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Abstract

Background: Patients with cirrhosis and early stage
hepatocellular carcinoma (HCC) may not be candidates for
surgical resection due to liver dysfunction. Two common
alternative therapies to treat HCC are transcatheter arterial
chemoembolization (TACE) and microwave ablation
(MWA). We compared outcomes between HCC patients
within Milan criteria after initial treatment with these two
therapies. Methods: The records of 58 patients diagnosed
with HCC within Milan criteria and treated initially with
either TACE or MWA were reviewed. Pre-treatment factors,
perioperative outcomes and survival were compared
between groups. Results: There were 36 patients treated
with MWA and 22 with TACE. Pre-treatment AFP levels
were higher in the TACE group. Treatment with MWA was
associated with progression-free survival (PFS) of 17.1
months versus 8.9 months after TACE (p=0.56). Disease-
specific survival (DSS) was higher in the MWA group
(median not reached) than the TACE group (32.0 months,
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p=0.047). Nine (15.5%) patients in this cohort went on
to receive liver transplantation. Conclusions: Treatment
with either MWA or TACE for patients with cirrhosis and
unresectable HCC within Milan criteria is generally safe
and initially effective, but recurrence and eventual death
due to HCC or cirrhosis is common. These therapies should
be a bridge to transplantation for all appropriate candidates.

Keywords: Hepatocellularcarcinoma (HCC), Transcatheter
arterial chemoembolization (TACE), Microwave ablation
(MWA), Hepatic cirrhosis, Milan criteria,

Introduction

Hepatocellular carcinoma (HCC) is a worldwide epidemic,
ranking 3"in cancer-related deaths,and the 5""-most common
cancer in men and 8"-most common in women overall.(1-
4) Additionally, the incidence is increasing, especially in
the United States. (5) The most common risk factors for
HCC are cirrhosis and chronic hepatitis infection. The fact
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that HCC develops in the background of liver parenchymal
disease creates a unique challenge for surgical treatment in
that simply resecting the liver segments involved is often
prohibitive due to pre-existing liver dysfunction.

Patients with early stage HCC within Milan criteria are likely
to benefit from orthotopic liver transplant (OLT). Local
and regional treatment options are now used commonly
for patients with unresectable HCC or as bridge therapy
prior to OLT. Transcatheter arterial chemoembolization
(TACE) is arguably the most commonly used regional
therapy and is generally associated with favorable tumor
response and improved survival versus untreated controls.
(6,7) Additionally, studies have shown a role for TACE in
downstaging patients with tumors outside of Milan criteria.
(8) Commonly used thermal local ablation methods such
as radiofrequency ablation (RFA) and microwave ablation
(MWA) are generally associated with favorable oucomes
especially for small tumors (< 3 cm) (9-14). Also, when
these methods are used as a bridge for OLT they are
associated with lower rates of dropout from the transplant
waiting lists (9-14).

For patients with early stage HCC within Milan criteria,
the decision to use either local therapy such as MWA or
regional therapy such as TACE usually depends on number
of tumors or size and location of tumors. Whether these
therapies are equivalent in similar patients is unknown. We
compared our initial experience with use of TACE or MWA
as the initial treatment in patients with early HCC in order
to determine the outcomes associated with each therapy.

Patients and Methods

This retrospective cohort study included patients treated at
a single tertiary cancer hospital with a tissue or radiographic
diagnosis of HCC in the background of cirrhosis and who
were initially treated with either TACE or MWA. All
patients’ radiologic pattern of HCC was within Milan
criteria. We reviewed outcomes based on our surveillance
patterns: a contrast-enhanced CT or MRI is performed
one month post-procedure to determine if repeat or other
intervention needed followed by imaging and labs every
3 months for one year followed by every 6 months. Once
the data was pooled, the TACE and MWA groups were
compared across three broad categories: pre-treatment
factors, peri-procedural outcomes and survival. Patient
factors compared prior to treatment included age, gender,
race, alpha fetoprotein (AFP) level, Child-Pugh score,
Model for End-Stage Liver Disease (MELD) score, serum
albumin level, platelet count, intent to transplant, and
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number and size of tumors present on axial imaging. Peri-
procedural outcomes included short-term complications,
length of stay after the procedure, readmission within 30
days, and 30-day mortality.

Survival analysis included percentage of patients
successfully bridged to transplant, progression-free survival
(PES), disease-specific survival (DSS), and overall survival
(OS). PFS was measured from date of initial treatment
with MWA or TACE to progression of HCC as determined
by radiologic evidence, DSS initial treatment to death from
HCC or last follow-up date if alive, and OS from initial
treatment until death from any cause or last follow-up.
These three outcomes were estimated using Kaplan-Meier
survival curves, and the log rank test was used to assess
for differences between groups. Statistical analysis was
conducted using SPSS v.18 software (SPSS, Inc, Chicago,
IL), and p<0.05 was considered statistically significant.
Institutional Review Board approval was obtained for this
study.

Results

In total, 58 patients met inclusion criteria, 36 patients in the
MWA group and 22 patients in the TACE group. All patients
were treated between January 1, 2007 and December 31,
2011. Median follow-up was 11.4 months for the MWA
group and 17.7 months for the TACE group. The groups
were comparable in terms of general demographics (Table
1), including age, gender, and race. Additionally, they
had similar measurements of liver function, including
Child-Pugh score, MELD score, platelet count, and serum
albumin level. In terms of tumor burden, both groups
were comparable in terms of number of tumors seen
radiographically and maximum tumor size. No patient in
either cohort had major vascular invasion. Notably, the
AFP level in the TACE patients was significantly higher
than in the MWA patients. The groups were similar also in
the percentage of patients that were being treated with the
intent to later undergo liver transplantation. Reasons for not
initially being considered for transplant ranged from other
unrelated comorbidities (4 patients), social issues/patient
preference (4 patients), presence of a second malignancy (3
patients), active substance abuse (2 patients), advanced age
(2 patients), questionable lung metastases (1 patient), and
presence of portal vein thrombosis (1 patient).

During the peri-procedural period, there was a trend to lower
complications in the MWA group (Table 2). Length of stay
was lower in the MWA group as compared to the TACE
group. The percentage of patients who were readmitted to
the hospital within 30 days was similar between groups.
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Table 1. Comparison of pre-treatment factors between the MWA and TACE groups, including general demographic data,
measurements of liver function, and HCC characteristics. All numbers reflect the median in each group.

MWA TACE P value

AFP (ng/mL) 75.9 918.6 0.0004
Age (years) 619 579 0.889
Albumin (g/dL) 33 2.9 0.807
Child-Pugh score 7.2 7.5 0.234
Gender (% Male) 88.9 77.3 0.278
Intent to Transplant (%) 72.2 68.1 0.484
Largest tumor size (cm) 2.4 2.85 0.136
MELD score 11.2 113 0.905
Patients with >1 tumor (%) 194 31.8 0.225
Pre-procedure platelet count (K/ul) 89.9 99.0 0.932
Race (% White) 86.1 773 0481
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Figure 1. Kaplan-Meier curve comparing progression free survival (PFS) in those treated with MWA (solid line) versus those treated
with TACE (dashed line). Median PFS was 17.1 months in the MWA group and 8.9 months in the TACE group (p=0.560).
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Table 2. Comparison of periprocedural factors between MWA and TACE groups.
MWA TACE P value
Complications (%) 5.6 22.7 0.065
Length of stay (days) 2.1 (range 1-7) 3.0 (range 1-12) 0.004
30-day Mortality (%) 0 13.6 0.05
Readmissions within 30 days (%) 16.7 273 0.261
Table 3. Causes of death between the two groups.
MWA TACE
Death from any cause 11 12
Death due to HCC 4 9
Death due to ESLD 5 3
Other cause of death 1 0
Unknown cause of death 1 0
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Figure 2. Kaplan-Meier curve comparing overall survival (OS) in those treated with MWA (solid line) versus those treated with TACE
(dashed line). Median OS was 31.4 months in the MWA group and 22.2 months in the TACE group (p=0.384).
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Figure 3. Kaplan-Meier curve comparing disease specific survival (DSS) in those treated with MWA (solid line) versus those treated
with TACE (dashed line). Median DSS was not reached in the MWA group but was 32.0 months in the TACE group (p=0.047).

Finally, 30-day mortality was higher in the TACE group,
with 3 deaths as compared to no deaths in the MWA group.
There were 9 patients (16%) from both groups who received
OLT after bridging therapy (11.1% in MWA group vs.22.7%
in TACE group, p = 0.278). In the MWA group, the local
recurrence rate was 14% at one year. Sixteen of 22 patients
(72.7%) in the TACE group required further therapy after
treatment, ranging from additional TACE (27.2%) to OLT
(22.7%). Among those treated with MWA, 38.8% had
recurrence, with treatments including TACE (5 patients),
repeat ablation (2 patients), chemotherapy (2 patients), and
radiation therapy (1 patient). Median follow-up was 11.4
months in the MWA group and 17.7 months in the TACE
group. Median progression free survival was 17.1 months
in the MWA group vs. 8.9 months in the TACE group
(p=0.560) (Figure 1). Median overall survival was 31.4
months in the MWA group vs. 22.2 months in the TACE
group (p=0.384) (Figure 2). Disease-specific survival was
not reached in the MWA group and was 32.0 months in the
TACE group (p=0.047). A total of 23 patients (39.7%) died
during the period of follow-up, and most patients died as a
result of HCC progression or worsening liver function due
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to cirrhosis (Table 3).

Discussion

The majority of patients with HCC have concomitant
cirrhosis; this makes treatment decisions complex even for
patients with early HCC. For patients with early HCC but
severe liver dysfunction or portal hypertension, surgical
resection is often not feasible. OLT for such patients is
associated with superior outcomes, but bridging therapy is
often needed due to average wait times for OLT of 6-12
months at most centers in the U.S.(15,16) Due to these
issues preventing typical curative modalities, locoregional
therapies such as MWA and TACE have become essential in
treating these patients. We have shown that treatment with
either MWA or TACE for patients with early stage HCC is
generally safe, and MWA is associated with shorter length
of stay and lower 30-day mortality when compared to
TACE. Nonetheless, when looking at long-term outcomes
both groups show comparable trends in progression and
survival. While bridge to OLT was the intent in over 60%
of patients this goal was achieved in less than 20%. This
is of concern since PFS after either therapy was less than
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two years emphasizing the limitations of both strategies as
definitive therapy even with early HCC. Our data support
the notion that patients with early stage HCC have limited
options due to the well-known issue of severe organ
shortage in the United States. Both locoregional therapies
compared here can control disease burden, but for a finite
period of time.

Several studies have looked at the role of ablative therapies
in the treatment of early stage HCC. They have shown
initial local control rates ranging from 91-100%, but
with local recurrence rates from 2-34% (17-21). Long-
term outcome for such patients include overall survival
of 82-90% at one year and 59-81% at 3 years. (17-21)
Additionally, for patients treated with this modality,
studies have demonstrated lower than expected drop-out
rates for patients awaiting OLT.(9-14) There is currently
controversy over the use of ablation as definitive therapy,
especially for tumors <3cm, but substantial evidence is
still lacking. For TACE, several RCTs have shown tumor
response rates ranging from 16-60% (22-24) and improved
survival in nonsurgical patients treated with this regional
therapy in comparison to untreated controls.(6,7) However,
survival benefit is only definitively demonstrated in highly
selected patients, such as those in our cohort(6, 25). As a
bridging therapy, several studies have shown low dropout
rates achieved in patients treated with TACE, ranging from
0-15% at 6 months and 0-25% at 12 months. (26,27) Our
study reflects the good initial response rate of patients
treated with either ablative therapies or TACE, but also
recapitulates the lack of convincing evidence that either
type of therapy could be used as definitive therapy due to
high recurrence rates.

Some authors have proposed combining both local and
regional therapies for treatment of early and later stage
HCC. A recent RCT was performed to evaluate the
efficacy of combined TACE and RFA in the treatment of
HCC.(28) The study showed that combination therapy
had significantly lower tumor progression rates when
compared to using RFA alone, 6% versus 39% (p=0.012).
Studies have also looked at the role of regional therapies
in combination with surgical resection. In the adjuvant
setting (29-31) the use of TACE showed similar recurrence
rates, but improved DSS and OS in those treated with
TACE postoperatively. Another RCT compared patients
treated with preoperative TACE and surgical resection
versus those treated with resection alone.(32) They found
no improvement in recurrence rates, DSS, or OS with the
addition of TACE. Thus, the optimal combination of
treatments for this disease has yet to be determined.
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There are several limitations to this study. First, although
Table 1 suggests the groups are comparable, it is most
likely selection bias favors use of MWA in patients with
smaller and lower number of tumors. Second, the sample
size in both groups was relatively small as this is a single-
institution study and MWA has been adopted within the past
few years. Third, the overall follow-up time was relatively
short, and therefore our findings about periprocedural
outcomes may be more relevant at this point than survival
outcomes. In the future, studies that can include larger
cohorts and longer follow-up may help to better elucidate
out our current findings.

As others have show previously, our study confirms that
initial treatment with either MWA or TACE for patients with
unresectable HCC within Milan criteria is generally safe
but that recurrence or progression of disease are common
as is eventual death from either HCC or complications of
cirrhosis. Ideally these therapies are a bridge to transplant
for all appropriate patients, however many patients do not
ultimately reach this goal for a variety of reasons. In our
early HCC population, initial therapy with MWA or TACE
is generally not curative. For this reason, we maintain close
radiologic imaging surveillance after initial treatment.
Further, these results emphasize the need for novel therapies
and clinical trials specific to this population.
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