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Abstract
Recent studies suggest onco-regulatory roles for two long non-coding RNAs (lncRNAs), MALAT1 and HOTAIR, in various
malignancies; however, these lncRNAs have not been previously examined in neuroendocrine neoplasms (NENs) of
gastroenteropancreatic origins (GEP-NENs). In this study, we evaluated the expressions and prognostic significance of
MALAT1 and HOTAIR in 83 cases of GEP-NENs (60 grade 1, 17 grade 2, and 6 grade 3 tumors) diagnosed during the years
2005–2017. Expression levels ofMALAT1 and HOTAIRwere digitally quantitated in assembled tissuemicroarray slides labeled
by chromogenic in situ hybridization (ISH) using InForm 1.4.0 software. We found diffuse nuclear expression of both HOTAIR
and MALAT1 in all primary tumors of GEP-NENs with variable intensities. By multivariate model which adjusted for age and
histologic grade, high expression of HOTAIR was associated with lower presenting TandM stages and subsequent development
of metastases (P < 0.05). MALAT1 expression was associated with presenting Tstage and development of metastases (P < 0.05).
In summary, MALAT1 and HOTAIR are commonly expressed in GEP-NENs. High expression of either lncRNA showed grade-
independent associations with clinically less aggressive disease.
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Introduction

Neoplasms with neuroendocrine differentiation in the diges-
tive system include well-differentiated neuroendocrine tumors
(NETs, grades 1–3), neuroendocrine carcinomas (NECs), and
mixed neuroendocrine-non-neuroendocrine neoplasms [1].
NEC typically presents at an advanced stage with adverse
clinical outcome. In contrast, grade 1 to 2 NETs are mostly
indolent although the prognosis varies significantly with loca-
tion of origin, size, depth of invasion, proliferative activity,
and syndromic associations. The group of tumors with well-
differentiated morphology but a Ki-67 index over 20% has
been recently recognized as grade 3 NETs in the pancreas by

the 2017 World Health Organization (WHO) classification of
endocrine tumors [1]. Although such tumors were categorized
as NECs in the gastrointestinal tract by the 2010 WHO clas-
sification of tumors of the digestive system, experts have re-
cently suggested distinguishing gastrointestinal grade 3 well-
differentiated NETs from poorly differentiated NECs based on
their differential prognosis [2]. As recently reviewed [3–5],
decades of investigation into the genetics of these tumors have
led to the discovery of shared genetic defects and promising
prognostic markers. Nevertheless, the underlying molecular
events leading to the development of these neoplasms remain
poorly understood and patient outcome largely unpredictable.

Non-coding RNAs (ncRNAs) constitute a rapidly
expanding area of molecular biology. Instead of being trans-
lated into protein products, ncRNAs are now known to partic-
ipate in a myriad of pre- and post-transcriptional gene regula-
tory mechanisms. Research thus far conducted on ncRNAs in
gastroenteropancreatic neuroendocrine neoplasms (GEP-
NENs) have largely focused on microRNAs (miRNAs), a
subclass of ncRNAs that act as gene silencers by forming
inhibitory complexes withmessenger RNAs. In a recent report
of microarray miRNA profiling of pancreatic neuroendocrine
neoplasms, divergent expression patterns were observed
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between tumors, nonneoplastic islets, and exocrine pancreatic
tissue [6]. This study also noted prognostic associations with
multiple miRNAs such as miR-642 and miR-210 [6]. Other
miRNAs have shown associations with tumoral hormone syn-
thesis, metastatic status, and treatment history with somato-
statin analogs in GEP-NENs as recently reviewed [7]. Based
on these findings, ncRNAs have elicited considerable investi-
gative interest as promising predictors of tumor behavior.

Long noncoding RNAs (lncRNAs) which are greater than
200 bases in length constitute another subclass of ncRNAs.
LncRNAs possess remarkable versatility in gene regulation by
interactions with DNA-binding proteins, histone-modifying en-
zymes, pre-mRNA splicing machineries as well as
intracytoplasmic mRNA translation and degradation mecha-
nisms [8, 9]. Surprisingly, although recent studies have found
multiple aberrantly expressed lncRNAs in adenocarcinomas of
the digestive system [10], there are very few reports about the
expression of lncRNAs in gastrointestinal and pancreatic neuro-
endocrine neoplasms. Recent studies have examined the role of
epigenetic gene regulation by a lncRNA, maternally expressed
gene 3 (MEG3), in menin deficiency-associated pancreatic neu-
roendocrine tumors [11, 12]. MEG3 has been shown to down-
regulate c-METafter being activated bymenin in cell linemodels
of pancreatic neuroendocrine tumors [11] and was therefore con-
sidered to be a key tumorigenic mediator in patients affected by
theMEN1 syndrome. Of late,Wei et al. performed transcriptome
analysis on three cases of GEP-NENs and noted downregulation
of a lncRNA LncNEN885 in tumors compared to adjacent nor-
mal tissue [13]. They further demonstrated the inhibitory effect
of LncNEN885 on epithelial-mesenchymal transition and tumor
invasiveness [13]. These findings point to the potential utility of
lncRNAs in understanding the biology of GEP-NENs.

In this study, we examined two lncRNAs, MALAT1 and
HOTAIRxx, because both lncRNAs have previously shown
regulatory effect in various cancers [14–19]. Previous studies
have noted heterogenous function of MALAT1, which acts as
a tumor suppressor in brain, breast, and colon cancers [20–23]
but appears to be pro-oncogenic in lung, gastric, pancreatic,
and urological cancers [24]. Reports on HOTAIR have largely
supported an oncogenic function in breast, gastrointestinal,
urological, and gynecologic cancers [25]. The pro-oncogenic
property of MALAT1 and HOTAIR have been attributed to
the activation of Wnt/β-catenin pathway [25, 26] and the in-
duction of epithelial-mesenchymal transition (EMT) through
epigenetic regulation of EMT-related genes including E-
cadherin (downregulated by MALAT1 [26]) and matrix me-
talloproteinases (induced by HOTAIR [25]). On the other
hand, several anti-survival and anti-migratory pathways have
been noted mediated by MALAT1, including: (1) the inhibi-
tion of the viability of a human glioma cell line by suppressing
the prooncogenic miRNA miR-155 while upregulating the
tumor-suppressing protein FBXW7 [22] and (2) the inhibition
of metastasis formation by suppressing transcription factor

TEAD [23]. MALAT1 and HOTAIR have not been previous-
ly investigated in GEP-NENs. This study aims to explore the
expression and outcome-predicting significance of both
lncRNAs in a well-characterized clinical cohort of
gastroenteropancreatic neuroendocrine neoplasms.

Material and Methods

Tissue Microarrays

Tissue microarrays (TMAs) were constructed and included
normal tissues (N = 78), primary (N = 83), and metastatic
(N = 17) neuroendocrine neoplasms of gastrointestinal
(esophagus through rectum) and pancreatic origin from a total
of 83 patients diagnosed between 2005 and 2017. Cases were
identified by searching the institutional electronic medical re-
cord system and confirmed by immunohistochemical analysis
(details provided below). Each case was represented by dupli-
cate 0.6-mm cores which were prepared using a manual tissue
arrayer (Beecher Instruments, Sun Prairie,WI). The study was
approved by the Institutional Review Board at the University
of Wisconsin-Madison.

Immunohistochemistry

Identified cases of neuroendocrine neoplasms were confirmed
and graded by immunohistochemical analyses performed on
Ventana BenchMark Ultra system (Ventana Medical Systems,
Inc., Tucson, AZ) according to the manufacturer’s protocols.
Primary antibodies used included Ki-67 (1:50 dilution with
Van Gogh Yellow; Biocare, Pacheco, CA), chromogranin A
(clone LK2H10, prediluted; Ventana Medical Systems, Inc.,
Tucson, AZ), synaptophysin (polyclonal, prediluted; Cell
Marque, Rocklin, CA), and insulinoma-associated protein 1
(INSM1; clone SC-271408 from Santa Cruz Biotechnology,
Dallas, TX; 1:1000 dilution with Van Gogh Green from
Biocare, Pacheco, CA). In addition, manual immunohisto-
chemistry staining was performed using anti-somatostatin re-
ceptor 2 (clone UMB1; 1:500 dilution with phosphate buff-
ered saline with Tween 20; Abcam, Cambridge, United
Kingdom). The manual protocol included antigen retrieval in
citric acid pH 6.0 in Biocare Decloaker for 3 min, followed by
overnight incubation with the UMB1 antibody at 4 °C. All
immunolabeled markers were visualized with DAB. Positive
and negative controls were prepared with each analysis.
Staining was scored based on percentage of positive cells:
negative (0%), focal (0–25%), and diffuse (> 25%).

In Situ Hybridization (ISH)

TMAs were probed for MALAT1 and HOTAIR expression
using the RNAscope 2.5 HD-Brown Manual Assay
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(Advanced Cell Diagnostics, Newark, CA) as per manufac-
turer’s recommendations with the following modifications:
antigen retrieval was performed in a Biocare Decloaker for
3 min, protease digestion for 30 min, and probe incubation
overnight at 40 °C. The probes used are hs-MALAT1
(400811), hs-HOTAIR (312341), hs-PPIB (positive control,
313901), and dapB (negative control, 310043) (Advanced
Cell Diagnostics). Expression levels of all probes were visu-
alized with DAB.

Automated Multispectral Image Quantitation

The hybridized TMA slides were visualized with the Vectra
slide scanner (PerkinElmer, Waltham, MA). InForm 1.4.0
software (PerkinElmer, Waltham, MA) was used to segment
each tissue core into architectural compartments (tumor cells
versus stroma) and subcellular compartments (nucleus versus
cytoplasm). Expression levels of MALAT1 and HOTAIR
were quantitated for each tissue core as average nuclear opti-
cal density (OD) as previously described [27]. Results from
duplicated cores were averaged for each case to obtain a rep-
resentative score.

Statistical Analysis

Digitally quantified expression levels of HOTAIR and
MALAT1 in a total of 83 primary tumors were included for
statistical analysis. Cases were stratified into high versus low-
expressing groups using the median expression level in the
cohort as the cutoff value for each biomarker. Biomarker as-
sociations with tumor histologic grade, genetic syndrome
(specifically multiple endocrine neoplasia type 1), and clinical
outcomes (lymphovascular invasion, pathologic T and M
stages at diagnosis and development of distant metastases
during follow-up) were first analyzed using univariate logistic
regression models. Multivariate models were then performed
by including patient age and histologic grade as covariates.
Proliferation and invasion assay readouts were analyzed using
a one-sample t test. All reported P values are two-sided and
P < 0.05 was used to define statistical significance. Statistical
analyses were conducted using SAS software (SAS Institute
Inc., Cary NC), version 9.4.

Results

Clinical Characteristics

As summarized in Table 1, a total of 83 patients were repre-
sented on the tissue microarrays, including 60 (72%) grade 1,
17 (20%) grade 2, and 6 (8%) grade 3 neuroendocrine neo-
plasms based onmorphology and Ki-67 indices. The six grade
3 cases consisted of ampullary (n = 2) and pancreatic (n = 3)

well-differentiated G3 NETs and one esophageal large cell
neuroendocrine carcinoma. The majority of patients were
middle-age adults with nearly equal gender distribution. At
diagnosis, 24 (29%) patients had regional lymph node in-
volvement and nine patients (four grade 1, three grade 2 and
two grade 3 cases; 11%) had distant metastases to liver (nine
patients) and bone (one patient). Patients were followed for a
median (range) period of 22.5 (0.3 to 114.9) months. The
majority (78%) had disease-free survival at end point; howev-
er, three patients with grade 3 tumors died of metastatic dis-
ease to liver and bone, and in a case with esophageal tumor,
mediastinum, pleural space, and peritoneum.

Syndromic association was noted in seven (8%) patients,
including six (7%) cases with multiple neuroendocrine neo-
plasia type 1 (MEN1) and one patient with von Hippel-Lindau
syndrome (VHL).MEN1-associated cases tended to present at
younger ages (median [range] = 29.1 [17.8 to 49.5] years) as
grade 1 to 2, stage T1 to T2 tumors with favorable clinical
course. Over a median (range) follow-up of 28.6 (1.3 to 44.0)
months, all MEN1 cases had disease-free survival except for
one pat ient who developed a second pancreat ic

Table 1 Clinical characteristics of cohort (N = 83)

Characteristics N (%)

Age at diagnosis, median (range) years 55 (18–80)

Gender, M:F 39 (47%): 44 (53%)

Familial cases 7 (8%)a

Tumor size, median (range) centimeters 2 (0–13)

Histologic grade 1:2:3 60 (72%):17 (20%):6 (7%)b

Location

Esophagus and stomach 3 (4%)

Small intestine 26 (31%)

Appendix 8 (10%)

Colorectal 3 (4%)

Pancreas 43 (52%)

Lymphovascular invasion 26 (31%)

Lymph node involvement at diagnosis 24 (29%)

Distant metastasis

At initial diagnosis 9 (11%)

By follow-up endpoint 13 (16%)

Follow-up and outcome

Median (range) months 28 (0–115)

Alive without disease 65 (78%)

Alive with disease 9 (11%)

Died of disease 3 (4%)

Died of unrelated causes 6 (7%)

a Included six patients with multiple endocrine neoplasia type 1 and one
patient with von Hippel-Lindau syndrome
b Six cases of grade 3 tumors included esophageal large cell neuroendo-
crine carcinoma (n = 1), ampullary (n = 2), and pancreatic (n = 3) G3
well-differentiated neuroendocrine tumors
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neuroendocrine tumor, but no metastatic disease. In contrast,
the only VHL-associated case in the cohort was a 54-year-old
woman who had grade 3 stage T3 pancreatic neuroendocrine
tumor with clear cell features (Fig. 2D). Although there was
no tissue-proven metastatic neuroendocrine tumor, she subse-
quently succumbed to concurrent metastatic colonic adenocar-
cinoma at 59.2 months after resection of the neuroendocrine
tumor.

Morphology and Immunoprofile

All cases showed classic nested and trabecular histologic ar-
chitecture (Fig. 2) with diffuse synaptophysin immunoreactiv-
ity. Chromogranin A was diffusely expressed by 76 (92%)
cases, focally by 4 (5%) cases and was negative in 3 (4%)
cases. Among the entire cohort of GEP-NENs, insulinoma-
associated protein 1 (INSM1) was diffusely positive in 21
(25%) (Fig. 1A), focally in 46 (55%), and was negative in
16 (19%) patients. In the pancreas, the sensitivity was 88%
with 38 out of 43 tumors showing at least focally positive
staining. In the gastrointestinal tract, sensitivity of INSM1
was 73% with 29 out of 40 tumors showing positive staining.
It is noteworthy that INSM1 staining was often focal and
tended to be retained in most grade 2 (positive in 88%) and
grade 3 (positive in 67%) tumors. Somatostatin receptor 2
(SSTR2) expression was overall diffuse in 69 (83%) (Fig.
1B), focal in 9 (11%), and negative in 5 (6%) patients with
GEP-NENs. Among the five tumors which were negative for
SSTR2 (four grade 1 and one grade 3 tumors), there was
regional lymph node involvement in one patient but no distant
metastases. All five patients remained disease-free during a
median (range) follow-up of 22 (1–66) months. Among the
three patients who died of progressive grade 3 tumors, one
patient received somatostatin analog therapy (octreotide) but
failed to halt disease progression despite strong tumor expres-
sion of SSTR2. None of the immunomarkers showed signifi-
cant association with tumor location or histologic grade. Non-
neoplastic islet cells in normal pancreatic tissues represented
in the TMAs consistently showed immunoreactivity for
synaptophysin, chromogranin A, INSM1, and SSTR2.

In Situ Hybridization

Predominantly nuclear labeling was observed for both
HOTAIR and MALAT1 (Fig. 2) in all tumors with variable
intensity. Both lncRNAs were also detected in gastrointestinal
mucosal epithelia, exocrine pancreas, and pancreatic islets
with moderate to strong intensity. All tissue cores in the
TMAs showed adequate positive control labeling for PPIB.
Of note, the seven syndromic cases (six MEN1 and one VHL)
consistently displayed diffuse strong expression for both
HOTAIR and MALAT1 (Fig. 2D–I).

Table 2 summarized logistic regression analyses for asso-
ciations between clinical characteristics and tumor expression
of HOTAIR and MALAT1 as determined by in situ hybridi-
zation. Correlations between clinical characteristics and tumor
histologic grade were also examined. Not surprisingly, histo-
logic grade was a significant predictor of lymphovascular in-
vasion, advanced presenting stage, and development of distant
metastases during study period (P < 0.05) and was therefore
corrected for in multivariate analyses. In both univariate and
multivariate models, higher HOTAIR expression was associ-
ated with lower presenting T and M stages as well as less
frequent development of distant metastases by the end of
follow-up (P < 0.05). Higher MALAT1 expression was asso-
ciated with lower presenting T stage and decreased risk for
developing distant metastatic disease during the study period
(P < 0.05). Neither lncRNAs showed correlation with histo-
logic grade, MEN1 syndrome, or lymphovascular invasion.

A total of 17 patients had both primary and metastatic tumors
represented in the tissue microarray. By paired t test, HOTAIR
expression levels were consistently lower in metastatic tumors
compared to the patient-matched primary tumors with a median
(range) difference of − 0.10 (− 0.44 to 0.21) (P = 0.006). There
was no significant difference in the expression of MALAT1.

Discussion

In this study, we examined the expression and prognostic rel-
evance of HOTAIR and MALAT1 in gastroenteropancreatic
neuroendocrine neoplasms. In a cohort of 83 cases, both

a bFig. 1 Focal to diffuse INSM1
(A) and SSTR2 (B) expression
was seen in 80% and 94% of
gastroenteropancreatic
neuroendocrine neoplasms,
respectively. Insets: hematoxylin
and eosin stains
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lncRNAs were universally expressed but labeling intensity
was notably variable, suggesting potential diagnostic and
prognostic utility. We further demonstrated that HOTAIR
and MALAT1 expression independently correlated with less
aggressive tumor behavior with reduced risk for metastatic
disease and favorable survival. The correlations remained sig-
nificant after adjusting for the effect of histologic grade, sug-
gesting that both lncRNAs may provide new prognostic infor-
mation not reflected by the current grading system.

WhileMALAT1 has been recognized as oncogenic lncRNAs
in the literature [28, 29], several recent studies have started to
reveal its antitumoral properties [20–23]. Expression of
MALAT1 has been shown to be significantly lower in glioma
compared to normal brain tissue [21, 22]. Overexpression of
MALAT1 appeared to be a favorable survival predictor for pa-
tients with glioma [22]. Also, MALAT1 suppresses the viability
and invasiveness of glioma cell lines [21, 22]. Two independent
studies have proposed two potentially overlapping onco-
regulatory pathways affected by MALAT1 in glioma. Han
et al. showed that MALAT1 suppressed the expression of phos-
phorylated ERK1/2 and invasion-related enzyme matrix metal-
loproteinase 2 [21]. Cao et al. were able to demonstrate that
MALAT1 downregulates the expression of prooncogenic
miRNA miR-155 while upregulating the tumor-suppressing
protein FBXW7 [22]. FBXW7 has been showed to be a down-
stream target of ERK activation by increased ubiquitination and
degradation [30]. On the other hand, in breast and colon cancers,

Kwok et al. found that PTEN upregulates MALAT1 by seques-
tering several miRNAs that target both PTEN and MALAT1
[20]. Furthermore, knockdown of MALAT1 led to upregulation
of pro-migratory genes EpCAM and ITGB4 in a colon cancer
cell line [20]. Kim et al. also observed the inhibition of ITGB4
byMALAT1 in breast cancer cell lines and further demonstrated
that the inhibition was mediated by the sequestration of pro-
tumorigenic TEAD family of transcription factors in a YAP-
independent fashion [23]. In the current study, we found that
MALAT1 is associated with favorable clinical outcome in
gastroenteropancreatic neuroendocrine neoplasms. Further func-
tional studies are needed to reveal the underlying mechanisms.

In the current study, we found HOTAIR to be diffusely
expressed by gastroenteropancreatic neuroendocrine neo-
plasms. Furthermore, high expression of HOTAIR was associ-
ated with lower tumor stage. HOTAIRwas previously shown to
play an essential role in neuroendocrine differentiation of pros-
tate cancer [31] but has not been analyzed in primary neuroen-
docrine tumors. While HOTAIR has been mostly reported as a
pro-oncogenic lncRNA which regulates several survival- and
migration-related genes in the literature (recently reviewed
[16]), it was found to be downregulated in several brain tumors
includingmedulloblastoma and ependymoma compared to nor-
mal brain parenchyma [32]. In the current study, normal pan-
creatic islets represented in tissue microarray cores appeared to
diffusely express HOTAIR in a visually similar intensity com-
pared to tumors; however, quantitative comparison of

a b c

d e f

g h i

H&E HOTAIR MALAT1Fig. 2 a–c A patient with grade 1
jejunal neuroendocrine tumor
which showed diffuse expression
of HOTAIR and MALAT1. d–f
Grade 3 pancreatic
neuroendocrine tumor with clear
cell features in a patient with von
Hippel-Lindau syndrome. g–i
Grade 2 pancreatic neuroendo-
crine tumor in a patient with
multiple endocrine neoplasia type
1
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expression between GEP-NENs and their non-neoplastic coun-
terparts (pancreatic islets and gastrointestinal intramucosal neu-
roendocrine cells) was not feasible due to software limitations.
Given the functional versatility commonly seen with lncRNAs,
we speculate a possible tumor-suppressive aspect of HOTAIR
based on the observed associations with tumor stage and met-
astatic prospect although this hypothesis needs to be further
tested by functional experiments.

Although this study examined only MALAT1 and
HOTAIR in endocrine tumors, a growing number of
lncRNAs have recently been described in endocrine tumors
such as ROR and PVT1 in papillary thyroid carcinomas [33].
Regulatory functions of lncRNAs in endocrine tumors such as
in thyroid tumors and in exosomes derived from thyroid tu-
mors have also been recently reported [34].

The molecular features of GEP-NENs have been character-
ized by several recent studies [35–37]. Somatic mutations
have been identified in SMARCB1, TP53, STK11, RET,
BRAF, KRAS, PIK3CA, PTEN, CTNNB1, APC, FBXW7,
ATM, and IDH1 [35–37]. Furthermore, prior studies have
found the downregulation of ATRX (alpha thalassemia/

mental retardation syndrome X-linked)/DAXX (death-
domain associated protein) to be associated with aggressive
clinical course in pancreatic neuroendocrine neoplasms [38].
Several of these genes, including PTEN, FBXW7, and genes
involved in the Wnt/β-catenin pathway, have been shown to
be regulated by MALAT1 and HOTAIR in breast and colon
cancers [20, 22, 25, 26] but their molecular crosstalk has yet to
be examined in GEP-NENs. No studies have reported on the
relation between ATRX/DAXX and either MALAT1 or
HOTAIR. There has been very scarce information in the liter-
ature regarding lncRNAs in GEP-NENs. Individual studies
have found two lncRNAs, MEG3 and LncNEN885, to be
dysregulated in GEP-NENs [11, 13]. Of note, MEG3 has been
shown in cell line models to be regulated by menin and po-
tentially involved in the pathogenesis of pancreatic neuroen-
docrine tumors arising in the MEN1 syndrome [11] and was
therefore considered to be a key tumorigenic mediator in pa-
tients affected by the MEN1 syndrome. Whether there is any
molecular interaction between MEG3 and LncNEN885 with
MALAT1 and HOTAIR has yet to be studied. Prior studies
have also suggested molecular differences between pancreatic

Table 2 Association of lncRNA
expression with clinical
characteristics

Univariate Multivariatea

Characteristic/factor OR (95% CI) P value OR (95% CI) P value

Histologic grade (G2/G3 vs. G1)

HOTAIR 1.17 (0.44–3.09) 0.7542

MALAT1 1.66 (0.63–4.55) 0.3085

Inheritance (MEN1 vs. sporadic)

Histologic grade 0.50 (0.03–3.34) 0.5375

HOTAIR – 0.9339

MALAT1 5.13 (0.78–100.69) 0.1439

LVI (present vs. absent)

Histologic grade 5.11 (1.82–15.11) 0.0023

HOTAIR 0.44 (0.16–1.14) 0.0971 0.39 (0.13–1.12) 0.0893

MALAT1 0.61 (0.23–1.56) 0.3055 0.46 (0.15–1.28) 0.1443

T stage at diagnosis (T2–4 vs. T1)

Histologic grade 5.50 (1.96–16.51) 0.0016

HOTAIR 0.29 (0.10–0.77) 0.0149 0.20 (0.05–0.60) 0.0068

MALAT1 0.38 (0.14–0.96) 0.0440 0.24 (0.07–0.71) 0.0140

M stage at diagnosis (M1 vs. M0)

Histologic grade 3.89 (0.94–17.24) 0.0605

HOTAIR 0.11 (0.01–0.62) 0.0390 0.08 (0.00–0.53) 0.0271

MALAT1 – 0.9462 – 0.9357

Distant metastasis at endpoint (present vs. absent)

Histologic grade 5.87 (1.71–22.01) 0.0057

HOTAIR 0.25 (0.05–0.91) 0.0496 0.18 (0.03–0.75) 0.0293

MALAT1 0.13 (0.02–0.53) 0.0110 0.06 (0.01–0.31) 0.0031

Abbreviations: OR ratio of the odds, CI confidence interval, MEN1 multiple endocrine neoplasia type 1

Significance is defined by P value < 0.05
a Included patient age and tumor histologic grade as covariates
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and gastrointestinal tumors [35–37]. In the current study, we
attempted to analyze pancreatic and gastrointestinal tumors
separately but this was limited by the total number of cases.

Immunohistochemical studies with insulinoma-associated
protein 1 (INSM1) expression supported recent observations
that INSM1 is a neuroendocrine marker in multiple organs
including lung, gastrointestinal tract, pancreas, skin (in
Merkel cell carcinomas), prostate, head, and neck [39–44].
Tanigawa et al. previously observed high level of INSM1
expression (100%) in a cohort of 25 pancreatic neuroendo-
crine neoplasms (20 grade 1, 4 grade 2, and 1 grade 3 tumors)
and in the neuroendocrine component of a mixed
neuroendocrine-non-neuroendocrine neoplasm case but no
expression in pancreatic solid-pseudopapillary neoplasms, a
major morphologic differential diagnosis [42]. In our cohort,
we noted an overall sensitivity of 81% (67 of 83 tumors with
positive staining) which was similar to published reports [41].

Somatostatin analogs (SSAs) have been clinically used for
decades as an effective and well-tolerated treatment for meta-
static well-differentiated gastroenteropancreatic neuroendo-
crine tumors [45]. Consistent with previous reports [46],
94% of tumors (78 of 83 cases) showed expression of somato-
statin receptor 2 (SSTR2) in the current cohort. Of note, all
five patients with tumors which were negative for SSTR2
remained disease-free at the end of study period, suggesting
that lack of SSTR2 expressionmay not be an adverse outcome
predictor. On a separate note, one patient in our cohort with
tumor that strongly expressed SSTR2 failed to respond to
somatostatin analog treatment, suggesting that SSTR2 expres-
sion may not always be a reliable biomarker for therapeutic
response. A remarkable knowledge gap still exists in terms of
various contributing oncogenic pathways in GEP-NENs and
resistance mechanisms against SSAs. Previous trials have no-
ticed survival benefit of everolimus (an mTOR inhibitor) and
sunitinib in patients who progressed after SSA treatment [45].

In conclusion, neuroendocrine neoplasms of the digestive
system represent a biologically diverse group of tumors with
highly variable clinical behavior. Current prognostication has
been largely based on histological grade, proliferative activity,
and the TNM staging system. This study provided evidence
that HOTAIR and MALAT1 may have prognostic signifi-
cance in gastroenteropancreatic neuroendocrine tumors. The
associations with tumor behavior were independent of histo-
logic grade andmay therefore provide novel prognostic utility.
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