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Summary

Elevated circulating levels of chromogranin A (CgA)
are found in the neuroendocrine tumors (NETs), but
diagnostic usefulness of this marker is still debatable.
10 assess the role of CgA for the identification and fo-
low up of gastroenteropancreatic neuroendocrine tu-
mors (GEP-NET), a multicenter prospective longitu-
dinal study has been carried out in Argentina. CgA
was measured by RIA in 119 histologically proven
GEP-NET patients and in 39 healthy controls. A cut-
off value of 2.8 nmol/L was established from a recei-
ver-operating characteristic (ROC) curve, as discrimi-
nating between controls and patients with active disea-
se (specificity 100% and sensitivity 92.3%). CgA le-
vels were higher in functioning than in no functioning
tumors (median 55nmol/L vs 5 nmol/L, p<0.05). Me-
tastases were present in 83 patients and their CgA le-
vels were significantly higher than levels in the 36 pa-
tients without metastases (median 44 nmol/L vs 6.4
nmol/L, p <0.0001). CgA levels are strongly correlated
with tumor metastatic spread. Sensitivity differed bet-
ween patients with localized disease (median 6
nmol/L), extensive disease (median 22 nmol/L) and
very extensive disease (median 44 nmol/L) (p<0.001).
In conclusion, due to its high sensitivity and specificity,
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CgA is useful in a newly discovered GEP-NET, espe-
cially when no abnormal hormone secretion can be de-
monstrated. CgA levels were significantly higher in
Sfunctioning tumors than in non-functioning tumors
and increased with metastatic spread. If serial evalua-
tion of CgA levels is sufficient for the detection of tu-
mor growth changes remains to be prospectively de-
monstrated.
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La Cromogranina A como marcador
tumoral en la evaluacion de los
tumores neuroenddcrinos: un
estudio multicéntrico desarrollado
en la Argentina

Resumen

En los pacientes con tumores neuroendécrinos (TINE) se
detectan en la circulacion niveles elevados de cromogra-
nina A (CgA), pese a lo cual su utilidad como marcador
tumoral es avin motivo de debate. Con el objetivo de de-
terminar el rol de la CgA en la evaluacién y seguimien-
1o de los tumores neuroenddcrinos gastroenteropancred-
ticos (TNE-GEP) llevamos a cabo en la Argentina un
estudio multicéntrico, longitudinal y prospectivo. La
CeA fue medida con un equipo comercial por RIA en
119 pacientes con TNE-GEP histoldgicamente confir-
mado y en 39 sujetos control. Con una curva ROC (re-
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ceiver-operating characteristic) establecimos un valor
de corte de 2,8 nmol/l como capaz de discriminar entre
los sujetos control y los pacientes con enfermedad activa
(100% de especificidad y 92,3% de sensibilidad). La
concentracion de CgA era mayor en los tumores funcio-
nantes que en los no funcionantes (mediana 55nmol/l vs
Snmolll, p<0.05). Ochenta y tres pacientes presentaban
metdstasis y su nivel de CgA era significativamente ma-
yor que el de los 36 pacientes sin metdstasis (mediana
44nmol/l vs 6,4nmolll, p <0.0001). Los niveles circu-
lantes de CgA se correlacionaron con la extension de la
enfermedad metastdsica, con una sensibilidad muy alra
para diferenciar entre los pacientes con enfermedad lo-
calizada (mediana 6nmol/l), enfermedad extensa (me-
diana 22nmolll) y enfermedad muy extensa (mediana
44nmolll) (p<0.001). En conclusion, la CgA mostré
una elevada sensibilidad y especificidad en la evalua-
cion de pacientes con TNE-GEP recientemente diagnos-
ticados, especialmente cuando no se demuestra ninguna
secrecion hormonal anormal. La concentracion plasmd-
tica de CgA fue significativamente mds elevada en los
tumores funcionantes que en los no funcionantes y au-
mentd con la diseminacién metastdsica. Restaria demos-
trar en forma prospectiva si la determinacion seriada
del nivel de CgA es capaz de detectar precozmente cam-
bios en el crecimiento tumoral.

Palabras claves: cromograninas, tumores neuroenddcri-
nos, marcador neuroenddcerino.

Chromogranin A (CgA) is a 49 kilodalton acidic
glycoprotein that is produced exclusively by endo-
crine and neuroendocrine cells' and is a ubiquitous
component of secretory dense core granules, secre-
ted with coresident peptides and biogenic amines.?
CgA detection in tissue slices by immunohystoche-
mistry confirms the neuroendocrine character of a
tumor. Physiologically, the adrenal gland is the
main organ source of CgA. It is released by exocito-
sis and can be detected in blood. When a neuroen-
docrine tumor developes, it becomes the main sour-
ce of circulating CgA.> It has also been suggested
that CgA may be a precious tool to disclose the en-
docrine nature of a newly discovered gastroentero-
pancreatic tumor (GEP-NET), for signaling recu-
rrences and thus helpful in the follow up.** Howe-
ver, previous studies reported different ranges of
sensitivity and specificity for circulating CgA, accor-
ding to the histological characteristics of the tumor,

the disease spread, the method used for CgA deter-
mination and the threshold considered as patholo-
gic.” In order to clarify this issue, a multicenter ob-
servational study has been performed in Argentina
in a large series of GEP-NET and healthy controls
to establish the best cut-off value for the evaluation
of patientes with diagnosis of these tumors and to
assess the accuracy of CgA for their follow up

Patients and methods
Patients

As members of the Group for the Study of Gas-
troenteropancreatic Neuroendocrine Tumors in Ar-
gentina (Argentum), 6 different centers participated
in this multicenter prospective longitudinal study.
Serum samples were obtained between August 2006
and December 2007 from 119 subjects [53 males
and 66 females, aged 53 + 15 years old (range 13-78
years)] with GEP-NETs diagnosed from 1 to 240
months earlier (median 45 months). All patients
had a pathologically proven tumor by histological
and immunohistochemical diagnosis after surgery
or biopsy of primary tumor or metastases. The pri-
mary GEP-NET tumor in the 119 patients arose
from yeyuno ileum in 42, pancreas in 26, colon in
9, stomach in 7, appendix in 7, rectum in 7, esop-
hagus in 2 and biliary tract in 1. Eighteen tumors
whose primary location could not be identified we-
re classified as GEP-NETs because of the presence
of enterochromaffin cells in the biopsy of metasta-
ses. In 27 patients specific peptidic hormones (glu-
cagon, insulin, gastrine) or biogenic amines meta-
bolites (5-hydroxyindoleacetic acid) were available.

Exclusion criteria included kidney insufficiency
(creatinine >120UM/L), liver failure, Parkinson’s di-
sease, treatment with proton pump inhibitors and
pregnancy.

Conventional imaging (abdominal and thoracic
CT and/or MRI) as well as somatostain receptor
scintigraphy were used for staging. Eighty-three pa-
tients (70%) presented with metastases. The status
of the disease was defined as localized, locally ad-
vanced (regional lymph nodes involvement), exten-
sive disease (<3 metastases affecting either liver, bo-
ne or lung) and very extensive disease (multiple me-
tastases in the liver or metastases affecting at least
two organs).

Moreover, according to the status of the disease
at the enrollment, patients were divided into three
groups:
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1) New diagnosis when a patient was diagnosed at a
centre for the first time with evidence of disease
at study entry.

2) Stable disease when a patient medically treated
had stable disease for at least 6 months.

3) Remission when a patient previously treated (sur-
gically or medically) had no evidence of disease.

Control grup

They were strictly selected from patients visiting
our outpatient clinics because of problems not rela-
ted to gastrointestinal diseases. All the healthy con-
trols had normal renal function based on the creati-
nine concentration and none of them was treated
with proton pump inhibitors at the time of the
study. The control group was composed of 39
healthy subjects [20 males and 19 females, mean age
32 years old (range 16-75 years)].

Ethics

All patients gave written informed consent and
the study protocol was approved by the institutional
ethics committee of each participating center. The
study was carried out according to the Helsinki De-
claration of human studies.

Methods: serum CgA determination

All samples were collected after an overnight fas-
ting and centrifuged at 3,000 g within 30 min. Se-
rum was frozen in aliquots and kept at -20°C befo-
re the analysis in different assays. CgA was measu-
red with a commercial RIA kit (BioSource Europe,
Belgium). This kit is a competitive radioimmunoas-
say using polyclonal antibodies raised in rabbits.
The antibodies are raised against a purified frag-
ment containing amino acid sequence 116-349 in
the human CgA molecule. The source of calibrator
is human material. The working calibrators are pre-
pared by 10 nmol/L dilutions of the CgA calibrator
with assay buffer. Seven standards of 0, 0.156,
0.313, 0.625, 1.25, 2.50, 5.00 nmol/L, two con-
trols of 0.44 nmol/L and 1.97 nmol/L, and patients'
samples are performed in duplicate. This assay dis-
plays an anlytical sensitivity of 1 nmol/L and the
cut-off value recommended by the manufacturer is
10 nmol/L. The within and between assay coeffi-
cients of variation are 3 % and 8%, respectively, for

a CgA level of 1,97nmol/L.

Statistical analysis
CgA levels are reported as the mean +S.D, the

median and the range. Group comparisons of values
from independent groups were performed using the
nonparametric Wilcoxon test. A p<0.05 was consi-
dered significant in all tests.

In order to identify a cut-off value that could
distinguish between healthy subjects and affected
patients, a receiver-operating characteristic (ROC)
analysis was performed using a statistical software
package. CgA levels of the 39 controls and the 119
patients with GEP-NET were used to construct the
curve. The area under the ROC curve (AUC) indi-
cated the marker capability to discriminate between
patients and controls. Sensitivity and specificity we-
re calculated using the standard formulae.

Results

CgA in healthy controls showed a narrow range,
between 1 and 2.8nmol/L. Although we used a
small control group, we validated the transference of
reference interval reported by the manufacturer be-
cause any of these subjects fell outside the original
limit of 4nmol/L.* As shown by the ROC curve (Fi-
gurel), a cut-off value of 2.8nmol/L for the diagno-
sis was identified, providing the best compromise
between a 100% specificity and a 92.3% sensitivity.
This value was chosen for further analysis.

Cg A level was in the normal range in all healthy

Figure 1. Receiver-operating characteristic (ROC)
curve obtained with 39 controls and 119 patients with
GEP-NET. The area under the curve was 0.953 (95%
CI0.915-0.978).
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controls, 1/32 patients newly diagnosed, 5/29 pa-
tients with endocrine tumor in remission and 1/58
patients with stable disease. There was a wide dis-
persion in CgA levels in patients with GEP-NET,
ranging from 1 to 8,000 nmol/L, and it was not
normally distributed. CgA levels in GEP-NET pa-
tients distributed according to their clinical status at
recruitment are shown in Table 1.

Table 1. Basal Cg A levels in 119 patients with GEP-
NET according to the recruitment group.

Cg A (nmol/L)  New diagnosis Remission Stable
(n=32) (n=29) (n=58)

Mean + SD 78.57 + 98.36 6.88 + 4.82 240.89 + 1072

Median 32 6 25

Range 3-375 1-25 1 - 8000

CgA levels were statistically different in all con-
ditions (p<0.001) except between patients with new
diagnosis and stable disease.

There was no statistical difference between se-
rum concentration of CgA in gastrointestinal tu-
mors and pancreatic tumors (mean 135.03 =
824.03 nmol/L, median 18.5 nmol/L, range 1-
2,000 nmol/L vs mean 152.90 + 401.80 nmol/L,
median 10 nmol/L, range 1-8000 nmol/L) (NS).

Twenty two patients with elevation of peptidic
hormones in serum (gastrin, glucagon, insulin) or
5-hydroxyindolacetic acid in urine were named as
functioning tumors and 5 patients without any ele-
vation, were considered as having non functioning
tumors.

CgA serum concentration was significantly hig-
her in patients with functioning tumors than in pa-
tients with non functioning tumors (mean 170.11
+ 420.73 nmol/L, median 55 nmol/L, range 3-
2000 nmol/L vs mean 9.74 + 12.58 nmol/L, me-
dian 5 nmol/L, range 1.9-32 nmol/L) (p<0.05).

CgA levels were significantly higher in the 83
patients with metastatic tumors than in the 36 pa-
tients with non metastatic tumors (mean 218.15 +
956.15 nmol/L, median 44 nmol/L, range 1-8000
nmol/L vs mean 10.35 + 17 nmol/L, median 6.4
nmol/L, range 1-110 nmol/L) (p<0.0001).

To evaluate the influence of the secretory condi-
tion of the tumor and the metastatic status, CgA le-
vels in localized and metastatic patients were further
divided according to functional status: functioning

vs non functioning. Table 2 shows the respective in-
fluence of the secretory and metastatic status. CgA
levels were significantly higher in metastatic pa-
tients whatever the secretory status was (p<0.005).

Table 2. CgA levels according to the metastatic status:
localized (L) and metastatic (M) in functioning (F)
and non functioning (NF) tumors, respectively.
Kruskall-Wallis test shows a heterogeneity between the
subgroups L and M (p<0.005).

CgA (nmol/L) NF/L F/L NF/M F/IM
Mean + SD  10.72 +14.24 7.3 +4.97 580 + 948 99.97 + 111.89
Median 45 5.4 140 75
Range 1.9-32 3-14 40-2000 3.8-375

According to the extent of metastatic spread, 27
patients had localized disease, 8 patients with
lymph node involvement were considered as locally
advanced disease, 24 patients with less than 3 me-
tastases as extensive disease and 60 patients with 3
or more metastases as very extensive disease. A
highly significant positive relationship was demons-
trated between the tumor load and CgA levels in
patients with localized disease, extensive disease and
very extensive disease (p<0.001) (Figure 2).

Figure 2. CgA levels in 119 GEP-NET patients ac-
cording to the extent of metastatic spread: 27 patients
had localized disease, 8 locally advanced disease with
lymph node metastases, 24 extensive disease with less
than 3 metastases and 6O very extensive disease with
three or more metastases. Individual levels are presen-
ted as dots and median as lines.
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Discussion

This multicenter observational study deals
with the practical value of CgA as a biochemical
marker for the evaluation and follow-up of GEP-
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NET tumors. CgA is a glycoprotein released to-
gether with hormones upon stimulation of normal
neuroendocrine cells but is also released from neu-
roendocrine tumors. In normal and tumoral neu-
roendocrine cells, CgA exists in its native form
coexisting with several CgA related peptides. Dif-
ferent neuroendocrine cells can also process CgA
differently. Tumors can also release different mole-
cular forms of CgA. Therefore, CgA released from
different neuroendocrine tumors can be expected
to exist in different molecular forms. Cg A circu-
lates as an intact molecule together with cleavage
breakdown products and the clinical value of CgA
measurement relies on the detection of most of its
circulating forms.’

We used a commercial competitive radioimmu-
noassay with a polyclonal antibody directed
against several epitopes of the CgA amino acid se-
quence 116-439, that measure intact and fragmen-
ted CgA." In the present study, the specificity was
100% when a cut-off value of 2.8 nmol/L calcula-
ted from a ROC curve analysis was used. This high
specificity may be related to the setting up of a
control group including only strictly selected
healthy subjects. Healthy subjects showed a narrow
range of CgA levels and any of them had high ba-
seline CgA as was shown by others.'*? This high
specificity indicates that CgA has a good diagnos-
tic value in the evaluation of a newly discovered
neuroendocrine digestive tumor, specially when no
abnormal hormone secretion can be demonstra-
ted.® The method also showed a high sensitivity
(92.3%), probably because this competitive assay
using polyclonal antibodies can detect more anti-
bodies binding epitopes than a non-competitive
assay, like some IRMA an ELISA assays using mo-
noclonal antibodies. Our results agree with a re-
cent study comparing commercial kits that showed
for RIA assay a sensitivity of 93% using polyclonal
antibodies and 67% using monoclonal antibodies,
and a specificity of 88% and 96%, respectively.'
The performance of the RIA kit using polyclonal
antibodies was better than previous reports with a
modest sensitivity (77.8%, 84% and 85%) and
specificity (71.3%, 85.3% and 85%) for both IR-
MA and ELISA assays."""

In the GEP-NET group, CgA was in the normal
range only in a patient newly diagnosed with an in-
sulinoma not detected by conventional images. A
possible explanation is that CgA levels are strongly
related with the tumor burden* and insulinomas are

usually detected at an early stage of their oncologi-
cal evolution because of the hypoglycaemia.

As regard to the functional status, CgA levels
were significantly higher in functioning tumors
than in non functioning tumors.” In disagreement
with previous reports,*”"* no difference in CgA le-
vels between functioning pancreatic and gastrintes-
tinal tumors was found in the present study. Taking
into account the metastatic status, it has been sug-
gested that CgA is a reflection of tumor spread with
the highest level when liver metastases had develo-
ped.”' In keeping with previous reports®* our re-
sults confirmed higher CgA levels in metastatic pa-
tients when compared with those without metasta-
ses. Only one patient with liver metastases had nor-
mal levels of CgA. He had a poorly differentiated
neuroendocrine carcinoma with a high proliferative
index (54%) that usually does not or scarcely ex-
press CgA. When the secretory activity and the
spread of the disease were analized, CgA level was
related to the presence of metastases independently
of the functional status.

In this prospective study among the patients in
follow up for a long time, only 5 of 58 patients
with endocrine tumor in remission and 1 of 29 pa-
tients with stable disease by other clinical criteria
showed normal levels of CgA. This might suggest
that CgA remains indicative of the patient status
and that changes in CgA levels accurately correlate
with positive tumor response.'® However it remains
to be established if the sensitivity of CgA as tumor
marker is sufficient to detect small tumoral chan-
ges. In the guidelines for the management of gas-
troenteropancreatic tumors from ENETSY and
UKNET work'® CgA was considered as the mini-
mally required biochemical test for diagnosis and
for follow-up.

In agreement with previous reports,
study demonstrated a statistically significant diffe-
rence among groups with increasing metastatic
spread. In disagreement, a recent Italian multicen-
ter study "> demonstrate that CgA level was lower in
patients with very extensive metastatic spread than
in those with metastases limited to the liver.

In conclusion, due to its high specificity, CgA is
a useful biochemical marker for the evaluation of
patients with NET-GEP. CgA levels were signifi-
cantly higher in functioning tumors than in non
functioning tumors and increased with metastatic
spread. The capability of CgA levels to detect tu-

mor growth changes should be further investigated.
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