
O

T
n

F
M
A
a

b

U
c

d

e

I
f

g

a

A
R
A
A

K
G
K
N
P
R

1

c
c
t
a

p
d

R

h
1

Digestive and Liver Disease 51 (2019) 1456–1460

Contents lists available at ScienceDirect

Digestive  and  Liver  Disease

journa l h om epage: www.elsev ier .com/ locate /d ld

ncology

umour  type  and  size  are  prognostic  factors  in  gastric  neuroendocrine
eoplasia:  A  multicentre  retrospective  study

rancesco  Panzutoa,∗,  Davide  Campanab,  Sara  Massironic,  Antongiulio  Faggianog,
aria  Rinzivilloa, Giuseppe  Lamberti e,  Valentina  Sciolac,  Edith  Lahner f,  Lisa  Manuzzie,

nnamaria  Colaod,  Bruno  Annibale f

Digestive Disease Unit, Sant’Andrea University Hospital, Rome ENETS Center of Excellence, Italy
NET Team Bologna ENETS Center of Excellence, Dept. of Medical and Surgical Sciences, S. Orsola-Malpighi University Hospital, Alma Mater Studiorum
niversity of Bologna, Italy
Gastroenterology and Endoscopy Unit, Ca’ Granda Foundation IRCCS, Policlinico Hospital of Milan, Italy
Naples ENETS Center of Excellence, Dept. of Clinical Medicine and Surgery, University Federico II, Naples, Italy
Department of Experimental, Diagnostic and Specialty Medicine, S. Orsola-Malpighi University Hospital, Alma Mater Studiorum University of Bologna,

taly
Digestive Disease Unit, Department of Medical-Surgical Sciences and Translational Medicine, Sant’Andrea Hospital, Sapienza University Rome, Italy
Endocrinology Unit, Dept. of Experimental Medicine, Sapienza University of Rome, Italy

 r  t  i  c  l e  i  n  f  o

rticle history:
eceived 7 December 2018
ccepted 22 April 2019
vailable online 5 June 2019

eywords:
astric carcinoid
i67
euroendocrine neoplasia
rognosis

a  b  s  t  r  a  c  t

Background:  Gastric  neuroendocrine  neoplasias  (gNEN)  are  defined  as  type  I  if  associated  with  atrophic
body  gastritis  and  type  III  when  tumour  is sporadic.  This  classification,  together  with  grading  and  size,
plays  a  crucial  prognostic  role.  Nevertheless,  the  impact  of  these  features  on  clinical  outcome  is not  clear.
Aim: To identify  factors  predicting  poor  outcome.
Patients  and methods:  Analysis  of  type I and  type  III gNEN. A  composite  endpoint  was  defined  if  tumour-
related  death  or  metastases  or angioinvasion  were  observed.
Results:  156  gNENs  were  evaluated:  137  (87.8%)  type  I and  19 (12.2%)  type  III. Among  type  I, 103  were  G1
(75.2%)  and  34  (24.8%)  were  G2.  In type  III  group,  8  were  G1 (42.1%),  10 were  G2  (52.6%),  and  1 was G3
(5.3%).  Negative  endpoint  occurred  in  18  patients  including  10  type  III and  8 type  I.  Male  gender  (p  =  0.032),
isk factors tumour  type  (p = 0.003)  and  size  >10  mm  (p  =  0.024)  were  predictors  for poor  outcome,  whereas  Ki67  was
not confirmed  on  multivariate  analysis  (p  = 0.192).  5-yr  survival  rates  in type I and  type  III were  100%  and
76.2%, respectively  (p  = 0.0002).
Conclusions:  Tumour  size,  tumour  type  and  gender  affect  clinical  outcome  in gNENs.  In  contrast  to  NENs
rising  from  other sites,  Ki67  plays  a less  important  role.

©  2019  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Background

Gastric neuroendocrine neoplasms (gNENs) are classified clini-
ally according to the background gastric pathology in three major
ategories: type I when atrophic body gastritis (ABG) is present,
ype II if it is related to gastrinoma/MEN I, and type III when they
re sporadic due to absence of related pathology [1].
This clinical classification plays a crucial role when analysing
rognosis. In fact, type I gNENs are widely considered indolent
iseases with negligible metastatic potential and almost 100% long-
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term survival, whereas type III are aggressive tumours with high
risk of metastasis, significant mortality, and poor long-term clini-
cal outcome. Type II represents the minority of gNENs (10%), with
an intermediate aggressiveness compared with type I and type III,
tumour-related mortality being approximately 20% [1].

As with other digestive NENs, according to the European Neu-
roendocrine Tumours Society (ENETS) grading system [2], these
tumours may  also be divided into three groups depending on Ki67
index value: G1 when Ki67 <2%, G2 when Ki67 is 3–20% and G3
when Ki67 is >20%. Although grading has shown to be the strongest
negative prognostic factor in digestive NENs from pancreas and

jejunum-ileum [3–5], its role in gastric NENs is less clear because
of the lack of solid data focusing on this topic.

Tumour size is reported by international guidelines to be one of
the most relevant factors affecting patient management, indicating
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Table 1
Comparison between type I and type III gastric NENs.

Feature Type I (n = 137) Type III (n = 19) p

Female gender 96 (70%) 13 (68.4%) 1.000
Median age (IQR) 58 yr (49–67) 59 (50–68) 0.520
Median tumor size (IQR) 5 mm (3–8) 15 mm (10–25) <0.0001
Median tumor Ki67 (IQR) 2% (1–2) 3% (2–8.5) 0.001
G  gradinga

NET G1 103 (75.2%) 8 (42.1%) 0.0008
NET  G2 34 (24.8%) 10 (52.6%)
F. Panzuto et al. / Digestive and

he aggressive therapeutic approach and more intensive surveil-
ance programmes [1,6,7]. However, relationships among tumour
ypes, grading expressed by Ki67 and size to predict clinical out-
ome has not been investigated in depth. Furthermore, most of the
apers on gNENs have been published with small series of patients,
ecause of the well-known rarity of this disease.

The aim of this study was to identify risk factors predicting poor
linical outcome in patients with non-familial (type I and type III)
NENs.

. Patients and methods

This was a retrospective analysis of prognostic factors and long-
erm survival in consecutive patients with non-familial (type I and
ype III) well-differentiated gastric NENs diagnosed by four Ital-
an referral centres for NEN management, from January 2000 to
anuary 2018. Inclusion criteria were as follows: age >18 years;
istologically proven diagnosis of well-differentiated gastric NEN;
nd availability of clinical and pathological data useful to clas-
ify tumour type according to ENETS guidelines [1]. The minimal
equired data set included tumour size (measured by endoscopy),
mmunohistochemical Ki67 evaluation, multiple gastric antrum
nd body biopsy samples to assess the presence of ABG.

Data were obtained from the clinical and pathological charts col-
ected at each participating centre where the initial diagnosis was
one. A unique computerized datasheet was subsequently created,
nd data were analysed retrospectively.

Gastric NEN was classified basing on clinical classification as
type I” when ABG (either arisen from long-standing H. pylori infec-
ion or in the context of autoimmune gastritis) was  diagnosed,
asing on histological evidence of atrophy on biopsies performed

n the gastric body confirming replacement of the parietal cell mass
y atrophic and metaplastic mucosa; otherwise, the tumours were
lassified as “type III”. Patients with gastrinoma/MEN I – associ-
ted gastric NEN (type II) were excluded from this study. Tumours
ere graded according to the ENETS grading system [2] into three

ategories: G1 (Ki67 ≤2%), G2 (Ki 67 = 3–20%), and G3 (KI67 >20%).
This study conforms to the declaration of Helsinki. Informed

onsent for data collection was obtained from all patients.
Actuarial survival probabilities were calculated by the

aplan–Meier method and results were compared by the log
ank test. A composite negative endpoint was defined to identify
atients with poor clinical outcome and was considered to have
ccurred if any of the following events were observed at time
f diagnosis or during follow-up: tumour-related death, pres-
nce of metastases or presence of angioinvasion documented by
istological examination. Risk factors were expressed as hazard
atio (95% confidence interval). Logistic regression was used to
dentify possible predictors of negative endpoint. The multivariate

odel was constructed by the enter method. Receiver operating
haracteristic (ROC) curve analysis was used to identify the cut-off
evel for Ki-67 and tumour size as predictors of presence of the
omposite negative endpoint (tumour-related death or presence
f metastases or presence of angioinvasion). In those patients with
ultiple tumours, the largest lesion was identified and included

n the risk factor and ROC curve analysis. The distribution of con-
inuous variables was reported as median and interquartile range
IQR; 25th–75th percentiles) or median and range, as specified.
earson r correlation coefficient was calculated to assess corre-
ation between variables. A comparison between the subgroups
as carried out using the Fisher exact test or the chi-square test
or non-continuous variables, whereas the Mann–Whitney U test
as used to compare the continuous variables, as appropriate. A p

alue of <0.05 was considered statistically significant.
NEC G3 – 1 (5.3%)

a G grading according with ENETS [2].

3. Results

A total of 200 patients with gNEN were initially collected. Of
these, 44 patients (22%) were excluded from the final analysis
due to the lack of required data (Ki67 value or tumour size) (39
patients), or due to poorly differentiated tumour morphology (5
patients). Thus, 156 patients with gNEN, in which tumour size and
Ki67 were available, were included in the final analysis. Median
follow-up time was 35.5 months (IQR 17–69). Of these, 137 patients
(87.8%) had ABG-associated type I gNENs, whereas the remaining
19 (12.2%) were sporadic type III gNENs (Table 1). Median age at
the time of gNEN diagnoses was 58 yr (IQR 49–68). Among type
I gNENs, 44 patients (33.6%) had multiple tumours, resulting in a
total number of 171 tumour lesions. No type III gNEN patient had
multiple tumours.

Overall, metastases were present in 10 patients (6.4%), specifi-
cally in 7/19 (36.8%, lymph nodes 6 patients, liver 4 patients) and
3/137 (2.2%, all lymph nodes) patients with type III and type I
gNEN respectively (p < 0.0001). Histological examination revealed
angioinvasion in 11 patients (7%), most of them with type I tumours
(n = 7, 63.6%). A total of 3 patients (1.9%) died of disease during
follow-up (2 type III gNENs, and 1 type I gNEN). As a result, a neg-
ative endpoint occurred in 18 patients (11.5%) including 10 type III
(median Ki67: 3%, IQR 2–15) and 8 type I gNENs (median Ki67: 4%,
IQR 1.5–6.5).

3.1. Grading and size according with tumour type

As far as grading is concerned, of 137 patients with type I gNENs,
103 were G1 (75.2%) and the remaining 34 tumours (24.8%) were G2
tumours. Among 19 type III gNENs, 8 were G1 (42.1%), 10 tumours
were G2 (52.6%), and the remaining 1 was a G3 tumour (5.3%). A sig-
nificant correlation between Ki67 proliferative index and tumour
size was observed (r = 0.260, p = 0.0003).

When data were analysed comparing the total number of type
I tumour lesions (n = 171) and the group of type III lesions (n = 19),
the latter group including larger tumours, with median sizes 5 mm
and 15 mm,  respectively (p < 0.0001, Table 1). Most of type I lesions
were <1 cm (150/171, 87.7%), whereas the majority of type III
lesions were >1 cm (14/19, 73.7%). When ROC analysis was  per-
formed to identify the cut-off for Ki67 and tumour size as predictors
for the negative endpoint, Ki67 >2% (AUC = 0.719, p = 0.002) and size
>10 mm (AUC = 0.824, p < 0.001) were identified. In the subgroup
of 171 type I gNENs, these features were observed in 37 (21.6%,
Ki67 >2%) and 22 (12.9%, size >10 mm)  tumours, respectively. Ki67
values distribution is showed in Fig. 1.

Male gender, tumour size and type, grading and Ki67 value
were significantly associated with a negative endpoint on univari-
ate analysis by logistic regression analysis. However, only gender,

tumour type and size were significant risk factors for poor clinical
outcome, whereas Ki67 value lost statistical significance on mul-
tivariate analysis (Table 2). In addition to 2% proposed by ENETS
[2], the value of 5% was tested as possible cut-off level to predict
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Fig. 1. Ki67 distribution according with tumour type and size. Square grey markers
refer to patients in whom negative outcome occurred.

Table 2
Factors associated with negative endpoint.

Feature OR 95%CI p

Univariate analysis
Male gender 3.41 1.25–9.30 0.016
Age  at diagnosisa 1.00 0.96–1.04 0.720
Tumour type (III vs I) 17.91 5.67–56.54 <0.0001
Tumour sizea 1.12 1.06–1.18 <0.0001
Tumor size >10 mm 13.70 4.43–42.33 <0.0001
Ki67a 1.26 1.10–1.45 0.0009
Ki67  >2% 5.20 1.86–14.53 0.0016

Multivariate analysis
Male gender 4.17 1.12–15.51 0.032
Tumour type (III vs I) 9.29 2.09–41.16 0.003
Tumour size >10 mm 4.79 1.22–18.78 0.024
Ki67  >2% 2.32 0.65–8.27 0.192

Negative endpoint was considered to have occurred if any of the following events
were observed: tumour-related death, presence of metastases or presence of
angioinvasion documented by histological examination. Alternative Ki67 cut-off
level 5% was  also tested, however resulting not statistically significant by multi-
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it proved effective for sporadic type III [11], again confirming its
ariate analysis (p = 0.562).
a For each increasing unit.

oor outcome. Similarly to 2%, also this alternative threshold was
ot significant by multivariate analysis (OR = 1.58, 95%CI 0.33–7.50,

 = 0.562).

.2. Therapeutic management

Most type I gNEN patients were treated by tumour endoscopic
esection, chosen as the initial therapeutic approach in 113 patients
82.5%). Surgical gastric resection was performed in 5 patients
3.6%). A total of 19 patients (13.9%) with type I gNEN received
omatostatin analogues; in this subgroup of patients, residual dis-
ase after initial endoscopic resection was observed in 14 patients,
ultiple tumours not suitable for radical endoscopic resection were

ound in 8 patients and recurrence after initial endoscopic resection
ccurred in 6 patients.

Among patients with type 3 gNEN, 9 (47.4%) were treated by
astrectomy, whereas in 6 patients (31.6%), tumours were removed
y endoscopic resection. The remaining 4 patients (21%) were con-
idered not suitable for tumour resection because of advanced
isease. As far as medical treatment is concerned, 3 patients (15.8%)
eceived somatostatin analogues, and 2 patients (10.5%) were
reated with peptide receptor radionuclide therapy.

.3. Tumour recurrence and survival
Among type I gNEN, 47 patients (34.3%) experienced tumour
ecurrence following initial tumour resection after a median
Fig. 2. Survival curves in type I (continuous line) and type III (dotted line). p < 0.0001.

follow-up period of 24 months (IQR 12–48 months). In this group
of patients, median RFS was  86 months, and 2-yr RFS was 72.5%.

In the subgroup of type III gNEN, tumour recurrence was
observed in only 3 patients (15.8%). Median RFS was  not reached,
and 2-yr RFS was 74.9%. No significant predictor for tumour recur-
rence was identified by univariate analysis: male gender, OR = 1.14,
p = 0.672; tumour type III vs type I, OR = 0.61, p = 0.408; Ki67 >2%,
OR = 1.04, p = 0.892; and tumour size >10 mm,  OR  = 1.20, p = 0.578).

Overall, 3 patients (1.9%) died of disease 22 months, 34 months
and 116 months after initial diagnosis. Of these, 2 patients had
type III gNEN, whereas the remaining one had type I G1 gNEN. This
patient had initial diagnosis of G1 type I gNEN (size 12 mm),  which
underwent disease recurrence (G2, large tumour) 54 months after
initial tumour resection, and died of disease 116 months after first
gNEN detection. Mortality rates in type I and type III were 0.7%
and 10.5%, respectively. Five-year survival rates in type I and type
III gNENs were 100% and 76.2%, respectively (p = 0.0002) (Fig. 2).
Median survival was  not reached in either type I and type III gNENs.

4. Discussion

The present study showed that tumour size, tumour type and
gender were the most powerful prognostic factors affecting clinical
outcome in patients with gNENs, irrespective of tumour Ki67 value.

Although tumour type is a well-known negative feature in
gNENs because of the varied biologies and more aggressive
behaviour of sporadic type III compared with ABG-associated type I
gNENs, prognostic role of size, proliferative index Ki67, and gender
have not yet been established.

Ki67 is in general considered a pivotal marker predicting risk of
recurrence and death in patients with GEP-NENs [3–5]. In fact, it is
the rational basis for the grading system in digestive NENs, includ-
ing gastric primaries [2]. However, its role in this specific group
of patients, as for other primary sites such as the appendix [8,9],
has not yet been established. In fact, conflicting results have been
reported on this issue: in a multi-centre retrospective series of 20
patients with metastatic type I gNENs, it was reported that Ki67
widely ranged from 1% to 20% [10], thus suggesting that aggres-
sive metastatic disease may  occur also in tumours with very low
proliferative index; in a recent large pathological series of gNENs,
Ki67 was  of limited prognostic value for type I tumours, whereas
questionable prognostic role in the overall family of gNENs; Ki67
values ranging from 0.1% to 15% were also reported in another
large series of 111 patients with type I gNENs who nevertheless
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howed excellent log-term survival with no tumour-related death
12]. Conversely, tumour grading expressed by Ki67 significantly
tratified gNENs into three subgroups with different survival in
nother large retrospective series, including 209 gNENs [13].

In the present study, Ki67 was not as effective as tumour type
r size for predicting poor clinical outcome, as confirmed by mul-
ivariate analysis.

Tumour type was the primary criterion for prognosis and may
e considered the key factor that drives physicians to plan treat-
ent and follow-up in gNEN patients. Guidelines recommending

lanning therapeutic management of gNENs based on this fac-
or suggest a conservative approach, including observation and
ndoscopic management in type I tumours and aggressive strate-
ies comparable to those used in gastric non-endocrine cancers
hen faced with type III tumours [1]. Nevertheless, it should

e considered that both type I and type III may  be heteroge-
eous groups comprising different diseases with variable clinical
ehaviours according to other features. Although type III gNENs
re usually characterized by large size and high Ki67 [1], it has
een reported that even these tumours may  be small, with low
roliferative activity, and with non-aggressive behaviour during
ollow-up [14,15], thus suggesting there is not always strict corre-
ations among tumour type, size and proliferative activity in these
atients. The present paper confirms this hypothesis, because 42.1%
f type III gNENs were G1 tumours with Ki67 <2%, and 26.3% were
1 cm.  Conversely, large lesions with relatively high Ki67 were also
bserved in the group of type I tumours, as previously reported in
ther series [10,16]. Notably, no patients with G1 type III gNEN died
uring follow-up, thus resulting in a long-term survival in this sub-
roup of patients comparable to that observed in the type I gNEN
ubgroup. These findings suggest that planning gNEN therapeutic
anagement based on tumour type only is insufficient, because

ther factors may  impact tumour behaviour and prognosis.
Tumour size >10 mm is recommended by the ENETS guide-

ines as the cut-off diameter level to identify tumours with
ore aggressive behaviour, deserving radical resection, whereas

n observational non-interventional approach was advocated for
maller lesions [1]. The present study highlights the prognostic role
f tumour size, beyond tumour type and grading. In fact, size was
n independent negative predictive factor for poor clinical outcome
y multivariate analysis, and the cut-off size value showing the best
iscriminating ability was >10 mm,  equal to the value proposed by
he guidelines.

In terms of gender, other studies have reported worse clinical
utcomes in males compared with females [17]. Male gender has
lso been reported as a risk factor in ABG patients for development
f type I gNEN [18]; thereby suggesting possibly more aggressive
ehaviour in males than in females.

As previously recommended in series including mixed gastro-
ntero-pancreatic NENs, even in gNENs, an accurate prognosis
ssessment should be performed combining the prognostic roles of
everal factors [19,20], including tumour type, tumour size, gender,
nd as an additional less-relevant feature, the proliferative index
i67.

Based on the findings of the present study, a simple step-by-step
rognostic assessment of non-familial gNEN patients may  be rec-
mmended (Fig. 3): (i) clinical evaluation to determine tumour type
eeking ABG by performing multiple biopsy sampling of gastric fun-
us, body and antrum, as previously described [21]; (ii) assessing
umour size by endoscopic evaluation, to identify high risk tumour
1 cm;  (iii) considering male gender as a generic negative prognos-
ic factor; and (iv) considering Ki67 as potential additional negative

actor.

The present study has some limitations, primarily related to
he study design. Although data were collected by referral centres
or the management of NENs, they were analysed retrospectively,
Fig. 3. gNEN: gastric neuroendocrine neoplasia. ABG: atrophic body gastritis. Grad-
ing  according with ENETS [2].

and this represents an inherent limitation in terms of therapeutic
management and follow-up programmes performed at each centre.
The arbitrary choice to use a combined negative end-point includ-
ing angioinvasion, developing of metastases and tumour-related
death, may  also affect risk factor analysis. Although angioinvasion
may  be considered a criterion of malignancy in NENs, as suggested
by some studies, its role in gastric primaries is not well estab-
lished [22–24]. Furthermore, a longer follow-up observation could
improve the ability to detect unfavourable clinical outcomes in
rare and indolent diseases such as gNENs. Finally, endoscopic pro-
cedures and histological diagnosis were not centralized, although
they were performed in referral centres for NEN management, and
this could reduce the reliability of some features, including num-
ber of detected tumour lesions at endoscopy and histological Ki67
assessment.

In conclusion, the present study shows that, in addition to
tumour type, tumour size and patient gender are the most pow-
erful prognostic factors in gNENs. Compared to NENs arising from
other digestive sites (i.e., pancreas and jejunum-ileum), the prolif-
erative index Ki67 plays a less important role in gNENs and should
be considered as an additional minor prognostic factor in these
patients.
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