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ABSTRACT
 
Background: Chromogranin A (CgA) is often used in metastatic patients with non-func-
tioning pancreatic neuroendocrine tumors (NF-pNET). The aim of this study is to assess the 
diagnostic accuracy of CgA in patients with low tumor burden.  

Methods: Resectable patients with NF-pNET without metastases at time of diagnosis were 
included between 2002 and 2013 in the Academic Medical Center of Amsterdam. CgA was 
determined at time of diagnosis and during follow-up according to a standardized method. 
The upper reference range was 94 µg/L. 

Results: Overall, 47 patients were included in this study. CgA was elevated preoperatively in 
only 10 patients (27%). In the detection of metastases during follow-up, the positive predic-
tive value for CgA was 50% and negative predictive value was 81%. In 50% of the patients with 
an elevated CgA during follow-up, this test result was false-positive. 

Conclusions: The diagnostic accuracy of CgA was low preoperatively in patients with resect-
able NF-pNET and low tumor burden. In the detection of recurrent disease after curative re-
section of NF-pNET, the diagnostic accuracy of CgA was moderate (50%). We conclude that 
routine measurement of CgA at time of diagnosis or during follow-up after curative resection 
had limited value in patients with resectable NF-pNET.
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INTRODUCTION

Pancreatic neuroendocrine tumors (pNET) are rare tumors which vary in symptomatology 1. 
Symptoms are mainly related to the production of specific hormones in functional pNET but 
the majority of these tumors are non-functional1,2. Non-functioning pNET (NF-pNET) can 
also have detectable hormone overproduction, such as pancreas polypeptide (PP) and Chro-
mogranin A (CgA), although these hormones are not associated with a clinical syndrome. 
CgA is produced by endocrine cells in many neuroendocrine tumors and the best known 
biochemical marker for neuroendocrine tumors 3. CgA can be used for diagnosis, during 
follow-up or to evaluate treatment response 4,5.  Both ENETS and NANETS stated that CgA 
can be used as a marker in NF-pNET2,6. Since elevated CgA levels can reflect tumor load and 
seems to be correlated with tumor progression 7,8, CgA is often used during follow-up in met-
astatic patients 9,10. CgA may be false-positively elevated in situations such as chronic atrophic 
gastritis, treatment with proton pomp inhibitors, impaired renal function or irritable bowel 
syndrome 11–15. CgA is also elevated in other neoplasms of non-endocrine origin such as pros-
tate -and thyroid cancer as well as pancreatitis 16–18. Furthermore, due to the loss of their se-
cretory capacity in poorly differentiated pNET or by the use of somatostatin analogues, levels 
of CgA can decrease to normal 6,14. 

Diagnostic accuracy of CgA has rarely been analysed specifically in the preoperative work-up 
of patients with resectable NF-pNET. These patients have a very low tumor burden compared 
to patients with metastases or irresectable large tumors and therefore CgA may be less effec-
tive in the diagnosis of the tumors and in the diagnosis of recurrence after curative resections. 
The aim of this study is to elucidate the value of CgA in a well-defined group of patients with 
resectable NF-pNET while analysing CgA for its diagnostic during work-up and during fol-
low-up and to relate our findings with the literature. 

METHODS

Patients
All patients with pNET, screened for surgery in the Academic Medical Center in the period 
from 2002 and 2013 were verified. Only NF-pNET without metastases at time of diagnosis 
and with determinate CgA were included. The Academic Medical Center is a specialized ter-
tiary hospital for pancreatic surgery and also specializes in the management of neuroendo-
crine tumors. The majority of patients were retrospectively retrieved from another examina-
tion of pathology reports of all pancreatic resections. Since 2012 the database is prospectively 
maintained. 

Preoperative diagnostic workup
Patients underwent preoperative diagnostic workup for resectability and metastases accord-
ing to the local pancreatic cancer protocol. All patients underwent a CT scan or MRI and 
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pre-operative laboratory tests. In case of preoperative suspicion for NF-pNET on radiological 
imaging, additional hormone screening was performed in the majority of the patients. MRI 
scans were performed in referring centres and in these cases, an additional CT scan has been 
performed in our centre. If the CT scan was not made in our centre, the CT scan was available 
for re-evaluation by an experienced radiologist at our centre in all patients. NF-pNET was 
proven by histopathological examination. Renal impairment is defined as glomerular filtra-
tion rate (GFR) < 60 ml/min/1.73m2 19. Tumor size was based on preoperative radiological 
imaging and described in millimetre (mm) with standard deviation (SD). Two pathologists 
revised tumor grade according current guidelines of the WHO classification of 2010.

Detection of recurrent disease
All curative resected patients were monitored at the outpatients’ clinic during follow-up for 
the detection of recurrent disease. Both CgA and CT scan were used during follow-up and 
if indicated, an additional somatostatin receptor scintigraphy was performed. Tumor staging 
was according the ENETS staging classification20. Tumor grade was defined according the 
WHO classification of 201021. In patients with elevated CgA during follow-up, imaging and 
biopsy were used to confirm recurrent disease. In patients with a false-positive test result, 
CgA was elevated without evidence of recurrent disease on radiological imaging. CgA moni-
toring was continued during the follow-up period to evaluate if false-positive test results were 
justified given.  In addition to imaging and biopsy, long-term follow-up was used to exclude 
recurrent disease.  

Reference laboratory assay
CgA was measured on the BRAHMS Kryptor Compact of Thermo Scientific. This assay 
shows a good correlation with the immunoradiometric assay of CisBio22. Nevertheless, to 
check the upper reference range (94 µg/L) as stated by BRAHMS, an extra validation was 
performed in our hospital by analysing samples of 25 fasted healthy volunteers and the results 
were in agreement with this concentration. During the preoperative diagnostic workup, CgA 
was considered as elevated if higher than the reference range.

Literature search 
A literature search for the diagnostic accuracy of CgA in patients with pNET is performed in 
MEDLINE and EMBASE with the query terms “chromogranin A”, “pancreas” and “neuroen-
docrine tumor/carcinoid” or possible variants of these terms. Furthermore, the guidelines 
of both the European Neuroendocrine Tumor Society (ENETS) and the North American 
NeuroEndocrine Tumor Society (NANETS) and also the Dutch guidelines of oncologic care 
(Oncoline) were consulted for the scientific evidence with which the recommendations were 
made regarding the use of CgA as a biochemical marker in patients with pNET. 

Data analysis 
Statistical analysis was performed using IBM SPSS statistics 20. Level of CgA was described 
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with a median value and interquartile range (IQR). A false-positive test result is defined as el-
evation of CgA without metastases on radiological imaging. Radiological imaging was at least 
one time negative for metastases, but remained also negative during follow-up examinations. 
Median follow-up was described as median follow-up with IQR. A false-negative test results 
is defined as value of CgA within the normal range while there is metastatic disease. In the 
detection of the primary tumor, specificity for CgA is not considered because all the patients 
have the disease.  

RESULTS

In the pre-operative work-up, one hundred and one patients with pNET were screened for 
surgery. After screening, 22 patients were excluded because of their functional pNET, 7 pa-
tients had metastatic disease at time of diagnosis and in 25 patients the hormonal screening 
was missing. Finally, 47 NF-pNET patients without metastasis at time of diagnosis could be 
included in this study. Two patients with MEN1 syndrome were included. 

CgA in the preoperative diagnostic workup 
During the preoperative diagnostic work-up, CgA was determined in 37 patients and CgA 
was elevated in only 10/37 patients (27%) with a median level of 300 µg/L (IQR: 183 – 796 
µg/L). The finding of an elevated CgA did not lead to treatment changes in any of the patients. 
No differences were seen in patient’s characteristics between patients with or without elevated 
CgA, as depicted in table 1. No patients had impaired renal function or used somatostatin 
analogue therapy. One patient with elevated CgA was affected with the MEN1 syndrome. 

Elevated levels of 
chromogranin A

N = 10

Normal level of 
chromogranin A

N = 27
P value

Age, (SD)* 60 (12.1) 56 (11.8) 0.65

Male, n (%) 4 (40) 11 (41) 0.97

Tumor size in mm (SD) 38 (288.6) 20 (34.24) 0.08

Tumor grade 1, n (%)** 4(50) 16 (67) 0.34

Tumor location, n (%)
Head
Corpus/tail

5 (50)
5 (50)

12 (44)
15 (56)

0.76

Positive somatostatin receptor scintigraphy *** 5 (100) 14 (61) 0.09

Proton pomp inhibitor therapy, n (%) 4 (40) 8 (30) 0.55

Received treatment 
Curative resection, n (%)
Conservative follow-up, n (%)

9 (90)
1 (10)

24 (89)
3 (11)

0.92

* SD: standard deviation
** For diagnosis of the 4 conservative treated patients, a biopsy was performed. It was not possible to determine the Ki67 index/
mitotic count in these patients. 
*** In 28/37 patients a somatostatin receptor scintigraphy was performed at time of diagnosis. In 5/28 patients with elevated 
Chromogranin A and in 23/28 without elevated chromogranin A

Table 1. Characteristics of patients with or without elevated CgA at diagnosis
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Patients in 
follow-up

N = 28

Patients with 
recurrent disease

N = 9

Tumor size*
≤ 2cm
> 2cm

11 (39)
17 (61)

1 (11)
8 (89)

Type of resection
Pancreatoduodenectomy
Left pancreatectomy
Enucleation
Central pancreatectomy

10 (36)
11 (39)
4 (14)
3 (11)

2 (22)
6 (50)

--
1 (8)

Grade
G1
G2

16 (57)
12 (43)

2 (29)
7 (58)

Stage**
I
IIA
IIB
IIIB

8 (29)
3 (11)
6 (21)

11 (39)

--
1 (11)
2 (22)
6 (50)

* Based on preoperative radiological imaging 
** According ENETS staging classification

Table 2. Patients characteristics of the 28 patients during follow-up

CgA in the detection of recurrent disease during follow-up after NF-pNET resection
Median follow-up time was 36 months (IQR 16-55). During the follow-up, CgA was used in 
28 patients as a screening tool for the detection of recurrent disease after pancreatic resection. 
All these 28 patients were considered to be disease free after their curative pancreatic resec-
tion and during follow-up 9 patients developed recurrent disease. Patients characteristics are 
listed in table 2. Of the 9 patients with recurrent disease, chromogranin A was elevated in 
6/9 patients. The sensitivity and specificity for CgA in the detection of recurrent disease after 
curative pancreatic resection were 67% and 68% respectively and the positive and negative 
predictive value were 50% and 81% respectively. Recurrent disease was proven by biopsy in 
8/9 patients. In the other patient, recurrent disease was repeatedly demonstrated on CT scans 
and somatostatin receptor scintigraphy during follow-up. The tumor load of the 9 patients 
with recurrent disease was diverse, as depicted in table 3. Tumor load and elevated CgA was 
moderately correlated since the tumor load of patient 3 and 4 was relatively high and the CgA 
relatively low. 

CHAPTER 8



163

Patient Recurrent disease
Level of CgA 
by recurrent 

disease

Number of 
lesions Diameter of lesions in mm

1 Liver 39 2 26 mm and 17 mm 

2 Lymph node 40 1 24 mm

3 Liver 43 5 57 mm, 4.9, 4.1 and 2 lesions of 
38 mm

4
Liver, lymph node 

and peritoneal 
lesions

133 9

99 mm (liver) 
10 mm (lymph) 
72 mm, 49 mm, 77 mm, 86mm, 
72 mm, 86 mm and 150 mm (all 
peritoneal lesions),

5 Local recurrence 143 1 5 mm

6 Lymph nodes 184 2 10 mm and 15 mm

7 Liver 331 1 9 mm

8 Lymph nodes 461 2 27 mm and 10 mm

9 Liver and local 
recurrence 2130 6

21 mm (local recurrence)
16 mm, 15 mm, 17 mm 11 mm and 17 
mm (liver) 

Table 3. Patients with recurrent disease and the level of chromogranin and tumor load

Overall, 12 patients had elevated levels of CgA during follow-up but only 6 had recurrent dis-
ease. Therefore, the false positive value was 50 % (elevated CgA without detectable recurrent 
disease on radiological imaging). Only one of the false positive patients used proton pomp 
inhibitors. None of these 12 patients were affected with the MEN1 syndrome. The median 
follow-up of the patients with a false positive test result was 26 months (IQR 10-48). During 
this period, recurrent disease was, in all cases but one repeatedly, not demonstrated on ra-
diological imaging. There were no significant differences in the amount of elevation of CgA 
between patients with a false positive test result and a true positive test result, as displayed in 
figure 1.  In the patients with a true positive elevated CgA (with recurrent disease), the me-
dian value of CgA was 258 ng/L (IQR 141-879). In the patients with false positive elevation 
of CgA (without recurrent disease), the median value of CgA was 146 ng/L (IQR 103-672). 
In the true positive group there was one outlier with a value of 2130 ng/L. This patient had 
recurrent disease with 5 liver metastasis (patient 9 of table 3)
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8



164

Figure 1: The amount of elevation of chromogranin A in patients with true positive elevated CgA and 

false positive elevated CgA in the detection of recurrent disease.  The asterisk is the outlier patient.

Literature search on published data of diagnostic and prognostic value of CgA in pNET
More than 300 studies were screened by title and abstract on their relevance. In literature, 
most studies described the diagnostic accuracy of CgA in pNET with already recurrent or 
metastatic disease and not in patients with only primary pNET without metastases at time 
of diagnosis 23–27. Furthermore, studies have described the diagnostic accuracy of CgA in pa-
tients with gastroenteropancreatic neuroendocrine tumors, (GEP-NET) and not specifically 
for NF-pNET patients 9,28,29.  

The most important finding in these studies was that the diagnostic accuracy of CgA in pNET 
increased with more extended disease. In patients with metastatic disease the sensitivity var-
ied from 24% to 100% and the specificity from 71% to 95% 25–28,30–34. The studies were excluded 
if it was impossible to extract the exact data of the diagnostic accuracy of pNET. Finally, a total 
of 8 studies are included in the analysis of the diagnostic accuracy of CgA in patients with 
primary pNET, table 4 provided an overview of the literature. 
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Five of the 8 included studies deal with a mixed cohort of patients with both metastatic and 
non-metastatic pNET 30,31,33,35,36. Eriksson et al included only 5 patients in whom tumor stage 
was not defined 37.  Nölting et al described the diagnostic accuracy of 10 patients with pNET 
and localized disease25. De Laat et al is the only study with primary pNET, however all patients 
had MEN1 syndrome 32. Consequently, none of the studies selectively included patients with 
resectable NF pNET without metastasis such as in our study. The exact number of patients 
with resectable NF pNET was not always described and diagnostic accuracy was given for all 
pNET, both metastatic and non-metastatic pNET. Therefore, published data did not reveal the 
diagnostic accuracy for CgA in resectable non-functioning pNET at time of diagnosis.
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Study Tumor type Number of 
patients (n) Tumor stage Sensitivity* Specificity PPV/NPV

Baudin Et al,
1998(33)

All types 
NET

NF pNET*

N = 128
N = 23

21% of the total cohort (n = 128) had limited disease and 
79% had extensive disease with distant metastases. Exact 
tumor stage for pNET is not defined. 

52% n=12/23 -- --

Tomassetti  Et al, 
2001(30) NF pNET* N = 21 Of the 12 patients, 2 patients had only a primary tumor. 

The other 10 patients had liver metastasis. 24% -33%3 --
--

--
--

Eriksson Et al, 
1989 (37)

NF pNET* N = 5 Not defined 60% n = 3/5 -- --

Zatelli Et al,
2007 (31)

GEP-NET1

NF pNET*
N = 81

N = unknown 
New diagnosis, unclear with or without metastasis.
Unknown number of pNET

--
--

--
--

43% / 93%
60% / 94%

Nölting Et al, 
2012 (25) pNET** N = 10 Localized disease. Unknown if the patients had a func-

tioning or non-functioning pNET 30% n=3/10 -- --

Stridsberg  Et l, 
2003 (35)

Total NET 
pNET

N = 46
N = 16

Patients had primary tumor or metastases. Exact tumor 
stage for pNET is not defined. Unknown if the patients 
had a functioning or non-functioning pNET

69% - 88%4 --
--

--
--

De Laat Et al, 
2013 (32)

MEN 1 
pNET2

N = 81 Primary pNET  with MEN1 syndrome 33% 73% --

Paik Et al, 
2013 (36)

pNET** N = 26 6/26 patients had metastatic lesions. In total, 3 function-
ing pNET are included, unknown if these 3 patients had 
metastatic disease.

77% 56% 71% / 63%

Jilesen  Et al, 
2014, 
present study

NF pNET N = 47 N = 37 patients with primary tumor without metastasis 
prior to their pancreatic resection
N = 28 patients after resection in the detection of metas-
tasis; 9 patients had metastatic disease. 

27 %

67%
68% 50% / 81%

* NF pNET: non-functioning pancreatic neuroendocrine tumor  ** pNET: pancreatic neuroendocrine tumor
1 GEP-NET: gastroenteropancreatic neuroendocrine tumors. 2 MEN 1 pNET: Multiple Endocrine Neoplasma type 1 pancreatic 
neuroendocrine tumor. 3 Different cut-off values are used. 4 different assays are used with different cut-off values. 

Table 4. Diagnostic accuracy of chromogranin A in patients with pancreatic neuroendocrine tumors;                                                                                   

A review of the literature
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DISCUSSION

This study assessed the diagnostic accuracy of Chromogranin A in patients with resectable, 
non-functioning pNET prior to their pancreatic resection. CgA was elevated in only 27% of 
the patients with NF-pNET at time of diagnosis. Therefore, the determination of CgA in pa-
tients with low tumor burden adds little value. The level of CgA was slightly higher in patients 
with a larger primary NF-pNET, however this was not significant. Furthermore, tumor grade 
or tumor location had no effect on the level of CgA. Small tumors may be less aggressive and 
therefore a conservative treatment may be an option in these patients 2,38,39. Since the sensitiv-
ity of CgA at diagnosis was low for resectable NF-pNET, CgA may less suitable as a screening 
tool in those patients. To be sure of the diagnosis in these small NF-pNET, a biopsy is needed. 

Our literature search did not reveal studies including similar patients with resectable 
non-functioning pNET without metastases. The sensitivity mentioned in the studies ranged 
from 24-88%. This broad variation is possibly caused by the diversity of the included patients 
with different tumor stage. The studies did describe the positive correlation between tumor 
load and the degree of elevated CgA (9,22,50). The scientific evidence for the efficacy of CgA as 
biochemical marker at time of diagnosis in resectable NF-pNET without metastases is how-
ever inconclusive. Furthermore, the diagnostic accuracy of the included studies is influenced 
by different cut-off values and differences in used assays. 

In patients with advanced pNET, CgA may play an important role during follow-up to eval-
uate treatment response. CgA is significantly higher in patients with metastatic disease in 
comparison with patients without any metastasis 10,28,29,36,41,42. Caution is however warranted, 
because other conditions can influence the results of CgA 6,11–14,16,17,32. Also in our study the 
reliability of the results was influenced by the use of proton pomp inhibitor (PPI) therapy, 
although this was used in one patient only. The ENETS guidelines advise to interrupt proton 
pomp inhibitors if possible at least 3 half-live times of the PPI prior to CgA sampling 14. El-
evated CgA during follow-up should be interpreted with caution while other causes of false 
positive results should be taken into account. In our study, the sensitivity and specificity of 
CgA was 67 and 68%, respectively and 50% had a false positive value of CgA. Elevation of 
CgA was not always reliable and seems a moderate predictor of metastasis. Moreover, an 
elevated CgA without assignable evidence on radiological imaging may create considerable 
anxiety in the patients. Also the degree of elevated CgA did not provide clarity since the levels 
of elevated CgA in patients with or without recurrent disease were comparable (figure 1). The 
additional value of routine monitoring of CgA during follow-up in order to detect recurrent 
disease in patients with primary resected NF-pNET is debatable. If recurrent disease has been 
demonstrated by radiological imaging, CgA can possibly be used to monitor disease progres-
sion and to evaluate the extent of the disease during further follow-up7,8.
 
Another important point to consider is the diagnostic accuracy of current radiological imag-
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ing modalities. In practice, there is a dilemma when CgA is elevated but imaging is negative 
for recurrent disease. The patient will be monitored closely with further follow-up using bio-
chemical and radiological tests. However, recurrent disease may present with small or poorly 
definable lesions and these lesions may be detected less accurately by radiological imaging 
43–46. Biochemical markers may be elevated while small metastases may not yet be demon-
strable on imaging. In these cases, the biochemical markers are scored as false positive while 
they are actually true positive. Consequently, the diagnostic accuracy of biochemical markers 
depends on the diagnostic accuracy of the gold standard for the detection of the metastasis, 
usually radiological imaging 2. 

Limitations
This study is a retrospective analysis of the diagnostic accuracy of CgA in resectable NF-
pNET. Not all the patients have had an additional preoperative hormonal screening because 
there was no preoperative suspicion of a NF-pNET. Diagnosis was made after surgery based 
on resected specimen. Furthermore, the study period stretches over more than 10 years and 
in the beginning of the study period the hormonal determination of CgA was not routinely 
used in all the resected NF-pNET patients.  Also the routine of the CT scan changed. The CT 
scan has improved during the study period, because the CT slices have become thinner and 
the images in multiple planes could be reconstructed with IV contrast. 

In addition, the inclusion criteria were very strict. Only patients with resectable NF-pNET 
were included. Therefore, this study applies only to this very selected group of patients. An-
other limitation of this study is, as mentioned above, that the gold standard used for detection 
of recurrent disease does not have a 100% detection rate. However all patients were followed 
for prolonged times to confirm the absence of recurrent disease and with that, the true nega-
tive or false positive test results of CgA.

In conclusion
In patients with resectable NF-pNET and therefore low tumor burden, routine measurement 
of CgA adds little value and should be cautiously interpreted. The diagnostic accuracy of CgA 
was low during the preoperative diagnostic workup and elevated CgA during follow-up was 
not always reliable. To avoid anxiety, postoperative CgA may be used as screening tool for the 
extent and frequency of the radiological imaging rather than a decisional tool for recurrent 
disease. 
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