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Abstract. The aim of the present study was to evaluate the 
clinical utility of plasma chromogranin A (CgA) in patients 
diagnosed with early‑stage pancreatic neuroendocrine tumors 
(PNETs) in terms of diagnostic value and treatment response. 
A total of 35 patients with PNETs were prospectively enrolled 
from August 2010 to April 2014. Demographic and clinico-
pathological data were collected, and serial plasma CgA levels 
were measured. Tumor responses were defined by the Response 
Evaluation Criteria In Solid Tumors criteria. Pearson's χ2 test 
was used for the analysis of the association between the plasma 
CgA level and various factors. Plasma CgA level was signifi-
cantly associated with the size (P=0.03), metastasis (P=0.02) 
and tumor stage (P=0.03) of the PNETs. Using 126 U/l as the 
optimal cutoff value, the sensitivity and specificity were 87.5 
and 81.5%, respectively. For localized tumors, the sensitivity of 
CgA for diagnosing PNETs was relatively low, even following 
a lowering of the cutoff values (29.6‑51.9%). Plasma CgA level 
was correlated with therapeutic response in those patients with 

high baseline CgA levels (P=0.025), but not in the patients with 
low baseline CgA levels (P=0.587). In conclusion, plasma CgA 
level was associated with tumor size, metastasis and tumor 
stage in patients with PNET. For early‑stage PNETs, CgA 
exhibited a limited role in diagnosis and treatment response 
evaluation in the population of the present study.

Introduction

Pancreatic neuroendocrine tumors (PNETs) are rare neoplasms, 
with an incidence of 0.48 cases/100,000 individuals each year 
between 2000 and 2012 in the United States of America (1‑2). 
A trend towards increasing incidence and prevalence rates has 
been documented by previous studies (3,4). Although functional 
PNETs may be present in a variety of hormone syndromes and 
detected at an earlier stage, numerous non‑functional PNETs 
are diagnosed late in the disease course, with symptoms 
associated with local mass effects or metastatic disease (5). A 
biomarker with a high sensitivity and specificity is mandatory 
for the early and accurate diagnosis of PNETs, particularly for 
those with vague symptoms.

Chromogranin A (CgA) is an acidic glycoprotein stored 
in the dense granules of the NETs and co‑released with 
peptide hormones (6). CgA has been suggested to be a reliable 
biomarker for NETs in terms of diagnostic value, prognosis 
prediction and treatment response evaluation (7,8). In western 
countries, a low diagnostic accuracy but good prognostic value 
of CgA in patients with resectable non‑functional PNETs 
has been demonstrated  (9,10). Concerning differences in 
biomarker performance across racial groups, there are a small 
number of studies examining the diagnostic value of CgA in 
Asian populations. Plasma CgA has been suggested to be a 
useful biomarker for PNETs in Asian populations (11‑14), but 
few studies have evaluated the diagnostic role of plasma CgA 
in early‑stage PNETs. The present study aimed to evaluate the 
clinical utility of plasma CgA in the diagnostic confirmation 
and evaluation of treatment response in Asian patients with 
PNETs, particularly those with early‑stage tumors.
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Materials and methods

Study design and population. The study protocol was 
approved by the Institutional Review Board of National 
Taiwan University Hospital (Taipei, Taiwan). Written 
informed consent for participation in the study was obtained 
from all participants. From August 2010 to April 2014, 
35 patients with PNETs according to tissue‑based diagnosis 
were prospectively enrolled consecutively. The age, gender, 
clinical presentation and plasma CgA level were recorded 
prior to tissue‑based diagnosis Patients presenting with 
symptoms suggestive of excessive hormone production 
were considered to have functional PNETs, and the other 
patients were considered to have non‑functional tumors. 
Endoscopic ultrasound‑guided fine‑needle aspiration 
(EUS‑FNA) cell blocks or surgical specimens were used for 
a definite diagnosis. The tissue coagulum clot method was 
adapted for cell block preparation (15). The steps included 
fixation by transferring tissue coagulum clot strips into the 
10% formalin solution at room temperature for between 10 
and 24 h, subsequent centrifugation, and final transfer of 
the pellet for paraffin embedding as a cell block. Each cell 
clock was examined via hematoxylin and eosin staining 
and immunohistochemical staining with antibodies against 
CgA and synaptophysin, as previously described  (16). 
Histopathological characteristics, including tumor location, 
size, grade, Tumor‑Node‑Metastasis (TNM) status and tissue 
CgA immunoreactivity were also recorded. Tumor grade was 
classified according to the recommendations of the World 
Health Organization (WHO) (17). TNM status was based on 
the 7th edition of the American Joint Commission on Cancer 
Staging System  (18). Inclusion criteria included patients 
aged ≥20 years old with tissue‑based diagnosis of PNETs 
consecutively within the study period. Participants were 
recruited on a rolling basis as and when they were identi-
fied using tissue‑based diagnosis. Exclusion criteria included 
end‑stage renal disease, liver failure and the presence of any 
other malignancies. Serial CgA measurement and imaging 
studies were used to evaluate treatment response. Response 
Evaluation Criteria In Solid Tumors (RECIST) (19) was used 
to evaluate the treatment response of the image studies.

Measurement of plasma CgA. Blood samples were obtained 
following overnight fasting and collected prior to definite 
tissue‑based diagnosis either by EUS‑FNA or by surgical 
resection. The plasma CgA level was measured with a 
commercial kit (Chromoa R assay; CIS Bio International S.A., 
Saclay, France; cat. no. CGA‑ELISA), according to the manu-
facturer's protocol. The recommended cutoff value was set at 
94 U/l, according to a previous study (9).

Statistical analysis. Comparison of values from independent 
groups was performed using a Mann‑Whitney test. Pearson's 
χ2 test was used to measure the strength of the association 
between pairs of variables without specifying dependencies. 
To determine whether CgA level was an independent predictor 
of metastasis, hazard ratios were calculated using the Cox 
proportional hazards model. The sensitivity and specificity of 
CgA level to discriminate metastatic from localized PNETs 
were analyzed using the receiver operating characteristic 

(ROC) curve, and the optimal cutoff value was determined. 
Kendall's τ correlation test was applied to estimate the correla-
tion between change of CgA level and treatment response by 
RECIST. Data were analyzed with SPSS version 17.0 (SPSS 
Inc., Chicago, IL, USA). P<0.05 was considered to indicate a 
statistically significant difference.

Results

Clinical characteristics of enrolled patients. Among the 
35 patients with PNET, there were 18 males and 17 females. 
The mean age of these patients was 53.0 (range, 31‑80) years. 
A total of 29 patients received surgical resection only, and 
1 patient received surgical resection and additional targeted 
therapy. A total of 4 patients received systemic antitumor 
therapies, including target therapy and cytotoxic chemo-
therapy, and 1 patient received best supportive care. The CgA 
levels among patients with PNET with different clinicopatho-
logical characteristics were compared (Table I). There was no 
association between sex and CgA value. The patients usually 
presented asymptomatically, and those PNETs were identi-
fied incidentally by health examination (21/35, 60%). The 
majority of these tumors were well differentiated (G1; 22/35, 
63%) and localized tumors (27/35, 77%). Among patients with 
the localized disease, the majority of the tumors were >2 cm 
in diameter (16/27, 59%). The majority of the tumors were 
located in single areas of the pancreatic body or tail where they 
were more easily detected by routine abdominal sonography, 
with the exception of 3 cases of multiple endocrine neoplasia 
type 1 (MEN‑1), which presented with multiple tumors from 
the pancreatic head to tail. The majority of the patients with 
PNETs were immunoreactive to tissue CgA.

Univariate analysis of CgA levels based on the clini-
copathological variables demonstrated that plasma CgA 
levels were significantly higher in patients with larger tumor 
size (size >2 cm vs. size ≤2 cm: 115.4 vs. 64.0 U/l, P=0.03; 
Fig. 1A), distant metastasis (metastasis vs. non‑metastasis: 
308.7 vs. 67.9 U/l, P=0.02; Fig. 1B) and advanced pathological 
stage (stage II/III/IV vs. stage I: 221.0 vs. 66.5 U/l, P=0.03; 
Fig. 1C). CgA level did not differ in terms of sex, age, clinical 
symptoms, proton pump inhibitor use, MEN‑1 presence, tumor 
location, tumor grade or tissue CgA immunoreactivity.

Diagnostic value of CgA. Table II summarizes the sensitivi-
ties of plasma CgA levels of PNETs under the different cutoff 
values suggested by previous studies  (8,12,16). When the 
cutoff value was 94 U/l, the overall sensitivity of plasma CgA 
was only 42.9%. Subgroup analysis indicated that the sensi-
tivity of plasma CgA for patients with metastatic tumors was 
87.5%, while the sensitivity for patients with localized tumors 
was 29.6%. On evaluation under different cutoff values, all the 
sensitivities for the patient with localized PNETs were poor 
(74 U/l, 40.7%; 65.7 U/l, 51.9%).

CgA as a predictor of metastasis. Table  III summarizes 
the univariate and multivariate analyses of predictors of 
metastasis. Larger tumor size (P=0.019), WHO grade 2 or 3 
(P=0.006) and higher plasma CgA level (≥94 U/l; P=0.014) 
were associated with a higher risk of metastasis according to 
the univariate analysis. Multivariate analysis of significant 
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factors indicated that only higher plasma CgA level was 
significantly associated with a higher risk of metastasis 
(P=0.045). To distinguish between patients with localized 
disease or metastasis, a ROC curve analysis was applied 
(Fig. 2). When the cutoff value was 94 U/l, the sensitivity and 
specificity were 87.5 and 70.4%, respectively. Using 126 U/l 
as the optimal cutoff value, the sensitivity and specificity 
were 87.5 and 81.5%, respectively.

Correlation between plasma CgA change and treatment 
response. A total of 29 out of 35 patients underwent serial CgA 
measurement and imaging studies prior and subsequent to 
treatment (6 patients did not receive serial CgA measurement 

as they were lost to follow‑up). A total of 13 patients exhibited 
high baseline plasma CgA levels (≥94 U/l) and 16 patients 
exhibited low baseline levels (<94 U/l). Among the patients 
with high baseline CgA levels, 7 patients achieved a complete 
response and 3 patients demonstrated a partial response. A total 
of 3 patients exhibited progressive disease. Serial plasma CgA 
change was correlated with treatment response. A decrease of 
≥30% in CgA levels was observed in patients with complete 
and partial responses (P=0.025; Fig. 3A). Among the patients 
with low baseline CgA levels, 15 patients achieved complete 
response and 1 patient exhibited progressive disease. However, 
serial CgA level was not correlated with treatment response in 
this patient group (P=0.587; Fig. 3B).

Table I. Plasma CgA levels in patients with PNETs.

Variables	 n	 Median CgA level (range), U/l	 P‑value

Sex			   0.22
  Female	 17	 84.4 (12.1‑16465.7)
  Male	 18	 66.5 (33.6‑3117.5)
Age, years			   0.26
  <50	 17	 67.9 (12.1‑16465.7)
  ≥50	 18	 107.5 (33.6‑3117.5)
Clinical symptoms			   0.71
  Absent	 21	 53.5 (12.1‑3117.5)
  Present	 14	 70.5 (99.5‑16465.7)
Proton pump inhibitor			   0.39
  Absent	 33	 84.4 (12.1‑3117.5)
  Present	   2	 8264.4 (63.0‑16465.7)
MEN‑1			   0.68
  Absent	 32	 85.0 (12.1‑3117.5)
  Present	   3	 67.9 (59.9‑16465.7)
Pancreatic locationa			   0.62
  Body + tail	 21	 72.7 (33.6‑3117.5)
  Head + neck	 11	 86.5 (12.1‑2637.5)
Size, cm			   0.03
  ≤2	 16	 64.0 (12.1‑1506.5)
  >2	 19	 115.4 (33.6‑16465.7)
Metastasis			   0.02
  Absent	 27	 67.9 (12.1‑16465.7)
  Present	   8	 308.7 (35.9‑2637.5)
Pathological stage			   0.03
  I	 24	 66.5 (12.1‑16465.7)
  II+III+IV	 11	 221.0 (35.9‑2637.5)
WHO grade			   0.59
  G1	 22	 72.7 (42.5‑16465.7)
  G2+G3	 13	 132.0 (12.1‑3117.5)
Tissue CgA			   0.20
  Negative	   2	 51.4 (35.9‑67.9)
  Positive	 33	 85.5 (12.1‑16465.7)

aA total of 3 MEN‑1 cases were excluded due to multiple locations. PNET, pancreatic neuroendocrine tumor; CgA, chromogranin A; MEN‑1, 
multiple endocrine neoplasia type 1; WHO, World Health Organization.
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Discussion

The present study demonstrated that plasma CgA exhibited 
limited diagnostic value in early PNETs. Smaller and localized 
PNETs tended to exhibit lower plasma CgA levels. Although 
plasma CgA change was correlated with treatment response, 
this result was limited to the patients with high baseline CgA 
levels (≥94 U/l).

CgA is an acidic glycoprotein stored in the dense granules 
of NETs and co‑released with peptide hormones (6). CgA is 
considered the most accurate tumor marker in the diagnosis 
of gastro‑entero‑pancreatic NETs (GEP‑NETs), in comparison 
with other tumor markers, including urinary 5‑hydroxyindole-
acetic acid, neuron‑specific enolase and carcinoembryonic 
antigen (7). The sensitivity and specificity of CgA differs and 
depends on numerous factors, such as the type of assay used, 
the cutoff value, tumor burden and organs involved (20). A 
small number of studies concerning the diagnostic value 
of plasma CgA in Asian populations are summarized in 
Table IV (11‑14). The sensitivities and specificities of plasma 
CgA were 53.6‑86.0 and 78.6‑91.9% respectively. However, 
these studies only enrolled a small number of early‑stage 
PNETs. In the present study, the overall sensitivity was only 
42.9%, and the sensitivity of localized PNETs was even lower 
(29.6%). The low sensitivity of plasma CgA identified in the 
patients was probably due to the small size of the tumors and 
the early stage. Among the localized tumors, the majority were 
>2 cm (59%). A previous study indicated that small tumors 
may be associated with normal CgA levels (8). In concordance 
with previous studies, the present study demonstrated that 
plasma CgA levels were significantly associated with tumor 
size. Smaller tumors tended to exhibit lower plasma CgA 
levels. Conversely, the sensitivity of plasma CgA for patients 
with metastatic cancer was 87.5%, which was comparable with 
a previous study conducted in Asia (11). CgA levels and their 
associated sensitivities depended on metastasis (21). Previous 
studies suggested that plasma CgA level was correlated with 
tumor mass and disease extent. CgA levels were higher in 
patients with extensive liver metastases compared with local-
ized disease (22,23). The present study also indicated that 
those patients with metastatic tumors tended to exhibit higher 
plasma CgA levels. The sensitivity of plasma CgA for patients 
with metastatic PNETs was relatively good in comparison to 
patients with localized PNETs.

Distant metastasis predicts a higher risk of mortality 
in PNETs  (24,25). Identification of reliable predictors of 

Table II. Sensitivity of CgA under different cutoff values.

	 Tumor location
CgA cutoff	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 Overall
level, U/l	 Localizeda	 Metastasisa	 sensitivitya

94	 29.6 (8/27)	 87.5 (7/8)	 42.9 (15/35)
74	 40.7 (11/27)	 87.5 (7/8)	 51.4 (18/35)
64.3	 51.9 (14/27)	 87.5 (7/8)	 60.0 (21/35)

aSensitivity data presented as % (n/total n). CgA, chromogranin A.

Figure 1. Plasma CgA levels according to tumor characteristics in pancreatic 
neuroendocrine tumors. Plasma CgA is significantly associated with (A) size, 
(B) metastasis and (C) staging. Asterisks denote outliers, with case numbers 
in brackets. CgA, chromogranin A.
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metastasis has been the aim of numerous studies. Tumor size 
was the most commonly documented clinical predictor of 
metastasis (26). The risk of metastasis increased significantly 
if the tumor size exceeded 15 mm. A small number of studies 
evaluated the association between the plasma CgA level and 
the risk of metastasis. Paik et al demonstrated that a high 
level of CgA (>156.5 U/l) predicted distant metastasis in those 
patients with PNETs (27). In concordance with this study, the 
present study also demonstrated that plasma CgA was a reliable 
indicator of metastasis. When the cutoff value was 94 U/l, the 
sensitivity and specificity were 87.5 and 70.4%, respectively. 
Using 126 U/l as the best cutoff value, the sensitivity and 
specificity were 87.5 and 81.5%, respectively. Identification 

of any metastatic tumors should thus be performed carefully 
once the PNET patient has demonstrated high CgA levels.

Table III. Univariate and multivariate analyses of predictors of metastasis.

Variables	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

Sex
  Male vs. female	 0.93 (0.19‑4.50)	 0.927
Age, years
  ≥50 vs. <50 	 0.93 (0.19‑4.50)	 0.927
Clinical symptoms
  Present vs. absent	 3.33 (0.65‑17.18)	 0.150
Location
  Head/neck vs. body/tail	 0.53 (0.09‑3.18)	 0.490
Size, cm
  >2 vs. ≤2	 2.05 (1.13‑3.74)	 0.019	 1.72 (0.66‑4.50)	 0.266
WHO grade
  G1 vs. G2/3	 0.04 (0.004‑0.40)	 0.006	 0.09 (0.57‑202.8)	 0.112
Plasma CgA, U/l
  ≥94 vs. <94	 16.63 (1.75‑158.09)	 0.014	 18.31 (1.073‑312.56)	 0.045

HR, hazard ratio; CI, confidence interval; CgA, chromogranin A; WHO, World Health Organization.

Figure 2. ROC curve of CgA obtained from 8 patients with metastasis and 
27 patients without metastases. ROC, receiver operating characteristic.

Figure 3. Correlation between plasma CgA change and treatment response 
among (A) high baseline group (r=0.523, P=0.025) and (B) low baseline 
group (r=0.118, P=0.587). CR, complete response; PD, progressive disease; 
CgA, chromogranin A.
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Korse et al (28), demonstrated that a higher sensitivity of 
plasma CgA was noted in patients with well‑differentiated 
tumors. The sensitivity was ~68% for G1 NETs and 74% for 
G2 NETs. A much lower sensitivity (37%) was noted in the 
patients with poorly differentiated NETs, which was prob-
ably due to the relative lack of large dense‑core granules. The 
present study did not indicate a significant association between 
grade and plasma CgA level. This may be as only 2 cases of 
G3 NETs were enrolled in the series. The single patient with 
metastatic PNET and lower plasma CgA level exhibited grade 
G3 NET. Although plasma CgA was revealed to be useful in 
the detection of metastatic NETs (11), it may not diagnose 
those patients with poorly differentiated NETs.

Plasma CgA has been shown to be valuable in evaluating 
the treatment response of different therapies  (2,29). For 
patients with hepatic metastases from functional carcinoid 
tumors, Jensen et al (29), demonstrated that a reduction in 
CgA of ≥80% following cytoreductive surgery was predictive 
of the stabilization of disease. For patients with advanced 
PNETs, Yao et al (2) revealed that those patients with an 
early CgA response following treatment of everolimus expe-
rienced longer progression‑free survival. Similar to previous 
studies, the present study also indicated that changes in 
plasma CgA were correlated with treatment response in 
those patients with high baseline CgA levels. However, this 
was not true for those patients with low baseline CgA levels, 
which implied that the role of CgA in evaluating treatment 
efficacy may be limited to patients with high baseline CgA 
levels.

Functional PNETs may present with various hormone 
syndromes, so they are usually detected at an earlier stage. 
By contrast, non‑functional PNETs usually present with symp-
toms following local mass effects or metastatic disease at more 
advanced stages (5). In the present study, the majority of PNETs 
were non‑functional and detected incidentally (60%), with a 
localized (77%) status. This is likely due to the widespread 
use of abdominal ultrasound in Taiwan. Routine ultrasound 
screening for patients with chronic hepatitis or abnormal liver 
function tests is extremely popular. PNETs localized in the 
body or tail may be easily detected by screening ultrasounds 
at an earlier stage.

A previous study indicated that high CgA levels (150‑fold 
higher compared with the normal upper limit) in GEP‑NETs 
were associated with MEN‑1 (6). However, low diagnostic 

accuracy of plasma CgA in the detection of PNETs in 
patients with MEN‑1 has been demonstrated by two other 
studies (30,31). The plasma CgA test cannot replace the other 
established diagnostic tools in screening for early PNETs 
among patients with MEN‑1. The results of the present study 
also indicated a limited use of plasma CgA in patients with 
MEN‑1, although only 3 patients with MEN‑1 were included 
and only 1 of these exhibited a higher CgA level.

There are a number of non‑neoplastic causes of CgA eleva-
tion, including renal insufficiency, chronic hepatitis and drug 
use. Certain adenocarcinomas may also account for CgA eleva-
tion (6,7). In the present study, the patients with liver failure, 
renal failure and other types of cancer were excluded. Although 
proton pump inhibitor use has been suggested to be a common 
cause for CgA elevation (32), only 2 cases in the present study 
were administered proton pump inhibitors and they exhibited 
different CgA responses (63.0 and 16,465.7 U/l). Additional 
interpretation with subgroup analysis was not feasible due to a 
relatively small number of patients with PNET in the present 
study. As PNET is an uncommon disease, future studies with 
multi‑center cooperation may provide a more comprehensive 
view.

To conclude, the present study demonstrated that 
plasma CgA levels were associated with tumor size, metas-
tasis status and tumor stage in diagnosing patients with 
PNET. Changes in plasma CgA levels were correlated with 
treatment response only in those patients with high base-
line CgA levels. For early‑stage PNETs, CgA exhibited a 
limited role in the diagnosis and evaluation of treatment 
response.
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