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ABSTRACT. Background: Chromogranin A (CgA)
is considered the most accurate marker in the di-
agnosis of gastro-entero-pancreatic (GEP) en-
docrine tumors. Pancreatic polypeptide (PP) has
also been proposed to play this role, but then not
used due to its low sensitivity. The aim of the pre-
sent study was to determine whether the assess-
ment of PP would improve the diagnostic relia-
bility of CgA in patients with GEP tumors. Patients
and methods: Both markers were assessed in 
68 patients [28 functioning (F), 40 non function-
ing (NF)]. Twenty-seven patients disease-free (DF)
after surgery, and 24 with non-endocrine tumors
(non-ETs) were used as control groups. Results:
CgA sensitivity was: 96% in F, 75% in NF, 74% in
pancreatic, and 91% in gastrointestinal (GI) tu-

mors. Specificity was 89% vs DF, and 63% vs non-
ETs. PP sensitivity was: 54% in F, 57% in NF, 63%
in pancreatic, and 53% in GI tumors. Specificity
was 81% vs DF, and 67% vs non-ETs. By combin-
ing the two markers a significant gain in sensitiv-
ity vs CgA alone was obtained: overall in GEP tu-
mors (96% vs 84%, p=0.04), in NF (95% vs 75%,
p=0.02), and in pancreatic (94% vs 74%, p=0.04).
More specifically, a 25% gain of sensitivity was
obtained in the subgroup of NF pancreatic tumors
(93% vs 68%, p=0.04). Conclusion: The combined
assessment of PP and CgA leads to a significant
increase in sensitivity in the diagnosis of GEP tu-
mors, particularly in pancreatic NF. 
(J. Endocrinol. Invest. 27: 6-11, 2004)
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INTRODUCTION

On clinical grounds, gastro-entero-pancreatic
(GEP) endocrine tumors are usually classified in-
to two groups: functioning (F) and non-functioning
(NF). In the NF group, in the past reported to be
approximatively 1/3 of endocrine tumors (1) [but
that accounted for 3/4 of GEP tumors in a recent
survey performed in our country (2)], no specific
associated syndrome is present and symptoms are
related only to the “mass effect” caused by the
tumor growth, diagnosis often being an inciden-
tal finding. This classification plays a critical role

in the biochemical diagnosis. In F tumors, the hor-
mone responsible for the associated syndrome is,
in fact, a useful specific diagnostic marker with
well established high sensitivity, whilst for those
tumors with no associated syndrome, only gener-
al serum markers are available (3). Of these,
Chromogranin A (CgA), which is considered an
“On/Off” switch controlling the dense-core se-
cretory granule biogenesis in endocrine and neu-
roendocrine cells (4), is the most reliable, since
other general markers, such as Neuron Specific
Enolase and the � subunit of glycoprotein have
been demonstrated to be not quite sensitive (5-7).
However, CgA sensitivity ranges from 50 to 100%
[80-100% for F (5, 6, 8, 9) and 50-70% for NF tu-
mors (5-7, 10)]. Nevertheless, very few studies
have been performed on homogeneous popula-
tions of tumors arising only in the digestive sys-
tem, and even in these, few NF tumors were in-
cluded. Thus, the real diagnostic impact of CgA
in GEP tumors, particularly in NF, remains to be
clearly established.
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Another possible general tumor marker for GEP en-
docrine tumors might be pancreatic polypeptide
(PP), a 36 amino acids product of a distinct type of
endocrine cell located primarily in the islets of
Langerhans in the pancreatic head (11), whose
physiological role remain to be fully elucidated. This
peptide has already been proposed as a potential
neuroendocrine tumor marker, but, to date, it has
not been extensively used on account of its re-
ported low diagnostic accuracy (12, 13).
This prospective study was aimed at determining
whether the assessment of PP too could improve
the diagnostic reliability of CgA in a series of naïve
patients with endocrine tumor arising from the gas-
trointestinal tract or pancreas. 

MATERIALS AND METHODS
Patients
A total of 68 consecutive naïve patients (never submitted, before
enrollment, either to medical or surgical treatment) with a diag-
nosis of GEP endocrine tumor were enrolled (40 males/28 females,
median age 53 yr, range 18-74). Another 27 patients, disease-free
after surgery (DF) (17 males, median age 48 yr), and 24 with his-
tologically diagnosed non-endocrine tumors (non-ETs: gastric, col-
orectal, and pancreatic carcinomas) (13 males, median age 57 yr),
were used as control groups to define specificity. DF status was
defined when, after radical surgery, at 1-yr follow-up, imaging [he-
lical CT (hCT) and somatostatin receptor scintigraphy (SRS)] and
specific biochemical markers were negative, in F tumors, as well
as only imaging, in NF. Of the patients with GEP tumors, 41%
(no.=28) had an associated syndrome (F tumors), whereas 59%
(no.=40) had no associated syndrome (NF tumors). Fifty-two per-
cent (no.=35) were localized in the pancreas, 32% (no.=22) in the
gastrointestinal (GI) tract, 7% (no.=5) presented a multiple local-
ization, while in 6 patients the localization of the primary tumor
was unknown [5 patients had Zollinger Ellison syndrome (ZES) with
no lesions detected by imaging procedures, whereas in the re-
maining patients with carcinoid syndrome, diagnosis was based
on histological examination of liver lesion biopsy] (Table 1). Tumor
load was assessed by SRS and hCT as previously described (14),
and was considered limited when no liver metastases were found,
otherwise it was considered extended. The diagnoses of GEP en-
docrine tumor were confirmed by histological examination of a
surgical or needle-biopsy specimen. 
This study was approved by the Local Ethics Committee, and all
patients gave informed consent before enrolment. 

Methods
Blood samples were collected in the morning in fasting conditions.
Plasma was obtained by collecting blood in aprotinin/ ethylenedi-
amine-tetraacetic-acid-containing vials and by subsequent +4 C
centrifugation. Samples were then stored at –20 C until the day of
the assay. All samples were collected prior to surgery and/or before
any specific medical treatment was started. Patients with plasma
creatinine >1.5 mg/dl, systemic inflammatory diseases, liver fail-
ure, proton pump inhibitors therapy, were excluded from this study.
CgA and PP levels were measured on the same blood sample. 

Healthy subjects (20 male, 13 female, median age 46 yr) were used
as reference populations to define normal ranges, and the values
corresponding to the upper 95th percentile (mean + 1.654 stan-
dard deviation) were taken as cut-off values (22 U/l and 42 pmol/l
for CgA and PP, respectively).

Immunoassays
CgA was assessed by enzyme-linked immunoadsorbent assay
(ELISA) kit (Dako A/S, Glostrup, Denmark). The intra- and inter-
assay coefficients of variation (CV) were 4.1 and 5.3, respectively. 
PP was assessed by radioimmunoassay (RIA) kit (Euro-Diagnostica
AB, Sweden). Intra and inter-assay CV were 2.6% and 3.5%, re-
spectively.

Statistical analysis
CgA and PP values are expressed as median (95% CI for the me-
dian), and, due to the wide range, are reported as natural or
log-transformed data as appropiate. Mann-Whitney rank test
was used to compare plasma values in the various groups. Fisher
exact test was used to compare percentages and p levels <0.05
were considered statistically significant. In this study, a com-
bined finding was considered when at least one of the two mark-
ers was increased.
In NF pancreatic tumors, sensitivity and specificity of CgA and PP
were calculated for every value of each marker, and ROC (Receiver
Operating Characteristic) curves (graphs of the sensitivity against
100 - specificity) were then constructed. When both markers were
considered together, a discriminant function was obtained by cal-
culating the multiple logistic regression of cases/controls of the

Table 1 - General features of patients population.

Characteristics No. (%)

GEP tumors 68

Type
Functioning 28 (41)

Gastrinoma 14
Gastrinoma-MEN I 5
Carcinoid 6
Somatostatinoma 2
Glucagonoma 1

Non functioning 40 (59)

Primary tumor localization
Pancreas 35 (52)

Functioning 7
Non functioning 28

GI tract 22 (32)
Functioning 10
Non functioning 12

Multiple 5 (7)
Unknown 6 (9)

Load
Limited 40 (59)
Extended 28 (41)
DF 27

Non-ETs 24

GEP: gastro-entero-pancreatic; MEN I: multiple endocrine neoplasia type 1;
GI: gastrointestinal; DF: disease free.
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natural logarithms of CgA and PP [-6+(2.76logCgA) + (2.02logPP)]
and the sensitivity and specificity were again used to construct a
ROC curve. 

RESULTS
Plasma levels of CgA and PP (Fig. 1 and 2)
Median CgA values in patients with GEP endocrine
tumors [166 U/l (104-270)] were higher than those
in DF controls and in non-ETs [7 U/l (6-12) and 
14 U/l (6-77), respectively], the difference being
statistically significant (p<0.0001). Median CgA val-
ues in F tumors [270 U/l (165-533)] were statisti-
cally higher (p=0.005) than in NF tumors [107 U/l
(54-169)]. Similar CgA levels were observed with
respect to the primary tumor localization, being
161 U/l (62-317) and 160 U/l (57-572) respectively
in pancreatic and GI tract tumors. No significant
difference in CgA levels was observed in relation-
ship to the tumor load, since median CgA values
were 162 U/l (106-294) in patients with limited dis-
ease (no liver metastases), and 170 U/l (72-415) in
those with extended disease (with liver lesions).
Furthermore, median PP values, were higher in
GEP tumors [56 pmol/l (35-93)] than in the two con-
trol groups [22 pmol/l (12-40) and 23 pmol/l (6-54)
in DF and non-ETs, respectively], the difference be-
ing statistically significant (p<0.02). The highest
levels were observed in pancreatic tumors [82
pmol/l (33-169)].

Sensitivity and specificity of CgA and PP (Table 2)
Raised CgA levels were observed in 57/68 patients
with GEP tumors, and more specifically in 27/28 F

and 30/40 NF, resulting in a sensitivity of 84% in
the overall GEP tumors group, 96% in F and 75% in
NF. As far as specificity is concerned, increased
CgA levels were observed in 11% of the DF pa-
tients and in 37% of the non-ET patients, with a re-
sulting specificity of 89% and 63%, respectively. PP
sensitivity was lower than that observed with CgA,
both in the overall group of GEP tumors and in F
and NF tumors, being approximately 55% in each
group. Specificity, however, was similar to that ob-
served with CgA, being 81% vs DF and 67% vs non-
ETs controls. 
By combining CgA and PP, a 12% increase was ob-
served in sensitivity, in the overall group of GEP tu-
mors, CgA or PP being elevated in 96% of cases
(p=0.04 vs CgA alone). A greater improvement in
sensitivity, by combining the two markers, was ob-
served in the subgroup of NF tumors in which the
combined assessment of the two markers improved
sensitivity from 75% of CgA alone to 95% with the
association (p=0.02).
As far as the primary tumor localization is con-
cerned, CgA was elevated in 74% of pancreatic,
and 91% of GI tract, tumors. PP sensitivity, again,
was lower than that of CgA in both groups of tu-
mors, being 63% and 53%, respectively. By com-
bining the two markers, an increase in sensitivity
was observed, in pancreatic tumors, with a gain of
20% vs CgA alone (94% vs 74%, p=0.04). This in-
crease in sensitivity was further enhanced when the
subgroup of pancreatic NF tumors was considered.
In this group of patients, sensitivity rose from 68%
for CgA alone to 93% when both markers were as-
sessed (p=0.04).
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Fig. 1 - *p<0.0001 vs both control groups (DF and non-ETs).
CgA plasma levels in GEP tumors and control groups (DF and non-ETs).
Values are log-transformed. Continuous line: median value. Dotted
lines: normal upper cut-off level (22 U/l).
CgA: chromogranin A; GEP: gastro-entero-pancreatic; DF: disease free;
Non-ETs: non endocrine tumors.
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Fig. 2 - *p<0.02 vs both control groups (DF and non-ETs).
PP plasma levels in GEP tumors and control groups (DF and non-ETs).
Values are log-transformed. Continuous line: median value. Dotted
lines: normal upper cut-off level (42 pmol/L). 
CgA: chromogranin A; PP: pancreatic polypeptide; GEP: gastro-entero-
pancreatic; DF: disease free; Non-ETs: non endocrine tumors.
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ROC curves were then constructed for each marker
and for their combination in the subgroup of pancre-
atic NF tumors, using DF patients as a control group.
As shown in Figure 3, a larger area under the curve
was obtained with the combination of the two markers
compared to that of CgA alone (0.845 vs 0.917), re-
flecting the improvement in the discriminating ability.
Finally, as far as tumor load is concerned, both
CgA and PP showed similar sensitivity values re-
gardless of disease extension.

DISCUSSION

In the present study, the additional assessment of
PP significantly increased the diagnostic reliability of
CgA, particularly in the group of pancreatic NF tu-
mors, in which sensitivity increased from 68% to 93%. 
CgA has been confirmed to have a good diagnos-
tic accuracy, in agreement with data reported by oth-
ers (3, 5-9). However, most of these investigations
have been performed on populations including pa-
tients both before and after surgical and/or medical
treatment was performed, affected by neoplasms
arising from different systems, and usually including
few NF tumors. In our study, on the contrary, blood
samples were always collected in all patients with en-
docrine tumors arising from the digestive system,
before any surgical or medical treatment was started
(naïve patients). CgA sensitivity was confirmed to be
higher in patients with a hormone-related syndrome
(F) than in those without specific syndromes (NF).
Baudin et al. (6) observed that more elevated CgA
levels were associated with the presence of other
peptide secretions, and Kim et al. (4) demonstrated
that hormone secretion in endocrine and neuroen-
docrine cells is strictly dependent upon CgA.
However, in F tumors, the high CgA sensitivity could
be considered relatively less important, since the
availability of other specific markers (i.e. gastrin in
ZES, and 5-HIAA in carcinoids) as useful tools for re-
liable biochemical diagnosis in these tumors. On the
contrary, in the NF group, the absence of typical
symptoms, the relatively low CgA sensitivity (50-70%)
reported in the literature (5-7, 10) and confirmed by
our findings, as well as the lack of other specific cir-
culating markers, make early diagnosis extremely dif-
ficult, as suggested by the high frequency of ad-
vanced disease at the time of diagnosis. In these pa-
tients, this lack of CgA diagnostic ability could be
filled by the assessment of PP, which, in our study,

Table 2 - High CgA and PP in GEP tumors and control groups.

Patient group No. pts � CgA (%) � PP (%) � CgA or PP (%)

GEP tumors 68 84 56 96*

Type
Functioning 28 96 54 96
Non functioning 40 75 57 95^

Load
Limited 40 80 65 90
Extended 28 89 54 100

Controls
DF 27 11 19 33
Non-ETs 24 37 33 54

*p=0.04, ^p=0.02 vs CgA alone.
GEP: gastro-entero-pancreatic; CgA: chromogranin A; PP: pancreatic polypeptide; DF: disease free.
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Fig. 3 -  Receiver operating characteristic (ROC) curve of chromogranin
A (CgA), alone or combined with pancreatic polypeptide (PP), in non
functioning (NF) pancreatic tumors. Continuous line: CgA alone. Dotted
line: combined CgA and PP. Diagonal line corresponds to the value of
area under curve=0.5, when the variables cannot discriminate between
presence/absence of the disease.
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has been demonstrated to increase sensitivity of CgA
alone to values similar to those observed in F tumors.
As far as the primary tumor site is concerned, the
combined use of the two markers in pancreatic tu-
mors was found to be more effective than CgA
alone, improving sensitivity by 20%. On the con-
trary, the additional information provided in patients
with tumors arising in the GI tract was negligible.
Even if these findings would appear to be expected,
given the greater physiological concentration of PP-
releasing cells both in the islets of Langerhans and
in the endocrine cells of the ventral pancreas (11),
they are worthy of further comment. In fact, we ob-
served increased PP levels also in 53% of patients
with primary GI tract tumor, confirming, as previ-
ously suggested by others (13, 15), that also non-
pancreatic endocrine tumors can produce PP. Thus,
the increase in sensitivity obtained by the associa-
tion of the two markers seems to be related pri-
marily to the relatively lower sensitivity of CgA alone
in the group of patients with pancreatic tumors,
rather than to the specificity of PP in these patients. 
This finding seems to be confirmed by the analysis of
the ROC curve in NF pancreatic tumors, which shows
an increase in the area under the curve of the two
markers combined vs CgA alone, demonstrating the
better reliability of the combination to distinguish
between the presence and absence of a pancreatic
NF tumor. However, the difference between the ar-
eas of the two curves did not reach statistical signif-
icance, in the present investigation, probably due to
the relatively small number of cases studied. 
No difference in CgA levels was observed in the
different groups of patients analyzed with respect
to the presence of metastatic lesions suggesting
the absence of a direct correlation between CgA
levels and disease extension. However, other fac-
tors need to be taken in account when interpreting
these data, such as tumor functional status, specif-
ic diagnosis, and the presence of other secretory
activity (16). In our opinion, the possible correlation
between tumor load and circulating CgA levels still
remains a controversial issue, and our data add to
the conflicting results previously reported, with CgA
correlating with tumor extent in some studies (5, 6,
17, 18) but not in others (8, 19). 
As far as the specificity of the two markers is con-
cerned, we used both DF and non-ET patients as
control groups. Both markers showed a high speci-
ficity vs DF patients even if, as already suggested,
the use of such patients as controls has some limits.
In fact, even if a DF status is defined when the pa-
tient underwent radical surgery, there was no evi-
dence of disease at imaging procedures and specif-
ic tumor markers returned to normal (F tumors), it is

possible that such a patient has a non-detectable
disease (8). Therefore, it cannot be excluded that DF
patients presenting abnormal tumor markers might
develop recurrence in the future. On the other hand,
neither CgA nor PP has been demonstrated to dis-
criminate the endocrine origin of the neoplasm, as
both showed low specificity vs the non-ET control
group. However, this finding seems not surprising,
since, as is well known, neuroendocrine cells are pre-
sent in most tumors of non-endocrine origin (20-22). 
In conclusion, CgA has been confirmed to be an
accurate circulating marker for the diagnosis of GEP
endocrine tumors, with high sensitivity (84%) and
specificity (89%). The addition of PP assessment
provides a significant increase in sensitivity, play-
ing a critical role in tumors with no associated syn-
drome, mostly arising from the pancreas.

ACKNOWLEDGEMENT
Work supported by interuniversity co-financed programme
9906218982 (1999) from Italian Ministry for University and
Technological Research (MURST), by grant from Ministero Salute
ICS 060.2/RF00-57 (2000) Roma, Italy. We thank Prof. J. Osborn
for assistance in statistical analysis, and Mrs. M. Shields for revi-
sion of english language and style.

REFERENCES
1. Eriksson B, Arnberg H, Lindgren PG, et al. Neuroendocrine

pancreatic tumors: clinical presentation, biochemical and
histopathological findings in 84 patients. J Int Med 1990,
228: 103-13.

2. Corleto VD, Panzuto F, Falconi M, et al. Digestive neu-
roendocrine tumours: diagnosis and treatment in Italy. A
survey by the Oncology Study Section of the Italian
Society of Gastroenterology (SIGE). Dig Liver Dis 2001,
33: 217-21.

3. Oberg K, Janson ET, Eriksson B. Tumor markers in neu-
roendocrine tumors. Ital J Gastroenterol Hepatol 1999, 31
(Suppl. 2): S160-2.

4. Kim T, Tao-cheng JH, Eiden LE, Loh YP. Chromogranin A,
an “On/Off“ switch controlling dense-core secretory gran-
ule biogenesis. Cell 2001, 106: 499-509.

5. Nobels FR, Kwekkeboom DJ, Coopmans W, et al.
Chromogranin A as serum marker for neuro-endocrine
neoplasia: comparison with neuron-specific enolase and
the �-subunit of glycoprotein hormones. J Clin Endocrinol
Metab 1998, 82: 2622-8.

6. Baudin E, Gigliotti A, Ducreux M, et al. Neuron-specific
enolase and chromogranin A as markers of neuroendocrine
tumors. Br J Cancer 1998, 78: 1102-7.

7. Bajetta E, Ferrari L, Martinetti A, et al. Chromogranin A,
neuron specific enolase, carcinoembryonic antigen, and
hydroxyndole acetic acid evaluation in patients with neu-
roendocrine tumors. Cancer 1999, 86: 858-65.



F. Panzuto, C. Severi, R. Cannizzaro, et al.

11

8. Goebel S, Serrano J, Yu F, Gibril F, Venzon DJ, Jensen RT.
Prospective study of the value of serum chromogranin A or
serum gastrin levels in the assessment of the presence, ex-
tent, or growth of gastrinomas Cancer 1999, 85: 1470-83.

9. Janson ET, Holmberg L, Stridsberg M, et al. Carcinoid tu-
mors: analysis of prognostic factors and survival in 301 pa-
tients from a referral center Ann Oncol 1997, 8: 685-90.

10. Tomassetti P, Migliori M, Simoni P, et al. Diagnostic value
of plasmatic chromogranin A in neuroendocrine tumors.
Eur J Gastroenterol Hepatol 2001, 13: 55-8.

11. Adrian TE, Bloom SR, Bryant MG, Polak JM, Heitz PH,
Barnes AJ. Distribution and release of human pancreatic
polypeptide. Gut 1976, 17: 940-4.

12. Bloom SR, Adrian TE, Polak JM. Pancreatic polypeptide
from pancreatic endocrine tumors. Lancet 1980, 2: 1026.

13. Oberg K, Grimelius L, Lundqvist G, Lorelius LE. Update on
pancreatic polypeptide as a specific marker for endocrine
tumors of the pancreas and gut. Acta Med Scand 1981, 210:
145-52.

14. Panzuto F, Falconi M, Nasoni S, et al. Helical computed to-
mography and somatostatin receptor scintigraphy on staging
of digestive endocrine tumours. Ann Oncol 2003, 14: 586-91.

15. Adrian TE, Uttenthal LO, Williams SJ, Bloom SR. Secretion
of pancreatic polypeptide in patients with pancreatic en-
docrine tumors. N Engl J Med 1986, 315: 287-91.

16. Baudin E, Bidart JM, Bachelot A, et al. Impact of Chromo-
granin A measurement in the work-up of neuroendocrine
tumors. Ann Oncol 2001, 12 (Suppl 2): S79-82.

17. Weber HC, Venzon DJ, Lin JT, et al. Determinants of
metastatic rate and survival in patients with Zollinger-Ellison
syndrome: a prospective long-term study. Gastroenterology
1995, 108: 1637-49.

18. Schurmann G, Raeth U, Wiedenmann B, Buhr H, Herfarth
C. Serum chromogranin A in the diagnosis and follow-up
of neuroendocrine tumors of the gastroenteropancreatic
tract. World J Surg 1992, 16: 697-701.

19. Stabile BE, Howard TJ, Passaro E Jr, O’Connor DT. Source
of plasma chromogranin A elevation in gastrinoma pa-
tients. Arch Surg 1990, 125: 451-3.

20. De Bruine AP, Wiggers T, Beek C, et al. Endocrine cells
in colorectal adenocarcinomas : incidence, hormone
profile and prognostic relevance. Int J Cancer 1993, 54:
765-71.

21. Stivanello M, Berruti A, Torta M, et al. Circulating chro-
mogranin A in the assessment of patients with neuroen-
docrine tumors. A single institution experience. Ann Oncol
2001, 12 (Suppl 2): S73-7.

22. Leone N, Pellicano R, Brunello F, Pizzetto M, Ponzetto A.
Elevated serum chromogranin A in patients with hepato-
cellular carcinoma. Clin Exp Med 2002, 2: 119-23.




