Int. . Biol. Sci. 2013, Vol. 9 303

£ IVYSPRING _ - ,
WS INTERNATONAL PUBLISHER International Journal of Biological Sciences
2013; 9(3):303-312. doi: 10.7150/ijbs.6214

Research Paper

Development of a miR-26 Companion Diagnostic Test
for Adjuvant Interferon-alpha Therapy in Hepatocellular
Carcinoma

Junfang Jit™, Lei Yul?2, Zhipeng Yu!, Marshonna Forgues!, Takahiro Uenishi?, Shoji Kubo3, Kenichi
Wakasa3, Jian Zhou?, Jia Fan?, Zhao-You Tang?, Shijun Fu*, Hongguang Zhu#, Jason Gang Jin*, Hui-Chuan
Sun?, and Xin Wei Wang!*

1. Liver Carcinogenesis Section, Laboratory of Human Carcinogenesis, Center for Cancer Research, National Cancer Institute, Bethesda,
MD, USA;

2. Liver Cancer Institute and Zhongshan Hospital, Fudan University, Shanghai, China;

3. Department of Hepato-Biliary-Pancreatic Surgery (U.T., K.S.) and Department of Diagnostic Pathology (W.K.), Osaka City University
Graduate School of Medicine, Osaka, Japan;

4. ShanghaiBio Corporation, Shanghai, China & North Brunswick, New Jersey, USA.

>4 Corresponding author: Dr. Junfang Ji at National Cancer Institute, 37 Convent Drive, MSC 4258, Bethesda, MD 20892; Tel: 301-594-9581;
Fax: 301-496-0497; Bethesda, MD 20892; Email: jijun@mail.nih.gov; or Dr. Xin Wei Wang, Tel: 301-496-2099; Email: xw3u@nih.gov.

© Ivyspring International Publisher. This is an open-access article distributed under the terms of the Creative Commons License (http:/ /creativecommons.org/
licenses/by-nc-nd/3.0/). Reproduction is permitted for personal, noncommercial use, provided that the article is in whole, unmodified, and properly cited.

Received: 2013.03.08; Accepted: 2013.03.15; Published: 2013.03.16

Abstract

Background & Aims: Adjuvant therapies for hepatocellular carcinoma (HCC) such as inter-
feron-alpha are effective only in a subset of patients. Previously we found that HCC patients with
low level of miR-26 have survival benefits from interferon-alpha. The purpose of this study is to
develop a standardized miR-26 diagnostic test (referred as MIR26-DX) to assist identification of
candidate HCC patients for adjuvant interferon-alpha therapy.

Methods: We developed a multiplex reverse-transcription quantitative polymer-
ase-chain-reaction assay to determine the levels of two HCC-related miR-26 transcripts along
with six small RNA reference transcripts. We evaluated archived paraffin-embedded tissues from
three cohorts of HCC patients (n=248) who underwent radical resection at three different clinical
centers. Fifty-two percent of them underwent adjuvant interferon-alpha therapy. We used
Cox-Mantel log-rank test to evaluate patient survival.

Results: We found that the multiplexing assay was stable and reproducible regardless of differ-
ences in sample preparations and operators. We developed a matrix template and a scoring al-
gorithm based on a training cohort (n=129) to assign HCC patients, and then applied the template
in two test cohorts (n=119). The proportions of HCC patients assigned as low miR-26 by this
algorithm were 68, 4, and 63 percent in the training cohort and two test cohorts, respectively.
Consistently, HCC with low miR-26 had a favorable response to interferon-alpha with improved
median overall survival (23year).

Conclusions: MIR26-DX is a simple and reliable companion diagnostic test to select HCC pa-
tients for adjuvant interferon-alpha therapy.

Key words: miR-26; hepatocellular carcinoma; interferon-alpha; adjuvant therapy; companion di-
agnostics.

Introduction

Hepatocellular carcinoma (HCC) is the most frequent cause of cancer death worldwide in men (1).
prevalent form of liver cancer and the second most It mainly occurs in Asia and Africa, but liver cancer
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incidence and mortality have risen in most industri-
alized countries, including the United States, in the
past decade (2). Resection or liver transplantation is
the best option for a potential cure. However, only
about 10-20% of patients with HCC are currently eli-
gible for surgical intervention and a majority of them
can develop recurrence after 5 years. Therapies such
as transcatheter arterial chemoembolization and so-
rafenib can prolong survival in some patients (3-7),
while the overall response is not satisfactory. In recent
years, several clinical trials have suggested that ad-
juvant interferon-alpha (IFNa) therapy could improve
survival of HCC patients after curative resection (5,6).
However, some other studies show a limited effect of
IFNa (8). We reasoned that a difference in HCC tumor
biology may contribute to the overall suboptimal re-
sponse and suggested that a diagnostic tool that re-
flects tumor biology can help selecting a subset of
patients for a particular therapy and improving
treatment outcome.

Molecular-based companion diagnostics linked
to gene activities can improve clinical outcomes of
cancer patients. For example, the HER2 amplification
test can guide the use of trastuzumab treatment in
breast cancer patients (9,10). Our previous study on
HCC molecular pathogenesis revealed that the clinical
outcome of HCC patients treated with adjuvant IFNa
therapy is significantly improved when a tumor has a
reduced level of miR-26 but not in a tumor with high
miR-26 (11). Our results were validated in HCC tumor
samples derived from two randomized control trials
(RCT) to evaluate the efficacy of IFNa as an adjuvant
therapeutic modality (5,6). These results indicate that
miR-26 is a predictive biomarker useful to select can-
didate HCC patients for this treatment modality.
Therefore, the establishment of a simple and stand-
ardized test to evaluate miR-26 as a diagnostic tool
that can be used in a clinical diagnostic lab is war-
ranted.

We developed a multiplex-reverse transcription
(RT) quantitative polymerase chain reaction (qPCR)
assay, which we referred as MIR26-DX, by examining
the levels of HCC-associated miR-26a and miR-26b
transcripts along with six small RNA reference tran-
scripts in formalin-fixed paraffin-embedded (FFPE)
tumor specimens derived from three independent
patient populations (n=248). We first investigated the
accuracy of the multiplex-RT qPCR assay by deter-
mining correlation between multiplex- and sin-
gleplex-RT qPCR. Second, we built a scoring algo-
rithm based on a training cohort as a template for the
selection of patients with a favorable response to ad-
juvant IFNa therapy in terms of survival and then
tested its accuracy for predicting treatment response

in two additional test cohorts. We found that this
scoring algorithm was successful in selecting HCC
patients with improved survival following adjuvant
IFNa therapy in three independent cohorts from three
clinical centers. We suggest that MIR26-DX is a useful
companion diagnostic test in HCC patients for adju-
vant IFNa therapy.

Patients and Methods

Clinical samples. We used archival FFPE speci-
mens from three separate cohorts (Table 1) consisting
of 248 patients with HCC who had undergone radical
resection between 1993 and 2007 at the Liver Cancer
Institute (LCI) of Fudan University, the University of
Hong Kong (HKU) or Osaka City University (OCU),
with the specimen collection protocols approved by
the corresponding Institutional Review Boards. Co-
hort 1 contained cases (n=129) from LCI and cohort 2
contained cases (n=79) from HKU. These two cohorts
were a part of prospective RCTs of adjuvant therapy
with IFNa (5,6). Cohort 3 contained cases (n=40) from
OCU, of which 22 received adjuvant IFNa therapy (8).
Cohort 1 was used as a template to establish a scoring
algorithm, i.e., MIR26-DX, for selection of HCC pa-
tients with a favorable response to adjuvant IFNa
therapy in terms of overall survival. Cohort 2 and 3
were used to validate the selection performance of
MIR26-DX.

The patient accrual criteria of Cohort 1 and 2
were similar and they were from two RCT studies.
Patients from these cohorts showed no sign of portal
vein tumor thrombosis, no extrahepatic metastasis
and good hepatic reserve. These samples were used in
our pervious study (11). Therefore, the cases with
available RNAs from both cohorts were all included
for this study. Furthermore, we applied these criteria
to collect Cohort 3. We used overall survival for the
clinical endpoint for all three cohorts as described
(11).

Patient heterogeneity among three cohorts is
evident as clinical variables were different, with the
exception of sex (87.9 % men), multinodular status
(83.1% single nodule) and status with respect to ad-
juvant IFNa therapy (52.4% receiving IFNa) (Table 1).
Majority of HCC patients in Cohort 1 and 2 were
chronic carriers of hepatitis B virus (HBV) (99.3%),
while all patients in Cohort 3 were chronic hepatitis C
virus (HCV) carriers. More patients in Cohort 1 had
early-stage tumors compared to Cohort 2 and 3, as
indicated by TNM staging. The degree of hepatic in-
jury in patients with virus-related HCC, as indicated
by ALT levels, was significantly higher in Cohort 3
than in Cohort 2 and 1. Moreover, tumor size was
smaller, serum level of alpha-fetoprotein was lower,
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and patients were older in Cohort 3 compared to Co-
hort 1 and 2. In addition, the clinical outcome was
better in Cohort 2 than in Cohort 1 and 3 (Table 1,
Additional File 1: Supplementary Figure 1).

Tumor and non-tumor regions of FFPE tissues
were separated by macrodissection, and used for total
RNA isolation following the methodologies essen-
tially as described (11).

Singleplex-RT qPCR and Multiplex-RT qPCR.
Singleplex-RT PCR was performed as previously de-
scribed according to the standard procedure (11,12).

Briefly, a singleplex RT reaction was performed in 15
ul containing 1x RT Buffer, 2nM dNTPs, 50 units of
MultiScribe Reverse Transcriptase, 4 units of RNase
Inhibitor, 3 pl of single RT primer and 25 ng of total
RNAs using microRNA reverse transcription kit
(Applied Biosystems, Foster City, CA). The real-time
PCR with 1 pl of RT product per reaction was then
performed to measure gene expression using Tagman
MicroRNA Assays (Applied Biosystems).

Table 1. Clinical Characteristics of Patients in Three Independent Cohorts.

Clinical variable Cohort1 Cohort 2 Cohort 3 p value
(n=129) (n=79) (n=40)

Gender

Female 12 14 4

Male 117 65 36 0.177a

Age-year

Medjian (range) 50 (20-77) 52 (24-75) 66 (54-81) <0.001>

Alanine transaminase (ALT)

Normal (£50U/L) 107 44 10

Abnormal (>50U/L) 18 35 30 <0.001~

Missing data 4 0 0

HBV

Negative 5 9 40

Positive 124 70 0 <0.001~

HCV

Negative 129 74 0

Positive 0 3 40 <0.0012

Missing data 0 0

Tumor size-cm

<=3 49 22 25

>3 80 57 15 0.001=

Multinodular

No 110 63 33

Yes 19 16 7 0.5854

TNM Stage

I 79 7 7

I 28 34 24

HI-1V 14 38 9 <0.001~

Missing data 8 0 0

Alpha fetoprotein (AFP)

Negative (<20ng/ml) 49 33 28

Positive (>20ng/ml) 80 46 12 0.0022

IFNa Therapy

Yes 69 39 22

No 60 40 18 0.794a

Survival-month

Median (range) 60 (2-119) >116 (5-116) 85 (10-165) 0.010¢

aChi-square test; POne way ANOVA; cLog-rank test.
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An optimized eight-gene multiplex RT reaction
was performed in 30 ul containing 1x RT Buffer, 2 nM
dNTPs, 250 units of MultiScribe Reverse Transcripta-
se, 9.3 units of RNase Inhibitor, 15.2 pl of eight RT
primers (1.9 pl for each) and 120 ng of total RNAs
using microRNA reverse transcription kit. The re-
al-time PCR with 0.57 pl of RT products per reaction
was further performed to measure microRNA ex-
pression using Tagman MicroRNA Assays.

The PCR reaction was done in 384-well plates
with the use of Prism 7900HT instruments (Applied
Biosystems) (each microRNA per reaction). The ex-
pression for each microRNA was measured in tripli-
cate.

Gene expression data collection. After real-time
PCR reaction, the raw Ct value was collected with the
threshold setting “0.1” as the gene expression results.
If the standard deviation of Ct value from the tripli-
cate was higher than 0.2, this reading was considered
as an invalid reading and it was required to re-run the
PCR. If Ct value of reference gene is higher than 36,
this reading was considered as a missing value.

miR-26 expression scoring algorithin. The
miR-26 reading was the average of miR-26a and
miR-26b expression. It was then normalized with lev-
els of reference transcripts. The miR-26 expression
scoring algorithm was derived from six refer-
ence-normalized miR-26 readings in Cohort 1. The six
medians of normalized miR-26 levels by each refer-
ence gene in Cohort 1 were set as standard miR-26
cutoff points or thresholds. Reference-normalized
miR-26 readings from test samples were then com-
pared with the corresponding miR-26 thresholds. For
each test case, there are six reference-normalized
readings. If there are >2 readings below the corre-
sponding median levels (i.e.,, <4 out of 6 readings
above the median levels), the case was assigned to the
low miR-26 reading group. If there are =5 readings
above median levels, the case was assigned to the
high miR-26 category (Additional File 1: Supple-
mentary Figure 2A). This could allow maximizing the
case number in low miR-26 group which is the IFNa
treatment arm for future.

Statistical analysis. Kaplan-Meier survival
analysis was used to compare patient survival based
on the assignment by MIR26-DX, using GraphPad
Prism 5.0 (GraphPad Software, San Diego, CA) with
statistical p values generated by the Cox-Mantel
log-rank test. The results were considered statistically
significant if they have a p value of < 0.05. The hazard
ratio of death was calculated between the IFNa
treatment group and control group using GraphPad
Prism 5.0. The prognostic receiver operating charac-
teristic (ROC) curves were computed using the IFNa
treatment status, as well as patient survival times and

death status. Area under curve (AUC) was calculated
in GraphPad Prism 5.0.

Results

Selection of microRNA references. A robust bi-
omarker assay requires that it can tolerate day-to-day
variability and sample variability under typical clini-
cal scenarios such as the use of FFPE tissues for mo-
lecular diagnosis yet still maintain analytic sensitivity,
specificity and precision (13). One successful experi-
mental design for measuring gene expression in ar-
chival FFPE samples is to incorporate multiple refer-
ence genes for data normalization in cross comparison
of specimens thereby reduce assay variability (14,15).
We previously showed that the RNU6B normalized
miR-26 expression levels as determined by sin-
gleplex-RT qPCR can be used to identify HCC pa-
tients who had improved overall survival following
adjuvant IFNa therapy (11). Considering sin-
gleplex-RT qPCR assays with multiple transcripts
could introduce variability due to preparatory pro-
cedures on multiple singleplex-RT reactions, a multi-
plex-RT qPCR assay to run a single multiplex-RT re-
action with all transcripts at once was introduced.

In this vein, we searched for reference
non-coding RNA transcripts that can be incorporated
into a multiplex assay together with two HCC-related
miRNAs, i.e., miR-26a and miR-26b. We identified six
reference transcripts, i.e., U6 SnRNA, RNU44, RNU24,
RNU6B, RNU38B and RNU48, recommended as in-
ternal controls for non-coding RNA analysis by Ap-
plied Biosystems. Moreover, potential mature miR-
NAs were also explored as internal controls since they
have similar length and reaction efficacy as the target
miRNA ideal for multiplexing. The ideal reference
mature miRNAs should express in high abundance
without any differential expression among HCC and
paired non-tumor specimens. Accordingly, we ana-
lyzed microRNA microarray dataset (GSE6857) that
consists of 241 HCC samples and paired non-tumor
tissues (16). Class comparison analysis using paired
t-statistics used successfully in the past (17,18) was
used to identify microRNAs without differential ex-
pression between tumors and surrounding
non-cancerous tissues. Furthermore, the variance for
ratio of tumor vs. non-tumor was calculated for each
microRNA. From theses analyses, we selected
miR-331-5p as a reference miRNA since it has the
highest abundance and lowest variance with mini-
mum expression difference between tumor and
non-tumor specimens (Additional File 1: Supple-
mentary Table 1, Additional File 1: Supplementary
Figure 3). Comparison of multiplexing and sin-
gleplexing data derived from two HCC cell lines re-
vealed that among seven reference transcripts, only
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RNU48 showed a disconcordant expression pattern
between singleplexing and multiplexing (data not
shown), suggesting that this probe was not suitable
for multiplexing. Therefore, we decided to use six
reference transcripts, i.e., U6 SnRNA, RNU44, RNU24,
RNU6B, RNU38B and miR-331-5p, together with
miR-26a and miR-26b in a multiplexing assay.

An eight-gene multiplex-RT qPCR assay. To
determine the performance of the eight-gene multi-
plexing assay, we first carried out eight-gene multi-
plex-RT PCR reactions in FFPE samples from cohort 1,
in which the U6B-normalized miR-26a and miR-26b
data are available from previous singleplex-RT PCR
assay. We found that the U6B-normalized miR-26
readings from multiplex-RT PCR assays were signifi-
cantly correlated with that of singleplex-RT PCR as-
says (p<0.001) (Figure 1A-B). To further examine as-
say reproducibility, we performed multiplexing reac-
tions of the same RNA isolates in 10 FFPE samples
derived from 10 randomly selected HCC patients by
two laboratories, i.e., National Cancer Institute (NCI)
and ShanghaiBio Corporation (SBC), using two dif-
ferent batches of assay reagents. In addition, we also
isolated tumor cells from two different parts of tumor
FFPE samples and performed RNA isolation and
multiplexing PCR assays independently by two la-
boratories. We found that data generated from the
two laboratories using the same RNA isolates (Figure
1C) or different RNA isolates from different tumor
areas (Figure 1D) were highly correlated, indicating
that the assay is stable and reproducible.

We also tested whether data derived from mul-
tiplex-RT gPCR in cohort 1 could predict HCC cases
for their responses to IFNa. Consistent with our pre-
vious data (11), when cases were divided into low and
high miR-26a groups based on the median level of
U6B-normalized miR-26a in tumor, patients with low
miR-26a had improved survival from adjuvant IFNa
therapy while patients with high miR-26a did not
(Figure 1E). Similar results were obtained with
U6B-normalized miR-26b data (Figure 1F). Taken
together, these results indicate that the multiplex-RT
qPCR assay is comparable with singleplex-RT qPCR.

Establishment and validation of a scoring algo-
rithm of MIR26-DX. We developed a simple scoring
algorithm for assigning cases into high miR-26 or low
miR-26 group. It was based on the average expression
of miR-26a and 26b normalized to six reference genes
in tumor from cohort 1. By six individual refer-
ence-normalized miR-26 expression data points, the
scoring algorithm assigned HCC cases into the low
miR-26 group when 22 out of 6 readings are below the
corresponding median expression (in other words, <4
of 6 readings above their medians), and the high

miR-26 group when 25 readings are above the corre-
sponding median expression (Figure 2A, Additional
File 1: Supplementary Figure 2A). Based on this
scoring algorithm, we found that 68.2% of cases in
cohort 1 were assigned as low miR-26 cases, and that
low miR-26 cases, but not high miR-26 cases, had
survival benefits from adjuvant IFNa therapy
(p<0.001) (Figure 2B-C). As a result, this algorithm
follows a 2:1 case allocation ratio (i.e., 67% cases in the
treatment group and 33% cases in the control group),
a typical strategy used for the assignment of patients
in RCT studies for maximizing cases in the treatment
arm.

Reference-normalized miR-26 readings in each
test case were compared with the corresponding
threshold derived from cohort 1. Using these thresh-
olds, we found that 3.8% of Cohort 2 patients were
classified as low miR-26 cases. Consistently, HCC
patients with low miR-26 had improved overall sur-
vival following adjuvant IFNa therapy (Figure 3A-C).
However, the difference is statistically insignificant
(p=0.157). To further validate if MIR26-DX is predic-
tive of IFNa response in additional HCC cases espe-
cially those with HCV infection, we identified a cohort
consisting of HCV-positive Japanese HCC patients
who underwent curative resection (8). We identified
40 cases with available FFPE samples without portal
vein thrombosis. We found that MIR26-DX identified
62.5% patients as low miR-26. Consistently, Japanese
HCC cases with low miR-26, but not high miR-26, had
a favorable response to adjuvant IFNa therapy in
terms of overall survival (p=0.034) (Figure 3D-E).

Prognostic ROC curves showed that patients
with low level of miR-26 selected by MIR26-DX had
increased sensitivity and specificity in response to
IFNa treatment at each survival time points compared
to patients with high level of miR-26 with selection or
patients without selection by MIR26-DX. The AUC
value representing the cumulative measurement of
IFNa effect on survival for HCC patients with low
level of miR-26 was increased by an average of 27.5%
compared to AUC in patients with high level of
miR-26 when selected by MIR26-DX, or increased by
an average of 17.7% compared to AUC in patients
without selection in three different cohorts (Figure 4).

We compared the clinical characteristics among
low and high miR-26 HCC cases. No statistical sig-
nificant difference on clinical characteristics was
found between these two groups among three inde-
pendent cohorts (Additional File 1: Supplementary
Table 3). Therefore, MIR26-DX appeared effective in
identifying HCC candidates for adjuvant IFNa ther-

apy.
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Discussion

HCC is a heterogeneous disease, which repre-
sents by its clinical presentation and tumor biology.
The omics studies including genomics, transcriptom-
ics, proteomics and metablomics in HCC revealed that
tumor biology is largely variable among HCC patients
(11,19-24). HCC heterogeneity makes treatment and
eradication of this cancer challenging and contributes
to poor clinical prognosis. Therefore, bi-
omarker-guided patient-tailored therapy offers a
hope to improve clinical outcome in patients with
HCC.

The use of molecular diagnostics for detecting
variations of specific genes or signatures and guiding
targeted therapies is becoming increasingly common
in cancer management. For example, the HER2 gene
amplification test is utilized to guide the use of
trastuzumab in patients with breast cancer (9,10). The
KRAS mutation test is used as a companion diagnos-
tics to guide the use of cetuximab or panitumumab for
treatment of colorectal cancer (25). BRAF mutation
test is useful to select melanoma patients for vemu-
rafenib therapy (26). However, biomarker-guided
therapy for HCC patients is currently not available.

Our previous results demonstrated that HCC
patients with a reduced miR-26 expression in their
tumor samples have significantly improved overall
survival when treated with IFNa (11), indicating that
miR-26 is an effective biomarker useful to select HCC
patients for adjuvant IFNa therapy. In the present
study, we established a simple and reliable assay to
determine miR-26 expression and built a scoring al-
gorithm useful to assign HCC cases, a method we
referred as MIR26-DX, which was simple and could
be easily implemented in clinical diagnostic labs.

MIR26-DX was based on an 8-gene multiplex-RT
qPCR assay utilizing FFPE tumor specimens. We
found that multiplex-RT PCR was reliable and pro-
vided accurate data. It is noted that the RT reaction
was done in one reaction for all eight genes in the
multiplex-RT PCR assay, which could further mini-
mize data variability from multiple individual RT
preparatory procedures. Consistently, the microRNA
expression data from the multiplex-RT qPCR assay
were significantly correlated with data from the sin-
gleplex-RT qPCR assay. To minimize assay variabil-
ity, we introduced six reference genes for normaliza-
tion. It should be noted that the expression levels of all
six reference genes were similar between tumor and
non-tumor tissues for all HCC cases (Additional File
1: Supplementary Table 2). These results suggest that
all six reference genes are reliable endogenous con-
trols for normalization of microRNA expression in

HCCs. We found that the assay was reproducible re-
gardless of the differences in sample preparation and
operators. Moreover, MIR26-DX was effective in
identifying HCC patients who had improved survival
following IFNa therapy. In addition, only 60% of
RNA and 60% or less of RT reagents was used in
multiplex assays as compared to singleplex assays.
The time required to prepare multiplex assay was also
much shorter than that of singleplex assay. Further-
more, the assay was done reliably using RNAs iso-
lated from FFPE samples, which makes sample prep-
aration and transportation much easier. Taken to-
gether, we have demonstrated that MIR26-DX is an
efficient and time-saving test that can produce accu-
rate data with minimal use of specimens and reagents.

The proportions of HCC patients assigned as low
miR-26 by MIR26-DX were varied among three co-
horts, i.e., 68%, 4% and 63% in Cohort 1, Cohort 2 and
Cohort 3, respectively. The small number of cases in
Cohort 2 assigned as low miR-26 might be due to its
inclusion criteria. The criteria about inclusion of cases
with no postoperative residual tumors or poor hepatic
functions in Cohort 2 are more stringent. In Cohort 2,
postoperative residual tumors were checked by a
3-phase contrast-enhanced computed tomography at
one month after resection (6). However, only ultra-
sonography was required in Cohort 1 (5) and there
was no postoperative examination required in Cohort
3 (8). Therefore, it is possible that patients in Cohort 2
generally had better overall survival and higher level
of miR-26 compared to Cohort 1 and 3 (Additional
File 1: Supplementary Figure 1-2) since miR-26 ex-
pression levels are associated with HCC prognosis
(11).

MIR26-DX was successful in assigning HCC pa-
tients who had improved survival following adjuvant
IFNa therapy in three cohorts. These patients were
from HBV and HCV positive HCC cases and came
from both developing and developed countries.
Therefore, our observations may be broadly applica-
ble to other HCC populations, and suggest the poten-
tial universal utilization of MIR26-DX in patients with
HCC worldwide. Because of a limited number of
cases used in this study, a prospective randomized
study to evaluate MIR26-DX is warranted (clinicaltri-
al.gov; NCT01681446).

In summary, we developed a standardized
miR-26 diagnostic test which was an eight-gene mul-
tiplex-RT qPCR assay together with a scoring algo-
rithm. Our results indicate that MIR26-DX may serve
as a companion diagnostic test to assist selecting can-
didate HCC patients who have a favorable response
to adjuvant IFNa treatment in terms of overall sur-
vival. Such a test can prevent unnecessary treatments
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with IFNa to those who do not have improved sur-
vival from this type of therapy so that they could gain
a chance for other treatment modalities.

Supplementary Material

Additional File 1: Supplementary Figures 1-3, Sup-
plementary Tables 1-3.
http:/ /www.biolsci.org/v09p0303s1.pdf
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