB and (d) log
of CgA in cases with or without renal impairment. *Significant difference (P< 0.05) was calculated using a Mann-Whitney’s U test.

@ , . (b) 10
X
5 . . . . 9
. . e
. . * : B
3 : 5
Q 2 &)
2 5 6
g * S
5
° 4
- 3

Age

fitted line: y=0.744-0.0001x
r=0,012,P=0.97

Age

fitted line: y=3.043 +0.024x
r=0.260, P<.0001

Figure 6. Relationship between age and (a) CgB, (b) CgA. r means Pearson'’s correlation coefficient.

Table 4. Serum CgA and CgB of each group

pNET (n=91) NEC(n=7) PC (n=52) CP (n=54) AIP (n =24) Control (n = 104)
CgB (nmol/l)  Median 2.34 1.84 2.20 1.91 1.78 1.76
(25-75 percentile)  (1.86-4.24) (0.89-2.13) (1.85-2.55) (1.38-2.23) (1.38-2.20) (1.43-2.02)
P value <0.0001* 0.54 <0.0001* 0.9401 0.9998
CgA (ng/ml) Median 92.85 94.93 92.09 76.47 94.93 38.77
(25-75 percentile)  (50.62-433.5) (57.85-320.4)  (42.29-387.22)  (43.37-137.23)  (51.84-262.7) (26.19-61.29)
P value <0.0001* 0.0032* 0.0007* <0.0001* <0.0001*

P value (*statistically significant < 0.05) was calculated using Mann-Whitney’s U test comparing to controls.



Table 5. Logistic regression analysis comparing NET and other groups: (a) univariate analysis and (b) multivariate analysis

(a) Univariate analysis

Parameter pNET versus controls pNET versus NEC pNET versus PC pNET versus CP pNET versus AIP

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value
Age (years old) 1.02 (0.99-1.04) 0.26 0.94 (0.86-1.02) 0.07* 0.96 (0.92-0.99)  0.005* 1.03 (1.00-1.05) 0.04* 0.96 (0.92-0.99) 0.03*
Sex: male or female 0.67 (0.37-1.18) 0.16 1.42 (0.30-7.57) 0.65 0.81 (0.40-1.61) 0.55 0.73 (0.39-1.45) 0.37 0.153 (0.034-0.48) 0.0007*
CgB (nmol/l) 3.57 (2.09-6.68) <0.0001* 4.21 (1.36-16.5) 0.002* 1.39 (1.12-1.99)  0.029* 2.63 (1.58-4.90) <0.0001* 1.71 (1.13-3.19) 0.0002*
CgA (ng/ml) 1.006 (1.003-1.01) <0.0001* 1.00 (1.00-1.00) 0.72 1.00 (0.99-1.01) 0.30 1.003 (1.00-1.005) <0.0001* 1.001 (1.00-1.003) 0.028*
PPI use: yes or no 14 936945 <0.0001* 1.56 (0.32-11.3) 0.60 1.00 (0.50-2.03) 1.00 0.58 (0.29-1.14) 0.23 0.529 (0.21-1.31) 0.17

6.89¢e+56—
Renal impairment: yes orno 41029 32110.65- <0.0001* 0.28 (0.06-1.56) 0.18 1.02 (0.42-2.59) 0.97 1.70 (0.65-5.03) 0.29 10.07 (0.345-4.03) 0.92
(b) Multivariate analysis
Parameter NET versus controls NET versus NEC NET versus PC NET versus CP NET versus AIP
OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) Pvalue  OR (95% CI) P value

Age (years old) 0.91 (0.80-0.99)  0.047* 0.96 (0.93-0.99) 0.023* 1.02 (1.00-1.06) 0.07 0.95 (0.90-0.99) 0.022*
Sex: male versus female 0.130 (0.03-0.45) 0.0008
CgB (nmol/l) 4.5 (2.21-10.9) <0.0001* 5.3(1.52-27.0)  0.0014* 1.4 (1.11-2.04)  <0.0001* 2.3 (1.40-4.53) 0.006* 1.6 (1.11-2.97) 0.003*
CgA (ng/ml) 1.002 (1.00-1.007) 0.037* 1.00 (0.99-1.004)  0.16 1.00 (1.00-1.003)  0.10
PPI use: yes versus no 2.3e+1047.9- <0.0001*
Renal impairment: yes versus no  4.3e+94.76- 0.0007*

Variables with P < 0.1 (bold figures) in univariate analysis were retained in multivariate regression analysis. *Statistically significant equals to P < 0.05.
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CP (P <0.0001) and AIP (P < 0.0001). Meanwhile, significantly high-
er values of CgB were only observed in pNET (P < 0.0001) and PC
(P < 0.0001) compared with the controls. As for NEC (n = 7), CgA
was higher as in the case of NET, but CgB was as low as controls.

Furthermore, we evaluated the differential potential of both
markers. To adjust the related factors, as we have shown former,
we constructed single and multiple logistic regression analysis
(Table 5a and b). According to the single regression analysis, CgB
was significantly increased in pNET in comparison with all group.
However, there was no significant difference of CgA in two pairs;
pNET and NEC (P = 0.72) and pNET and PC (P = 0.30). In add-
ition, multiple regression analysis showed that CgA is not signifi-
cantly increased even between pNET and CP, pNET and AIP;
however, CgB is significantly higher than any group, that were
pNET versus controls (<0.0001, OR 4.5), versus NEC (P = 0.0014,
OR 5.3), versus PC (P < 0.0001 OR 1.4), versus CP (P < 0.0001,
OR 2.3), AIP (P = 0.0003, OR 1.6).

Discussion

We examined utility of CgB as a diagnostic marker of pNET by
comparing with CgA, which has been shown as a well-established
marker. The diagnostic potential of serum CgB was as same extent
as CgA. Furthermore, CgB was not affected by age and PPI use and
was significant different between pNET and other pancreatic dis-
ease. This result indicated that CgB can overcome the drawback of
CgA as a diagnostic marker of pNET.

CgB, also known as secretogranin I, belongs to the same granin
family as CgA. CgB is a secretory protein consisting of 657 amino
acids, localized in the healthy pancreas and within secretory granules
of neuroendocrine cells, and it regulates hormone production via intra-
cellular processing (27-29). Stridsberg et al. (25) measured the blood
CgB in pNET and gastrointestinal NET by region-specific CgB assays
using 13 different epitopes. According to their results, the detection
rate of the CgB 439451 antibody was the best. In the present study,
we conducted experiments using an antibody that recognizes CgB
439-451, and confirmed the utility of CgB as a biomarker for pNET.

Many reports have indicated that CgB is different from CgA in its
level/mode of expression (30). In the present study, the correlation
between serum CgB and CgA was not high, probably reflecting the dif-
ference in expression mechanisms between CgB and CgA. This indi-
cates that combination of CgB and CgA measurement may be useful.

While both biomarkers are equally capable of pNET diagnosis,
CgA tended to increase with the presence of liver metastasis as previous
paper showed (8,9), CgB did not have the tendency. Additionally,
many of the cases with positive CgB and negative CgA were character-
ized by no liver metastasis. These findings indicated that CgB may have
better utility than CgA in diagnosing pNETs without liver metastasis.

In the whole population, a problem of CgA increasing in response
to PPI use was observed in the present study, as Fig. 5 showed
(12,14). In the present study, CgB values did not go up in response to
PPI treatment. The correlation coefficient between CgA and gastrin
was 0.571, but only 0.133 between CgB and gastrin (Fig. 4a and b),
which did not contradict the finding that CgB was not likely to be
increased during PPI treatment. This suggests that serum CgB could
be useful as a biomarker for pNET even during PPI treatment,
because CgB is not likely to be influenced by PPI use.

As for the effect of renal impairment, both CgB and CgA tended
to increase with renal impairment, contrary to the previous report
that CgB is not likely to go up in renal impairment (24,31).

Interestingly, we found that CgA has a positive correlation with
age for the first time. There is a possibility of pseudo-positive among
elderly patients, so further study is required.

There is a strength of this study. We evaluated CgB and CgA
levels of not only pNET but also other pancreatic diseases, because
it has been shown that CgA is influenced by PC and AIP (19,20)
and it may be a drawback of CgA. On the other hand, there is a
limitation that we could not correct samples of well-matched cases
and controls. So we conducted logistic regression analysis to adjust
the related factors. As the result, the results were consistent with
the previous reports. CgA in pNET was not significantly different
from CgA in other groups. On the other hand, CgB was signifi-
cantly elevated in pNET compared with all groups. This indicates
that CgB is superior in differentiating pNET from other pancreatic
diseases.

To summarize the results of the present study, CgB has more ten-
dency to increase even in early stages without liver metastasis. But,
further study is required because the size of the cases of this study is
small. Compared with CgA, the advantage of CgB is that it is less
likely to be influenced by PPI treatment and in its usefulness for dif-
ferentiation between pNET and other pancreatic diseases. In future,
CgB is expected to be useful as a diagnostic marker for pNET
management.

Supplementary data

Supplementary data are available at Japanese Journal of Clinical
Oncology online.
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