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Background: Chromogranin A (CgA) is the best established neuroendocrine biomarker. This study was aimed 

at investigating the prognostic value of CgA as a predictor of radiological disease progression in neuroendocrine 

tumour (NET) patients.

Methods: Patients with metastatic NETs and evidence of radiological progression (RP) according to RECIST 

1.1 were identified from a NET database. Plasma CgA levels were measured 6 and 12 months before RP and at 

the event of RP. CgA was measured with the Supra-regional-Assay-Service radioimmunoassay (Hammersmith 

Hospital). 

Results: A total of 152 patients were evaluated including 91 midgut NETs and 61 pancreatic NETs (PNETs). 

Of these, 56 were G1 NETs, 65 G2, 10 G3, 21 of unknown histology. For all NETs, there was a positive trend in 

terms of increase of CgA values 6 months prior to RP compared to 12 months before RP. Subgroup analysis at first 

episode of RP showed that for PNETs there was evidence of a difference in the median CgA levels. CgA 6 months 

before RP was 100 pmol/L [interquartile 1 (Q1) =53 and Q3 =286.25 pmol/L) and 12 months before was 52 pmol/L  

(Q1 =36.25 and Q3 =128 pmol/L), W=52, P=0.48. This observation was not confirmed in midgut NETs, where 

median CgA 6 months before RP was 389.5 pmol/L (Q1 =131.5 and Q3 =791.5 pmol/L) and 12 months before was 

319 pmol/L (Q1 =158 and Q3 =753 pmol/L), W=191, P=0.39]. Low grade tumours (G1) had a median CgA value at 

6 months significantly higher than at 12 months [181 (Q1 =56.25, Q3 =624) vs. 149.5 (Q1 =44, Q3 =247.25) pmol/L, 

W=70, P=0.48]. 

Conclusions: CgA seems to have predictive value 6 months prior to RP for PNETs and G1 tumours. Further 

prospective analyses are needed to enable more definitive conclusions.
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Introduction

Neuroendocrine tumours (NETs) are rare neoplasms, 
characterised by heterogeneous biological behaviour and 
clinical course. NETs arise from neuroendocrine cells 
which are derived from the diffuse endocrine system and 
represent approximately 2% of all malignant tumours 

of gastro-entero-pancreatic system (1). NETs could be 
classified as functioning and non-functioning tumours (2). 
The recent WHO 2010 classification, which is based on the 
Ki-67 proliferation index (cells in cycle), divides NETs into 
three classes with different biological behaviour: low grade 
NETs (G1), where the proliferation index Ki-67 is ≤2%; 
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intermediate grade NETs (G2), where the Ki-67 index is 
3-20% and high-grade neuroendocrine carcinomas (G3), 
with >20% Ki-67 index (3).

Biochemical markers are evaluated in the blood, urine or 
other body fluids and are usually elevated in the presence 
of a tumour (4). In NETs, tumour biomarkers are divided 
in general, i.e., present in all NETs, and tumour-specific  
markers (5). In NET management, tumour biomarkers are 
of critical value, also in view of the obvious limitations of 
repeated imaging in a disease that is often indolent. Tumour 
biomarkers are useful for the diagnosis and follow-up of NETs 
and can be also used as monitor of response to treatment (6). 
The identification of biomarkers of prognostic value for NETs 
is urgently needed, to improve patient’s management and tailor 
therapeutic approach to each single patient.

Chromogranin A (CgA) is found throughout the diffuse 
neuroendocrine system and is thought to be the best and 
most sensitive general marker for the diagnosis and follow-up 
of NETs, with a sensitivity of 96% and 75% in functioning 
and non-functioning NETs, respectively, and a specificity 
of 68-100% (7). Immuno-histochemical detection of CgA 
represents the milestone in the diagnostic work-up of NETs. 
CgA is a 49 kDa acidic glycoprotein, which represents 
one of the most abundant components of secretory 
granules in neuroendocrine cells, and it is secreted from 
multiple tumours sharing neuroendocrine differentiation 
(i.e., gastro-entero-pancreatic and bronchial NETs, 
pheochromocytomas, neuroblastomas, medullary thyroid 
carcinomas, some pituitary tumours). CgA is considered a 
sensitive neuroendocrine marker, but its specificity might 
decrease (up to 68%), as it can be raised also in patients with 
other malignancies and in different settings, including proton 
pump inhibitor therapy, chronic atrophic gastritis type A, 
renal insufficiency, untreated hypertension, liver disease and 
inflammatory bowel disease (8,9).

Elevated CgA levels have been found in functioning 
as well as non-functioning tumours, making it a universal 
marker in NETs (10,11). CgA is more frequently elevated 
in G1 and G2 tumours compared to G3 NETs (12). The 
highest CgA levels have been found in metastatic midgut 
NETs, where CgA appears to correlate with tumour burden 
and biological activity (12).

CgA has recently been described to be predictive of 
survival and of treatment response in NETs. CgA has 
been reported to be useful for the identification of disease 
progression, and high plasma levels seem to correlate with 
poor prognosis (13). In a recent study, it was shown that 
≥80% reduction in CgA levels following cyto-reductive 

surgery in gastro-entero-pancreatic NETs is predictive 
of symptom relief, disease control and improved patient 
outcomes, even after incomplete cyto-reduction (14). CgA 
demonstrated clinical value as a prognostic biomarker in 
retrospective analyses of patients with advanced, well-
differentiated NETs (12,14,15). Its levels may correlate with 
the tumour burden, tumour progression or regression in 
response to therapy (16). In addition, increased CgA levels 
seem to be associated with poor progression free survival 
(PFS) and overall survival (OS) in patients with NETs 
(11,12,15,16). For instance, the prospective RADIANT-1 
study showed that elevated baseline CgA levels were 
significantly associated with shorter OS in patients with 
advanced pancreatic NETs (PNETs) (17). According to 
a recent study, early CgA response seems to be related 
to therapeutic response in PNET patients, although 
these findings need to be validated in further prospective, 
randomised studies (14). A recent prospective Italian study 
reported that a more than 30%, decrease in CgA levels after 
acute octreotide administration allows to discriminate those 
patients responsive to chronic somatostatin analogues (SSAs) 
treatment from the ones likely unresponsive (18).

In the literature, to our knowledge, there are no available 
studies which analysed the role of CgA as a predictor of 
radiological disease progression in all NETs. Therefore, 
the aim of this study is to evaluate whether CgA increases 
significantly prior to tumour radiological progression 
(RP), which would indicate the need of earlier treatment 
escalation. Furthermore, we also wanted to investigate 
whether this potential predictive role of CgA is related 
to any specific subgroup of NETs, although we might be 
underpowered to perform these analyses.

Materials and methods

Patients with metastatic NETs diagnosed between 1992 and 
2011 and evidence of RP, who needed escalation of therapy, 
were identified from a database at the Neuroendocrine 
Tumour Unit, Royal Free Hospital, London, UK. Patients 
had a diagnosis of NET based on morphology and 
immunohistochemistry and had stage IV disease according 
to the TNM ENETS criteria (19,20). Metastatic disease 
was assessed by Radiological Evaluation Criteria in Solid 
Tumours (RECIST) 1.1 (21).

Clinical data

Clinical data including the time of NET diagnosis, primary 
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tumour site, tumour grade according to WHO 2010 (3), 
presence and site of metastases, extent of liver involvement 
(classified as “low extent” if <25%, “moderate extent” if 
between 25% and 50%, “large extent” if >50%), presence of 
hormonal syndrome, previous and current treatments were 
collected for each patient.

Radiological data

All the patients had surveillance scans performed every 3 to 
6 months and have had stable disease for at least 12 months 
before the event of RP. The first event of RP according 
to RECIST 1.1 criteria was recorded for all patients; 
moreover, data were also collected for those patients 
who had two episodes of RP over time, however we had 
a smaller number of patients for this evaluation. Whole 
body cross-sectional imaging (computed tomography scan 
and magnetic resonance imaging), and molecular imaging 
(i.e., octreotide scan and/or gallium 68 positron emission 
tomography) studies have been reviewed by Radiologists 
with great expertise in the NETs, during Multidisciplinary 
Team Meetings, in order to confirm RP. 

Biochemical data 

Plasma CgA values at the event of RP and 6 and 12 months 
prior to this event were retrieved.

CgA was measured using the Imperial Supra-regional 
Assay Service radioimmunoassay (SAS Hammersmith 
Hospital, Imperial College, London), which is a competitive 
radioimmunoassay utilizing polyclonal anti-sera raised 
against the whole pancreastatin molecule, a 52-amino acid 
(CgA 250-301) fragment produced by dibasic cleavage of 
the 439 amino acid CgA peptide; results were expressed 
as pmol/L. The diagnostic cut-off values for CgA 
recommended by the manufacturers was <60 pmol/L (22).

All CgA values which were above 1,000 pmol/L or 
expressed as >1,000 pmol/L were set at 1,000 pmol/L, to 
avoid discrepancies between the measurements since the 
exact correspondent CgA value was not available for all the 
patients.

Statistical analyses

SPSS v21 for Windows (SPSS Inc., Chicago, IL, USA) 
was used for statistical analyses. CgA was positively 
skewed which was resistant to transformation, therefore 
normality assumptions were not met, and non-parametric 

tests, Wilcox Rank-Sum test (W), were used to evaluate 
the relationship of different levels of CgA. It is important 
to mention that there was around 30% of un-systematic 
missing data on CgA values especially in the older samples. 
In addition, Spearman Rho correlation was also used to 
assess the association between variables. Finally, Chi square 
tests were performed to assess whether there were any 
important baseline differences between the different type of 
NETs such as gender and type of NETs. 

Results 

Patients’ epidemiological and clinical characteristics are 
shown in Table 1.

A total of 152 patients were assessed including midgut 
NETs, i.e., NETs involving the jejunum or ileum [91] 
and PNETs [61], median age 51 years old (range, 21- 
77 years old). Of these, the grading was as follows: 56 were 
G1 NETs, 65 G2, 10 G3, 21 of unknown histology. Five 
PNETs were functioning, including three VIPomas, one 
gastrinoma and one parathormone related-peptide-secreting 
PNET. There were no gender differences on the different 
types of NETS, Chi square showed χ2=0.34, P=0.34. 

The majority of the patients (95.4%) had liver metastases, 
whereas bone and lung metastases were present in a smaller 
proportion of patients (27.6% and 9.9%, respectively). 
Among the patients with liver metastases, 30% had more 
than 50% liver involvement. 

The majority of the patients (78%) received SSAs as 
first-line treatment. In view of advanced and progressive 
disease, 86% of the patients were treated with radionuclide 
therapy, 44.7% with chemotherapy, 22% with molecular 
targeted therapies (i.e., everolimus and/or sunitinib), whilst 
8.6% received interferon-A injections. Also liver-directed 
loco-regional treatments (either hepatic embolization or 
radiofrequency ablation) were performed in approximately 
24% of the patients. 

For all NETs, there was a positive trend in terms of 
increase of CgA values 6 months prior to RP compared 
to 12 months before RP. Median CgA 6 months before 
RP was 213 pmol/L [interquartile 1 (Q1) and 3 (Q3) 67 
and 664.5 pmol/L, respectively) and at 12 months was  
166 pmol/L (Q1 =52 and Q3 =535 pmol/L), W=598.5, 
P=0.07. Subgroup analysis at first episode of RP showed 
that for PNETs there was evidence of a difference in 
the median CgA levels. CgA 6 months before RP was  
100 pmol/L (Q1 =53 and Q3 =286.25 pmol/L) and 
12 months before was 52 pmol/L (Q1 =36.25 and  
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Q3 =128 pmol/L), W=52, P=0.48. This observation was 

not confirmed in midgut NETs, where median CgA  

6 months before RP was 389.5 pmol/L (Q1 =131.5 and  

Q3 =791.5 pmol/L) and 12 months before was 319 pmol/L 

(Q1 =158 and Q3 =753 pmol/L), W=191, P=0.39]. 

In those NET patients, where data for second episode 
of RP was available we observed that midgut and PNETs 
had significantly higher median CgA values at RP than  
12 months before [267 (Q1 =66, Q3 =777) vs. 166 (Q1 =52, 
Q3 =535) pmol/L, T=394.5, P=0.03].

We finally found that low grade tumours (G1) had a 
median CgA value at 6 months significantly higher than at 
12 months [181 (Q1 =56.25, Q3 =624) vs. 149.5 (Q1 =44, 
Q3 =247.25) pmol/L, W=70, P=0.48]. 

From the overall sample, 43 patients had a 25% increase 
of CgA 6 months prior to RP and 31 had a 50% increase  
6 months prior to RP. 

Table 2 summarises the main results.

Discussion

This study showed that the increase of CgA levels occurs 
6 months prior to RP for PNETs and G1 tumours but 
not for midgut NETs, according to the subgroup analysis. 
However, median CgA values at the event of RP were 
statistically significantly higher when compared to baseline 
CgA values 12 months before RP. Furthermore, given the 
overall increase of CgA values during the year preceding 
RP with a positive trend when comparing CgA values 6 vs. 
12 months before RP, we might suggest the inclusion of 
repeated CgA measurements as a fundamental component 
of NET follow-up with the aim of identifying those patients 
who might benefit from a closer follow-up in case of 
increased CgA values. It is also possible that the study was 
underpowered to detect some of the differences between 
the subgroups and therefore larger and prospective studies 
are needed to confirm the value of CgA as a predictive of 
RP 6 months prior this occurs. 

These findings are of particular relevance, as biomarkers 
predictive of disease progression are urgently needed, 
particularly in cases of PNETs, which usually demonstrate 
a worse prognosis compared to gastrointestinal NETs 
with a 5-year survival rate of 30-60%, vs. 60-90% for 
gastrointestinal NETs (23,24). Moreover, the early detection 
of disease recurrence/progression is of critical value in the 
therapeutic management of NETs, as surgical therapy is 
often considered even for metastatic disease, in order to 
achieve disease control and prolong survival. Moreover, 
as patients who have had a complete (R0) resection, 
demonstrate significantly improved outcomes compared 
to those who have R1 or R2 debulking procedures (25), a 
detection of disease recurrence/progression at an earlier 
stage is warranted. This highlights the importance of 

Table 1 Patients’ epidemiological and clinical characteristics at 
the time of diagnosis

Characteristics Data

Age, median [range] (years) 51 [21-77]

Gender (%)

Male 72 (47.4)

Female 80 (52.6)

Primary tumour (%)

Pancreatic 61 (40.1)

Midgut 91 (59.9)

Histology (%)

G1 56 (36.8)

G2 65 (42.8)

G3 10 (6.6)

Unknown 21 (13.8)

Metastases (%)

Liver 145 (95.4)

Lymph node 94 (61.8)

Bone 42 (27.6)

Lung 15 (9.9)

Other (i.e., peritoneal) 60 (39.5)

Treatment prior to progression (%)

Surgery 65 (42.8)

Somatostatin analogues 119 (78.3)

Treatment subsequent to progression (%)

Chemotherapy 68 (44.7)

Interferon 13 (8.6)

Radionuclide therapy 131 (86.2)

Everolimus 12 (7.9)

Sunitinib 22 (14.5)

Loco-regional treatment 36 (23.7)

Percentage of liver involvement (%)

0% 7 (4.6)

<25% 22 (14.5)

25-50% 38 (25.0)

>50% 46 (30.3)

Unknown 39 (25.7)
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sensitive tumour biomarkers, as predictors of radiological 
disease progression. 

Our findings are in line with previous studies which 
highlighted the prognostic value of CgA in patients with 
advanced well-differentiated NETs (6,12,14,15,26-39). 
In a recent retrospective study, Welin and co-workers 
demonstrated that CgA was the first marker to indicate 
tumour recurrence in the majority of radically operated 
midgut NETs, suggesting that serial measurements of CgA 
values should be an essential part in the post-operative 
workup of those patients. Increasing CgA values during 
serial measurements might early identify tumour recurrence 
and might help to assure the best possible treatment for the 
patients (40). Recently, Yao and co-workers suggested that 
elevated baseline levels of CgA are of potentially prognostic 
value (41). In the recent RADIANT-1 study, CgA levels 
were found to be associated with PFS and OS and an early 
CgA response (defined as a normalization or ≥30% decrease 
at week 4 of treatment) was a potential prognostic marker 
for treatment outcomes in PNET patients treated with 
everolimus (17,42).

When comparing overall median baseline CgA values 6 
and 12 months before RP, we found a positive trend, but the 
comparison did not reach statistically significance for the 
whole cohort of patients. The lack of statistical significance 
could be partially due to the retrospective nature of our 
study and to the limited sample size. Furthermore, one 
might speculate that the choice of a different time (i.e., 
3 months) before RP to test CgA levels would have been 
more informative. In fact, we found a positive trend 6 vs. 
12 months before the event, but 6 months might be too far 
from the event of RP to be really predictive. Interestingly, 
when comparing CgA values 6 vs. 12 months before RP, we 
found significant results only in the subgroup of PNETs, 
which might suggest a clinical value of CgA as a predictor 
of RP mainly in this specific subgroup of patients. Similarly 
to previous observations (12), we found median CgA to 
be higher in low and intermediate grade NET rather than 

in high-grade tumours and we found that CgA shows a 
predictive value in the subgroup of low-grade NETs. 

This is the first study which analysed the role of CgA as 
a predictor of radiological disease progression in all NETs. 
A recent study by Jensen et al. reported that an increase of 
25% in plasma CgA concentration was useful to indicate 
tumour progression in a series of 116 patients with ileo-
cecal NETs only (43).

The limitations of this study were mainly related to 
the retrospective nature, the relatively limited sample size 
and the un-systematic, but relatively large, missing data. 
Additionally, it would be interesting to test CgA values  
3 months before RP, assuming that a closer time might be 
more informative.

In summary, our results support the clinical utility of CgA 
as a potential predictor of RP mainly in well-differentiated 
PNETs and in low-grade (G1) tumours. Further prospective 
studies with larger number of patients are required prior to 
conclude that CgA is of prognostic value in predicting RP in 
NETs and prior to identify specific subgroups of patients (i.e., 
PNETs) who may benefit from a more intense follow-up, with 
possible early intervention in case of increased CgA levels.
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