
Liver stiffness measurement changes following
hepatocellular carcinoma treatment with
percutaneous microwave ablation or transarterial
chemoembolization: a cohort study
Ashraf O. Abdelaziza, Hanan Abdelhalima, Aisha Elsharkawya, Hend I. Shoushaa, Ahmed H. Abdelmaksoudb,
Zeinab A. Solimana, Mohamed I. Seifa, Dina B. Sayedc, Mohamed H. Faroukd, Tamer M. Elbaza and
Mohamed M. Nabeela

Background Liver stiffness increases after the development of hepatocellular carcinoma (HCC). Transient elastography for liver
stiffness measurement (LSM) using fibroscan is a simple noninvasive method of proven efficacy. This study aims to assess the
changes in LSM following HCC treatment.
Patients and methods This study included 150 patients with hepatitis C virus related HCC attending the multidisciplinary HCC
clinic, Kasr Al-Ainy Hospital between March 2014 and October 2015 who underwent either transarterial chemoembolization
(TACE) or microwave ablation (MWA). Baseline LSM was carried out 3 and 6 months after treatment. The response rate was
calculated according to the modified Response Evaluation Criteria in Solid Tumors criteria; overall survival and LSM changes were
then compared between the two procedures.
Results MWA showed higher rates of complete ablation (77.4%) than did TACE (31.7%) (P= 0.004). Increase in LSM 3 and
6 months after treatment was statistically significant in the TACE group (P<0.001) but not in the MWA group (P=0.4). Patients
who showed complete ablation had statistically significant lower baseline LSM than those with incomplete ablation, and their
6 months increase in LSM was also significantly lower. Logistic regression revealed that with each unit increase in baseline
stiffness, 3% reduction in the odds of complete ablation is expected, and this did not change after controlling for the type of
treatment. Child–Pugh class, number, and size of HCCs were our independent prognostic factors by Cox proportional analysis.
Conclusion The increase in LSM is significant after TACE than after MWA. Moreover, lower pre-ablation LSM is a predictor of
complete ablation. Eur J Gastroenterol Hepatol 31:685–691
Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.

Introduction

Hepatocellular carcinoma (HCC) is the most common
liver malignancy and is usually associated with poor
prognosis [1]. It needs a multidisciplinary approach for
effective management [2]. Most HCCs develop on top of
severe liver fibrosis and cirrhosis. The risk for hepato-
carcinogenesis increases with the progression to liver cir-
rhosis in all liver disorders [1]. The excessive extracellular
matrix deposition disrupts the hepatic architecture by
forming scars of fibrotic tissue with subsequent develop-
ment of regeneration nodules leading to liver cirrhosis.
Liver cirrhosis leads to hepatocellular dysfunction, portal
hypertension, and the development of HCC [3]. Studies

have revealed that there is usually extensive fibrosis in the
peritumoral tissue of HCC due to the production of pro-
fibrotic mediators that could be enhanced by hypoxia in
the fibrotic liver. This hypoxia and consequently fibrosis
can be aggravated by interventional therapies, for exam-
ple, transarterial chemoembolization (TACE) [4]. TACE
causes ischemia/hypoxia in the peritumoral tissue and
consequently aggravation in the pathogenesis of hepatic
fibrosis that may lead to chronic liver decompensation [4,5].

Ultrasound-guided percutaneous microwave ablation
(MWA) provided the ability to perform larger and quicker
ablations that exceeded the limitations of radiofrequency
ablation. The larger ablation zones given by MWA opened
the gate to consider it as a curative technique for large
lesions and showed better results than did TACE [6]. Liver
stiffness measurement (LSM) using fibroscan allowed sta-
ging of liver fibrosis and cirrhosis with proven clinical
accuracy [7]. It helps in assessing the risks for developing
liver-related complications [8] and is a useful predictor of
HCC development [5,6,9]. The presence of HCC was
found to be associated with higher liver stiffness [10,11].

This study aims to evaluate the changes in liver stiffness
following HCC treatment using MWA and TACE and
assess whether there is survival impact of liver stiffness
changes.
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Patients and methods

We started patients’ enrollment since March 2014 till
October 2015 at HCC multidisciplinary clinic, Kasr
Al-Ainy Hospital, Faculty of Medicine, Cairo University,
Egypt, where hepatologists, interventional radiologists,
pathologists, and hepatic surgeons comprise the basic
specialities of the clinic in addition to several other spe-
cialties. HCC was diagnosed and managed according to
the European association for the study of the liver guide-
lines [12], American Association for the Study of Liver
Diseases updated practice guidelines [13], and Barcelona
Clinic of Liver Cancer guidelines [14]. The study was
carried out in compliance with the ethics principles of the
1964 Declaration of Helsinki and its later amendments
with the Good Clinical Practice guidelines. A total of 150
eligible patients were included. A written informed consent
was obtained from all patients. The study protocol, as well
as the suggested informed consent, were approved by the
Institutional Review Board of Endemic Medicine
Department before enrolling participants. Our inclusion
criteria were as follows: adults more than 18 years old,
both sexes, patients with hepatitis C virus (HCV)-related
HCC, and Child–Pugh A (or B). The exclusion criteria
were as follows: Patients with hepatitis B virus infection,
portal vein thrombosis or ascites, liver cancer other than
HCC, intractable systemic infections, leucopenia (white
blood cell <1000/μl), cardiac/renal insufficiency, perfor-
mance status more than 2, and biliary obstruction.

Patients who underwent hepatectomy for treatment of
HCC, as well as patients who underwent liver transplant,
were not included in the study. We focused our study on
patients who were not in this group for hepatic resection
due to different reasons, mostly due to evidence of portal
hypertension with raised bilirubin, splenomegaly, low
platelet count, and/or presence of varices. Other reasons
included old age and co-morbid conditions that prevented
anesthesia and operative treatment. In addition, many
studies addressed the comparative survival rates in patients
who did surgical resection and local ablative techniques
for small lesions. Moreover, the cirrhotic liver is con-
sidered as a precancerous state and recurrence rates post-
surgical resection are around 50%.

All patients were subjected to full history-taking and
clinical examination. Lab evaluations included complete
blood count, liver biochemical testing (alanine transami-
nase, aspartate transaminase, alkaline phosphatase, bilir-
ubin, albumin, and international normalized ratio), urea
and creatinine levels, and α-fetoprotein (AFP).

Fibroscan was carried out for all patients before HCC
ablation and then 3 and 6 months after treatment. It was
carried out using the machine located in Kasr Al-Ainy viral
hepatitis center and ultrasound unit: fibroscan 502 touch
(Echo Sense, Paris, France). The probe was applied on the
right hepatic lobe through intercostal spaces on patients
lying in the dorsal decubitus position with the right arm in
maximal abduction. The tip of the transducer of the probe
was covered with coupling gel and placed between the rib
bones. The operator, assisted by an ultrasonic time‐motion
image, located a liver portion away from HCC and free of
large vascular structures. Up to 10 successful measure-
ments were performed on each patient. The success rate of
at least 60% was reliable. The median value of successful

measurements was selected as are presentative of the LSM
value in a given patient only if an interquartile range (IQR)
to median value ratio was less than 0.3 [15].

Patients were treated using MWA and TACE according
to Barcelona Clinic of Liver Cancer guidelines, putting into
consideration the patient status (performance status),
hepatic status (Child score and liver profile), and the tumor
status (number of lesions and their size). Other factors
such as feasibility of the technique in relation to the tumor
site (e.g. relation to liver capsule, gall bladder) and ease of
performing the procedure without adding higher risk of
complications were also considered.

Hepatocellular carcinoma ablation

Microwave ablation

The procedures were ultrasonography-guided using a
Hitachi EUB-5500 machine, (Hitachi Medical Systems
America Inc., Twinsburg, Ohio, USA) with a 3.5–5MHz
probe. An HS AMICA microwave machine, called AMICA
GEM machine (HS Hospital service S.P.A. Roma, Italy),
was used. It operated at the frequency of 2450MHz 14G
(150 and 200mm). Cooled shift electrodes (AMICA-
probes) were used to deliver the microwave energy into
liver tissue. A safety margin of 0.5 cm is usually taken all
around the tumor.

Transarterial chemoembolization procedure

The Seldinger’s technique was used to access the femoral
artery with a (5 Fr sheath introducer) under fluoroscopic
guidance and local anesthesia. Identification of the hepatic
arterial anatomy was made using a [4.0-F Cobra II (Copra
2) curved catheter], which was advanced by using a
hydrophilic coated J-curved guidewire (Treumo, Eschborn,
Germany) into the celiac and the superior mesenteric
arteries. The chemoembolization mixture was then infused
super-selectively into all the arterial feeders of the tumor.
This mixture composed of the chemotherapeutic material –
doxorubicin hydrochloride dissolved in a nonionic con-
trast medium that is water-soluble and saline – is then
emulsified in iodized oil (lipiodol). The doxorubicin/lipio-
dol ratio was calculated according to the tumor size (2 ml
lipiodol and 10mg of doxorubicin per centimeter of tumor
diameter). Lipiodol permits the drug to concentrate in the
tumor and is retained for weeks. Finally, the embolizing
agent and gel foam sponge particles were injected under
fluoroscopic guidance until blood stasis was achieved. If an
arterial portal venous shunting was present, the shunt was
embolized first by using iodized oil. Then, the lesion was
treated with the usual chemoembolization. Immediately
after TACE, a noncontrast computed tomography scan
was carried out to confirm the exact localization of the
combined chemotherapy/lipiodol. TACE was repeated at
1–2 month intervals, depending on the tumor burden and
response.

Follow-up

All patients were early assessed after the ablative proce-
dures for complications. Triphasic computed tomography
imaging was performed 4 weeks after ablation, and then
after 3 and 6 months during the follow-up period. Tumor
response was rated using the modified Response
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Evaluation Criteria in Solid Tumors guideline [16]. Finally,
we assessed the therapeutic efficacy, safety, as well as the
overall survival (OS) in relation to both techniques.

Statistical analysis

All survival analyses were calculated from the dates of the
first diagnosis of HCC. Pearson’s χ2-test or Fisher’s exact
test was used for categorical variables. Continuous vari-
ables were tested for normality using the Shapiro–Wilk
normality test. Values are presented as a mean ± SD, or in
the case of non-normally distributed data, as median and
IQR. Normally distributed data were analyzed using
independent samples t-test. Data found to be non-normally
distributed were analyzed using the Mann–WhitneyU-test.
The Kaplan–Meier method was used for analysis of OS.
The log-rank test was used for survival comparisons.
P values less than 0.05 were considered statistically sig-
nificant. The software STATA version 13.1 (Stata Corp.
LP, College Station, Texas, USA) was used for statistical
analysis.

Results

Out of the 150 cohort of patients primarily enrolled in this
study, six patients underwent hepatectomy, five patients
died before our first follow-up fibroscan after 3 months,
and 26 declined the prescribed treatment and the remain-
ing 113 patients were divided into two groups according to
the treatment modality (group 1: 82 patients who received
TACE; and group 2: 31 patients who received MWA).

Concerning the demographic characteristics, TACE
patients were older in age with male predominance com-
pared with group 2 with statistical significance. This dif-
ference was verified by univariate analysis, which found no
impact on survival. No statistical significance was detected
as regards their AFP levels, site, or size of focal lesions.
Right lobar single lesions were the most predominant in
both groups. The success rate achieved by the MWA was
significantly higher (77.4 vs. 31.7% only by TACE)
(P= 0.004; Table 1).

Regarding baseline LSM, four (3.5%) patients had F2
liver fibrosis, 10 (8.8%) patients had F3, four (3.5%)
patients had F3–F4, and the rest of patients had F4. The
baseline LSM was found to be higher in the TACE group
than in the MWA group but without statistical significance
(P= 0.9; Table 1). There was a positive significant corre-
lation between baseline LSM and AFP (r= 0.2, P=0.03)
and also with focal lesion size (r=0.3, P=0.001).

There was a statistically significant relation between
LSM and HCC ablation, being higher 3 and 6 months
after ablation [median (IQR): 30.2 (18.6) kPa and 31.3
(17.7) kPa, respectively] compared with preablation
[median (IQR): 28 (15) kPa] (P< 0.001) with strong cor-
relation value (r=0.8; Table 2).

Follow-up fibroscan performed after 3 months revealed
a statistically significant increase in LSM in the TACE
group (P<0.001) and in the MWA group but without
statistical significance (P=0.4). During the follow-up
period, 11 patients died in group 1 and four patients
died in group 2, and 20 patients missed their fibroscan
follow-up, thus fibroscan was performed after 6 months
for the remaining 78 patients, that confirmed the same

results of LSM after 3 months (Fig. 1 and Table 2).
Regarding the relation between the degree of ablation and
LSM (Table 2), patients who showed complete ablation of
their HCC had statistically significant lower baseline LMS
than those who showed incomplete ablation (partial
response and stable disease). No patient showed pro-
gressive disease in their follow-up. Additionally, the
increase in liver stiffness after 6 months was significantly
lower in patients with complete ablation. Thus we studied
whether or not baseline liver stiffness can predict complete
ablation. Logistic regression was performed and revealed
that with each unit increase in baseline stiffness we expect
to see 3% reduction in the odds of complete ablation, and
this did not change after controlling for the type of treat-
ment (Table 3).

We compared the LSMs between patients with HCC
focal lesions in the right lobe versus patients with left lobe
lesions. The baseline LSM was higher in patients with right
lobe lesions but without statistical significance. On the other
hand, 3-months’ post-treatment LSM was significantly
higher in patients with right lobe lesions (P=0.03).

Regarding survival analysis, after a median follow-up of
643 days, 37 patients died and 74 were still alive for their
last visit. The OS at 1 year was 77%, and at 2 years it was
43%. The OS for the TACE group was 76% at 1 year and
43% at 2 year, while the OS for MWA was 80% at 1 year
and 45% at 2 year, with no significant difference between
the two groups (log-rank χ2= 0.59, P=0.4). However,
The OS was significantly worse in patients with incomplete
ablation (partial response and stable disease) versus those
with complete ablation on follow-up (log-rank χ2=9.7,
P=0.001; Fig. 2). Moreover, it was significantly worse in
Child–Pugh B versus A (log-rank χ2=17.1, P<0.0001).

Cox regression analysis was done to determine risk
factors associated with survival, shown in Table 4.
According to a univariate analysis, factors correlated with
the OS were the size of the largest lesion (P=0.002),
Child–Pugh class (P< 0.001), with a trend towards

Table 1. Baseline characteristics of patients in the different
treatment groups

TACE (n=82) Microwave (n=31) P value

Age [median (IQR)] (years) 60.19 (5.45) 56.42 (6.71) 0.003
Sex (female/male) 17/65 15/16 0.004
Diabetes mellitus (%) 16 (19.5) 6 (19.4) 0.9
Smoking (%) 38 (46.3) 8 (25.8) 0.05
Child–Pugh score (A/B) 67/15 19/12 0.02
Number of focal lesions
(1/2/multiple)

40/15/27 22/6/3 0.04

Size of largest focal lesion
[median (IQR)] (cm)

4.23 (2.05) 3.5 (1.64) 0.07

Site of focal lesion(s) (right/left/
both lobes)

53/12/17 20/8/3 0.2

AFP [median (IQR)] (ng/ml) 56.9 (317.7) 61.3 (154.6) 0.6
MELD score [median (IQR)] 9.40 (2.28) 10.87 (2.33) 0.003
Hemoglobin [median (SD)] (g/dl) 12.97 (1.54) 12.52 (1.46) 0.2
WBCs [median (IQR)] (×103/ml) 5.6 (2.3) 5.2 (2.5) 0.5
Platelets [median (IQR)]
(×103/ml)

130 (91) 98 (71) 0.02

Baseline liver stiffness
[median (IQR)]

29 (14.8) 24.8 (15) 0.9

Ablation (complete/incomplete) 26/56 24/7 0.004

AFP, α-fetoprotein; IQR, interquartile range; MELD, model of end-stage liver dis-
ease; WBC, white blood cell.
Bold indicates significant P value.

Liver stiffness changes and HCC treatment Abdelaziz et al. www.eurojgh.com 687

Copyright r 2019 Wolters Kluwer Health, Inc. All rights reserved.



significance with performance status (P=0.06), and the
number of focal lesions of more than 1 (P=0.06).

Percentage change in liver stiffness after 3 and 6 months
of ablation as calculated by the equation [liver stiffness
percentage change= (post-treatment LSM–baseline LSM)/
baseline LSM]×100 was used to express the change in
LSM. In univariate analysis, the percentage change in liver
stiffness at 6 months compared with baseline was found to
be associated with survival (P=0.01) particularly in the
TACE group (Table 5). By using a multivariate Cox
regression model, factors identified as independent prog-
nostic factors were the size, Child–Pugh class, and the

number of HCC lesions (Table 4). While percentage change
in liver stiffness at 6-month showed borderline significance.

Discussion

Most HCCs arise on top of a background of chronic liver
injury of various etiologies, for example, HCV, hepatitis B
virus, and chronic excessive alcohol intake [17]. Chronic
inflammation and the associated maladaptive wound-
healing response are strongly linked to the development
of fibrosis, cirrhosis, promoting hepatocarcinogenesis, and
finally HCC. Chronic liver injury induces both tumor
initiation and promotion via genetic mutations and
chronic inflammation [18]. The presence of background
cirrhosis often causes these patients to be unsuitable for a
major surgical resection [19]. Thus, as liver fibrosis is an
integral part of the pathogenesis of HCC and associated
complications of portal hypertension and hepatic decom-
pensation, the aim of our study was to assess the changes
in liver stiffness before and 3 and 6 months after ablation
of HCC using MWA or TACE, and to study its correlation
with the outcome of ablation and patients’ survival.
Evaluation of liver stiffness was done using fibroscan to
stage liver fibrosis as a noninvasive alternative to liver
biopsy.

One hundred and thirteen patients were finally enrolled
into our study and divided according to the treatment
technique into the TACE group (82 patients) and the
MWA group (31 patients). A male predominance was
noted, which was in agreement with previous studies
[20,21]. It may be attributed to higher exposure to risk
factors, for example, hepatitis B virus, HCV, alcohol
consumption, smoke cigarettes, and having an increased
iron stores in addition to the possible effect of androgens.

Although 86 patients had a compensated liver cirrhotic
condition (Child–Pugh class A) and 27 patients were
Child–Pugh class B, palliative therapy (TACE) was done for
82 patients. This finding reflects the hidden nature of the
onset of HCC as most patients are already at an advanced
stage at the time of diagnosis and are not candidates for
surgical resection. This also reflects the detection of HCCs at

Table 2. Change in liver stiffness at 3 and 6 months after treatmenta

Baseline liver stiffness Liver stiffness at 3-months P value

The whole group (n=113) 28 (15) 30.2 (18.6) < 0.001
TACE (n=82) 29 (14.8) 33 (15.5) < 0.001
Microwave (n=31) 24.8 (15) 27.1 (16.7) 0.4

Baseline liver stiffness Liver stiffness at 6-months P value

The whole group (n=78) 28 (14.9) 31.3 (17.7) < 0.001
TACE (n=57) 28.4 (14.9) 33.4 (13.8) < 0.001
Microwave (n=21) 25.1 (16.1) 26 (20.6) 0.2
Complete ablation (n=38) 24.8 (19.1) 28.1 (14.9) 0.001
Incomplete ablation (40) 30.8 (15.3) 33.9 (16.5) 0.0003

Right lobe lesions (n=74) Left lobe lesions (n=20) P value

Baseline liver stiffness
[median (IQR)]

28.9 (21.3–39.1) 25.15 (16.85–32.3) 0.1

Liver stiffness at 3-months 32.8 (24–42.2) 27.95 (16.6–34.3) 0.03
Liver stiffness at 6-months 30.8 (21.5–39.2) 29.6 (13–36.8) 0.6

Bold indicates significant P value.
aData are presented as median and interquartile range (IQR).

Fig. 1. Kaplan–Meier survival estimate substratified by the state of ablation
(P=0.001).

Table 3. Baseline liver stiffness and ablation status

Complete response OR 95% CI P value

Liver stiffness 0.96 0.94–0.99 0.04
Treatment microwave 3.6 1.5–8.7 0.005
TACE 1 – –

CI, confidence interval; OR, odds ratio; TACE, transarterial chemoembolization.
Bold indicates significant P value.
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advanced stages even with compensated liver cirrhosis that
was in agreement with other studies [6,22,23].

In our study, LSMs by fibroscan showed that most of
our HCC patients had advanced fibrosis stage with median
LSM (IQR) 28 (15) kPa, and 95 (84.1%) patients out of
them were F4, a finding similar to that of many studies
[8–11,24–26], and it increased to 95% 6 months after
ablation. This goes also in agreement withMasuzaki et al. [8]
who documented that not only cirrhosis but also the stage of
fibrosis is correlated with HCC risk and that HCC is rare to
develop in patients with liver stiffness up to 10 kPa.

Baseline liver stiffness was found to be higher in the
TACE group than in the MWA group, which could be due
to higher tumor burden in patients chosen by the multi-
disciplinary clinic to do TACE as HCC itself is associated
with higher fibrosis due to the production of profibrotic
mediators. The success rate achieved by the microwave
technique was significantly higher (77.4%) than TACE
(31.7%), and this is in agreement with our previous
study [6].

The increase in liver stiffness in patients who were
subjected to MWA may be attributed to thermal ablation
that induces coagulation necrosis leading to an increase in
the tissue stiffness [27]. Furthermore, hepatic MWA
induces periablation inflammation [28], in addition to
ablation-induced tissue contraction due to protein dena-
turation, collagen contraction, and tissue dehydration
occurring at high temperatures [29].

The increase in post-ablation LSM in patients with
TACE is in agreement with Qu et al. [4] and Wang et al.

Fig. 2. Boxplot showing the changed liver stiffness at 3 (a) and 6 months (b) after treatment with transarterial chemoembolization and microwave. TACE,
transarterial chemoembolization.

Table 4. Cox’s regression analysis of factors associated with overall
survival of the studied hepatocellular carcinoma patients

Univariate analysis Multivariate analysis

Variables HR (95% CI) P value HR (95% CI) P value

Age 1.02 (0.96–1.08) 0.5 – –

Sex
Male (1) 0.83 (0.4–1.6) 0.6 – –

Female (0)
Diabetes mellitus
Yes (1) 1.02 (0.47–2.2) 0.9 – –

No (0)
Smoking
Yes (1) 0.9 (0.5–1.8) 0.8 – –

No (0)
Performance status
1 2.2 (0.97–5.1) 0.06 4 (1.6–10) 0.003
0

Number
>1 (1) 1.9 (0.98–3.6) 0.06 1.45 (0.73–2.89) 0.3
=1 (0)

Size of largest lesion 1.27 (1.1–1.5) 0.002 1.25 (1.07–1.46) 0.005
Child–Pugh class
B (1) 3.8 (1.9–7.6) <0.001 4.6 (2.16–9.7) < 0.001
A (0)

Bilirubin 2.5 (1.4–4.5) 0.002 – –

Albumin 0.37 (0.2–0.7) 0.001 – –

INR 2.9 (1.02–8.1) 0.04 – –

Baseline liver
stiffness

0.9 (0.9–1.02) 0.9 – –

Change in liver
stiffness at
6-months

0.9 (0.9–1) 0.06 0.98 (0.94–1.03) 0.5

CI, confidence interval; HR, hazard ratio; INR, international normalized ratio.
Bold indicates significant P value.

Table 5. Factors associated with survival in the group treated with
transarterial chemoembolization

Univariate analysis Multivariate analysis

Variables HR (95% CI) P value HR (95% CI) P value

Performance status
1 2.9 (1.24–6.9) 0.01 3.99 (0.95–16) 0.06
0

Number
>1 (1) 2 (0.9–4.2) 0.07 2.5 (0.78–7.9) 0.1
=1 (0)

Size of largest lesion 1.28 (1.1–1.5) 0.005 1.8 (1.3–2.5) < 0.001
Child–Pugh class
B 3.3 (1.5–7.2) 0.002 9.8 (2.6–36.5) 0.001
A

Bilirubin 2.2 (1.01–4.9) 0.05 – –

Albumin 0.4 (0.2–0.7) 0.004 – –

Baseline liver
stiffness

0.9 (0.95–1.01) 0.4 – –

Change in liver
stiffness at
6-months

0.9 (0.89–0.98) 0.007 0.96 (0.94–1.02) 0.2

CI, confidence interval; HR, hazard ratio.
Bold indicates significant P value.
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[5] who documented that TACE-induced hepatic hypoxia
aggravates the fibrosis progression in peritumoral liver
tissue through increasing the expression of hypoxia-
inducible factor-1α, vascular endothelial growth factor,
and transforming growth factor-β1. Wang et al. [5]
demonstrated elevated hepatic necrosis in adjacent liver
tissue, stellate cell activation, proliferation, and a sig-
nificant increase in collagen deposition. They concluded
that TACE induced a significant hepatocellular damage
and hepatic fibrogenesis that compromised liver function
and may lead to chronic hepatic decompensation. In
addition, Clark [30] reported that TACE produces an
elevation in portal blood flow and portal pressure, which,
in turn, increase liver stiffness. We also expect a rise in
LMS due the chemotherapeutic drug reaching the portal
circulation or refluxing in the proximal artery; both will
reach the liver tissue surrounding the mass.

Patients with complete HCC ablation had significantly
lower baseline LMS than those with incomplete HCC
ablation (partial response and stable disease). Logistic
regression revealed that with each unit increase in baseline
stiffness, we expect to see 3% reduction in the odds of
complete ablation, and this did not change after control-
ling for the type of treatment. Thus, lower baseline liver
stiffness can predict that this lesion is more liable for
complete ablation. Patients with incomplete ablation had
significantly higher tumor burden than did those with
complete ablation and consequently higher liver stiffness
due to the effect of HCC itself. They showed larger tumor
size than those with complete ablation [4 (3–5.8) vs. 3 cm
(2.25–4), respectively, P=0.0002] and higher number of
focal lesions (single/two/multiple lesions: 32/14/22 vs.
36/8/8, respectively, P=0.04). Patients with incomplete
ablation also showed higher AFP values but without sta-
tistical significance [78.49 (16.55–296.75) vs. 34.15 ng/ml
(11.7–179.4), respectively, P= 0.2]. A study by Osada
et al. [31] found that liver fibrosis is associated with acti-
vated cell proliferation cycle of HCC with an underlying
hepatocarcinogenic process and intrahepatic metastasis.

Similarly, post-ablation liver stiffness was higher among
those without complete HCC ablation (partial response
and stable disease) than those with complete HCC abla-
tion. This might be due to the continued presence of HCC
in patients with incomplete ablation (partial response and
stable disease). Furthermore, during our follow-up most of
the patients with incomplete ablation were treated using
TACE, which needs multiple sessions that further increases
the liver stiffness.

The independent prognostic factors for survival in this
study were the number of HCC lesions, size, and
Child–Pugh class. This was also recognized by previous
studies and categorized as factors related to the tumor
itself (number, size, vascular invasion, and extrahepatic
metastasis). Others factors were related to liver functions
(Child–Pugh’s score and portal hypertension) and general
performance status [32].

Conclusion

Lower preablation LSM is a predictor of complete ablation of
HCC. HCC ablation causes further elevations in LSM that is
more prominent following TACE than following MWA.
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