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ABSTRACT

Esophageal adenocarcinoma (EAC) is an aggressive cancer necessitating the 
development of improved risk stratification tools for personalized care. Previously, 
microRNAs have been shown to correlate with the progression and prognosis of 
various cancer types; however, the value in EAC remains largely unexplored. We 
performed global microRNA profiling on 32 formalin-fixed, paraffin-embedded EAC 
specimens to identify microRNAs associated with progression. Literature search and 
pathway analysis further refined output to five significantly deregulated candidate 
biomarkers. Four of the five microRNAs (miR-652-5p, miR-7-2-3p, miR-3925-3p, and 
miR-219-3p) were validated by qRT-PCR. Survival outcomes were evaluated in testing 
set of 26 stage II/III EAC patients to determine the prognostic relevance of the 
selected microRNAs. In the testing set, miR-652-5p and miR-7-2-3p expressions were 
significantly associated with progression-free survival (p-value = .00771 and p-value 
= .00293). The highest area under receiver operating characteristic (ROC) curve was 
0.8212 for the combination of miR-652-5p and miR-7-2-3p. Collectively, our findings 
demonstrated that the miR-652-5p/miR-7-2-3p signature may serve as a promising 
prognostic marker in patients with locally advanced EAC.

INTRODUCTION

Esophageal cancer is the eighth most common 
cancer and the sixth most lethal cancer worldwide [1]. 
Esophageal cancer is composed of two main histological 
subtypes; esophageal squamous cell carcinoma (ESCC) 
and esophageal adenocarcinoma (EAC) [2]. Most 
strikingly over the past four decades, there has been an 
exponential increase in the incidence of EAC in the western 
hemisphere [3, 4]. Despite advances in the surgical, 
radiotherapeutic and chemotherapeutic management of 
EAC, afflicted patients have a poor prognosis with an 
overall 5-year survival rate less than 20% [5, 6]. Although 

the tumor node metastasis (TNM) staging system may 
inform prognosis and therapeutic approach, stage-matched 
EAC patients can have considerable variation in survival, 
despite receiving identical therapy [7]. Clearly, it is critical 
to identify the unique molecular mechanisms underlying 
EAC development and progression for improved patient 
staging and the development of novel targeted therapy 
options.

MicroRNAs (miRNAs) are short non-coding RNAs 
of 20-24 nucleotides that bind to the 3’-untranslated 
region (UTR) of corresponding target mRNA to post-
transcriptionally repress translation [8]. MiRNAs 
significantly influence numerous cancer-relevant processes 
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such as differentiation, proliferation, migration, and 
apoptosis by targeting developmental pathways [9, 10]. 
Furthermore, accumulating studies have shown that 
aberrant miRNA expression is involved in the initiation 
and development of various types of cancers, including 
esophageal cancer [11–13]. Previously, lymph node 
involvement and decreased survival in ESCC patients 
has been shown to be linked to overexpression of miR-21 
[14]. Liu et al, have demonstrated that silencing of miR-
143 and miR-145 are linked with risk of development of 
esophageal cancer [15]. Hence, the use of miRNAs as 
prognostic biomarkers has become increasingly relevant 
with the potential goal of guiding personalized treatment 
strategies, especially since the current conventional 
prognostic factors are inadequate.

Additionally, studies establishing the utility of 
miRNA signatures in the management of EAC have 
focused on identifying a unique miRNA expression 
to distinguish EAC from Barrett’s esophagus (BE) 
and normal squamous epithelium, in order to identify 
high-risk patients for progressing to EAC [16–18]. 
However, the miRNA-mediated mechanisms underlying 
tumor progression and metastasis in EAC are not fully 
understood. Identifying patients with the highest-risk 
for developing metastasis would be extremely useful in 
guiding treatment with the ultimate goal of improved 
survival. Therefore, development of novel miRNA 
biomarkers in EAC patients may inform future treatment 
decisions for patients with regard to the severity of disease, 
and the aggressiveness and/or effectiveness of the therapy. 

The present study presents a unique miRNA expression 
profile as a prognostic tool relevant to EAC progression 
using comparative miRNA analysis.

RESULTS

miRNome analysis

The comparative miRNome analysis identified 
80 miRNAs which were significantly down-regulated 
with greater than 4-fold change in Stage I Progressors 
compared to Stage I Non-Progressors.

Literature search and pathway analysis

The literature search identified 12 of 80 miRNAs 
were linked to carcinogenesis. Downstream analysis of the 
predicted target genes and pathways of the 12 candidate 
miRNAs identified 20 relevant networks. The top four 
scoring networks were all cancer related: 1) proteoglycans 
in cancer (p-value = .0049), 2) Tumor necrosis factor 
(TNF) signaling pathway (p-value = .0053), 3) renal cell 
carcinoma (p-value = .0128), and 4) pathways in cancer 
(p-value = .0137). Importantly, these networks were 
all regulated by three miRNAs within the list of 12: 1) 
miR-652-5p, 2) miR-7-2-3p and 3) miR-520h. The three 
miRNAs were predicted to target four mutually shared 
genes: VHL, JUN, GAB1 and VEGFA, which are key 
players in the aforementioned pathways.

Figure 1: Box plot of four candidate miRNAs in the training and testing set. Box plots illustrate the distribution and abundance 
of candidate miRNAs in tissue samples from patients with EAC Progressors versus EAC Non-Progressors using a qRT-PCR platform. 
Scatter plots are overlaid on top of the box plots to visualize the individual data points for A. miR-3925-3p, B. miR-652-5p, C. miR-7-2-
3p and D. miR-219b-3p, respectively. For each candidate miRNA, the left presents results from the training set, and the right box presents 
results from the testing set. The bottom and top horizontal lines delineating each box plot indicate the first and third quartiles of the data, 
respectively, and the horizontal line inside each box plot indicates the median value. The length of the box plot whiskers is specified as 1.5 
times the interquartile range (25th to 75th quartiles) of the data.
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Selection of miRNAs candidates associated with 
EAC metastasis

A panel of the top five candidate miRNAs related to 
disease progression were selected based on 1) regulation 
of the main pathways identified by DIANA-mirPath 
analysis (miR-652-5p, miR-7-2-3p, miR-520h), 2) 
downregulation in the metastatic group compared to Stage 
I Non-Progressors (miR-3925-3p), and 3) correlation with 
an EAC metastatic rat model in our recent study (miR-
219b-3p) [19].

Validation of selected miRNAs by qRT-PCR

Quantitative RT-PCR was performed, and four 
of the five candidate miRNAs showed significant 
downregulation in Stage I Progressors, compared to Stage 
I Non-Progressors. These included miR-652-5p (p-value = 
.045), miR-7-2-3p (p-value = .007), miR-3925-3p (p-value 
= .005), and miR-219b-3p (p-value = .003). MiR-520h did 
not show a significant difference between the two groups 
(p-value = .051) upon qRT-PCR validation, and it was 
excluded from further analysis (Figure 1).

Correlation of selected miRNA expression with 
overall and progression-free survival

The optimal cut-off point was developed to 
maximize sensitivity and specificity of classification 
(Progressors vs. Non-Progressors) for each miRNA. 
Each cut-off was developed based on the training set 
RQ values, independent of one another, and applied to 
the testing set. The RQ values that were used as a cut-
off point were 14.00 for miR-652-5p, 5.00 for miR-7-2-
3p, 1.00 for miR-3925-3p, and 25.00 for miR-219b-3p. 
There was a statistically significant difference in OS 
between Progressors and Non-Progressors for miR-
652-5p (p-value = .0356) only. Whereas, for PFS there 
were statistically significant differences for miR-652-5p 
(p-value = .00771) and miR-7-2-3p (p-value = .0247) 
only. Therefore, a combination of miRNAs was created 
using those with statistically significant PFS (miR-652-5p 
and miR-7-2-3p). If a subject had an RQ value ≤ 14.00 
for miR-652-5p AND an RQ value ≤ 5.00 for miR-3925-
3p, it was considered a Progressor. If one or more of the 
values did not fall below the threshold, the subject was 
considered a Non-Progressor. OS (p-value = .0387) and 
PFS (p-value =.00293) for the multivariate model were 
both statistically significant. Survival curves for OS and 
PFS are shown in Figure 2, and the associated sensitivity, 
specificity, and accuracy (69, 73 and 81% for miR-652-
5p, miR-7-2-3p, and the combination of miR-652-5p and 
miR-7-2-3p, respectively) are shown in Table 1. Overall, 
the Non-Progressors had a median survival advantage of at 
least 23, 21, and 23 months for miR-652-5p, miR-7-2-3p, 
and the combination of miR-652-5p and miR-7-2-3p when 

used as prognostic classifiers, respectively. Lastly, ROC 
analysis yielded the best class prediction accuracy (i.e., 
likelihood of progression) with an area under the curve 
(AUC) of .8212 for the combination of miR-652-5p and 
miR-7-2-3p (Figure 3).

DISCUSSION

Early identification of EAC and a reliable 
prediction of prognosis are essential to the development 
of individualized therapeutic strategies, and there is 
increasing evidence that aberrant expressions of miRNAs 
are closely associated with disease progression and 
carcinogenesis [20–22]. Still, the prognostic significance 
of miRNAs in EAC has not been well-established. The 
present study demonstrates a discovery phase experiment 
that identifies and validates four miRNAs (miR-652-5p, 
miR-7-2-3p, miR-3925-3p, and miR-219-3p) that are 
significant and functionally relevant to EAC progression 
in Stage I EAC patients. In other words, these miRNAs 
can potentially be used to identify patients who are 
at high-risk of developing EAC recurrence following 
resection. We further evaluated the clinical relevance of 
the four miRNA signatures as a prognostic signature in 
an independent set of resectable stage II/III EAC patients. 
Our findings confirmed a novel panel of two miRNAs, 
miR-652-5p and miR-7-2-3p, that were significantly 
downregulated in correlation with diminished overall 
survival and progression-free survival. This dual panel 
could be used to ascertain tumor aggressiveness and guide 
therapeutic management.

The miRNA expression profiles associated with 
progression and metastasis of patients with EAC were 
explored using miRNA microarrays. The four miRNAs 
(miR-652-5p, miR-7-2-3p, miR-3925-3p, and miR-
219-3p) that passed validation by qRT-PCR were 
consistent with several studies of other solid tumor types. 
Specifically, miR-7-2 and miR-219-3p were significantly 
downregulated in metastatic papillary thyroid carcinoma 
patients and metastatic gastric cancer progression patients, 
respectively [23, 24].

In order to more effectively characterize a specific 
signature for patients at high-risk for EAC progression, 
LCM was performed to isolate a highly-enriched pure 
cell population from the heterogeneous tissue section, 
and subsequently, miRNA microarray was performed 
[25, 26]. Although a number of previous studies utilized 
whole tumor tissues, the inclusion of non-tumor cells 
may inadvertently conceal the specific signature of the 
particular cell-type of interest. Wang et al. demonstrated 
the feasibility and potential power of discovering cell 
type-specific miRNA biomarkers in colorectal tumor tissue 
using the combination of LCM with genome-wide miRNA 
analysis [27]. Therefore, combination of LCM and high-
throughput microarrays is an ideal method for cell type-
specific miRNA expression profiling in solid tumors.
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Figure 2: Kaplan-Meier survival analysis for OS and PFS. The Kaplan-Meier Survival Curves for the testing set represent the OS 
and PFS of each significant miRNA based on their respective cut-off points generated from the training set.
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Table 1: Classification performance 

miRNA Sensitivity Specificity Accuracy Positive 
Predictive Value

Negative 
Predictive Value

miR-652-5p 100% 47% 69% 58% 100%

miR-7-2-3p 91% 60% 73% 63% 90%

Combination of miR-652-5p & 
miR-7-2-3p 91% 73% 81% 71% 92%

Classification performance for significant individual miRNAs in the testing set.

Multimodality therapy including the use of 
neoadjuvant chemoradiation with a platinum combined 
with either 5-fluorouracil (5-FU) or paclitaxel followed 
by surgical resection is widely accepted as the current 
standard of care for locally advanced esophageal cancer 
[28, 29]. In fact, the results of our study demonstrated 
that patients with downregulated miR-652-5p and/or 
miR-7-2-3p expression level have a significantly lower 
progression-free survival time. Consequently, patients 
with significantly downregulated miR-652-5p and 

miR-7-2-3p expression may benefit by the addition of 
adjuvant systemic therapy in order to more aggressively 
combat recurrence. Currently, the role of adjuvant 
chemotherapy is controversial in EAC. The National 
Comprehensive Cancer Network (NCCN) recommends 
adjuvant chemoradiation, or only adjuvant chemotherapy 
if induction radiation was administered, for patients who 
have had resection of adenocarcinoma with either residual 
disease, node-positive disease, or T2-T4a [30]. There is 
no data showing a benefit of adjuvant chemotherapy in 

Figure 3: ROC curve analysis. Receiver operating characteristic curve (ROC) generated from the testing set to estimate the classification 
performance of the model containing miR-652-5p and miR-7-2-3p.
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Figure 4: Study design. Study schema representing the major steps in the experimental design.
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patients who have been already treated with trimodality 
therapy. Moreover, miR-652-5p and miR-7-2-3p could be 
key therapeutic targets for patients with resectable EAC 
in an adjuvant therapeutic setting helping to identify high-
risk patients.

Overall, the current study demonstrates significant 
evidence to suggest the clinical utility of the candidate 
miRNAs as prognostic markers for EAC progression and 
recurrence. The value may be emphasized by the discovery 
of a unique miRNA profile using the tissue obtained from 
endoscopic biopsy prior to therapy and resection. A future 
clinical trial to further evaluate the prognostic value of 
the miRNA panel may have the potential to enhance the 
clinical management of patients with EAC in several ways. 
First, it may help to stratify the multimodality therapy 
with regard to the severity of disease and effectiveness 
of therapy. Patients at high risk for progression and 
recurrence could receive more aggressive neoadjuvant 
management or the addition of adjuvant therapy to 
potentially improve survival. Conversely, patients at low-
risk for progression may be able to avoid the toxicity 
from additional aggressive therapies. Second, it may help 
to individualize follow-up care, such as the frequency of 
surveillance imaging.

Major limitations of the study included a small 
sample size of the Stage I discovery set, and the testing 
set had an overall lack of survival information and did not 
reflect early stage disease. Many patients were not 3 years 
out from surgery and were therefore censored off during 
survival analysis. Additionally, it would be valuable to 
perform a prospective validation study with Stage I EAC 
samples to determine if the panel demonstrates utility in 
patients with early stage disease. Still, the clinical utility 
of the current study applies to the vast majority of patients 
presenting with locally advanced disease and at higher-
risk for progression and recurrence. Lastly, there may 
be a minor node bias in the testing set, as many of those 
that were N2 and N3 at the time of surgery were also 
classified as Progressors by downregulation of miRNA. 
However, intuitively this would be expected because the 
biopsies were collected prior to neoadjuvant therapy and 
resection and stratified the patients that would have N2 or 
N3 disease according to RQ values. For future studies, a 
non-invasive validated test for these markers in blood may 
offer even broader clinical utility.

In conclusion, the present study identified a unique 
miRNA signature that was relevant to EAC progression 
and metastasis within the primary tumor, and subsequently, 
we demonstrated miR-652-5p/miR-7-2-3p signature might 
have clinical utility as a prognostic marker for surgically 
resectable EAC patients who could benefit from more 
aggressive adjuvant chemotherapy. This signature may be 
used to predict tumor response and disease progression, 
selection of therapeutic targets, and for personalized 
medicine approaches.

MATERIALS AND METHODS

Ethics statement

The study was performed under the approval of the 
Institutional Review Board at Allegheny Health Network 
(14-043: Molecular analysis across various stages of EAC 
progression). All patient samples were obtained with full 
written consent, and all samples were collected from 
tissues that remained after the completion of diagnosis 
from pathology.

Study population and experimental design

The discovery set, referred herein as training set, 
constituted of 32 formalin-fixed paraffin-embedded 
(FFPE) samples: (1) Stage I Non-Progressor (n=16), 
survival time greater than 5 years without disease 
recurrence; (2) Stage I Progressor (n=10), survival time 
less than 3 years with recurrence within 2 years; and (3) 
Stage IV metastatic EAC (n=6). The three groups were 
classified based on TNM classification by the UICC-
American Joint Committee on Cancer staging criteria (8th 
edition), survival time, and disease recurrence. Stage I 
Progressors and Stage I Non-Progressors were required to 
have a tumor size ≤ 3cm, node negativity, and tumor depth 
not involving the muscularis propria. Stage IV metastatic 
EAC samples were used as positive controls.

On all the training set samples, laser capture 
microdissection (LCM) was performed, and global 
miRNA profiles were generated. The analysis resulted in 
eighty significantly downregulated unique miRNAs in the 
Stage I Progressors compared to Stage I Non-Progressors. 
Subsequently, literature search based on functionality and 
relevance to cancer followed by pathway analysis provided 
a refined output of five candidate biomarkers. Quantitative 
reverse transcription-polymerase chain reaction (qRT-
PCR) was performed to scientifically validate, and four 
miRNAs (miR-652-5p, miR-7-2-3p, miR-3925-3p, and 
miR-219b-3p) of the five candidate biomarkers were 
significantly different between groups.

As a next step, an independent cohort of FFPE 
samples, referred herein as testing set, was compromised 
of 26 patients with clinical and/or pathological stage II/
III EAC. The patients did not have metastatic disease at 
the time of surgical intervention. Quantitative RT-PCR 
was performed on these samples for the four candidate 
miRNAs.

Next, the relative quantification (RQ) data from the 
training set was used to establish individual biomarker 
cutoffs and subsequently applied to the testing set to 
determine classification performance and survival benefit 
for the candidate miRNAs, defined as Progressors and 
Non-Progressors (Figure 4).
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Histologic confirmation of EAC was performed by 
an experienced GI pathologist prior to LCM. Additionally, 
patient demographics and clinical data for both the 
training and testing sets are provided in Table 2.

Laser capture microdissection

FFPE EAC tissues were laser-microdissected for 
molecular analysis. Briefly, 10μm tissue sections were 
placed onto irradiated polyethylene napthalate (PEN) 
membrane slides using a microtome. The resulting slides 
were incubated at 60°C for 2 hours in a dry oven to 
improve tissue adhesion to the membrane. Sections were 
stained with cresyl violet, and LCM was performed on all 
samples to collect tumor epithelial cells, using a LMD6500 
Laser Microdissection system (Leica, Wetzlar, Germany). 
LCM sections were collected in 10 μL of deparaffinization 

solution (Qiagen, Valencia, CA; #19093) in irradiated 0.5 
mL micro centrifuge tubes. To avoid RNA degradation, 
staining and LCM of each sample were completed 
within 30 minutes, and samples were immediately stored 
at -80°C.

MiRNA profiling

MiRNA profiling was performed using miScript 
miRNA human miRNome (V21) PCR array (Qiagen, 
Valencia, CA) to evaluate the distinctive miRNA 
expression associated with EAC progression. Briefly, 
total RNA, containing miRNA, was isolated using the 
miRNeasy FFPE Kit (Qiagen, Valencia, CA; #217504) 
from post-LCM tissues, according to the manufacture’s 
guidelines. RNA yield and purity (260/280 and 
260/230 ratios) were determined using a NanoDrop 

Table 2: Clinical characteristics of study cohort 

Charasteristic

Training Set Testing Set

Non-Progressor Progressor Non-Progressor Progressor

n = 16 n = 10 n = 15 n = 11

Age (Mean, Range) 62 (49-80) 66 (52-84) 62 (48-76) 56 (34-81)

Gender

 Male (%) 13 (81%) 10 (100%) 15 (100%) 10 (91%)

 Female (%) 3 (19%) 0 (0%) 1 (9%)

Clinical Stage

 0 2 0 0 0

 I 10 10 0 0

 II 1 0 4 4

 III 0 0 11 7

 Unknown 3 0 0 0

Pathological Stage

 0 0 1 8 0

 I 13 4 4 2

 II 0 0 1 2

 III 0 0 2 7

 Unknown 3 5 0 0

Lymph node status

 N0 16 10 13 4

 N1 0 0 0 3

 N2 0 0 2 3

 N3 0 0 0 1

Patient demographics and clinical characteristics for both the training and testing sets.
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spectrophotometer (Thermo Fisher Scientific, Waltham, 
MA). Next 50 ng of total RNA was reverse transcribed 
at 37°C for 1 hour, followed by inactivation of reverse 
transcriptase at 95°C for 5 minutes using miScript II RT 
kit (Qiagen, Valencia, CA; #218161). After the reverse 
transcription reactions were diluted 5-fold in nuclease-
free water, a pre-amplification step was performed on 
all cDNAs using miScript PreAmp PCR Kit (Qiagen, 
Valencia, CA; #331452) with miScript PreAmp Primer 
mix (human miRNome (V21)). Cycling parameters for 
preamplification were: 95°C for 15 minutes, followed 
by 12 cycles of 94°C for 30 seconds, and 60°C for 3 
minutes. After pre-amplified cDNA was diluted 20-fold 
in nuclease free water, pre-amplified cDNA samples were 
assayed using miScript miRNA human miRNome (V21) 
PCR array. PCR arrays were performed according to the 
manufacturer’s instructions using miScript SYBR Green 
PCR Kit (Qiagen, Valencia, CA; #218073). Real-time 
PCR reactions were conducted at 95°C for 15 minutes, 
followed by 40 cycles of 94°C for 15 seconds, 55°C for 
30 seconds, and 70°C for 30 seconds, using ABI 7900 
SDS Real Time Instrument (Thermo Fisher Scientific, 
Waltham, MA). Relative gene expression was calculated 
using the ΔΔ-Ct method by QIAGEN’s online data 
analysis tool, Gene Globe ((http://www.qiagen.com/us/
shop/genes-and-pathways/data-analysis-center-overview-
page/). SNORD95 and SNORD96A were selected as 
miRNA endogenous controls. Intergroup comparisons 
were performed, and the top differentially expressed 
miRNAs were identified using miScript miRNA Array 
Data Analysis (Qiagen, Valencia, CA), based on the 
following criteria: 1) greater than 4-fold change and 2) a 
p-value <0.05 for significance.

Literature search for functional relevance

Literature search was performed on the global 
profiling data to identify the miRNAs with the highest 
relevance to cancer, particularly esophageal cancer. 
Candidate miRNAs with association and functional 
relevance to carcinogenesis were selected for further 
downstream analysis.

Pathway analysis

The selected miRNAs from the literature search 
were analyzed via DIANA-mirPath analysis tool to 
determine a miRNA signature for EAC progression 
and metastasis [31]. DIANA predicted miRNA 
targets provided by the microT-CDS algorithm and 
experimentally validated miRNA interactions derived 
from DIANA-TarBase [32, 33, 34]. The graphical output 
of the program provided an overview of the genes of the 
pathway deregulated by candidate miRNAs. The statistical 
significance value associated with the identified biological 
pathways was calculated using mirPath.

Validation of selected miRNAs by qRT-PCR

Quantitative RT-PCR was performed to 
scientifically validate the expression pattern of selected 
miRNAs using the same RNA samples used for the global 
miRNA profiling because qRT-PCR has been shown 
to provide greater sensitivity and higher specificity for 
measuring miRNA expression than microarray [35, 36]. 
A cohort of 15 Stage I Non-Progressor samples and 10 
Stage I Progressor samples were used. One Stage I 
Non-Progressor sample was excluded from qRT-PCR 
validation analysis due to limited RNA yield. After total 
RNA was reversed transcribed using the RT2 First Strand 
Kit (Qiagen, Valencia, CA #330401), a pre-amplification 
step was performed as previously described. qRT-PCR 
was performed with the miScript miRNA SYBR Green 
PCR Kit (Qiagen, Valencia, CA #218075) in a total 
volume of 25 μl using the following RT2 Primer Assays: 
Hs_miR-520h_2 (Qiagen, Valencia, CA #MS44926), 
Hs_miR-652_5p_1 (Qiagen, Valencia, CA #MS37905), 
Hs_miR-7-2_1 (Qiagen, Valencia, CA #MS10542), 
Hs_miR-3925-3p_1 (Qiagen, Valencia, CA #MS41601), 
Hs_miR-2964a_3p_1 (Qiagen, Valencia, CA #MS42133) 
for each reaction on StepOnePlus real-time quantitative 
system (Applied Biosystems, Carlsbad, CA). Raw data 
was exported from the real-time instrument software 
and fold regulation was calculated using the ΔΔ-Ct 
method. SNORD95 and miR-16 were selected as miRNA 
endogenous controls. Intergroup comparisons were 
performed and normalized by the pathologically confirmed 
LCM normal esophagus sample.

Data analysis and survival analysis

All statistical analyses were conducted using SPSS 
software (IBM, Armonk, NY, Version 23) and R (R 
Foundation for Statistical Computing, Vienna, Austria). 
An independent t-test was used to identify a difference 
between miRNA levels between Progressors and Non-
Progressors in the training set. Due to the small sample 
size and a right skew in the boxplots in Figure 1, a 
nonparametric Mann-Whitney U-test was used to confirm 
findings from the independent t-test. P-values of <0.05 
were considered to be statistically significant.

An independent testing set was assembled to 
evaluate the prognostic power of the candidate miRNAs 
in terms of overall survival (OS) and progression-free 
survival (PFS), and corroborate clinical utility of the 
candidate miRNAs. OS was defined as the time interval 
from the date of surgical resection to the date of cancer-
related death or loss to follow-up. PFS was defined as the 
time interval from the date of surgical intervention to the 
date of tumor recurrence/metastasis or loss to follow-up. 
This testing set of 26 patients with stage II/III disease 
did not have metastatic disease at the time of surgical 
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intervention. A patient was considered a Progressor if he/
she developed metastatic disease within 3 years.

Each of the candidate miRNA’s (miR-652-5p, miR-
7-2-3p, miR-3925-3p, and miR-219b-3p) expression was 
measured in the testing set using qRT-PCR from FFPE 
specimens as described above.

Receiver operating characteristic (ROC) curve 
analysis was used to establish the threshold for each 
miRNA, to define the cut-off of whether a subject 
showed downregulated (Progressor) or upregulated 
(Non-Progressor) miRNA expression [37]. A Log-Rank 
Test and Kaplan-Meier Survival Curves in R were used 
in the testing set to investigate if there was a difference 
in OS and PFS between patients classified as upregulated 
or downregulated (A Package for Survival Analysis in S. 
Version 2.38).
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