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ABSTRACT

Background. MicroRNAs (miRNAs) have been associated with prognosis in esophageal cancer, suggesting a role for
miRNAs to help guide treatment decisions. Especially, miR-21 and miR-375 have been investigated as prognostic
biomarkers. The aim of this study was to evaluate the prognostic potential of miR-21 and miR-375 in primary esopha-
geal squamous cell carcinomas (ESCC) and esophagogastric adenocarcinomas (EAC).

Material and methods. Pre-therapeutic tumor specimens from 195 patients with loco-regional esophageal cancer
treated with neoadjuvant or definitive chemoradiotherapy or perioperative chemotherapy were analyzed. Expression
levels of miR-21 and miR-375 were quantified using Affymetrix GeneChip miRNA 1.0 Array. The Cox proportional
hazards model was used to assess the correlation of miR-21 and miR-375 with disease-specific survival (DSS) and
overall survival (OS). Forest plots were performed to evaluate the prognostic impact of miR-21 and miR-375 in the
present study and previously published reports.

Results. In ESCC, patients with miR-21 expression levels above median showed a trend towards poorer DSS and OS.
When dividing miR-21 expression by tertiles, high levels of miR-21 significantly correlated with shortened DSS
[HR 1.76 (95% CI 1.05-2.97) but not OS. Similarly for EAC, a significant association between miR-21 expression above
median and DSS was observed [HR 3.37 (95% CI 1.41-8.05)], in addition to a trend towards poorer OS for patients
with miR-21 expression above median. Multivariate analyses identified miR-21 as an independent prognostic marker
for DSS in EAC [HR 3.52 (95% CI 1.06-11.69)]. High miR-375 was not correlated with improved prognosis in either
histology. However, Forest plots demonstrated that both miR-21 and miR-375 were of prognostic impact in ESCC.
Conclusion. In this study, miR-21 was identified as an independent prognostic biomarker for DSS in patients with
EAC whereas miR-21 failed to show independent prognostic significance in ESCC. High miR-375 was not associated
with enhanced survival in either histology.

Esophageal cancer (EC) is a group of heterogeneous
malignancies with squamous cell carcinoma (ESCC)
and adenocarcinoma (EAC) as the most prevalent
histological subtypes. Despite significant therapeutic
improvements, the five-year overall survival (OS) rate
ranges from 15% to 25% [1]. EC is often diagnosed
at an advanced stage, requiring multi-modality t
herapy including surgery, chemotherapy and irradia-
tion. Such comprehensive treatment strategies are

potentially toxic and might be associated with severe
side effects. Unfortunately, a substantial amount of
patients will gain no benefit from these standard
treatment regimens. Hence, pre-therapeutic prog-
nostic factors are crucial in order to improve patient
selection and clinical management of the disease.
MicroRNAs (miRNAs) are well conserved endog-
enous, small, non-coding RNAs (18-24 nucleotides)
that mainly bind imperfectly to the 3’ untranslated
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region of target messenger RNAs (mRNA) [2]. They
act as post-transcriptional regulators by targeting
mRNA for degradation or translational repression,
usually resulting in gene silencing [2]. miRNAs are
involved in regulation of many cellular processes,
including proliferation, apoptosis and differentiation
and are key players in cancer pathogenesis, function-
ing as tumor suppressors or oncogenes [2,3]. In
addition, miRNA expression profiling has shown an
association between miRNAs and clinical outcome,
indicating the use of miRNAs to help identify low-
risk patients from high-risk patients and thereby to
help guide treatment decisions.

miR-21 stands out as the most frequently over-
expressed miRNA in cancers, e.g. lung cancer, breast
cancer, colorectal cancer and pancreatic cancer [4],
and is suggested to serve as a prognostic biomarker
for human malignancies [5]. miR-21 is known as an
oncogenic miRNA (oncomir), targeting several
tumor-suppressor genes, resulting in increased tumor
growth, invasion, metastasis and reduced sensitivity
to chemotherapy [6-9]. Also in EC, miR-21 has been
evaluated for its prognostic potential in both ESCC
and EAC [7,10-15].

In addition, the tumor suppressor, miR-375, has
been studied as a prognostic biomarker in EC
[12,13,16-18]. miR-375 is most often down-regu-
lated in EC and is known to serve anti-oncogenic
properties, attributing to suppressed tumor prolifera-
tion, inhibited tumor growth and decreased metasta-
sis rate [19]. The observed associations on both
miR-21 and miR-375 have been discordant with
some studies showing significant associations with
patient survival and others insignificant results. How-
ever, in meta-analyses, miR-21 and miR-375 have
been identified as promising prognostic biomarkers
in EC [20,21], showing association with outcome.
Hence, elevated miR-21 levels and reduced miR-375
levels have been significantly associated with poorer
prognosis, primarily in ESCC. Nevertheless, these
results were not conclusive as the analyses suffered
from lack of eligible studies, limited sample sizes and
contradicting findings.

In order to test these observations, the current
study was performed based on a retrospective study
population and with the aim to evaluate the prognos-
tic impact of miR-21 and miR-375 in two cohorts of
patients with ESCC and EAC, respectively.

Material and methods
Patient and tumor characteristics

The retrospective study population comprised 195
patients with loco-regional gastroesophageal cancer
(GEC) with available formalin-fixed, paraffin-

embedded (FFPE) tumor specimens with sufficient
RNA for microarray analysis. All specimens were
pre-therapeutic biopsies from previously untreated,
newly diagnosed patients with GEC. Patients had
undergone curatively intended therapy at three inde-
pendent clinical centers in Denmark: 1) Department
of Oncology, Aarhus University Hospital, 2) Depart-
ment of Oncology, Odense University Hospital, and
3) Department of Oncology, Rigshospitalet, Copen-
hagen. Clinicopathological parameters were obtained
from medical records including pathology reports.
The study was approved by The Central Denmark
Region Committees on Health Research Ethics and
the Danish Data Protection Agency and was con-
ducted in accordance with the Helsinki declaration.

ESCC and EAC are heterogenecous malignan-
cies with different etiologies, locations and treat-
ment strategies. In addition, miRNAs are known
to serve tumor-type specificity. Hence, the present
study population was divided and studied on the
basis of histology. ESCC was diagnosed in 129
patients (66%) and adenocarcinoma of the esoph-
agus/esophagogastric junction (N =61) or stom-
ach (N=5) in 66 patients (34%). From here on
patients with adenocarcinoma will be referred to
as EAC and the entire study cohort as diagnosed
with EC. Baseline patient and tumor characteris-
tics are summarized in Table I. Briefly, for ESCC
patients, the median age at diagnosis was 63 years
(range 36-81 years) with a male to female ratio of
85:44. The predominant cT-stage and cN-stage
was ¢T3 and cNI1, respectively. Neoadjuvant
chemoradiotherapy (concurrent 5-FU with/with-
out cisplatin and 45-50 Gy) was given to 90
patients (70%) and definitive chemoradiotherapy
(concurrent cisplatin, 5-FU and 50-60 Gy) to 39
patients (30%).

For EAC, the median age was 64 years (range
32-86 years), male to female ratio 55:11 and the
predominant cT-stage and cN-stage was ¢TX, indi-
cating that cT-stage was not available in a number of
cases, and cN1. Forty-six patients (70%) received
perioperative chemotherapy (cisplatin, epirubicin
and capecitabine), 18 patients (27%) definitive
chemoradiotherapy (concurrent cisplatin, 5-FU and
50-60 Gy) and two patients (3%) neoadjuvant
chemoradiotherapy (concurrent cisplatin/5-FU and
45-50 Gy).

RNA isolation and quantification of miRNA

miRNA was isolated from five whole slides of FFPE
tissue sections with a thickness of 12 um using the
RecoverAll™ Total Nucleic Acid Isolation Kit for
FFPE (Ambion, Austin, TX, USA) according to the
manufacturer protocol. Hematoxylin and eosin-
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Table I. Patient and tumor characteristics.

Cohort (no) ESCC (129) AC (66)
Sex, no. (%)
Male 85 (66) 55 (83)
Female 44 (34) 11 (17)
Age, year
Median (range) 63 (36-81) 64 (32-86)
Tumor length (endoscopy)? n=90 n=43
Median (range) 50 (10-150) 50 (10-100)
Clinical T stage (cT), no. (%)
TX 8 (6) 24 (36)
T1 2(2)
T2 32 (25) 20 (30)
T3 75 (58) 19 (29)
T4 12 (9) 3 (5)
Clinical N-stage (cN), no. (%)
NX 54 11 (17)
NoO 37 (29) 21 (32)
N1 80 (62) 34 (51)
N2 7(5)
Clinical M stage (cM), no. (%)
MX 7 (5) 10 (15)
MO 117 (91) 55 (83)
Ml-1a 54 1(2)
Pathological response, no. (%)® n=068 n=44
CR 28 (41)
Non-CR 40 (59) 44 (100)
Status CT, no. (%)
Complete response 24 (19) 9 (14)
Regression 53 (41) 28 (41)
Stable disease 32 (25) 18 (27)
Progression 9 (7) 5 (8)
Recurrence of disease 4 (3) 1)
Unknown 7 (5) 5 (8)

2ESCC: N =90, EAC: N =43; PESCC: N =68, EAC: N=44.

stained slides were used to verify the presence of
invasive carcinoma and confirmation of tumor pres-
ence was carried out by an experienced pathologist.
The mean fraction of tumor area (defined as the area
of invasive carcinoma) was estimated to 63% (range
10-100). Total RNA was quantified with a Nano-
Drop spectrophotometer (NanoDrop Technology,
Wilmington, DE, USA).

Analysis of miRNAs was performed using
Affymetrix GeneChip miRNA microarrays com-
prising 847 human miRNAs probe sets. miRNAs
were labeled using FlashTag™ Biotin HSR RNA
Labeling Kit (Affymetrix, Santa Clara, CA, USA)
and hybridized to GeneChip miRNA version 1.0
microarrays (Affymetrix) according to manufactur-
er’s details. Arrays were washed and stained on an
Affymetrix Fluidics Station 450X and scanned on
an Affymetrix G7 scanner according to manufac-
turer’s instructions. Normalization of miRNA
microarray expression values were performed in R
using Robust Multi-array Average (RMA). miR-21
and miR-375 expression levels were measurable in
all 195 tumor samples.

Treatment outcomes

Patients were followed from the date of histological
diagnosis until death or last day of follow-up (11
August 2014). All patients were followed for at least
20 months or until death.

The primary outcome was disease-specific sur-
vival (DSS), defined as time from diagnosis to death
from or with EC or last follow-up. Secondary out-
comes were OS, defined as the time interval from
diagnosis of EC to death from any cause or last fol-
low-up; pathological complete response (ypCR),
defined as patients with no evidence of vital residual
tumor cells remaining in the esophagectomy speci-
men after neoadjuvant treatment and radiographic
response, defined as patients with complete response
or regression of disease.

Pathological response evaluation was performed
by experienced pathologists subspecialized in gastro-
intestinal pathology. Radiographic response was
assessed in patients with treatment evaluation CT
scans after completion of induction therapy prior to
surgery.

Statistics

For each cohort (ESCC and EAC), survival analy-
sis was carried out by dichotomizing the miRNA
expression values using the median expression as a
cut-off or by division of miRNA expression into
tertiles. Survival estimates were calculated accord-
ing to the Kaplan-Meier method and compared
using the univariate Cox proportional hazards
model to assess associations between miRNA
expression levels and DSS and OS. The assumption
of proportional hazards was verified with Schoen-
feld’s residuals. In addition, multivariate analysis
was performed to adjust for the clinicopathological
parameters age, sex, c¢I- and cN-stage. Hazard
ratios (HRs) for both uni- and multivariate analyses
are presented at 3 years with 95% confidence inter-
val (CI). Association of miRNA expression and
treatment response was carried out using the y? sta-
tistical test or Fisher’s exact test. Forest plots were
performed to evaluate the association of the prog-
nostic role of miR-21 and miR-375 in the present
study and previously published reports. If only
results from log-rank tests were provided in
published studies, HRs and the corresponding
95% CIs were estimated using the p-value and
number of events (extracted from risk-tables or
Kaplan-Meier curves) as previously described by
Tierney et al. [22]. Statistical significance was
defined as two-sided p<<0.05. All statistical
analyses were performed using STATA, Version 12
(StataCorp, College Station, TX, USA).
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Results
Outcome analysis

ESCC. The median follow-up time was 24 months
(3-192 months), with 67% (59-75) of patients surviv-
ing at one year and 40% (31-48) at three years. Path-
ological complete response was observed in 28 patients
(41%) of 68 undergoing esophagectomy and radio-
graphic response in 77 patients (63%) of 122 patients
with available treatment evaluation CT scans.

Univariate Cox proportional hazards model indi-
cated that cT-stage was significantly correlated
with both DSS [1.99 (95% CI 1.03-3.86)] and OS
[1.78 (95% CI 1.01-3.16)], and cN-stage to be
significantly associated with DSS [2.16 (95%
CI 1.09-4.28)] (Table II). However, neither c'T- nor
cN-stage were independent prognostic markers in a
multivariate analysis (Table II).

EAC. Median follow-up time was 23 months (4-99
months). The one-year survival rate was 77% (65—
86) and the three-year survival rate 46% (33-58). No
patients obtained pathological complete response.
Radiographic response was observed in 37 patients
(61%) of 61 patients with evaluation CT scans.

Table II. Uni- and multivariate analyses.

For patients with EAC, cT-stage was observed to
be significantly associated with OS [2.50 (95% CI
1.01-6.22)], but not DSS (Table II). In a multivari-
ate model, however, cT-stage was not identified to be
an independent prognostic factor for OS (Table II).
Due to limited number of events and insignificant
estimates of age and sex in the univariate analysis,
only ¢T- and cN-stage was included in the multi-
variate analysis of EAC.

Prognostic value of miR-21 and miR-375 in ESCC

In order to assess the potential prognostic impact of
miR-21 and miR-375, miRNA expression values
derived from microarray analysis were dichotomized
into groups of high and low expression based on a
median cut-off for each miRNA. Univariate analysis
showed a trend towards a poorer DSS for ESCC
patients with miR-21 expression above the median
cut-off [HR 1.28 (95% CI 0.77-2.15)] (Figure 1A).
Similarly, when evaluating OS a worse outcome
was observed in the group of patients with miR-21
expression above the median [HR 1.26 (95% CI
0.80-1.98)] (Figure 1B). To further elucidate the
correlation of miR-21 and prognosis, expression
levels were divided into tertiles. The tertile including

ESCC EAC

HR (95% CI) P

HR (95% CI) P

Univariate analyses
Risk of disease-specific death

Age (>median age vs. =median age)

Gender (male vs. female)

Tumor classification (T3—4 vs. T1-2)

Nodal classification (N1 vs. NO)

miR-21 (High exp. vs. low/interm. exp.)*
Risk of death from any cause

Age (> median age vs. =median age)

Gender (male vs. female)

Tumor classification (T3-4 vs. T1-2)

Nodal classification (N1 vs. NO)

miR-21 (High exp. vs. low/interm. exp.)*
Multivariate analyses
Risk of disease-specific death

Age (>median age vs. =median age)

Gender (male vs. female)

Tumor classification (T3-4 vs. T1-2)

Nodal classification (N1 vs. NO)

miR-21 (High exp. vs. low/interm. exp.)*
Risk of death from any cause

Age (>median age vs. =median age)

Gender (male vs. female)

Tumour classification (T3—4 vs. T1-2)

Nodal classification (N1 vs. NO)

miR-21 (High exp. vs. low/interm. exp.)*

1.59 (0.94-2.69)
1.72 (0.96-3.10)
1.99 (1.03-3.86)
2.16 (1.09-4.28)
1.76 (1.05-2.97)

1.40 (0.89-2.22)
1.52 (0.92-2.52)
1.78 (1.01-3.16)
1.62 (0.93-2.83)
1.50 (0.95-2.39)

1.30 (0.75-2.27)
1.54 (0.83-2.88)
1.44 (0.69-2.99)
1.61 (0.73-3.57)
1.50 (0.86-2.62)

1.31 (0.80-2.13)
1.29 (0.76-2.20)
1.48 (0.79-2.80)
1.27 (0.66-2.45)
1.37 (0.83-2.26)

0.081 1.01 (0.46-2.19)  0.984
0.070 0.93 (0.32-2.69)  0.889
0.041 1.87 (0.71-4.92)  0.204
0.028 1.54 (0.63-3.75)  0.339
0.033 3.37 (1.41-8.05)  0.006
0.145 1.17 (0.60-2.30)  0.645
0.101 0.81 (0.33-1.95)  0.635
0.048 2.50 (1.01-6.22)  0.048
0.089 2.01 (0.85-4.73)  0.110
0.084 1.96 (0.98-3.94) 0.058
0.350

0.173

0.328 1.91 (0.71-5.14)  0.199
0.241 1.07 (0.31-3.64) 0.915
0.158 3.52 (1.06-11.69) 0.040
0.284

0.350

0.224 2.40 (0.96-6.01)  0.060
0.471 1.73 (0.54-5.52)  0.353
0.211 1.84 (0.70-4.79)  0.215

aFor ESCC, uni- and multivariate analyses were performed with miR-21 expression divided by tertiles
(high exp. vs. low/interm. exp.); °For EAC, uni- and multivariate analyses were performed with miR-21
expression divided by median (high exp. vs. low exp.).
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Figure 1. Kaplan-Meier estimates of miR-21 expression on survival in patients with ESCC. (A) DSS (divided by median expression), (B)
OS (divided by median expression), (C) DSS (divided by tertiles — high exp. vs. low/interm. exp.) and (D) OS (divided by tertiles — high

exp. vs. low/interm. exp.).

patients with highest miR-21 expression values
(upper tertile) was considered against the other two
tertiles as these two tertiles were overlapping, sug-
gesting no difference in survival between patients
with intermediate and lower miR-21 expression. As
shown in Figure 1C and D, high miR-21 expression
was significantly associated with shortened DSS OS
[HR 1.76 (95% CI 1.05-2.97) whereas only a trend
towards a poorer OS was observed for patients with
high miR-21 expression [HR: 1.50 (95% CI 0.95-
2.39)]. A multivariate analysis including age, sex,
T- and N-stage did not identify miR-21 as an
independent prognostic marker for neither DSS nor
OS (divided by tertiles) (Table II).

No associations between high expression levels of
miR-375 and DSS or OS were identified in patients

with ESCC when using the median expression level
as cut-off [HR 0.82 (95% CI 0.49-1.38) and HR
0.88 (95% CI 0.56-1.39)]. Similarly, when dividing
expression levels by tertiles, no prognostic value of
miR-375 was observed.

Prognostic value of miR-21 and miR-375 in EAC

Similar to the analysis of ESCC, median expression
was used as cut-off in the group of EAC patients. A
significant correlation between high miR-21 expres-
sion and DSS was observed for patients with EAC
[HR 3.37 (95% CI 1.41-8.05)] (Figure 2A). In addi-
tion, a trend towards a poorer OS was shown for
patients with induced miR-21 expression [HR 1.96
(95% CI 0.98-3.94)] (Figure 2B). Next, expression
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levels were divided into tertiles. No significant asso-
ciation between outcome and miR-21 expression
levels were observed [DSS: Intermediate vs. low
expression: HR 2.08 (95% CI: 0.71-6.08) and high
vs. low expression: HR 2.28 (95% CI: 0.79-6.59)
and OS: Intermediate vs. low expression: HR 1.04
(95% CI: 0.45-2.39) and high vs. low expression:
HR 1.13 (95% CI: 0.50-2.57)] (Figure 2C and D).
In a multivariate analysis, miR-21 was identified
to an independent prognostic marker for DSS [HR
3.52 (95% CI: 1.06-11.69)] but not for OS (divided
by median) (Table II).

Evaluation of miR-375 in EAC patients showed
no correlations with DSS or OS when using the
median expression level as cut-off [HR 1.23 (95%
CI 0.57-2.66) and HR 1.53 (95% CI 0.78-3.02)].
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When dividing expression levels by tertiles, no cor-
relation between high miR-375 expression and
improved survival was observed.

Correlation of miR-21, miR-375 and trearment
response

Using the %2 statistical test or Fisher’s exact test,
miR-21 expression was not associated with patho-
logical response in patients with ESCC (P=0.154).
Radiographic response, however, was significantly
correlated with miR-21 expression (P=0.049) in that
low miR-21 expression was correlated to non-radio-
graphic response. miR-375 expression was not asso-
ciated with neither pathological or radiographic
response (P=0.931 and P=0.573, respectively) in

(B)
100 —
& 75—
©
=
% 50 —
T
2 25 — Events Al High miR-21
© Low 13 33
High 21 33
0 4 HR:1.96 (95% CI: 0.98-3.94)
T T T T
0 1 2 3
Follow-up (years)
Number at risk
Low miR-21 33 26 20 14
High miR-21 33 25 12 7
(D)
—— Low miR-21
-- - Interm. miR-21
100 —— High miR-21
£ 75 4
©
E o
50
2 50 - 46%
= Events  All 42%
5 Low 11 22
6 25 - Interm. 11 22
High 12 22
Interm. vs. low: HR: 1.04 (95% CI: 0.45-2.39)
0 High vs. low: HR: 1.13 (95% CI: 0.50-2.57)
I I I I
0 1 2 3
Follow-up (years)
Number at risk
Low miR-21 22 16 13 8
Interm. miR-21 22 17 10 7
High miR-21 22 18 9 6

Figure 2. Kaplan-Meier estimates of miR-21 expression on survival in patients with EAC. (A) DSS (divided by median expression), (B)
OS (divided by median expression), (C) DSS (divided by tertiles — high exp. vs. low/interm. exp.) and (D) OS (divided by tertiles — high

exp. vs. low/interm. exp.).
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patients with ESCC. Similarly, for EAC, no associa-
tion between miR-21 expression and radiographic
response was observed (P=0.404) or miR-375 and
radiographic response (P=0.192).

miR-21 and miR-375 as prognostic markers in ESCC
and EAC (comparing present and previous publications
by Forest plot analyses)

Forest plots were performed in order to study the
association between the present results in context
with previously published reports on the prognostic
role of miR-21 and miR-375 in ESCC. For studies
evaluating miR-21, four studies were included in
the analysis [12—-15]. These studies either provided

HRs and 95% ClIs directly [13] or described log-
rank tests including number of events in which it
was possible to calculate the corresponding HRs
and their 95% CIs [12,14,15]. Three studies
reported no statistical significant association
between miR-21 expression levels in cancerous tis-
sue and survival [12—14] whereas only one study
showed a significant and inverse correlation between
miR-21 and OS [15]. However, despite these dis-
cordant results, a Forest plot identified a pooled HR
of 1.56 (95% CI 1.18-2.07), indicating that high
miR-21 expression level significantly predicted a
poorer survival (Figure 3A). For miR-375, the HRs
and their 95% CIs were assessed in five studies
[12,13,16-18]. Of these, two studies described no
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Figure 3. Forest plots evaluating the association between (A) miR-21 expression and prognosis in ESCC and (B) miR-375 expression and
prognosis in ESCC. The squares represent study weights (inversely proportional to the standard error of the respective HRs) and are
centred on the HR. 95% Cls are represented with whiskers. The dotted lines indicate the overall hazard ratio estimates.
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significant association between miR-375 expression
and prognosis [12,13] and three studies a signifi-
cant association with survival [16—18]. A Forest plot
showed a statistical significant correlation between
up-regulated miR-375 expression and increased
survival in ESCC, with a pooled HR of 0.62 (95%
CI 0.49-0.79) (Figure 3B).

As HRs and 95% CIs were only assessed in two
studies evaluating miR21 in EAC and one study
evaluating miR-375 in EAC, pooled analysis was not
performed.

Discussion

To the best of our knowledge, this is the largest
study to date to assess the potential prognostic
value of miR-21 and miR-375 in EC in a Western
population. These two candidate miRNAs were
evaluated in retrospective cohorts of 129 patients
with ESCC and 66 patients with EAC. In the pres-
ent study, miR-21 expression was significantly cor-
related with DSS in patients with ESCC and EAC.
In addition, miR-21 was identified as an indepen-
dent prognostic biomarker in EAC but not ESCC.
However, a Forest plot including the present result
showed that miR-21 was indeed a poor prognostic
marker in ESCC. miR-21 is a known oncomir,
implicated in tumor pathogenesis and carcinogen-
esis. Several studies have shown that miR-21 targets
and down-regulates tumor suppressor genes, such
as phosphatase and tensin homolog (PTEN) [7,23],
programmed cell death 4 (PDCD4) [8], FASL,
TIMP3 and RECK [9], which are involved in tum-
origenesis, apoptosis, invasion and metastasis. In
addition, miR-21 has been subjected to substantial
investigation of its association with clinical outcome
and emerging evidence indicates that miR-21 might
have prognostic potential.

When evaluating miR-375 in this study popula-
tion, no significant correlations between high miR-
375 expression and increased DSS or OS were
observed for neither ESCC nor EAC. However,
comparison with previous published studies identi-
fied a significant association between high miR-375
expression and prolonged survival in ESCC. miR-
375 is an acknowledged tumor suppressor, fre-
quently down-regulated in EC due to
hypermethylation of the promotor. It has been dem-
onstrated that miR-375 negatively regulates 3-phos-
phoinositide-dependent protein kinase-1 (PDKI1)
[24] and insulin-like growth factor 1 receptor
(IGFI1R) [16], attributing to suppressed tumor pro-
liferation and metastasis. This is consistent with
previous reports on associations between repressed
miR-375 expression levels and poor prognosis in
ESCC [16-18]. Similarly, for EAC, Mathe et al.

found that low expression of miR-375 was signifi-
cantly correlated with worse prognosis, but only in
EAC patients with Barrett’s esophagus [13].

The clinical rational for using prognostic bio-
markers, such as miRNAs, is the potential to pre-
dict clinical outcome, enabling clinicians to identify
high-risk patients who might benefit from more
aggressive treatment strategies and to identify low-
risk patients who might be safely treated with less
intensive treatment regiments and, thereby, reduce
toxic side effects in this group of patients. Several
studies have investigated the prognostic value of
miR-21 and miR-375 expression levels in EC. How-
ever, results have been contradicting. In this study,
comparison of previously published studies using
Forest plots suggested that miR-21 was significantly
and inversely correlated with survival and that high
miR-375 expression level was significantly associ-
ated with enhanced survival of patients with ESCC.
Despite these intriguing results, the conclusions
might be biased by several factors. First, the num-
ber of studies included in the analyses was limited
to eight including the present study and sample
sizes were small. For ESCC the median sample size
was 70 (range 50-178) and for miR-375 the median
sample size was 68 (range 50-249). Second, miRNA
expression levels were obtained from different ori-
gins including FFPE tumor specimens, frozen
tumor tissues, serum and plasma. In addition,
miRNA expression levels were obtained using dif-
ferent methodologies, such as miRNA microarray,
in situ hybridization (ISH) and qRT-PCR. Third,
endpoints differed between studies [OS, progres-
sion-free survival (PFS) and cause-specific survival
(CSS)] with OS being the most commonly used
parameter. Also, it should be mentioned that most
of the HRs and CIs in the present analyses were
generated from log-rank test and calculation of
events, indicating that the estimates might be sub-
jected to some uncertainty.

Furthermore, and of potentially crucial impact
for interpretation of results, cut-off definitions of
miRNA expression levels varied between studies.
Splitting miRNA expression levels by the sample
median was the choice of preference in three studies
evaluated in the present analyses with Forest plots
[13—-15]. Other studies defined the cut-offs using
Youden index (N =1) [12] or normal tissue (N =2)
[16,17]. One study did not define the cut-off [18].
In our study, a cut-off using the median miRNA
expression value was chosen, in addition to, a cut-off
using tertiles in order to explore the correlation of
miRNA expression and prognosis further.

Besides evaluation of the prognostic impact
of miR-21 and miR-375, the present study also
investigated the association between the two
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miRNAs and treatment response in terms of path-
ological or radiographic response. However, nei-
ther miR-21 nor miR-375 expression was associated
with pathological and/or radiographic response in
patients with ESCC or EAC. In previous reports,
serum miR-21 expression levels have been shown
to be significantly decreased in ESCC patients
achieving complete or partial response after che-
motherapy compared to patients with stable dis-
ease or progressive disease [25]. In addition, in
vitro studies have demonstrated that overexpres-
sion of miR-21 in TE-1 cells correlated with
radioresistance and that inhibition of miR-21
increased radiosensitivity, possible through activa-
tion of PTEN [23]. Studies on miR-375 and treat-
ment response in EC are yet to be performed.
Despite, the preliminary nature of these results,
the findings demonstrate the potential role of miR-
NAs as biomarkers of treatment response and the
importance of identifying miRNAs that would help
predict treatment outcome.

In conclusion, esophageal cancers are heteroge-
neous malignancies and the prognostic impact of
miR-21 and miR-375 was evaluated in cohorts of
ESCC and EAC. miR-21 was identified as an indepen-
dent prognostic biomarker for DSS in EAC, but not
in ESCC. However, no significant correlations
between high miR-375 expression and improved
prognosis were observed in neither ESCC nor EAC.
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