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Background and Study Aims: To investigate whether the measurement of liver stiffness (LSM) using fibros-
can and the serum Cancer Stem Cells (CSC): Ep-CAM and cytokeratin-19, could predict the recurrence of
hepatocellular carcinoma (HCC) and their impact on clinical outcome and overall survival.
Patients and Methods: This is a prospective study, including 179 HCV-related HCC patients. All patients
were treated following the BCLC guidelines. All HCC patients had transient elastography, measurements
of Ep-CAM and cytokeratin-19 before and six months post-treatment. We looked for predictors of recur-
rence and performed a survival analysis using Kaplan-Meier estimates.
Results: TACE was the most common procedure (77.1%), followed by microwave ablation (15.6%).
Complete ablation was achieved in 97 patients; 55 of them developed HCC recurrence. After treatment,
LSM increased significantly with a significant reduction in CSCs levels in complete and partial response
groups. The median time to observe any recurrence was 14 months. LSM increased significantly post-
treatment in patients with recurrence versus no recurrence. Higher levels of CSCs were recorded at base-
line and post-treatment in patients with recurrence but without statistical significance. We used univari-
ate analysis to predict the time of recurrence by determining baseline CK-19 and platelet levels as the key
factors, while the multivariate analysis determined platelet count as a single factor. The univariate anal-
ysis for prediction of overall survival included several factors, LSM and EpCAM (baseline and post-
ablation) among them, while multivariate analysis included factors such as Child score B and incomplete
ablation.
Conclusion: Dynamic changes were observed in LSM and CSCs levels in response to HCC treatment and
tumour recurrence. Child score and complete ablation are factors that significantly affect survival.

� 2020 Pan-Arab Association of Gastroenterology. Published by Elsevier B.V. All rights reserved.
Introduction

Hepatocellular carcinoma (HCC) is a challenging tumour
to treat due to its high incidence, prevalence, and mortality
rates [1]. Worldwide, HCC is the second leading cause of
cancer-related deaths [2]. Among cirrhotic patients, the cumulative
5-year risk to develop HCC ranges between 5 and 30% based on
associated factors such as age, sex, and the status of the underlying
cirrhotic disease [3]. Fig. 1.

Tumours detected early have significantly better survival rates
when properly managed. Both AASLD and EASL guidelines recom-
mend periodic surveillance of high-risk patients (chronic HBV and/
or cirrhotic patients of any etiology) using ultrasonography every
six months [4,5]. HCC recurrence represents a crucial clinical prob-
lem. Even after radical treatment, HCC high 5-year recurrence rate
remains high (~80%) [6,7]. Identifying the predictors of recurrence,
using invasive and non-invasive methods, is necessary for adopting
treatment strategies [8,9].
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Fig. 1. Classification of the study population.

96 H.I. Shousha et al. / Arab Journal of Gastroenterology 21 (2020) 95–101
Transient elastography (TE) is an approved method for non-
invasive assessment of liver stiffness, which also can be used as
an independent predictor in different hepatic complications such
as portal hypertension and variceal hemorrhage [10–12]. Previous
survival studies used TE for prediction of HCC development as well
as recurrence rate in post curative ablation. Intrahepatic recur-
rence could be caused by local tumour progression due to direct
dissemination of the original tumour along the peripheral margin
of the ablated lesion or de novo recurrence that accounts for the
multicenter occurrence of HCC tumours in remote locations from
the ablated lesion [13].

Stem cell biology and associated technologies are capable of
determining minor components of tumourigenic cells. These com-
ponents are termed cancer stem cells (CSCs). CSCs play an integral
role in tumour development, metastases, and recurrence. Hepatic
CSCs have been well identified and include epithelial cell adhesion
molecule (EpCAM) and cytokeratin-19 (CK-19) markers [14,15].
The expression of EpCAM led to poor prognosis due to CSC proper-
ties of self-renewal, unlimited proliferation, and poor differentia-
tion [16]. Also, CK-19 positive HCC proved to correlate with a
higher incidence of early HCC recurrence and metastases to extra-
hepatic organs [17].

This study aims to investigate whether liver stiffness (LS) values
and CSC (Ep-CAM and CK-19) could predict HCC recurrence and
their impact on clinical outcome of HCC and overall survival.
Patients and methods

The study was reviewed and approved by the IRB of Cairo
University. This is a prospective study, and we analyzed a cohort
that included 179 HCC patients who were managed in the HCC
multidisciplinary clinic at the Endemic Hepato-gastroenterology
Department, between May 2014 and October 2016 Figure 1. The
patients recruited were adults of both sexes and who developed
HCV-related HCC and whose diagnosis was confirmed by Triphasic
CT and/or dynamic MRI according to international guidelines.
Patients were treated following the BCLC guidelines [18].
All patients signed informed consent before being included in the
study and the study followed the GCP guidelines and declaration
of Helsinki. Patients who were unfit for management, those with
ascites, vascular or distant metastases, and liver cancers other than
HCC were excluded from the study.

All patients underwent a thorough clinical assessment and lab-
oratory investigations that included complete blood count, liver
and renal biochemical profiles, viral serological markers (HBsAg,
HBc total, and HCV Ab), and alpha-fetoprotein. Child-Pugh score
[19], MELD score [20], and performance status [21] were also
assessed. Five ml of blood samples were drawn from each patient
enrolled in the study and collected into vacationer tubes to assess
cytokeratin 19 and EPCAM levels in serum. EPCAM and Cytokeratin
19 serum levels were assessed using ELISA kit (Chongqing Biospes
Co., Ltd China, Cat#: BYEK 2172 and BYEK 2173, respectively). All
protocols followed the manufacturers’ instructions. Each ELISA test
was run in duplicate, with mean absorbance computed from the
average for two wells normalized to a zero calibrator well.

Transient elastography (Fibroscan) was performed in all
patients at baseline (pre-ablation) and six months post-ablation.
Success rates of measurement were calculated by dividing the
number of validated measurements with the total number of mea-
surements. The results were expressed in kilopascals (KPa). A suc-
cess rate of>60% and an interquartile range (IQR) of<20–30% of the
median values were considered reliable [22]. Cut-off values for
liver stiffness measurements in Kpa concerning the Metavir score
used during this study followed de Lédinghen and Vergniol
[22]. Patients were divided based on their LSM values: non-
significant fibrosis (<F2): 0–8.7 Kpa, significant fibrosis (�F2-
<F4): 8.8–14.4 Kpa, and Cirrhosis (F4): �14.5 Kpa. Serum CSC,
Ep-CAM, and CK-19 were assessed using ELISA technique at base-
line and six months post-treatment.

A metastatic workup (including chest CT and bone scan) was
performed for any possible distant metastases. All patients
were assessed early after the ablation procedures for potential
complications. Triphasic CT imaging was scheduled four weeks
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post-treatment, then every three months during the two years
follow-up period. Treatment response was rated using the modi-
fied Response Evaluation Criteria in Solid Tumours (RECIST) guide-
line [23]:

� Complete response: CT scans with no contrast enhancement
inside the lesion in the arterial phase.

� Partial response: <30% decrease in the sum of all the target
lesions in the longest axis measurement.

� Progressive disease : >20% increase in all viable target lesions
� Stable disease: Non-PR, non PD

Baseline characteristics were compared between patients who
achieved complete tumour response to the treatment versus those
who had an incomplete response (partial response and stable dis-
ease). In patients with a complete response, we compared charac-
teristics between patients who experienced recurrence during
follow-up versus patients with no recurrence.

Statistical analysis

Categorical variables were compared using the Pearson v2 test
or Fisher’s exact test, as appropriate. Continuous variables were
tested for normality using the Shapiro-Wilk normality test. Nor-
mally distributed data were compared by the Student’s t-test,
while non-normally distributed data were compared using the
Wilcoxon rank-sum test. Logistic regression analysis was done to
explore predictors of complete versus incomplete ablation. Time
to recurrence was calculated in months from the date of complete
ablation to the date of recurrence, or date of the last contact. Sim-
ilarly, survival time was calculated in months from the date of
diagnosis to the date of death or last contact. The overall time of
recurrence or survival was analyzed using Kaplan–Meier esti-
mates. The log-rank test was used to analyze the statistical signif-
icance of Kaplan–Meier estimates when comparing two or more
groups. Cox’s proportional hazard models were used for univariate
and multivariate analyses of the time-to-event data. P values
of < 0.05 were considered statistically significant. Statistical analy-
sis was performed using the STATA/IC software version 13.1 (IBM
Table 1
Characteristics of the studied population with complete and incomplete ablation of their

Item Total patients (n = 179) Inco

Age (years) 60 (56–64) 60 (
Male Gender 131 (73.2%) 62 (
Performance Status0 / 1 / 2 134 / 31/ 5 58 /
Child score A/B 134 / 45 53/2
MELD score 10 (8–11) 10 (
Laboratory**
Hb (13–17 g/dl)Mean (SD) 12.8 (1.6) 12.7
WBC (x103/cmm) 5.3 (4.1–6.5) 5.4
Platelets (x103/cmm) 126.5 (90–168) 117
Bil.T (mg/dl) 1.1 (0.8–1.5) 1.1
AST (U/L) 61 (46–80) 60.5
Albumin (g/dl)Mean (SD) 3.37 (0.54) 3.25
INR 1.2 (1.12–1.3) 1.24
AFP (<10 ng/ml) 60.5 (13.1–290.3) 80 (
Hepatic Focal Lesions
Number of lesions1 / 2 / multiple 98 / 34 / 74 33 /
Size of largest lesion (cm) 4 (2.5–5.1) 4.5
Site of lesionsRight / left / both lobes 107 / 34 / 37 48 /
Treatment
Microwave ablation 28 (15.6%) 3 (3
Hepatic resection 7 (3.9%) 0 (0
TACE 138 (77.1%) 73 (
Combined 2 (1.1%) 1 (1

*P value was assessed between complete and incomplete ablation groups.
**Data presented as median and IQR unless otherwise stated.
Corp. Released 2013. IBM SPSS Statistics for Windows, Version
22.0, Armonk, NY: IBM Corp).

Results

The study included 179 patients who were diagnosed with HCV
related HCC. Patients were predominantly males, around 60 years
of age (range: 54–64). The majority had an acceptable hepatic
reserve as verified by the Child-Pugh score (74.9% Child-Pugh class
A) and MELD scores 10 (8–11). Tumours were predominantly sin-
gle (54.7%), located in the right lobe (60.9%), and the median
tumour size was 4 cm. According to the BCLC guidelines, TACE
was the most common type of treatment (79.8%), followed by
microwave ablation (15%), and hepatic resection (3.9%). Five
patients were excluded from the study because they didn‘t com-
plete their ablation sessions (Table 1).

Complete ablation was achieved in 97 patients; seven of them
were lost during follow-up, while 55 patients developed HCC
recurrence post-successful complete ablation. The fate of patients
who had incomplete ablation (n = 77) was dismal: 52 patients died,
nine patients were lost during follow-up, five patients showed evi-
dence of de novo recurrence, and 11 patients shifted to advanced
Child class where the line of treatment, according to the BCLC
guidelines, was best supportive care. Comparison between patients
with complete and incomplete ablation showed no statistically sig-
nificant differences apart from higher albumin levels (p = 0.01) and
a considerably lower tumour burden that significantly impacted
the choice of treatment, curative ablation, in the complete ablation
group (Table 1). LSM increased significantly six months post-
ablation in both groups. Concerning serummarkers, baseline levels
of EpCAM and CK-19 were higher in patients with incomplete abla-
tion but without statistical significance. Follow-up assessment
after six months post-ablation revealed a significant reduction of
serum levels as compared to baseline levels. However, no signifi-
cant difference was noticed when comparing both complete and
incomplete ablation groups (Table 2). A multivariate regression
analysis was performed. Predictors of complete ablation were focal
lesion<3 cm, serum albumin higher than 3.5 gm/dl, and
curative ablation. Patients who were treated with curative lines
focal lesions:

mplete ablation (n = 77) Complete ablation (n = 97) P value*

56–64) 60 (57–64) 0.8
80.5%) 66 (68%) 0.06
17 / 2 80 / 14 / 3 0.4
4 77/20 0.1
8–12) 9 (8–11) 0.2

6 (1.39) 12.88 (1.74) 0.6
(4.3–6.5) 5.1 (4–6.4) 0.3
(88–175) 129.5 (93.5–168) 0.6
(0.8–1.6) 1 (0.8–1.4) 0.2
(46–84.5) 62 (45–80) 0.9
(0.48) 3.46 (0.55) 0.01
(1.13–1.38) 1.2 (1.11–1.29) 0.06
16.2–300) 56 (12.3–234) 0.9

15 / 29 63 / 18 / 16 0.004
(3.2–6.5) 3 (2.05–4.5) <0.001
9 / 19 55 / 25 / 17 0.06

<0.001
.9%) 25 (25.8%)
%) 7 (7.3%)
94.8%) 64 (65.9%)
.3%) 1 (1.3%)



Table 2
The change in LSM and serum markers post treatment in patients with complete
versus incomplete ablation.

Baseline Follow up after 6 months P value

Liver stiffness
Incomplete ablation 30.4 (22.3–39.7) 35.3 (30.2–40.6) 0.0005
Complete ablation 24.8 (16–36.2) 27 (17.6–38) 0.004
P value 0.001 0.003
Serum EpCAM
Incomplete ablation 694 (395–733) 322 (252–430) 0.0003
Complete ablation 366 (201–533) 211 (115–352) <0.001
P value 0.2 0.06
Serum CK-19
Incomplete ablation 76.3 (63.8–109) 57.6 (43.9–71.5) 0.0003
Complete ablation 62 (45.7–84.1) 42.5 (29.6–63.3) <0.001
P value 0.3 0.08

Table 3
Multivariable regression analysis for predictors of complete ablation.

Odds Ratio (95% CI) P value

Focal lesion > 3 cm 0.16 (0.07–0.38) <0.0001
Albumin > 3.5 2.70 (1.29–5.63) 0.008
Curative therapy MWA/Surgery 15.90 (4.39–57.55) <0.0001
Palliative therapyTACE 1
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of management had an odds ratio of 15.9 (4.39–57.55) for com-
plete ablation (Table 3).

In the complete ablation group, we did further sub-analysis
between patients who developed HCC recurrence versus no recur-
rence. Recurrent cases were mostly local rather than de novo
lesions (local recurrence 40%, de novo 25.4%, both 34.6%). Recur-
rence of two or more focal lesions was seen in 56.4% of patients,
lymph node metastases in 3 patients (5.5%), portal vein invasion
in 4 patients (7.3%), and distant metastases in 4 patients (7.3%).
The patients were further selected for TACE (65.5%), best support-
ive care (21.8%), microwave ablation (3.6%), liver transplantation
(3.6%), Sorafenib (3.6%), and combined TACE/ sorafenib in 1.8% of
Table 4
Comparison between patients with and without recurrence.

Recurrence (n = 55)

Age (Years)Mean (SD) 59.07 (6.27)
GenderMale (Number, %) 37 (67.3%)
Performance test0 / 1 / 2 46 / 7 / 2
Child_Pugh classA/B 43/12(78.2%, 21.8%)
MELD score* 9 (8–11)
Laboratory parameters*
Hb (g/dl) 13 (12.3–14.3)
WBCs (x103/cmm) 4.6 (3.9–6.2)
Platelets (x103/cmm) 120 (90–158)
Bilirubin (mg/dl) 1.1 (0.8–1.5)
INR 1.2 (1.14–1.29)
Albumin (g/dl)Mean (SD) 3.46 (0.5)
ALT (U/L) 54 (42–67)
AST (U/L) 62 (50–78)
Creatinine (mg/dl) 0.85 (0.17)
AFP (ng/ml) 76.99 (19.7–330)
Hepatic focal lesions
Size of focal lesionMedian (IQR) 3 (2–4.5)
Site of lesionsRight / Left / Both lobes 28 / 17 / 10
Number of lesions1 / 2 / multiple 35 / 11 / 9
Lymph nodes 4(7.27%)
Treatment received
TACE and MWA 1 (1.8%)
MWA 15 (27.3%)
TACE 38 (69%)
Surgical 1 (1.8%)

*Data are presented as median and IQR
patients. Table 4 provides a comparison between patients who
experienced a recurrence of HCC post-successful ablation versus
no recurrence. Patients who experienced recurrence had signifi-
cantly lower platelet counts, higher AFP levels, and were mostly
treated with TACE. LSM increased significantly six months post-
ablation in patients with recurrence. In contrast, LSM decreased
in patients with no recurrence but without statistical significance.
A statistically significant decline of serum markers levels occurred
six months after ablation in both groups as compared to baseline
(Table 5).

Logistic regression analysis was performed, looking for predic-
tors of time to recurrence. The univariate analysis determined pla-
telet count and serum baseline CK-19 levels. However,
multivariate analysis limited the factors to platelet count only.
Time to recurrence analysis showed that the median time to recur-
rence was 14 months. The cumulative incidence rates of recurrence
at six months, one year, and two years were 24%, 46%, and 81%,
respectively. Recurrence occurred more rapidly in patients man-
aged with TACE than microwave ablation. The cumulative inci-
dence of recurrence at one year was 30%, and at two years, 80%
of patients were treated with microwave compared to 52% and
82% of patients treated with TACE. Better rates were provided with
patients managed surgically (18% recurrence at one year). On uni-
variate analysis of predictors of overall survival, multiple factors
had hazards ratio with statistical significance. Among the statisti-
cally significant factors, LSM and EpCAM levels proved to be impor-
tant factors affecting the overall survival. Multivariate analysis
found that the Child-Pugh score and complete ablation were the
most significant factors that can affect survival (Table 6).
Discussion

This study aimed to assess the changes in liver stiffness pre and
post HCC treatment and studying its correlation with the outcome
of treatment, prediction of recurrence, and patients’ survival.
Evaluation of liver stiffness was performed using fibroscan to stage
liver fibrosis as a noninvasive alternative to liver biopsy. We also
No recurrence (n = 35) P value

60.51 (5.31) 0.3
25 (71.4%) 0.7
27 / 7 / 1 0.6
31/4(88.6%, 11.4%) 0.2
9 (8–11) 0.8

13 (11.2–14) 0.5
5.7 (4–7) 0.06
163 (110–193) 0.004
0.9 (0.6–1.4) 0.2
1.15 (1.09–1.26) 0.2
3.57 (0.5) 0.3
47 (31–74.5) 0.4
57.5 (34–83) 0.4
0.88 (0.21) 0.3
18 (9.5–146.2) 0.02

3 (2–4.5) 0.9
21 / 8 / 6 0.6
22 / 7 / 6 0.9
0(0%) 0.1

0 (0%) 0.04
6 (17.1%)
23 (65.7%)
6 (17.1%)



Table 5
The change in LSM and serum markers post treatment in patients with recurrence versus no recurrence.

Liver stiffness

Baseline Follow up after 6 months P value

Recurrence 25 (19.1–35.8) 28 (20–39.7) 0.0001
No recurrence 22.8 (13.8–36.8) 20.9 (14.3–35.3) 0.7

Serum markers
Baseline Follow up after 6 months P value

Recurrence EPCAM 366 (208–472) 250 (115–324) <0.001
CK-19 62 (48–84.1) 44.1 (32–62.6) <0.001

No recurrence EPCAM 302.5 (194–533) 198.5 (117–351) <0.001
CK-19 66.3 (44–77.5) 42.25 (34–66.4) <0.001

P value of EpCAM between recurrence and no recurrence groups at baseline and follow up after six months are 0.5 and 0.8 respectively. P value of CK-19 between recurrence
and no recurrence groups at baseline and follow up after six months are 0.5 and 0.9 respectively.

Table 6
Predictors of time to recurrence and overall survival in studied population:

Time to recurrence OVERALL SURVIVAL

Univariable regression Multivariable regression Univariable regression Multivariable regression

HR(95% CI) p value HR(95% CI) p value HR(95% CI) p value HR(95% CI) p value

Age 1.001 (0.96–1.04) 0.9 1.006 (0.97–1.04) 0.8
ChildClass B 1.35(0.71–2.58) 0.4 2.10(1.32–3.33) 0.002 4.50 (1.86–10.90) 0.001
ChildClass A 1 1
�2 lesions 0.79(0.45–1.39) 0.4 1.23 (0.79–1.92) 0.3
Both lobes 1.26(0.63–2.54) 0.5 1.34 (0.79–2.27) 0.3
Single lobe 1 1
Focal lesion size � 3 cm 1.15(0.66–2.02) 0.6 2.55(1.45–4.49) 0.001 2.23 (0.57–8.81) 0.2
AFP � 200 ng/ml 1.37(0.78–2.43) 0.3 1.38 (0.87–2.21) 0.2
AST U/L 1.001 (0.99–1.01) 0.9 1.001 (0.99–1.006) 0.8
Platelets 0.99(0.98–0.99) 0.02 0.99 (0.987–0.999) 0.03 0.99 (0.99–1.001) 0.2
LSM > 20 1.44(0.79–2.65) 0.2 1.87 (1.03–3.40) 0.04 0.73 (0.22–2.43) 0.7
LSM at 6-months 1.02(0.99–1.03) 0.08 1.04 (1.02–1.06) <0.001
Curative therapy MWA/Surgery 0.67(0.36–1.26) 0.2 0.40 (0.20–0.81) 0.01 0.45 (0.09–2.25) 0.3
Palliative therapy (TACE) 1 1 1
Baseline EPCAM > 600 1.41(0.61–3.29) 0.4 2.36 (1.05–5.28) 0.04 1.61(0.68–3.82) 0.1
After-treatment EPCAM 1.0002 (0.99–1.03) 0.8 1.004 (1.001–1.007) 0.01
Baseline CK-19 1.01 (1.001–1.03) 0.03 1.01 (0.99–1.02) 0.08 1.007 (0.99–1.02 0.2
After-treatment CK-19 1.01(0.99–0.03) 0.2 1.01 (0.99–1.03) 0.2
Complete ablation – – – – 0.16 (0.10–0.27) <0.0001 0.09 (0.03–0.29) <0.0001
Incomplete ablation – – – – 1

H.I. Shousha et al. / Arab Journal of Gastroenterology 21 (2020) 95–101 99
measured the stem cell markers (serum EPCAM and CK-19 levels)
before and at six months after the intervention to study the
changes in their serum levels in cases of ablation, recurrence,
and survival.

Although our HCC patients had an overall compensated liver
cirrhotic condition (as demonstrated by Child and MELD scores),
curative treatment (surgery and microwave therapies) was pro-
vided for 19% of HCC cases while 79.8% HCC cases received TACE
therapy. In a large Western HCC cohort study, 53.7% of cases had
compensated liver cirrhosis, and potentially curative treatment
was applied in 24% of those patients [24]. Their findings were
not related to distant metastases; instead, they were related to
locally advanced tumours with large or multiple focal lesions and
the consequences of cirrhosis. The choice of TACE in our study
was also due to the tumour being located at difficult sites where
lesions were not accessible by MWA (subcapsular lesions or beside
the gall bladder).

After HCC management, 97 patients achieved complete abla-
tion, while 77 patients had partial ablation. Patients with complete
HCC response had significantly lower baseline LSM than those with
an incomplete response. Post-ablation, liver stiffness was higher
among those with incomplete HCC ablation than those with com-
plete ablation. Patients with incomplete response had significantly
higher tumour burden with larger HCC lesions (4.5 cm) and a
higher number of focal lesions. HCC itself is associated with
increased liver stiffness due to the associated production of
pro-fibrotic mediators leading to extensive fibrosis in the peri-
tumoural tissue. Besides, most patients with incomplete response
were treated with TACE due to their higher tumour burden which
required multiple sessions that further increased the liver stiffness
since TACE-induced hepatic hypoxia aggravates the fibrosis pro-
gression in peri-tumoural liver tissue by increasing the expression
of hypoxia-inducible factor (HIF)-1a, vascular endothelial growth
factor, and transforming growth factor-b1 [25]. Clark et al. [26]
also reported that TACE elevates portal blood flow and portal pres-
sure, which in turn increases the liver stiffness. Patients who
showed complete ablation of their lesions were mostly treated
by curative modalities (MWA and surgical excision). Logistic
regression revealed that with curative treatment, we expect to
see 10-folds increase in the odds of complete ablation. On multi-
variate regression analysis, the independent prognostic value of
LSM was not maintained, instead focal lesion size < 3 cm, serum
albumin levels � 3.5gm/dl, and treatment with curative modalities
were independent predictors for complete ablation.

Recurrence is the most frequent serious adverse event observed
after the treatment of HCC. Different reports demonstrated a
cumulative 5-year recurrence rate of 80% after curative treatment
for HCC [6,7]. Recurrence is mostly due to micro-metastases in the
liver or multi-centric carcinogenesis in the underlying cirrhotic
liver. To study the occurrence of denovo or local recurrence in
our patients, we followed the patients who achieved complete
ablation (90 patients) and found that 55 patients developed recur-
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rence. Similar to previous studies, our study shows a high rate of
recurrence [17,27], with a recurrence rate reaching 54%. Patients
who developed recurrence had significantly lower platelet counts
and higher baseline AFP levels. A recent systematic review and
meta-analysis done by Pang et al. used a cutoff value of
100 � 109/L to investigate the influence of thrombocytopenia on
the recurrence after hepatectomy for HCC. They concluded that
thrombocytopenia was a useful and inexpensive tool for the pre-
diction of postoperative recurrence in patients with HCC
(HR = 1.42, 95%CI: 1.27–1.60) [28]. Schraiber et al. found that high
levels of AFP were associated with a 3.32-fold increase in the prob-
ability of HCC recurrence [29]. Tateishi et al. found that
AFP > 100 ng/mL, both pre- and post-ablation were significant pre-
dictors of recurrence [30].

Baseline LS was non-significantly higher in patients with recur-
rence. Studies found that baseline LS valuewas an independent pre-
dictor factor for denovo recurrence and overall survival after MWA
[13,31]. Different etiological factors may have a role since all of our
patients had HCV-related HCC, unlike previous studies that showed
predominantly secondary to chronic HBV infection. Regarding the
follow-up of liver stiffness six months after treatment, it was signif-
icantly higher in patients with recurrence. This may reflect the
ongoing hepato-carcinogenic process within this liver.

Most cases of HCC recurrence were local, and most of them
were treated with TACE. However, the criteria used to classify local
recurrence and de novo recurrence are somewhat ambiguous [32].
Among the liver de novo recurrence, it is practically impossible to
distinguish intrahepatic metastasis from the original tumour or a
newly developed tumour [33]. In our study, patients with recur-
rence had a higher serum circulating EPCAM and CK-19 at baseline
and follow-up six months after ablation, but it was not statistically
significant. Uenishi and colleagues studied CK-19 expression in
the hepatectomy specimens for patients with HCC. They found that
CK19 expression, high AST, low albumin concentration, portal
invasion, intrahepatic metastasis, and severe fibrosis (cirrhosis)
reduced the tumour-free survival rate. CK19 expression, intrahep-
atic metastasis, and severe fibrosis were the independent predic-
tors of postoperative recurrence. Twelve of 15 patients with
CK19-positive HCC had tumour recurrence within two years after
surgery, a significantly higher incidence of early recurrence than
for CK19-negative HCC. The incidence of extrahepatic disease,
especially lymph node metastasis, was significantly higher in
patients with CK19-positive HCC. These findings indicated that
CK19 expression is a predictor of early postoperative recurrence
due to increased invasiveness [13]. Sung et al. found that 56% of
HCCs expressed EpCAM, and EpCAM expression was associated
with Keratin-19 expression. Similarly, in our study, patients with
recurrence had higher levels of both serum EPCAM and CK-19 at
baseline and six months after ablation [34]. In another study, ele-
vated circulating EpCAM mRNA + CTC and Treg/CD4 + levels were
associated with early recurrence of HCC and a higher incidence of
vascular invasion, which is indicative of poor clinical outcome [35].
Also, Bjerkvig et al. found that molecular markers expressed on
circulating tumour cells were closely associated with early diagno-
sis and early recurrence of HCC [36]. Kimura et al. have demon-
strated that EpCAM expression was observed more often in HCC
patients with HBV than in those with other etiologies, and the
immunoreactivity of EpCAM was found in up to 78% of HCC
patients with HBV [37]. In our studied population, all HCC cases
were secondary to chronic HCV infection. This may have a role in
the discrepancy of our results with other results.

The main prognostic factors of HCC reported by previous stud-
ies collected by Vauthey and Brouquetwere categorized in factors
related to the tumour itself (number, size, invasion of vascular
structures and extrahepatic metastasis), others related to liver
functions (Child–Pugh’s score, albumin, bilirubin, and portal
hypertension), and general performance status. HCC size was
found to be a significant prognostic factor [38]. The independent
predictors for OS in our study were complete ablation together
with child score affected by the total serum bilirubin, albumin
level, and INR. Also, OS was higher in patients treated with curative
treatment than in patients treated with TACE. The cumulative sur-
vival probability in TACE-treated patients was 62% at one year and
33% at two years compared to the 83% probability of OS in
surgically-treated patients at 20 months. Lai and colleagues found
that hypoxia after TACE may trigger the expression of proteins that
are usually associated with cholangiocytic/progenitor cell differen-
tiation and their markers CK-19 and EpCAM, suggesting that TACE
paradoxically causes an aggressive tumour phenotype [39]. Yama-
shita et al. were the first to characterize EpCAM in HCC cell lines
and tumour specimens; they demonstrated that EpCAM-positive
HCC cells possess CSC-like abilities to self-renew and differentiate
[40]. Moreover, Guo et al. found that EPCAM is expressed to a sig-
nificantly greater extent in HCC tissue than in normal liver tissue
and is associated with shorter overall survival [41]. We found that
higher serum EPCAM was associated with higher mortality and
poor OS. Sung et al. found that EPCAM expression was correlated
with tumour progression factors of HCC, such as elevated AFP level,
vascular invasion, high tumour grade, more aggressive behavior,
and poor clinical outcome [33]. Limitations of the study include
the relatively small number of recruited patients.

In conclusion, valuable dynamic changes occurred in liver stiff-
ness and CSCs in response to complete/incomplete ablation as well
as recurrence/no recurrence. They played integral roles in conjunc-
tion with tumour size, Child score, platelet counts, and curative
treatment to predict complete ablation, time to recurrence, and
overall survival.
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