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Gastroenteropancreatic neuroendocrine neoplasms (GEP-
NENs) have been extensively studied in the effort to iden-
tify clinical, pathological and biological factors able to
predict survival and risk of recurrence.

Undoubtedly, Ki67 has been considered among the most
important prognostic factors in this setting since 1996, when
La Rosa et al. [1] showed the predictive capability of
Ki67% counting alone in the nuclei of neoplastic cells.
Therefore a Ki67> 2% became the threshold to define
prognosis in all subsequent WHO classifications to date [2].
Another “historical” prognostic factor is represented by
morphology, defined as the grade of differentiation (G): this
parameter allows distinguishing between well-differentiated
GEP-NENs (WD-GEP-NENs) and poorly-differentiated
ones (PD-GEP-NENs) [3].

The combined use of Ki67 and morphology is not
immediate in clinical practice. Actually, Ki67 has incorpo-
rated morphology, and indeed the 2010 WHO classification
considers as well-differentiated only G1 (Ki67< 2%) and
G2 NETs (Ki67 2–20%), while GEP-NENs with Ki67 >
20% are by definition poorly-differentiated [4, 5]. In recent
years, this classification has been extensively revised with
the proposal of new intermediate categories, such as the
newly-proposed NET G3 [4, 5].

The integrated evaluation of Ki67 and morphology
allows the full definition of prognosis for PD-GEP-NENs.
On the other hand, it is not sufficient for WD-GEP-NENs,

and therefore the identification of other prognostic factors
appears necessary. Indeed, WD-GEP-NENs are character-
ized by a wide spectrum of clinical presentations. On one
side of the spectrum, we have “pseudo-benign” small gastric
NENs with indolent behavior and no metastatic spread. On
the opposite side, we find neoplasms with distant metastasis
at diagnosis or liver involvement.

Prognostic factors evaluated to for WD-GEP-NENs
include primary site (e.g., pancreatic disease is associated
with a poorer prognosis) and tumor diameter, with size >
2–3 cm being indicative of shorter survival [6, 7].

All the above-mentioned factors are however evaluable
only after tumor resection, and therefore can only predict
disease course. On the other hand, biological markers might
provide early information on prognosis and even allow the
estimation of the risk of neoplastic transformation [8].
Interestingly, while the prognostic factors for pancreatic
WD-GEP-NENs were extensively investigated during the
studies on the mTOR pathway [9], less extensive evidence
is available for ileal disease although information on
prognostic biomarkers is urgently required for these neo-
plasms. Indeed, differing from pancreatic disease, ileal WD-
GEP-NENs—presenting in almost all cases Ki67< 2%—

are classified as NET G1 according to the 2010 WHO
classification, regardless of their clinical features. Therefore,
the search for biological markers able to further stratify risk
within this category may provide useful tools to guide
clinical decisions. For ileal WD-GEP-NENs, the most
intriguing biological markers are currently IMP3 and
SDHB, which can predict malignant transformation.

IMP3 is a member of the insulinlike growth factor II
mRNA binding protein (IMP) family that encloses also of
IMP1 and IMP2 [10]. IMP3 is an oncoprotein constitutively
expressed only during intrauterine life, when it promotes
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organ development. This protein is however expressed in
some tumors, including lung and GEP NENs [8, 11, 12].
However, in the paper by Massironi et al. IMP3 expression
has been found to be correlated with survival, although it is
associated with more rapid metastatic spread [12].

Succinate Dehydrogenase subunit B (SDHB) is a mito-
chondrial protein with a major role in cellular respiration. Its
abnormal expression (either decreased or increased) is a
relevant prognostic factor for WD-NENs originating from
small bowel [13] and predicts hepatic involvement in ileal
WD-NENs [14].

Both IMP3 and SDHB have been extensively studied by
immunohistochemistry (IHC), using ad hoc scores which
include both quantitative (i.e., number of stained cells) and
qualitative (i.e., staining intensity, compared with a control)
evaluations [12–14]. However, in these studies the char-
acteristics of the evaluated populations did not allow the use
of quantitative assessments (e.g., polymerase chain reaction
on next-generation sequencing platforms). This bias likely
contributes to the poor predictive power of both IMP3 and
SDHB when assessed alone. However, when IHC results
are considered together with other prognostic factors they
provide clinically relevant information. In lung PD-NENs,
the expression of IMP3 is associated with more rapid
recurrence than diseases not expressing this protein [11].
The combined evaluation of SDHB and Ki67 better predicts
survival than either SDHB or Ki67 alone [13]. These stu-
dies are intriguing, since they pave the way for prospective
investigations. In particular, the clinical relevance of both
IMP3 and SDHB could be of most relevance if the eva-
luation of their expression in normal cells may help predict
neoplastic transformation, with the possibility of direct
assessment or in association with circulating microRNA
[15]. While waiting for prospective investigations on IMP3
and SDHB to be completed, the evaluation of these mar-
kers, although indirect, may complement on the information
provided by other well-established prognostic factors such
as Ki67 and morphology.
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