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Abstract

Background & Aims:

The rate of contraindications to percutaneous ablation (PA) for inoperable early HCC, and subsequent
outcomes is not well described. We investigated the prevalence and outcomes of inoperable early HCC
patients with contraindications to PA, resulting in treatment stage migration (TSM).

Methods:

BCLC 0/A patients diagnosed between September 2013 and September 2019 across five hospitals were
identified. Primary endpoint was proportion of BCLC 0/A HCCs with contraindications to PA. Secondary
endpoints included overall survival (0S), local tumour control (LTC) and recurrence-free survival (RFS).
The causal effects of PA versus TSM were assessed using a potential outcome means (POM) framework
in which the average treatment effects (ATE) of PA were estimated after accounting for potential
selection bias and confounding.

Results:

245 patients with inoperable BCLC 0/A HCC were identified. 140 (57%) had contraindications to PA and
received TSM therapy, 105 (43%) received PA. The main contraindication to PA was difficult tumour
location (47%). Patients who received TSM therapy had lower median OS (2.1 versus 5.3years), LTC (1.0
versus 4.8years), and RFS (0.8 versus 2.7years); p<0.001 respectively, compared to PA. The ATE for PA
versus TSM yielded an additional 1.02years (p=0.048), 2.87years (p<0.001) and 1.77years (p<0.001) for
0S, LTC and RFS respectively. 3-year LTC after PA was suboptimal (63%).

Conclusions:

Our study highlights high rates of contraindication to PA in early HCCs, resulting in TSM and poorer
outcomes. The local recurrence rate after PA was also high. Both findings support exploration of
alternative ablative options for early HCCs.

Introduction

Liver cancer is the fourth leading cause of cancer-related death globally['l. Hepatocellular carcinoma
(HCC) is the most common type of primary liver malignancy, accounting for up to 80% of all cases
worldwide, as well as in Australial?3l. Over the last four decades, the HCC incidence rate in Australia has

increased by almost eight-fold, from 1.37 per 100 000 in 1982 to 8.60 per 100 000 in 2019134 which
represents the fastest rising incidence of any cancer in Australia and therefore a significant challenge for
the healthcare system. Due to increased uptake of ultrasound surveillance in at-risk individuals, HCC is

being more frequently diagnosed at an earlier, curable stage in somejurisdictions[5‘7]. Barcelona Clinic
Liver Cancer (BCLC) classification is a widely accepted HCC staging system for prognosis assessment
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and treatment allocation!® 7], In patients diagnosed with very early/early-stage HCC (BCLC stage 0/A),
curative surgical therapies such as liver transplantation or resection are recommended!® 7. Unfortunately,
as little as 30% of patients are candidates for surgery at diagnosis!® °l. Percutaneous ablation (PA) is the
current standard curative therapy for early HCC patients ineligible for surgical therapy!® 7]. However, when
PA therapy cannot be given to patients with early stage HCC, patients commonly advance to non-curative
treatments (treatment stage migration). The rate of contraindication to PA and subsequent patient
outcomes, for receiving non-curative therapies based on treatment stage migration (TSM) concept is not
well described. Several retrospective studies have reported high rates of contraindication to PA (34-43%)
in early HCC patients who were ineligible for surgery!®=1"l. Emerging data supports the effectiveness of
alternative ablative options such as stereotactic body radiation therapy (SBRT), however, its incorporation
into consensus guidelines is variable® 1012131 The current EASL HCC management guidelines cite a
lack of robust evidence to support its usel’].

Therefore, the aim of this work was to perform a retrospective multicenter study to evaluate (i) the
proportion of inoperable early-stage HCC referred for PA but ineligible due to contraindications; (ii) the
clinical impacts on survival in patients who had contraindications to PA and experienced TSM; and (iii)
the local tumour control following PA in a large, real-world cohort. To estimate the causal treatment
effects using this observational dataset, we used a potential outcome mean approach, with inverse
probability of treatment weights used to correct for missing data on the potential outcomes and selection
bias.

Patients And Methods

Study population

All patients diagnosed with HCC between September 2013 to September 2019 and managed at five
tertiary hospitals across South Australia and Northern Territory were identified retrospectively from
relevant hospital-based electronic and paper medical records. HCC was diagnosed based on typical
radiological findings using multiphasic contrast-enhanced CT or MRI, and/ or pathological confirmation

according to the EASL criterial’l.

Inclusion criteria were: BCLC stage 0 or A HCC, ineligible for surgical therapy (transplantation/resection)
as decided by the HCC multidisciplinary meeting, received either PA or TSM therapy including transarterial
chemoembolization (TACE), selective internal radiation therapy (SIRT), stereotactic body radiotherapy
(SBRT), systemic therapy or best supportive care as the initial treatment following HCC multidisciplinary
meeting recommendation, minimal follow up =3 months.

Exclusion criteria were: incomplete/missing critical data such as BCLC stage of HCC and treatment date,
received combination therapies such as TACE + ablation as the initial treatment, received first treatment
TACE or ablation as bridging therapy for liver transplant performed within 6 months.
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Treatment allocation was via two HCC multidisciplinary teams associated with two major tertiary
hospitals in South Australia. Each team contained hepatologists, hepatobiliary and transplant surgeons,
liver specialized interventional radiologists, medical and radiation oncologists, and liver cancer nurses.
These teams received all referrals across South Australia and Northern Territory, a population of
approximately two million people.

PA techniques included: radiofrequency ablation, microwave ablation or percutaneous ethanol injection.
The rate and contraindications to PA were assessed in early HCC patients who were deemed ineligible for
surgical therapy. The technique of TACE procedure performed was conventional TACE (cTACE), using
epirubicin, followed by embolization with gelfoam or polyvinyl alcohol particles.

Study endpoints

The primary endpoint of our study was the proportion of BCLC 0/A HCC with contraindications to PA.
Secondary endpoints included overall survival (0S), local tumour control (LTC) and recurrence-free
survival (RFS) between the PA and TSM groups. Overall survival was defined as the time from the date of
first treatment to the date of death or last follow up if alive. Local tumour control was defined as absence
of tumour progression of the treated target lesion/s on CT/ MRI after the first treatment. Recurrence-free
survival was calculated from the date of first treatment to the date of tumour recurrence or last follow
up/death date if no recurrence was detected, in patients who achieved complete tumour response after
first treatment. Patients who received best supportive care or SBRT as TSM therapy were excluded from
the analyses of LTC and RFS. Patients who received SBRT were excluded from these analyses due to low
numbers in the study and emerging evidence suggesting this is potentially a curative therapyl8: 0. 13,
Each tumour nodule treated was assessed on follow up imaging to determine LTC rate.

Response Evaluation Criteria in Solid Tumours version 1.1 (RECIST 1.1)['¥ criteria was used to assess
tumour response post treatment based on the radiological assessment with multiphasic contrast-
enhanced CT or MRI. Complete tumour response (CR) was defined as the disappearance of all target
lesion/s in the axial imaging plane and/or absence of arterial phase hyperenhancement at the first
radiological assessment after treatment.

Statistical methods

Continuous variables were summarised using median + interquartile ranges (IQR) or mean + standard
deviations (SD) and compared by Student’s t-test or Mann-Whitney U test. Categorical variables were
summarized as frequencies (percentages) and compared using Chi-squared or Fisher's exact test as
appropriate. The unadjusted estimated probability of survival (OS, RFS) and LTC was described using the
Kaplan-Meier (KM) method and compared between treatment groups using the log-rank test. We
assessed the causal average treatment effect (ATE) for PA versus TSM therapy using a Potential
Outcome Mean (POM) survival analysis. POM is a 2-stage approach to estimating causal treatment
effects with estimation of the probability of receiving a particular treatment using a logit regression
model used in the first step followed by estimation of the mean time to outcome using a Weibull
censoring model. The probabilities of treatment are used as inverse probability of treatment weights
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(IPTW) in the survival model to create a pseudo-population in which there is balance in treatment
probability between the 2 treatment groups. As such the observed associations can be treated as causal
treatment effects. This approach to analysis allows estimation of both the average time to the outcome if
a single treatment were used for the whole study population, as well as the average treatment effect
(ATE), being the difference in mean time to outcome if all subjects were treated with PA versus TSM
therapy. Model covariates for both the treatment and censoring models included age, gender, cirrhosis,
Child-Pugh score, AFP, MELD score, number of tumours, tumour size, and alcohol aetiology. Results are
reported as mean (95% CI) time to outcome (POM) and mean (95% CI) average treatment effect (ATE).
POM and ATE estimates were obtained using version 16 of Stata’s “stteffects” command (StataCorp,
USA). A 2-tailed Type 1 error rate of alpha = 0.05 was used for significance testing.

Ethical approval and data collection

Ethical approval was granted by the Human Research Ethics Committees of the Adelaide Local Health
Networks and the Northern Territory Menzies School of Health Research, prior to commencement of the
study. Each patient included in the study was assigned individual study ID to protect confidentiality. A
standard centralized data collection sheet was created to record patient data on demographics, ECOG PS,
baseline liver function, aetiology of HCC, tumour characteristics, BCLC staging, treatment modalities and
date, radiological assessment, date of HCC recurrence, last follow up and death date, which was stored in
a password protected computer. Last follow up date was censored on 31 March 2020. The mortality data
was obtained from the State Cancer Registries and Mortality databases.

Results

Study population

Between September 2013 and September 2019, 377 HCC patients with BCLC stage 0/A were identified. Of
those, 38 patients were excluded due to incomplete/ missing critical data, lost to follow up, follow time <
3 months, patients who received TACE or ablation as bridging therapy for liver transplant performed
within 6 months, or received combination treatment modalities with TACE as the initial therapy. All
patients were discussed in the HCC multidisciplinary meeting for a consensus treatment plan. 94 (27.7%)
patients were excluded as they received surgical therapy (82 liver resections; 12 liver transplants). Thus,
245 (72.3%) inoperable patients with BCLC 0/A HCC received either PA or TSM therapy as the initial
treatment were included in the study (Fig. 1). No patients in our study cohort received liver transplantation
as their initial treatment.

Baseline clinical and tumour characteristics

The median follow up time was 22 months (IQR 11-37 months) for the whole cohort, 25 months for the
PA group, and 16 months for the TSM group. The clinical characteristics of study patients are
summarized in Table 1. Several significant differences were present between the PA and TSM groups.
The PA group had significantly lower proportion of non-cirrhotic patients (5% versus 12%), more frequent

single tumour nodule (85% versus 70%), smaller median tumour diameter (18 mm versus 30 mm), higher
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proportion of BCLC stage 0 (47% versus 9%), lower median alpha-fetoprotein (AFP) (6 2+ g/L versus 7.5
1 g/L) and lower median MELD score (9 versus 10).

Table 1. Baseline clinical characteristics of treatment groups
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TREATMENT GROUP

Patient Characteristics

Males

Age- median, (IQR)

ECOG

0

1

2

3

Aetiology of Liver Disease

HCV

Alcoho

NASH

HCV+ ETOH

HBV

Others

Cirrhosis

Child Pugh A

Child Pugh B
Tumour Characteristics
Number of Lesions
.

2

3

Largest diameter (mm)-
median, (IQR)

BCLC stage 0

OVERALL
COHORT?
(N=245)
N % or
(IQR)
190 78%
63.0 (56.573)
177 72%
49 20%
13 5%
4 2%
48 20%
51 21%
53 22%
50 20%
33 13%
10 4%
223 91%
173 71%
62 25%
187 76%
45 18%
13 5%
20 (16-31)
61 25%
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ABLATION
(N=105)
N % or
(IQR)
79 75%
64  (57-76)
78 74%
16 15%
9 9%
1 1%
24 23%
20 19%
22 21%
22 21%
12 11%
5 5%
100 95%
80 76%
22 21%
89 85%
14 13%
2 2%
18 (16-24)
49 47%

STAGE
MIGRATION
(N=140)
N % or
(IQR)
111 79%
62.5 (56-71)
99 71%
33 24%
4 3%
3 2%
24 17%
31 22%
31 22%
28 20%
21 15%
5} 4%
123 88%
93 66%
40 29%
98 70%
31 22%
11 8%
30 (20-
47.5)
12 9%

p value”

0.452
0.295

0.213

0.832

0.046
0.142

0.016

<0.0001

<0.0001




BCLC stage A 184 75% 56 53% 128 91%
AFP (1.9/L)- median, (IQR) 6 (3-30) 6 (31150 7.5 (3435 0.008
MELD score- median, (IQR) 9 (8-12) 9 (7-10.5) 10 (8-13) 0.0196

T Refer to BCLC 0/A HCC patients ineligible for surgery
* Comparison between treatment groups.

Contraindications to PA

Of the 245 treatment naive patients with early-stage HCC ineligible for surgery, 105 patients (42.9%)
received PA, whereas 140 patients (57.1%) received TSM therapy as the initial treatment due to
contraindications to PA, following HCC multidisciplinary team recommendations. The medical records for
all patients denied curative therapy with PA were reviewed and a maximum of two major
contraindications were recorded (Table 2). The two main contraindications to PA were difficult tumour
location and large tumour size (> 3cm), accounting for 47% and 46% of patients respectively.

Contraindications to percutaneous ablation ;a:LIJ(ragzically inoperable BCLC 0/A patients (N = 140)
Contraindications to percutaneous ablation Numbert  Percentage
Difficult tumour location (subphrenic, subcapsular, close proximity to vital 66 47%
organs/vessels/bile ducts)

Large tumour size >3cm 65 46%
Tumour not visible on USS 14 10%
High bleeding risk / anticoagulation 2 1%
Patient refusal 1 1%
Equivocal / additional lesion warranting diagnostic TACE 4 3%
Unacceptable risk due to risk of hepatic decompensation post treatment/ 9 6%
significant comorbidities / poor performance status

Failed to receive eligible percutaneous ablation treatment 1 1%
Bi-lobar distribution of tumours 7 5%
Reason not specified 3 2%
T humbers exceed 140 as some patients had additional second contraindications

Of the 105 PA treatments, the most common modality used was microwave ablation (97 treatments),
followed by ethanol ablation (7 treatments) and radiofrequency ablation (1 treatment). TACE was the
most common TSM therapy (116 patients; 82.9%). Other TSM therapies included SIRT (2 patients), SBRT

(3 patients), systemic therapy (1 patients) and best supportive care (8 patients). SIR-Spheres® Y-90 resin
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microspheres was the standard radioembolisation technique performed at our centres. Sorafenib was the
systemic therapy given in all cases. 9 patients referred for TACE and 1 patient referred for PA had
unsuccessful procedure attempt or procedure postponed due to acute illness, and subsequently received
best supportive care due to contraindications.

Overall survival (OS)

Of the 245 study patients, 107 died within the follow up period, with the median OS of 3.5 years for the
whole study cohort (95% Cl 2.33-4.45). Patients who received TSM therapy as the initial treatment had
significantly shorter median OS when compared with the ablation group (2.1 years vs 5.3 years), log-rank
X% =18.85, p<0.001) (Fig. 2). The survival rates at 1, 3, and 5 years were also shorter in the TSM group
(Table 3).

Table 3. Overall survival, local tumour control, and recurrence-free survival in BCLC 0/A HCC patients
according to the first treatment received

Overall Survival (%) Local tumour control (%) Recurrence-Free Survival (%)

Ablation TSM p-value Ablation TSM p-value Ablation TSM p-value

1-year 93.0 71.5  <0.001 86.3 48.2  <0.001 74.9 40.7  <0.001
3year 71.0 40.2 <0.001 63.1 18.8 <0.001 43.5 9.7 <0.001
5year 535 259 <0.001 447 18.8  <0.001 26.4 7.7 <0.001

Local tumour control (LTC)

106 tumour nodules were treated with PA and 122 with TSM therapy. TSM therapy as the initial treatment
was associated with lower median LTC in comparison to tumours treated with ablation (1.0 vs 4.8 years;
log-rank x? = 35.38, p<0.001) (Fig. 3). The LTC rates at 1, 3, and 5 years were also significantly lower in
tumours treated with TSM therapy (Table 3). The 3 years LTC rates for PA versus TSM therapy were
63.1% versus 18.8%, respectively (p <0.001).

Patients who received PA (n = 105) achieved complete tumour response (CR) rate more frequently in
comparison to patients who received liver-directed TSM therapy (TACE = 116; SIRT = 2), 85% vs 54% (p <
0.001).

Recurrence-free survival (RFS)

Patients who received TSM therapy as the initial treatment had significantly lower RFS when compared
with the ablation group (0.8 vs 2.7 years; log-rank x? = 34.84, p<0.001) (Fig. 4). The RFS rates at 1, 3, and
5 years were also significantly lower in the TSM group (Table 3).

Potential Outcome Mean (POM) and Average Treatment Effect (ATE)

The results for the potential outcome mean survival time and average treatment effects for each outcome
are shown in Table 4. The potential mean outcome time for the whole study population, were it treated
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using TSM therapy for OS, LTC and RFS, were 1.77,0.89 and 0.86 years respectively. There was a
significant average treatment effect for PA versus TSM therapy for each outcome, with an additional 1.02
years (p = 0.048), 2.87 years (p<0.001) and 1.77 years (p < 0.001) for OS, LTC and RFS respectively, if the
whole population were treated with PA versus TSM therapy (Table 4).

Table 4. Potential Outcome Mean and Average Treatment Effect for study outcomes

POM' (95% Cl) ATE* (95% Cl) p-value*

Overall Survival (years) 1.77 (1.28-2.26) 1.02(0.01-2.04) 0.048
Local Tumour Control (years) 0.89(0.66-1.12) 2.87(1.96-3.79) <0.001

Recurrence Free survival (years) 0.86(0.69-1.03) 1.77(1.06-2.48) <0.001

T POM, Potential Outcome Mean: Average time to the outcome if treatment stage migration were used for
the whole study population.

¥ ATE, Average Treatment Effect: The difference in mean time to outcome if all subjects were treated with
percutaneous ablation versus treatment stage migration therapy.

* p-value for ATE versus zero: Estimates were obtained using a survival treatment effects estimation with
Inverse Probability Weights, a Logit treatment model, and a Weibull censoring model. Model covariates
included age, gender, cirrhosis, CP score, AFP, MELD score, number of tumours, tumour size, and alcohol
aetiology.

Discussion

Although a TSM strategy for treating HCC in early-stage, potentially curable HCC patients is likely to be
common in real-world practice, its frequency and impact on outcomes is not well described. Our study
reported a high rate of contraindications to PA (57.1%) in early-stage HCC patients who were ineligible for
surgery. This is supported by other studies reporting similarly high rate of contraindications to PA (34—
43%)19.11.151 \which further validates that our study findings are likely to reflect real-world practice. The
two main contraindications to PA were difficult tumour location (47%) and large tumour size (> 3cm)
(46%) in our study cohort. Our high rate of contraindications demonstrates the frequent technical
limitations of PA therapy for early stage HCC in real-world practice, which is underappreciated in our view.

A subsequent problem related to this high rate of contraindications to PA is TSM to non-curative therapy.
In this cohort, 57% of inoperable patients with early-stage HCC had TSM therapies. To the best of our
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knowledge, our study is the first to compare important oncological outcomes in this specific subgroup of
surgically inoperable early-stage HCC patients who received the curative therapy (PA) versus patients who
received non-curative TSM therapies as the initial treatment. The outcomes in those who received TSM
were significantly poorer with lower OS, LTC and RFS. Although patients in the TSM group had a number
of adverse clinical and tumour characteristics, the TSM group remained an independently associated
variable for poor outcome (OS, LTC, RFS) when adjusted for other relevant clinical factors.

Another concerning finding from our study was the relatively high local recurrence rate for small HCC
tumours treated with PA. Although PA is considered a curative therapy, we found that patients treated
with PA had high rates of local recurrence at 1, 3, and 5 years (14%, 37% and 55% respectively). These
high local recurrence rates could not be explained by poor selection as all tumours treated were <3 cm in
maximal diameter, the standard accepted indication for PA treatment. Moreover, all interventional
radiologists involved in the PA treatments for our study cohort were liver specialized and experienced with
this technique. Although early randomised studies have reported better outcomes for local recurrencel6~
18] we believe the local recurrence rates for PA reported in our study are more reflective of the real-world
practice and are supported by a number of recent studies reporting similarly high local recurrence rates
(23-54%) within 3 years!'9722]. The explanation for the high local recurrence after PA is unclear but likely
relates to technical factors such as suboptimal tumour visibility under USS guidance during PA,
challenging tumour location/ subphrenic region[2%, leading to incomplete tumour ablation, or varying
definitions of local failure of tumour control.

Taken together, these study findings demonstrate vulnerabilities associated with current HCC treatment
algorithms using PA for surgically inoperable early-stage HCC, when implemented in real-world settings.
Patients who are not eligible for surgical therapies are effectively placed in “double jeopardy” when
referred for PA. The first risk they face is not being eligible for PA with subsequent migration of stage and
treatment to non-curative therapies associated with poorer LTC and survival. The second risk they face is
from the frequent failure after PA to provide effective LTC. The purpose of this paper is to highlight the
limitations of PA within current algorithms in clinical practice, which in our view do not appear to be
sufficiently recognized. These limitations suggest the need for randomized controlled trials of alternative,
potentially curative treatments for inoperable patients with early-stage HCC. In our view, a leading
candidate for such trials is SBRT. Recent non-randomized studies and systemic review investigating
efficacy of SBRT in BCLC 0/A patients have suggested excellent LTC rates (>90%) up to 3 years and
equivalent OS in comparison to PAB. 10.13.23,24] |5 addition, SBRT offers a number of other potential
advantages including its ability to treat lesions in difficult locations (close to diaphragm, vessels and
biliary structures) and lesions >5 cm, and its non-invasive nature with no tumour seeding risk, and
delivery in an outpatient settingl'0.1213.20]

There are several limitations of our study. Firstly, its retrospective and non-randomized design limits our
ability to exclude selection bias, with differences in baseline clinical characteristics potentially explaining
the poorer outcomes in the TSM group. To overcome this potential bias, we used a POM approach which
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allowed for estimation of marginal treatment effects rather the typical estimation of conditional
treatment effects using a standard Cox regression approach. However, the potential for selection bias
remains a possibility, to the extent that unobserved cofounders were not included in the model for
treatment assignment. Despite this limitation, the ranges of the ATE'’s were all within the range of
biological plausibility. A further limitation was likely heterogeneity in the technical aspects of PA and
TACE delivery and radiology reporting by multiple care providers across different centres. Nevertheless,
this heterogeneity is reflective of real-world practice in many healthcare centres. Major study strengths
include a large patient cohort and multicentre design. A further strength is that treatment allocation was
by HCC multidisciplinary teams and according to current BCLC treatment algorithms.

Conclusions

This real world, multicenter study confirmed that there was a high rate of contraindications to PA,
associated with treatment stage migration and poorer outcomes for these patients. Despite being
considered a “curative” therapy, PA was also associated with a high rate of local recurrence. These
findings support the need for randomized controlled trials comparing outcomes between PA and
alternative ablative therapies such as stereotactic radiotherapy, as primary therapy for inoperable, early-
stage HCC patients.
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Figure 1

Consort diagram of study flow and patient selection for inclusion
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Figure 2

Kaplan-Meier analysis comparing overall survival in BCLC 0/A HCC patients treated with percutaneous
ablation or stage migration therapy
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Figure 3

Kaplan-Meier analysis of local tumour control in BCLC O/A HCC patients treated with percutaneous
ablation or stage migration therapy
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Figure 4

Kaplan-Meier analysis of recurrence-free survival in BCLC 0/A HCC patients treated with percutaneous
ablation or stage migration therapy
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