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Background: A number of hepatocellular carcinoma (HCC) patients have developed resistance against trans-
catheter arterial chemoembolization (TACE) treatment. In this study, we aimed to develop a panel of microRNAs
(miRs) biomarkers to predict clinical outcomes in HCC patients after TACE treatment.

Methods: The expression level of twenty miRs was evaluated in FFPE tissues collected from 33 HCC patients. We
selected four differentially expressed miRs in TACE-responders versus non-responders and re-assessed their
expression in 51 serum samples. The expressions of miRs associated with overall survival (OS), progression-free
survival (PFS), and treatment outcomes were investigated. The diagnostic accuracy of these miRs in predicting
patients' response to TACE was also evaluated.

Results: The baseline of miR-106b, miR-107 and miR-133b was significantly elevated (p < .001) in sera of
TACE-responders while miR-26a was elevated (p < .001) in non-responders. miR-26a and miR-133b recorded
the highest diagnostic performance as individual classifiers in response to TACE (AUC = 1.0 and 100% sensi-
tivity and specificity). Intriguingly, miR-133b distinguished complete responders from partial responders and
non-responders (AUC = 0.90). The PFS was improved (p < .05) in the high expression group of miR-31, miR-
200b, miR-133b and miR-181a over their low expression group.

Conclusion: Circulating miR-133b, miR-26a, miR-107 and miR-106 in serum are potential candidates to be
utilized as prognostic biomarkers for predication of TACE treatment outcomes in HCC patients.

1. Introduction Chemoembolization (TACE). Although it is controversial, TACE is

considered as an option for treatment of unresectable tumors in HCC

Hepatocellular carcinoma (HCC) is one of the leading cause of
cancer death worldwide [1]. In Egypt, HCC is the one of the main
health problem where the country has the highest annual incidence rate
[2]. It has been reported that Egypt has the highest prevalence rate
(14.7%) of hepatitis C virus infection [3]. Most of HCC patients are
usually diagnosed at intermediate to advanced stages of the disease
where the surgical intervention is very limited. One of the main options
offered to HCC patients with larger lesions is the Transcatheter Arterial

patients [4,5]. This intervention includes intra-arterial infusion with
anti-tumor drugs such as doxorubicin and/or cisplatin followed by
embolization of the artery with embolic agents [6-8]. In some cases,
they developed resistance against doxorubicin and cisplatin where the
drug efficacy is highly reduced and toxicities to normal hepatocytes
increased. Thus, molecular biomarkers that can predict the response to
such treatment are urgently needed to improve chemotherapeutic ef-
ficacy.
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A growing evidence elucidates the role of microRNAs (miRs) in
development and progression of HCC. Since miRs are released to the
circulating blood, their potential value as diagnostic and prognostic
markers in HCC have gained more attention [9-14]. There is an in-
creasing interest in understanding the association of miR expression in
HCC cells with their chemo- and radiosensitivity to increase the efficacy
of the treatment modality in HCC patients. Experimental evidence de-
monstrated that miR mimics can normalize the gene regulatory network
and cellular signaling pathways, and reverse the phenotype of cancer
cells, a case may open new venue for more selective therapies [15]. For
instance, miR-1268a acted as a prognostic marker for HCC and its
downregulation predicted post-operative adjuvant TACE treatment
[16]. The upregulation of miR-122 was associated with the emergence
of early TACE refractory [17], while downregulation of miR-335 cor-
related with inferior response to TACE treatment [18].

Emergence of TACE resistance in HCC patients has several clinical
complications including drug adverse effects, organs overload, devel-
opment of aggressive forms of tumors, and therefore reduce the overall
survival. Moreover, the economy is negatively affected by excess
medical costs, loss of income and increase of social burdens. Because of
tumor heterogeneity, patients's genetic background and different
treatment regimens, there is a clinical need for identifying new non-
invasive panel of miRs to stratify HCC patients based on their response
to TACE. In our previous study, we identified the signature of twelve
miRs differentially regulated in non-responder group of HCC patients
treated with TACE using doxorubicin and cisplatin [19]. However, the
study was conducted on a limited number of patients (15 HCC patients),
and data was not validated in serum samples. In the current study, we
aimed to evaluate the expression level of twenty miRs that have been
selected based upon our previous study [19] using larger number of
formalin-fixed paraffin-embedded (FFPE) tissue specimens. Those miRs
showed differential expression between HCC patients with and without
TACE response were then re-assessed in sera of 51 HCC patients to
evaluate their prognostic value. Our results demonstrated that four
miRs (miR-26a, miR-133b, miR-106b and miR-107) were able to re-
stratify HCC patients according to TACE treatment outcomes.

2. Materials and methods
2.1. Patients

The study protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki (6th revision, 2008) as reflected in a prior ap-
proval by the Institutional Review Board (IRB) of the National Cancer
Institute, Cairo, Egypt. All specimens obtained prior to TACE treatment
were approved after patients's consents. The present study was carried
out to determine miRs expression on two main levels; FFPE tissues and
serum level as described in Fig. 1. In FFPE specimens, we aimed to
identify the candidate miRs that significantly correlated with response
to TACE treatment. The FFPE tissue specimens included 33 patients
with advanced HCC (Table S1). Tissue specimens were collected prior
to TACE treatment with Cisplatin (50mg) and Doxorubicin (50mg) in
addition to lipiodol as an embolization agent. In addition, FFPE normal
liver tissue specimens were collected from 15 adult living liver donors
prior to transplantation and considered as a normal control for FFPE
tissues. Twenty miRs were analyzed by qPCR in FFPE tissue specimens
in addition to the control group. The miRs that are significantly asso-
ciated with response to TACE treatment were then validated in serum
samples collected from HCC patients. As shown in Table S2, the serum
samples included 51 patients who had advanced HCC. Serum samples
collected prior to TACE treatment with doxorubicin (100mg) and li-
piodol. In addition, serum samples were also collected from another 15
age-matched healthy subjects, independent from the first normal sub-
jects from which liver FFPE tissue biopsies were collected, and con-
sidered as a control group for serum samples. All normal controls used
in this study were free from HCV or HBV and had normal liver
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functions. Patients were eligible for TACE treatment according to the
Institutional Standard of Care [20]. Patients' response to the treatment
was assessed by the Response Evaluation Criteria in Solid Tumors
(RECIST V1.1) [21]. In brief, complete response (CR) defined by dis-
appearance of all large lesions, partial response (PR) evaluated by at
least 30% reduction in lesion diameter, and no response (NR) if there
was no tumor shrinkage. The overall survival (OS) and progression-free
survival (PFS) of these patients were calculated as previously reported
[22].

2.2. Extraction of miRs from Formalin-Fixed Paraffin-Embedded (FFPE)
tissues and serum samples

Archived FFPE tissue specimens of HCC patients and normal con-
trols were obtained. Total RNA from FFPE tissues (10-pum thickness per
5 cuts per sample) was extracted using miRNeasy FFPE kit according to
the manufacturer's instructions (Qiagen; Gaithersburg, MD). Total RNA
was extracted from the blood sera obtained from HCC patients prior to
TACE treatment and control group as described [9]. Briefly, total RNA
from 200 pL of serum was extracted using miRNeasy kit following the
manufacture's protocol (Qiagen; Gaithersburg, MD). RNA was purified
and RNA concentrations were quantified using NanoDrop 2000 (Life
Technologies Corp., Grand Island, NY, USA).

2.3. Quantitative Real-Time PCR (qPCR) analysis

Total RNA was reverse transcribed using miScript RT kit (Qiagen;
Gaithersburg, MD). For miR expression profiling, 1uL of RT product
was used as template in a 10pL PCR reaction containing 1 X SYBR
Green master mix, 1 X miR specific forward primer, and 1 X universal
primer (Qiagen; Gaithersburg, MD). Quantitative Real-Time PCR reac-
tions were performed on ViiA 7 Real-Time PCR system (Applied
Biosystems, Foster City, CA). Samples were analyzed in triplicates, and
were repeated at least twice. RNU6-1 was used as an endogenous
control for FFPE specimens and a combination of RNU6-1 and miR-16
was used as an internal control for serum samples. Data were analyzed
using AACt comparative method regarding internal controls and the
fold of change was calculated. Heatmap was performed with log2 fold
change using GENE-E software (Broad Institute, Inc.).

2.4. Statistical analyses

The obtained data were analyzed using SPSS, version 21 (SPSS, IBM,
USA). Chi-square test was used to determine the association of miRs
expression with each of the patients' clinical pathological parameters.
Statistical analysis comparisons were performed with Student's t-test
(two tailed) and Mann-Whitney U for miR expression analysis. Kaplan
Mier survival curve followed by log-rank test was used to assess the
association between survival and expression of miRs. All numerical data
are expressed as mean and standard deviation or median and range. A
p-value =.05 was considered significant. Receiver operating char-
acteristic (ROC) curves were constructed and AUC values were calcu-
lated to determine the accuracy of individual and combined miRs to
segregate responders from non-responders to TACE treatment. To
evaluate the diagnostic value of combined miRs, Logistic Regression
was used to combine more than one miR and the predicted probability
used to plot ROC (receiver operating characteristic) curves to evaluate
the diagnostic accuracy of the combined miRs.

3. Results

3.1. Expression of miRs in FFPE tissue specimens collected from HCC
patients compared to normal subjects

We initiated our experiments by evaluating the level of the twenty
miRs in 33 FFPE tissues of HCC patients compared to those collected
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Fig. 1. Flowchart diagram representing the experimental design of the current study.

from 15 healthy subjects. We found fourteen out of twenty miRs had a
substantial difference in HCC patients compared to normal subjects
(Table S3). The calculated ACT was used to generate an expression
heat-map using online MORPHEUS software (Fig. S1). Of these sig-
nificantly altered miRs, miR-31 (p = .015) and miR-98 (p = .027) were
downregulated while twelve miRs were significantly upregulated in
HCC tissues over normal controls (Fig. S2). The expression pattern of
the studied 20 miRs was associated with clinicopathological features of
the HCC patients. It was found that miR-27, miR-30c, and miR-199a
had significant association with Child-Pugh score (p < .05) whereas
the levels of miR23a and miR-181a varied significantly with CLIP score
(p < .05) in HCC patients (Table S4).

3.2. Differentially expressed miRs discriminate HCC from normal subjects
with high accuracy

ROC analysis was performed to evaluate the diagnostic utilities of
differentially expressed miRs. As shown in Table S5, the highest dis-
criminatory power observed when miR-23a used as a predictor
(AUC = 0.982, sensitivity = 96% & specificity = 93%). This diagnostic
utility reached the maximum (AUC = 1) when miR-23a combined with
miR-106b or miR-644. The lowest diagnostic accuracy recorded when
miR-98 used individually (AUC = 0.690, sensitivity = 93% & specifi-
city = 60%).

3.3. Association of miRs expression level with survival data of HCC patients

The expression pattern of each miR in FFPE tissues was associated
with OS and PFS of the HCC patients (Fig. 2 and Table S6). We stratified
the patients according to the median value of miR expression (cut-off
value) into two groups; low and high expression groups. The median
time of OS as well as PFS were established and compared to each group
using Kaplan-Meier analysis. The p-value of the comparison was cal-
culated by the two-sided log-rank test. The median OS and PFS were
elevated in the high expression groups of each of miR-31, miR-200b and
miR-181a relative to their low expression counterparts. For example,
high expression level of miR-200b was associated with better OS
(p = .01) and PFS (p = .04) (Fig. 2 and Table S6). Likewise, high ex-
pression of miR-31 and miR-181a was accompanied with higher OS and
PFS compared to lower expression group. In addition, the high
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expression group of miR-133b showed a better PFS rate compared to
that of low expression level (p = .038). Based on their clinico-patho-
logical features, survival analyses demonstrated a statistical sig-
nificance when OS or PFS of low AFP level (< 200 ng/mL) compared to
that of high-level (=200 ng/mL) group. Indeed, the median OS was
significantly increased (p = .010) in patients whose AFP level was <
200 ng/mL versus > 200 ng/mL. Similarly, the PFS was also improved
when AFP level < 200 ng/mL compared to the higher level of AFP
(p = .001) as depicted in Table S6 and Fig. 2.

3.4. Association of miRs expression with response to TACE treatment in
FFPE specimens

Based on their response, the HCC patients categorized into two
groups; responders (complete and partial responders together) and non-
responders (Table S1). We compared the expression of miRs in both
groups in order to select miRs associated with HCC patients' response to
TACE (Table S7 and Fig. 3A). According to these data, responders had
higher baseline of miR-26a (p = .005), miR-106b (p = .051) and miR-
133 (p = .017) than non-responders before receiving TACE. However,
the baseline miR-107 was significantly lower in TACE responders
compared to non-responders (p = .03).

3.5. Validation of miRs associated with TACE response in serum samples
collected from HCC patients

Patients categorized into three groups according to their TACE re-
sponse; complete responders (CR), partial responders (PR) and non-
responders (NR). As shown in Table 1, the baseline of miR-26a, miR-
106b, miR-107 and miR-133b was significantly altered in sera of CR, PR
and NR as depicted in Table 1 & Fig. 3B. Interestingly, miR-26a and
miR-133b recorded the highest significant differences (p < .001) while
miR-106b and miR-107 had a p-value of < 0.05. In contrast to FFPE
tissues, pairwise comparisons revealed that both CR and PR had sig-
nificantly lower serum baseline of miR-26a than NR patients
(p < .001) for both comparisons using ANOVA followed by Gabriel
Post-Hoc test. However, serum level of miR-26a in CR and PR was in-
distinguishable. This contrast between tissues and serum was also es-
tablished by miR-107 but in the opposite direction. This evidenced by
its significant elevation in CR compared to NR (p = .032) but failed to
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Fig. 2. Kaplan—-Meier survival analysis of HCC compared to normal controls. A: overall survival and B: progression-free survival according to the signature of five
miRs and AFP. Patients were stratified into the low expression group and high expression group based on the median expression value of each miR. Significance was
calculated using the log-rank test at p < .05.
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Fig. 3. The differential expression of miRs in TACE-responder versus non-responders. The expression of miRs in FFPE tissues specimens (A) and serum samples (B)
procured from HCC patients was evaluated by qPCR analysis. Bar charts of Log2FC values represented the differentially expression of four miRs in tissues and sera of
TACE-responders (R) or partial responders (PR) compared to non-responders (NR) as described in the patients' section. The Y-axis represents Log2FC normalized
against internal control (RNU6-1) and the baseline expression in normal subjects. The mean Log2FC of the two groups compared by student t-test (two-tailed) and the

significance level was considered at p < .05.

Table 1

Validation of miRs expression pattern in the sera of TACE responders versus
non-responders of HCC patients. Data are represented as Log2FC normalized
against internal control (U6) and the baseline expression in normal controls.
"Pairwise comparisons of miR-26a and miR-133 carried out by Gabriel Post Hoc
test. *Pairwise comparison carried out according to Kruskal-Wallis Post Hoc.
Data considered significant at p < .05.

1. ANOVA

miR-26a miR-133
Group N Mean SEM p'value N Mean SEM  p' value
CR 16 -0.73 0.27 < 0.001 16.00 2.34 0.20 < 0.001
PR 17 -0.37 0.39 17.00 0.27 0.32
NR 18 2.90 0.37 18.00 —240 0.31
2. Kruskal-Wallis

miR-31 miR-106b miR-107
Group Mean Rank p*value Mean Rank p‘value Mean Rank p* value
CR 17.88 0.021 27.03 0.024 31.20 0.035
PR 27.71 32.38 26.24
NR 31.61 19.06 18.29
3. Pair-wise comparisons

p-value

Group miR-26a* miR-133* miR-31** miR-106b** miR-107+*
CR-NR < 0.001 < 0.001 0.021 0.355 0.032
CR-PR 0.849 < 0.001 0.173 0.904 0.315
PR-NR < 0.001 < 0.001 1.00 0.024 0.98

CR: complete responders, PR: partial responders, NR: non-responders.

achieve the significance in either CR-PR or PR-NR comparisons. Of
note, miR-106b and miR-133b had a higher expression trend on tissues
and serum levels in TACE responders compared to non-responders. The
most striking observation in the serum samples was the highly elevated
baseline of miR-133 in responders versus non-responders observed in
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all pairwise comparisons. This difference was not only demonstrated
when miR-133b in CR compared to either NR or PR but also when we
PR compared to NR (p < .001).

3.6. Evaluation of prognostic utility of validated miRs as molecular
classifiers to TACE response

3.6.1. Using FFPE tissue specimens

As shown in Fig. S3 and Table S8, miR-26a recorded the highest
AUC for individual miR used for the prediction of TACE response
(AUC = 0.818, sensitivity = 82% and specificity = 65%). This value
jumped to 0.913 when miR-26a and miR-133 were combined. When
miR-26a, miR-106b and miR-133b combined and used as a predictor,
the diagnostic accuracy reached its maximum (AUC = 1). Next miR in
order recorded a good score of AUC is the miR-106b (AUC = 0.764,
sensitivity = 80% and  specificity = 71%) and miR-133b
(AUC = 0.721, sensitivity = 60% and specificity = 78%). Basically,
different combinations of miRs as predictors substantially improved the
accuracy of discrimination. However, the combined miR-106b and miR-
107 together established an AUC value of 0.767, which was less than
the value recorded for miR-26a as an individual marker.

3.6.2. Using serum samples

Using the same approach applied in the FFPE specimens, miR-26a as
a single predictor had the highest AUC value of 1.0 (the sensitivity and
specificity were 100%, p < .001) in discriminating CR form NR as il-
lustrated in Table 2 and Fig. 4A. This AUC value slightly dropped to
0.958 with 94% sensitivity and 83% specificity in discriminating PR
from NR patients (p < .001). In parallel, miR-133b differentiated CR
from NR (AUC = 0.997, 100% sensitivity, 94% specificity; p < .001),
CR from PR (AUC = 0.919, 93% sensitivity, 88% specificity; p < .001)
and PR from NR (AUC = 0.935, 94% sensitivity, 83% specificity;
p < .001), and responders (CP&PR) from NR (AUC = 0.965, 97%
sensitivity, 83% specificity; p < .001). A combination of miR-26a and
miR-133 had excellent ability to differentiate responders from non-re-
sponders (Fig. 4B) in high accuracy (AUC = 1.0) when CR compared
with NR, AUC = 0.997 when PR compared with NR, AUC = 0.919
when CR compared with PR, and AUC = 0.998 when responders to
TACE (CR&PR) compared with NR.
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Table 2
Prognostic ability of individual and combined miRs (Log2FC) to differentiate TACE responders from non-responders in serum samples collected from HCC patients.
Groups Predictor miR(s) Cut-off value Sensitivity Specificity AUC SEM p-value
% %
CR vs NR miR-26a 0.807 100.00 100.00 1.000 0.000 < 0.001
miR-107 1.160 86.70 70.60 0.741 0.092 0.020
miR-133 0.037 100.00 94.40 0.997 0.006 < 0.001
miR-26a & miR-133 1.000 0.000 < 0.001
CR vs PR miR-133 0.940 93.80 88.20 0.919 0.059 < 0.001
miR-26a & miR-133 0.934 0.057 < 0.001
%(CR + PR) vs NR miR-133 —1.600 97.00 83.30 0.965 0.028 < 0.001
miR-26a & miR-133 0.998 0.003 < 0.001
PR vs NR miR-26a 1.490 94.10 83.30 0.958 0.030 < 0.001
miR-106b 0.328 76.50 66.70 0.761 0.081 < 0.001
miR-133 —1.530 94.10 83.30 0.935 0.050 < 0.001
miR-26a & miR-133 0.997 0.005 < 0.001

AUC = Area under ROC curve, CR = complete responders, PR = Partial responders, NR = non-responders to TACE.

@ Responders = CR + PR pooled together and compared to NR.
4. Discussion

Although the prospective role of miRs in predicting drug response to
TACE treatment has been investigated [17,18,23], the specificity and
sensitivity of these miRs as prognostic markers are compromised. From
our previous study [19], we selected twenty miRs and evaluated their
expression in FFPE liver tissue specimens collected from 33 HCC pa-
tients. The top four miRs that showed differential expression in re-
sponders versus non-responders to TACE treatment were then re-as-
sessed in serum samples collected from 51 HCC patients. The expression
pattern of these miRs was established and associated with OS, PFS, and
treatment outcomes. We evaluated the diagnostic accuracy of these
miRs in predicting the response to TACE. Our results demonstrated that
out of twenty miRs, fourteen miRs (12 up and 2 downregulated miRs)
were able to differentiate HCC from normal subjects. Several previous
studies have confirmed that some of these miRs were differentially
expressed in HCC patients versus their normal counterparts. For in-
stance, the serum level of miR-106b was higher in HCC patients at
advanced versus early stages with ROC value of 0.885 [24]. Using miR-
107 as a diagnostic marker, it separates HCC patients from normal
subjects and the combination of miR-92 and miR-3126 improved their
diagnostic accuracy [25]. Another marker, miR-31, was upregulated in
liver tissues collected from HCC over normal controls and its upregu-
lation was correlated with liver cirrhosis [26]. The median serum level
of miR-30c in HCC was reduced compared to healthy control subjects
[9]. We were able to show that levels of miR-31, miR-200b and miR-
181a in the high expression group were positively correlated with
better OS and PFS in HCC patients. In accordance with our findings,
Nishida et al. reported that the higher level of serum miR-181a-5p
predicts the early response to sorafenib treatment as well as the OS of
HCC patients [27]. In addition, the higher expression of long non-
coding RNA CARLo-5 inhibits miR-200b expression and predicts in-
ferior OS in HCC patients [28].

Regarding TACE response in HCC patients, the baseline of miR-
106b, miR-107 and miR-133b was elevated in the sera of TACE re-
sponders over non-responders while the level of miR-26a and miR-31
was elevated in the sera of non-responders. Of note, miR-26a and miR-
133b recorded the highest diagnostic accuracy as classifiers for re-
sponse to TACE (AUC = 1.0). More specifically, miR-133b was able to
discriminate complete from partial responders, complete from non-re-
sponders and partial responders from non-responders with AUC value
of =0.90. That being said, miR-133b is among the potential markers for
stratifying HCC patients in response to TACE treatment but multi-in-
stitutional studies are needed to validate this miR on a large scale. In
the context of its biological significance, Chen et al. suggested that
restoration of miR-133b suppresses ABCC1 and therefore increases the
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chemosensitivity of colorectal cancer cell lines to 5-FU and Vincristine
[29]. In another study, overexpression of miR-133b enhances the sen-
sitivity of resistant ovarian cancer cell lines to paclitaxel and cisplatin
by silencing MDR1 and Glutathione- [30]. We previously showed that
miR-26a and miR-106b were upregulated in non-responders versus
responders HCC patients to TACE treatment [19]. When Kim et al.
combined three miRs including miR-26a; the panel of these miRs was
able to predict TACE refractoriness in HCC patients within one year
from receiving their TACE treatment [31].

Collectively, our results showed that the expression of miR-133b
and miR-26a was significantly upregulated in responder compared to
non-responder to TACE treatment. Although the expression pattern of
miR-26a was not consistent in tissues and serum, its significant ex-
pression was recorded in TACE-responders. This change may originate
from biological differences in miRs biogenesis and metabolism in liver
tissues compared to circulating miRs in the blood. We showed that miR-
26a had the highest AUC value as a single classifier in prediction of
TACE response. However, the combination of more than two miRs,
miR-26a, miR-106b and miR-133b, improved the AUC value to the
unity. Instead of using individual miR, the combination of at least two
miRs will substantially improve the diagnostic and prognostic abilities
of miRs in HCC patients [25,32]. We also demonstrated that miR-26a,
as a single predictor, had absolute AUC value with 100% sensitivity and
specificity for discriminating CR form NR. Next miR in rank was miR-
133b, which can differentiate complete responders from non-re-
sponders with 100% sensitivity and 94% specificity and also was able to
separate partial and complete responders from non-responders with
97% sensitivity and 83% specificity. The combination of miR-26a and
miR-133 showed a remarkable capability of stratifying responders over
non-responders after TACE treatment. Taken together, mir-133b, miR-
26a and miR-106 are potential candidates to be utilized as non-invasive
prognostic biomarkers for predicating TACE treatment outcomes in
HCC patients. One of the mechanisms of developing TACE refractori-
ness is the ability of tumor cells to survive through dual blood supply
carried by hepatic artery and portal vein [33,34]. For instance, dox-
orubicin, cisplatin and sorafenib are used in TACE treatment to reduce
tumor growth and induce tumor necrosis but they are acting by dif-
ferent mechanisms. Therefore, further studies are necessary to evaluate
the current miRs panel as potential biomarker predicting TACE out-
comes when another therapeutic agent replaces doxorubicin. Some of
the limitations of this study are the sample size of the serum samples
and unavailability of conducting multi-centered studies. The strength of
our study is the identification and validation of miRs that have not been
fully described in response to TACE treatment. The second point of
strength is the use of cross-validation approach to evaluate miRs sig-
nature in FFPE and serum samples. Moreover, we combined multiple
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Fig. 4. Prognostic accuracy of serum miRs in discriminating the response of HCC patients to TACE treatment. ROC curve of individual (A) and combined (B) miRs in
differentiating TACE-responder HCC patients (complete responders “CR” or partial responders “PR”) from non-responder (NR) patients to the TACE treatment. The
AUC was used to measure the prognostic accuracy of the altered miRs expression. CR&PR together represented the group of HCC patients responded to the TACE

treatment.

circulating miRs to provide better accuracy and meet the diversity of
HCC patients compared to utilizing individual miRs for predicting the
response to TACE treatment. These findings warranted further studies
to evaluate the clinical utilities of circulating miRs as prognostic mar-
kers for predicting TACE response in a large number of HCC patients'
samples.
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