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Twenty years of gastroenteropancreatic neuroendocrine tumors:
is reclassification worthwhile and feasible?
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Abstract Gastroenteropancreatic (GEP) neuroendocrine
tumors (NETs) are rare neoplasms with heterogeneous
clinical behavior and potential long-term survival. In
2006/2007, the European Neuroendocrine Tumors Society
introduced an important parameter, grade (based on mito-
ses and Ki-67 proliferation rate), which became part of the
latest 2010-WHO classification. Since this is an important
tool in the choice of therapeutic algorithm of patients with
NETs, our aim was to audit whether retrospective reclas-
sification is possible and feasible and correlate pathological
findings with survival. From the histopathology archive,
338 GEP-NETs (1994-2014) were identified, of which 250
were diagnosed pre-2010 and 80 of these have needed, up
till now, classification (morphology and grade—mitotic
count/Ki-67). Morphology was well differentiated (WD) in
74 cases while only 6 cases were poorly differentiated
(PD). Grade was reclassified: G1—45 cases (56 %); G2—
28 cases (35 %); G3—7 cases (9 %). Overall survival (OS)
in WD NETs was strikingly better compared to PD neo-
plasms. Differences in OS between grade were statistically
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significant (p < 0.0001) and, in particular, grade identified
a subgroup of patients with WD lesions but with less
favorable clinical behavior (OS at 5 years: G1—89 %;
G2—48 %; G3—0 %; G1 vs G2 p = 0.03). Feasibility
analysis quantified time for reclassification to be between
45 and 64 min/case. Our series confirms the importance of
grade in prognostic stratification and underlines that
reclassification is feasible, and may prove worthwhile in
patient management, especially in view of the potential
long survival of patients with NETs and risk of use of
inappropriate therapies.
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Grade - Ki-67

Introduction

Gastroenteropancreatic (GEP) neuroendocrine tumors
(NETs) are rare neoplasms with heterogeneous clinical
behavior and potential long-term survival [1, 2]. In the last
decade, GEP-NET nomenclature and classification have
been twice reviewed. The 2000 WHO classification [3]
distinguished well and poorly differentiated tumors and
this distinction proved to be prognostically important.
Further improvements in prognostic stratification were
made with the introduction of two new important param-
eters: grade and stage, by ENETS [4, 5]. Grade is prolif-
eration-based (either mitotic count and/or Ki-67
proliferation index) and has also been introduced into the
new 2010 WHO classification [6]. Stage has also been
shown to be prognostically important and site specific [4, 5,
7].

Several research groups have proved the reliability of
the new grading system, for prognostic stratification, in
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many cohorts of patients [8§—10] and grade has a pivotal
role in the therapeutic algorithm of NET-patients [10].
Even though the importance of grade has been shown,
retrospective reclassification of all GEP-NET cases has
however not yet been advocated. In view of new targeted
therapies, which may be indicated for specific grade NETs
[11], reclassification may become ever more important.
Our aim was, therefore, to audit whether retrospective
reclassification is possible and feasible and correlate
pathological findings with survival.

Materials and methods

From the Histopathology archives of the IRCCS San
Martino-IST University Hospital, 338 GEP-NETs (dating
from 1994 to 2014) have been identified. Of these, 250
were diagnosed before 2010 (year of the revised WHO
classification [6]) while 165 were diagnosed before 2006
(year of the first ENETs GEP-NET staging and grading
system publication [4, 5]).

Reassessment is on-going and, at this point, 80 pre-2010
patients have needed to be reassessed, including patients
who are still alive or whose cases are recruited in research
trials. Clinical follow-up data were obtained from patient’s
charts and imaging studies for all 80 patients. The study
was approved by the local ethics committee.

Morphological reassessment and reclassification

All pathologic characteristics were re-evaluated either on
original slides or on new 4-micron-thick sections stained with
Haematoxylin—Eosin (H&E). In particular, data on differen-
tiation (well differentiated—WD, and poorly differentiated—
PD), presence/absence of necrosis, vascular/lymphatic inva-
sion, perineural invasion were collected. Data on classification
at the time of diagnosis, according to WHO 2000 [3], were
collected and all cases were further reclassified according to
the 2010 WHO classification [6]. For all cases, slides were
reviewed and differentiation, grade (as suggested by
ENETs—mitotic count/10HPF and percentage of Ki-67 pos-
itive cells counting 2000 neoplastic cells), and stage (ENETs
and UICC-2009) were re-evaluated.

Grading by mitotic count and Ki-67
immunohistochemistry

Mitotic count was performed on 50 HPF as suggested by
ENETS [4, 5].

Proliferation index using Ki-67 antibodies was assessed
on sections cut from one paraffin block of available tissue.
In case of multiple NETs, Ki-67 was performed on the
largest tumor.

From each selected paraffin block, 4-micron-thick sections
were cut and mounted on appropriate slides (SuperFrost® Plus,
Thermo Scientific, Braunschweig, Germany) in order to
improve adherence. All sections were used for immunohisto-
chemistry (IHC) within 1 month of cutting [12]. IHC was
performed using the Ventana BenchMark® XT platform
(Ventana Medical Systems, Arizona, USA) automated
immunostaining device, according to the manufacturer’s pro-
tocol, using 3,3'-diaminobenzidine as chromogen.

Briefly, sections were deparaffinized and rehydrated.
After epitope retrieval with a heat standard pretreatment
(Thermopad 98-100 °C for 30’) sections were incubated
with primary antibodies against Ki-67 (prediluted; Ven-
tana Medical Systems, Arizona, USA) and immunoper-
oxidase reaction performed according to procedure. The
slides were then counterstained with haematoxylin and
cover-slipped.

Assessment of Ki-67 was expressed as a percentage by
counting the number of positive tumor cells/2000 cells, in
“hot spots” [4, 5]. To ease counting, microphotographs
were taken at x40 magnification in the area of highest Ki-
67 labeling and color printed [13, 14]. If 2000 neoplastic
cells were not reached on the first microphotograph, an
adjacent field to the first one selected was photographed
and cells counted.

Feasibility of reclassification
Feasibility was expressed in man-time (in minutes) and

differed according to whether the specific task was per-
formed by the laboratory technician or pathologist. A
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Fig. 1 Kaplan—-Meier curves of overall survival (OS) of patients with
neuroendocrine tumors, stratified according to grade: G1, G2, and G3.
Statistical significance is reported (p < 0.0001)
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breakdown of the necessary steps which lead to case
retrieval and to reclassification was performed and each
step quantified. The following stages were necessary for
case reclassification:

e Case retrieval/80 cases

e Slide retrieval/80 cases

e Paraffin block retrieval/57 cases (in 23 cases Ki-67 had
already been performed at original diagnosis)

e Sections and immunohistochemistry/57 cases

e Pathological reclassification/80 cases

e Mean time per case.

Statistical analysis

Kaplan—Meier methodology was used to evaluate overall
survival, stratified by original diagnosis and according to
reclassified grade. All statistical tests were performed using
SPSS, Inc., IL, USA.

1. Case retrieval from
Pathology database

i P-4 mins

2. Slide retrieval from
Pathology Archive

‘l’ LT -5 mins

No Ki-67

Results
Clinico-pathologic characteristics

Mean age at diagnosis of the 80 reclassified patients was
61 years, F:M ratio was 1:1.1 and mean follow-up was
52 months (2-196).

The primary sites were as follows: stomach 6; duode-
num 3; ileum 32; appendix 4; colon 5; pancreas 19; liver
metastases from unknown primary 11. With regard to
gastric neoplasms, 3 cases were WD and localized within
the gastric body and associated with chronic atrophic
gastritis, 1 case was WD, gastrin producing and localized
in the gastric antrum and 2 cases were PD sporadic neu-
roendocrine carcinomas.

Morphology was WD in 74 cases while only 6 cases
were PD. Grade was reclassified as follows: 45 cases
(56 %) as G1; 28 cases (35 %) as G2; 7 cases (9 %) as G3.
One pancreatic primary showed WD morphology but was

| 4. Paraffin block retrieval |
e

| 3. Overview of case

P-4 mins

Ki-67 already performed
and in Pathology Archive

l LT- 6 mins

| 5. Sections and immunohistochemistry ‘

6. Pathological reclassification | LT - 15 mins
P — 30 mins
LT - Lab Technician (min) P - Pathologist (min)
All cases (min) (S'r:lneg;i cnflsne) All cases (min) (s:ega'ﬁ f:ls':)
Step 1 (80 cases) 0 0 320 4
Step 2 (80 cases) 400 5 0 0
Step 3 (80 cases) 0 0 320 4
Step4 (57* cases) 342 6 0 0
Step 5 (57* cases) 855 15 0 0
Step 6 (80 cases) 0 0 2400 30
Total 1597 26 3040 38

Fig. 2 Flow diagram of the necessary steps for case selection and
reclassification as well as times and personnel necessary (Patholo-
gist—P vs Laboratory Technician—LT) for each step. The table
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G3 at Ki-67 evaluation (35 %). Stage at diagnosis was
distributed as follows: stage I—14 cases (17.5 %); stage
II—10 cases (12.5 %); stage I1I—24 cases (30 %); stage
IV—32 cases (40 %).

Survival analysis

At the time of reclassification 53 out of 80 patients were
alive.

Correlating differentiation with overall survival (OS),
WD NETs had strikingly better outcome compared to PD
neoplasms (p < 0.0001). According to WHO 2000 classi-
fication, OS at 5 years was as follows: WD tumor—100 %;
WD carcinoma—78 %; PD carcinoma—O0 %; p < 0.0001.

Differences in OS between G1, G2, and G3 (Fig. 1)
were statistically significant (p < 0.0001) and, in particu-
lar, grade identified a subgroup of patients with WD lesions
(G2) but less favorable clinical behavior (OS at 5 years:
G1—89 %; G2—48 %; G3—0 %; G1 vs G2 p = 0.03).

One patient with a WD pancreatic primary at mor-
phology but a Ki-67 of 35 % (G3) showed OS of
36 months. This length of survival is definitely longer
compared to the other patients with PD G3 carcinomas
(median OS 9; range 2-30 months).

Feasibility analysis

Feasibility of reclassification is shown in Fig. 2. The flow
diagram represents the necessary steps for case selection
and reclassification as well as times and personnel neces-
sary (pathologist vs laboratory technician) for each step. If
Ki-67 was already present in the Pathology slide archives,
then time necessary for reclassification (approximately
45 min per case) was mostly dependent on the Pathologist
looking at the slides and evaluating grade (mitotic index
and Ki-67 rate). If, on the other hand, Ki-67 needed to be
performed de novo, then necessary time lengthened to
64 min per case, of which approximately one half was
pathologist’s time (38 min).

Conclusions

Our series confirms the importance of grade in prognostic
stratification and underlines that reclassification is feasible,
and may prove worthwhile in patient management (53
patients were alive and only 15 were disease free).
Reclassification is important as it permits the identi-
fication of a subgroup of G2 patients, previously classi-
fied as WD carcinomas according to WHO 2000 [3],
who have a worse outcome compared to equal stage G1
tumors (also classified as WD carcinomas according to

WHO 2000). Furthermore, within our cohort, a single
patient with a G3 WD pancreatic tumor showed different
clinical behavior with longer survival (36 months) com-
pared to the median of G3 PD carcinomas (OS median
9 months). This is in line with emerging data on this
subtype of WD G3 neoplasms [15] which will need
further study in the future.

Currently, diverse treatment options, such as biological
or target therapies and chemotherapies, are available for
NETs and these therapies have proven their efficacy in
recent studies on these neoplasms [11, 16, 17]. However, to
date, there is still no standardized therapeutic sequence.
The clinician therefore must have as much information as
possible about tumor biology in order to choose the most
appropriate treatment in individual patients. Indeed, it is
not uncommon, given the long survival of patients, to
choose a treatment based on pre-WHO 2010 histologic
reports. Recent treatment algorithms, such as those pro-
posed by the ESMO Guidelines [18], indicate grade as one
of the variables to consider, for tailoring treatment.

The present study also highlights that reclassification is
possible, even though there is a time and cost burden for
Pathology which must be considered. Nevertheless, if we
compare reclassification costs to treatment expenditure,
accurate grading becomes fundamental and economically
worthwhile. Benefits of reclassification also include the
reduction in possible over or under-treatment of inade-
quately studied patients.

In conclusion, in consideration of the possible lengthy
survival of these patients, retrospective reclassification,
especially in cases which may not have been previously
graded or staged, may influence the choice of therapeutic
options, even in the future.
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