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Abstract Circulating chromogranin A (CgA) level is a useful
marker for diagnosis and treatment efficacy monitoring of
neuroendocrine tumors (NETs). To evaluate the diagnostic
value of serum CgA in well-differentiated non-functioning
NETs and to investigate the correlation between changes in
serum CgA levels and imaging responses in patients with
locally advanced or metastatic disease, 60 healthy controls
and 82 patients with NETs (28 with localized NETs and 54
with advanced NETs) treated between December 2010 and
November 2014 were included. CgA levels were determined
by ELISA. Receiver-operating characteristic (ROC) curve
analysis was used to evaluate the diagnostic sensitivity and
specificity of serum CgA. Correlation between CgA levels
and tumor burden was analyzed. Serial CgA measurements
and tumor responses (evaluated according to the RECIST
1.1 criteria) in 40 patients with locally advanced or metastatic
disease were recorded. Using a cutoff value of 84 ng/mL, the
sensitivity of serum CgAwas 67%, with a specificity of 78%.
Serum CgA levels of patients with different tumor burdens
were significantly different. Progressions were observed in
38 out of 122 visits. Using a 28 % increase of serum CgA
concentration as the best cutoff value, the sensitivity and spec-
ificity were 79 and 86 %, respectively, with positive and neg-
ative predictive values of 71 and 90 %, respectively, to deter-
mine disease progression. Serum CgA measurement had a

modest sensitivity for the diagnosis of non-functioning NETs.
However, increases of CgA levels combined with imaging
might be helpful in detecting tumor progression in patients
with NETs.
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Introduction

Neuroendocrine tumors (NETs) constitute a heterogeneous
and probably underestimated group of neoplasms accounting
for at least 2 % of human cancers [1–4]. They are derived from
the diffuse neuroendocrine system (DNES), and are made up
of hormone-producing cells with different hormonal profiles
depending on their site of origin [1–4]. Themost frequent sites
of origin are the digestive and respiratory tracts [4, 5]. In
clinical practice, the diagnosis of NETs can be based on the
detection of tissue and/or circulating neuroendocrine markers
[6].

Chromogranin A (CgA) is an acidic glycoprotein of 439
amino acids and a molecular mass of 48 kDa. It is widely
expressed by neuroendocrine cells [7–9]. CgA is released by
exocytosis from neuroendocrine-derived tumor cells and can
be detected in the blood [10]. Circulating CgA has been prov-
en to be a useful marker for NETs [11]. Measurement in NETs
is established in the guidelines as an aid for diagnosis, treat-
ment efficacy, and prognosis [12]. However, serum CgA is not
a well-defined entity and is in reality a mixture of peptide
fragments of varying lengths. Because the processing of tumor
proteins varies considerably from tumor to tumor [13, 14], it is
not surprising that varying sensitivities and specificities have
been found according to tumor type and method used for CgA
measurement [15]. Blood CgA levels seem to be closely
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related to tumor burden [11, 16–19]. CgA has also been sug-
gested to be useful in the follow-up of patients with NETs.
Indeed, previous studies have investigated the concordance
between variations in serum CgA levels and changes in tumor
size by imaging [7, 17, 20, 21]. Therefore, serial CgA moni-
toring might be useful for the assessment of tumor
progression.

Hence, this study was designed to assess the value of serum
CgA in non-functioning well-differentiated NETs in Chinese
patients including its diagnostic and the monitoring values.

Methods

Controls

Healthy volunteers were enrolled at the Physical Examination
Center of Peking Union Medical College Hospital from Ju-
ly 2013 to December 2013. Exclusion criteria were (1) any
chronic or acute disease; (2) any cancer; (3) using proton
pump inhibitors (PPI); or (4) serum creatinine ≥1.5 times the
upper normal limit.

Patients

Eighty-two patients receiving treatment for NETs at the Pe-
king UnionMedical College Hospital fromDecember 2010 to
November 2014 were enrolled. Patients had to have a histo-
logically proven well-differentiated non-functioning NET ac-
cording to the WHO classification of tumors of the digestive
system [5]. Exclusion criteria were (1) serum creatinine ≥1.5
times the upper normal limit; (2) alanine aminotransferase or
aspartate aminotransferase ≥1.5 times the upper normal limit;
or (3) neuroendocrine carcinoma.

Because treatment with somatostatin analogue or PPI can
affect CgA levels, all baseline CgA levels were obtained from
patients not using somatostatin analogue or PPI. However,
since some patients might need these drugs, only follow-up
visits when patients were under no or stable (>6 weeks) treat-
ment with somatostatin analogue [22, 23] or PPI [24] were
included for analysis of disease progression.

The patients were divided into two groups: localized dis-
ease group (group L) and advanced disease group (group A)
according to the revised RECIST guidelines (version 1.1)
[25]. Gastroenteropancreatic NETs (GEP-NETs) were diag-
nosed according to the World Health Organization (WHO)
2010 classification [5]. Atypical carcinoid and typical carci-
noid were diagnosed according to the WHO 2004 classifica-
tion [26].

The present study was approved by the ethical committee
of the Peking Union Medical College Hospital. All partici-
pants provided a written informed consent. The study was
conducted in accordance with the Declaration of Helsinki.

Treatment and follow-up

Group A patients were included for the analysis of the corre-
lation between serum CgA changes and imaging disease pro-
gression. During follow-up, evaluation of tumor response and
determination of serum CgA were performed at each visit.
Tumor response was assessed by contrasted computed tomog-
raphy (CT) or magnetic resonance imaging (MRI). Patients
were considered assessable only if measurable disease was
present. Response to treatment was evaluated using RECIST
1.1 [25]. Complete response (CR), partial response (PR), sta-
ble disease (SD), and progressive disease (PD) were defined
according to the revised RECIST guidelines (version 1.1)
[25].

Serum CgA determination

All samples were collected after an overnight fast. Measure-
ment of serum CgA levels was performed with a commercial
kit (Chromoa; Cis Bio International, France) using a
sandwich-type ELISA assay. The intra-assay and inter-assay
coefficients of variation are 5 and 7 %, respectively. At base-
line, patients were divided into three groups according to tu-
mor burden: (1) resected tumor; (2) ≤5 tumor sites; and (3) >5
tumor sites; baseline CgA levels were compared between
these three groups.

ROC curve construction and analysis

Serum CgA levels of 60 healthy controls and initial CgA
levels of 54 patients from group A measured before starting
treatment were used to create a ROC curve evaluating the
performance of CgA in the diagnosis of non-functioning
NETs. Percentage changes in CgA levels on PD and non-
progression (CR, PR, and SD) were used to create the ROC
curve in order to determine the cutoff value predicting PD.

Statistics

ROC curves were constructed using SPSS 20.0 (IBM,
Armonk, NY, USA). A stepwise step-down procedure
for multiple comparisons and Cochran-Mantel-Haenszel
(CMH) chi-square test were used to compare serum CgA
levels in patients with different tumor burdens and differ-
ent tumor origins, respectively. Spearman rank correlation
analysis was performed to evaluate the correlation be-
tween CgA levels and tumor burden. McNemar’s test
was used to compare serum CgA changes with imaging
to determine disease progression. Statistical significance
was established at P<0.05.
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Results

Characteristics of the patient

The group of patients included 46 males and 36 females, with
a median age of 51 (range 15–84)years. The L group included
28 patients that have undergone resection, The A group in-
cluded 54 patients: 6 had unresectable locally advanced dis-
ease and 48 had metastatic disease. Primary tumor site was the
pancreas in 56 patients, lung or thymus in 10, rectum in 7,
stomach in 3, small intestine in 3, and unknown primary in 3.
The tumors in the 69 patients with GEP-NETs included 17 G1
tumors and 52 G2 tumors. The ten patients with thoracic pri-
mary tumor included nine cases of atypical carcinoid tumors
and only one typical carcinoid tumor (Table 1).

The control group was composed of 60 healthy individuals
including 33males and 27 females. Median age was 43 (range
26–72)years.

Serum CgA levels

Serum CgA levels in group advanced and group control are
shown in Fig. 1a. One patient with lung atypical carcinoid
tumor and multiple bone and lung metastases was excluded
because of outlying baseline serum CgA levels; hence, a total
of 81 patients were divided into three groups according to
tumor burden: (1) resected tumor; (2) ≤5 tumor sites; and (3)
>5 tumor sites. At study entry, serum CgA levels were higher
in group 3 compared to group 1 (P<0.0001), while there was
no difference between groups 1 and 2, and between groups 2
and 3 (Fig. 1b). CgA levels were significantly correlated to
tumor burden (Spearman rank correlation, r=0.4266,
P<0.0001). Serum CgA levels of patients with GEP-NETs
and non-GEP-NETs were not significantly different (P=
0.9456) (Fig. 1c).

ROC analysis

ROC curve analysis was performed using baseline serumCgA
levels of 60 healthy controls and 54 patients with locally ad-
vanced or metastatic well-differentiated non-functioning
NETs. As shown in Fig. 2, the best cutoff value for NET
diagnosis was 84 ng/mL, resulting in a sensitivity of 67 %
and a specificity of 78 % for diagnosing well-differentiated
non-functioning NETs with the Chromoa kit (Cis Bio Interna-
tional, France).

Follow-up

Forty patients from group A (27 males and 13 females, medi-
an age of 55 years) with locally advanced disease (n=4) or
metastatic diseases (n=36) were included for analysis be-
tween serum CgA changes and imaging disease progression.

During follow-up, these 40 patients underwent 122 medical
follow-up visits for treatments including 37 visits for targeted
therapy, 29 visits for somatostatin analogue, 27 visits for che-
motherapy, 16 visits for combined therapy (14 visits for so-
matostatin analogue with targeted therapy and 2 visits for
somatostatin analogue with transarterial chemoembolization),
6 visits for transarterial chemoembolization, 6 visits for obser-
vation, and 1 visit for surgery.

All these patients had at least one follow-up visit after the
initial study entry visit, and the mean number of visits per
patient was 3±2 (range 1–9). The median interval between
visits was 3 (range 1.5–23)months. The median follow-up
time was 10 (range 1.5–51)months.

Changes in CgA levels and disease progression

During the 122 visits of the 40 patients with locally advanced
disease or metastatic disease, 24 PR events, 60 SD events, and
38 PD events were recorded. Based on the ROC curve, the
best cutoff value for detecting disease progression was a 28 %
increase over baseline CgA levels, with sensitivity and spec-
ificity of 79 and 86 %, respectively, to discriminate between
disease progression and non-progression (Fig. 3).

Table 1 Demographic and disease characteristics of the subjects at
baseline

Patients (n=82) Healthy controls (n=60)

Male/female 46/36 33/27

Median age (years, range) 51 (15–84) 43 (26–72)

Stage

Resected local disease 28

Locally advanced 6

Metastatic 48

Origin

Pancreas 56

Thorax 10

Rectum 7

Stomach 3

Small intestine 3

Other 3

Metastatic sites

Liver 37

Lymph nodes 8

Bone 7

Lung 3

Other 3

Grading

GEP-NETs G1 17

GEP-NETs G2 52

Typical carcinoid 1

Atypical carcinoid 9
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Using imaging tumor response as reference, the calculated
positive and negative predictive values of CgA changes for
detecting disease progression were 71 and 90 %, respectively
(Table 2). There was no significant difference between imag-
ing and changes in CgA levels for the detection of disease
progression (P=0.5023).

Discussion

The aims of the present study were to evaluate the diagnostic
value of serum CgA in well-differentiated non-functioning
NETs and to investigate the correlation between changes in
serum CgA levels and imaging responses in patients with

locally advanced or metastatic disease. Results showed that
using a cutoff value of 84 ng/mL, the sensitivity of serum CgA
was 67 %, with a specificity of 78 %. Serum CgA levels of
patients with different tumor burdens were significantly

Fig. 1 a Comparison of serum CgA levels between group A and
controls. b Comparison of serum CgA levels according to different
tumor burdens. CgA levels of patients with resected tumor and >5
tumor sites were significantly different. c Comparison of serum CgA
levels according to different origins of NETs. CgA levels of patients
with GEP-NETs and non-GEP-NETs were not significantly different

Fig. 2 Receiver-operating characteristics (ROC) curve constructed with
baseline serum CgA levels of 60 healthy controls and 54 patients with
locally advanced or metastatic well-differentiated non-functioning NETs.
The best cutoff value for NET diagnosis was 84 ng/mL, and the area
under the curve was 0.69 (95 % CI 0.58–0.79)

Fig. 3 ROC curve discriminating disease progression vs. non-
progression (38 vs. 84). The best cutoff value for disease progression
was an increase of 28 % over baseline CgA levels, and the area under
the curve was 0.84 (95 % CI 0.75–0.92)
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different. Using 28 % increase of serum CgA concentration as
the best cutoff value, the sensitivity and specificity were 79
and 86 %, respectively. Therefore, these results suggest that
serum CgA measurement had a modest sensitivity for the
diagnosis of non-functioning NETs. However, increases of
CgA levels combined with imaging might be helpful in de-
tecting tumor progression in patients with NETs.

Different NETs release different molecular isoforms of
CgA [27]. Due to differences between different CgA assays,
results can be variable [28]. The CgA ELISA assay used in the
present study is targeting the core of the molecule (amino acid
residues 145–245) using two monoclonal antibodies to mea-
sure intact and fragmented CgA. Therefore, this assay should
provide more stable and consistent results between different
NETs.

Tumor functional status might also affect CgA levels. In-
deed, a study by Nehar et al. has shown excellent specificity
(98.4 %) using a CgA assay, but sensitivity was 73 % for
secreting tumors and 45 % for non-secreting tumors in pa-
tients with GEP-NETs and multiple endocrine neoplasia type
1 (MEN-1) [17]. The results of an Italian study confirmed the
finding that the median CgA levels were significantly higher
in functioning GEP-NETs compared with non-functioning
ones (295 vs. 43 U/L, P=0.0001) [9]. Non-functioning NETs
usually show intermediate CgA secretion potential compared
to functioning NETs since the increases of CgA secretion are
mainly associated with the increased hormone secretion po-
tential of the tumor [8, 9]. On the other hand, a previous study
showed that CgA levels were not affected by the functional
status of the tumor [29].

The present study, however, focused on non-functioning
NETs and showed that the sensitivity was 67 % using a CgA
cutoff value of 84 ng/mL, which was comparable to previous
studies [7, 15], while the specificity of 78 % was relatively

lower. Considering the low sensitivity of CgA for the diagno-
sis of non-functioning NETs, increasing the cutoff value to
112 ng/mL would yield a specificity of 90 % with a lower
sensitivity of 44 %, which was similar to a previous study
[17].

Previous studies showed that CgA levels are increased in
NETs from different organs including pheochromocytoma,
carcinoid tumors, pancreatic neuroendocrine tumor, medul-
lary carcinoma of the thyroid, and small-cell lung cancer
[29]. Few studies examined the differences in CgA secretion
between NETs from different organs. A previous study has
shown that CgA levels are elevated in patients with NETs,
irrespective of tumor location or functional status [29]. Anoth-
er paper revealed that CgA levels cannot be used to differen-
tiate different subtypes of NETs [30]. In this present study
performed in non-functioning NETs, there was no difference
in CgA secretion between GEP and non-GEP-NETs, as well
as between pancreatic and non-pancreatic NETs, but the small
number of tumors in each group might have prevented observ-
ing differences. Further study is necessary to refine these
results.

Previous studies have shown that the levels of CgA were
related to the extent of the metastatic spread [11, 18–20, 31].
In this study, serum CgA levels were correlated to tumor bur-
den. Serum CgA levels were significantly different in patients
without tumor and patients having >5 tumor sites. These re-
sults support the use of serum CgA measurement in monitor-
ing disease progression in non-functioning NETs despite their
relatively lower CgA secretion potential. This association is
supported by previous studies [11, 18–20, 31].

Several published studies have also investigated the con-
cordance between imaging tumor response and changes in
CgA levels, showing that changes in CgA could indicate
changes in tumor growth [5, 7, 17, 20]. Nevertheless, all stud-
ies were performed in heterogeneous groups of patients in-
cluding both functioning and non-functioning NETs. Among
these studies, the study by Jensen et al. focused on well-
differentiated G1 and G2 ileo-cecal NETs [20], the study by
Wang et al. enrolled both well-differentiated and poorly dif-
ferentiated NETs [5], and other earlier studies did not use the
2010 WHO classification or RECIST 1.1 criteria to define
their patient population or tumor responses [7, 17]. To the best
of our knowledge, this study is the first to investigate the
correlation between changes of serum CgA levels and imag-
ing tumor response using the RECIST 1.1 criteria in non-
functioning well-differentiated NETs.

Detecting disease progression is important in clinical prac-
tice to avoid continuing ineffective therapies and to prevent
unnecessary side effects. Based on 38 events of disease pro-
gression, the present study suggests that using a cutoff value
of 28 % CgA increase might be indicative of disease progres-
sion, which is comparable to the 25 % cutoff value proposed
by Nehar et al. [17] and Jensen et al. [20]. Using imaging

Table 2 Comparison of disease progressions (PD) detected by imaging
and changes of serum CgA levels using 28 % increase as a cutoff value

Imaging response CgA increase
≥28 %

CgA increase
<28 %

Row
sum

PD 30 8 38

Non-PD 12 72 84

Column sum 42 80 122

Sensitivity 79 %

Specificity 86 %

PPV 71 %

NPV 90 %

Sensitivity, specificity, PPV, and NPV were calculated using imaging
response as reference. There was no significant difference between the
two methods (P=0.5023)

PD progressive disease, PPV positive predictive value, NPV negative
predictive value
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tumor response as the reference, the diagnostic sensitivity and
specificity were 79 and 86%, respectively, similar to the study
by Jensen et al. [20]. Two other studies also examined the
value of serial CgA measurements, but these studies were
performed in heterogeneous populations of patients [7, 32].
A recent phase II study of NET treatment with temozolomide
and bevacizumab showed that >50% of patients with elevated
CgA levels at baseline showed decreases during treatment,
suggesting the usefulness of CgA measurements to monitor
response to treatments and disease progression [33].

The use of CgA for monitoring disease progression might
be performed at the same time as routine blood tests and might
decrease the frequency of imaging examinations. Indeed,
some imaging examinations are costly in time, money, and
hospital resources, and expose the patients to radiation. CgA
measurements could easily be performed, for example every
3 months, while computed tomography might be performed
once a year or to confirm progression in case of the appear-
ance of new symptoms or in case of CgA increase. Neverthe-
less, additional studies are necessary to determine the exact
diagnosis and monitoring value of CgA for non-functioning
NETs. Indeed, the usefulness of CgA is still impaired by dif-
ferences in measurement methods, the heterogeneity of the
study populations, and by CgA secretion by normal tissues
[28].

The present study is not without limitations. This was a
single-center study with a small sample size, and we cannot
yet generalize its conclusions to the routine clinical practice.
In addition, the small sample size prevented subgroup analy-
ses. NETs from different organs might show different CgA
levels. A study with a larger sample size is needed for refining
and generalizing the conclusions of this study.

Conclusion

Although serum CgA determination was of modest sensitivity
in diagnosing well-differentiated non-functioning NETs, se-
rum CgA level might still reflect tumor burden. Serial CgA
monitoring combined with imaging might be useful in the
detection of tumor progression.
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