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Abstract: (1) Background: Evaluating if necrosis volumetric assessment of pre-/post-RFA in HCC
can be an accurate predictor of LTP (local tumor progression) and survival,; (2) Methods:
Retrospective, descriptive and analytical study conducted between 01.01.2018 - 30.09.2021 in the
Radiology and Medical Imaging Department of Fundeni Clinical Institute. 35 patients, each with
one LI-RADS 4 or 5 treated lesion were eligible to be included. Volumetry was performed using
OsiriX MD. Initial lesion volume, ideal necrosis volume (0,5-1 cm safety margin) and actual necrosis
volume at 1 and 6 months post-procedure were performed; (3) Results: Results and discussions:
Actual necrosis volume is influenced by several factors: lesion position, proximity to great vessels
or other critical structures. The overall recurrence-free survival rate was similar to data in other
studies (77% in the first year post-RFA). This study showed that having the actual necrosis volume
at 1 month smaller than ideal necrosis volume is a good predictor for local tumor progression (p <
0,05); (4) Conclusions: Volumetric assessment of necrosis is easily attainable and can help improve
prediction of local tumour progression.
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1. Introduction

Hepatocellular carcinoma (HCC), representing the most frequent form of primary liver cancer,
is a significant global health concern. HCC is an insidious disease and ranks as one of the leading
causes of death in patients diagnosed with various neoplastic conditions worldwide. Notably,
specific risk factors such as cirrhosis, chronic viral hepatic infections including hepatitis B and
hepatitis C, as well as chronic alcoholism, have been identified as being recurrently associated with
this malignancy, increasing susceptibility and potentially affecting the disease course. [1,2]

Presently, the choice of treatment for HCC is primarily dictated by the Barcelona Clinic Liver
Cancer Staging classification (BCLC), which stratifies the disease into stages 0 (very early) to D (end
stage). Specifically for stages 0 (very early) and A (early), potentially curative treatment options
include orthotopic liver transplantation (OLT), liver resection (LR), and locoregional destruction
therapies such as radiofrequency ablation (RFA) and microwave ablation (MWA). [3]

Radiofrequency ablation (RFA) has emerged as a popular choice among minimally invasive
image-guided ablation techniques. Its versatility allows for its administration through percutaneous,
laparoscopic, or open surgery routes. RFA's adoption is largely driven by its comparable efficacy to
liver resection, with multiple studies illustrating similar results between the two treatment
modalities. [4-6]

The key factor that determines the success of thermal ablation treatment is ensuring complete
coverage of the targeted tumor by the ablation volume, along with an adequate ablation margin.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Multiple studies have confirmed that the ablation margin is an independent predictor of ablation site
recurrence (ASR). Currently, the recommended minimum ablation margin is 5 mm, although a 10
mm margin is preferred. Currently, the evaluation of the ablation margin is primarily done visually,
either by comparing pre- and post-ablation images side by side or using image fusion. The margin is
reported in a 2D format at the location where the tumor diameter is largest. However, this evaluation
method has certain drawbacks. It is limited to a single 2D image, which can be subjective and prone
to variability between different readers, even if they are experienced radiologists.
A promising new approach in evaluating the response to RFA or other thermal ablation techniques
might be the volumetric assessment of the necrotic area using semi automatic or automatic software
[7,8]. Since not only the imaging characteristics are important in assessing the results of the ablation
(such as lack of arterial hyperenhancement), the volumetric assessment of the necrotic area might
prove to be an important biomarker in the assessment of the local reccurence and longer time frame
disease progression.

In the present study we propose a simple, reproductible and accessible method using widely
available tools and methods to calculate the postablation necrosis volume and to also show that it
might be an important biomarker in the followup of patients after radiofrequency ablation in HCC.

2. Materials and Methods

Our study was a retrospective, descriptive and analytical one conducted between 01.01.2018 -
30.09.2021 in the Radiology and Medical Imaging Department of Fundeni Clinical Institute, Bucharest
Romania.

During this time 88 patients known with chronic hepatopathy (cirrhosis, chronic viral hepatic
infections and chronic alcoholism) that were diagnosed with LI-RADS 4/5 lesions underwent at least
one RFA procedure.

Inclusion criteria:

a. patients diagnosed with a single HCC lesion treated with one RFA (lesions smaller or
equal to 3 cm, BCLC 0 or A) during 01.01.2018-30.09.2021;

b. adequate imaging evaluations at pre-RFA (at most 30 days prior), and post-RFA (1,3,6 and 12
months, and more than 12 months).
Exclusion criteria:
liver transplant after the procedure;
liver resections of the ablated area;
other loco-regional treatments pre-/post-RFA procedures;
more than 1 RFA procedure;
incomplete ablation;
no proper follow-up.

Definitions
-incomplete ablation - one month after RFA if the treated lession is LI-RADS viable (nodular, mass-
like or thick irregular tissue in/along the treated lession with APHE, “wash-out”, enhancement
similar to pretreatment); [5]
-local tumor progression (LTP) - recurrent tumor that occurs inside or adjacent to the primary tumor
volume following a complete ablation (at less than 1 cm from the ablated area), at more than six
months after RFA;
-intrahepatic distant recurrence (IDR) rate - new HCC lesion that appears independently and distant

™o N o

to the completely ablated lesion.[11]

The RF generator used was the AngioDynamics RITA® Model 1500X and US/CT-guided
percutaneous puncture was performed with an expandable tine with interstitial saline infusion (RITA
StarBurst Talon Semi-Flex -D= 4 cm;L= 25 cm). We used both ultrasound and/or CT guided-RFA in
all patients. All the patients were performed with the auto settings of the machine. In larger lesions
(2,5-3cm) a second ablation was performed in the same session if the initial result was considered
insufficient (probable incomplete ablation- defined by contrast enhanced CT immediately after the
ablation)
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Three-dimensional volumetry was performed using the volumetry tool of OsiriX MD’s
dedicated software. OsiriX® is an accurate method to measure hepatic volumes and has been used
in other studies, and is considered the gold standard when it comes to total liver volumes and future
remnant liver volumes for liver resections. [12]

Initial lesion volume, ideal necrosis volume and actual necrosis volume at 1 month and 6 months
post-procedure were performed. To obtain the ideal necrosis volume, ideally 1 cm safety margins
were used. If the lesion treated was peripheral or in the proximity of a great intrahepatic vessel we
used 0,5 cm safety margins.

To calculate the volumes we used: arterial phase on CE-CT/-MRI for the initial lesion volume
and the ideal necrosis volume, portal/hepatic phase on CE-CT, and portal /hepato-biliary phase on
CE-MRI (depending on the contrast agent used) for actual necrosis volume at 1 month and 6 months
post-procedure (Figure 1 and Figure 2).

All the volumes were calculated manually in Osirix and we have defined the initial volume of
the lesion by using the polygon tool; the subsequent measures at the other time points (1 month and
6 months) were performed by the same radiologist using the same technique. The ideal ablation area
was defined as stated above and a new region of interest was defined in the initial study. The time to
perform the computed tomography was also noted during the studies.

The statistical analysis was performed using MedCalc 20.211. Student t-test and ROC curve were
used to compare the difference between the two groups, and for estimation of recurrence-free
survival curve the Kaplan-Meier method was performed.
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Figure 1. Volume calculation examples using Osirix®: a: initial lesion volume on arterial phase CE-
MR. b: ideal necrosis volume on arterial phase CE-MR; c: actual necrosis volume at 1 month on portal
phase CE-CT; d: actual necrosis volume at 6 months on hepato-biliary phase CE-MR.

3. Results

Eventually 35 patients were eligible to be included in the study. Most of the patients (37)
excluded from the study did not meet the proper pre-/post-procedural follow-up criteria (many of
them during the 2020-2021 COVID pandemic) for the volumetric assessments to be correctly
performed.

Worth mentioning is that out of the patients which were not eligible to be included, 2 had
incomplete ablation detected at 1 month post-RFA, 12 patients had at least one TACE procedure prior
or in the following months after RFA, and 2 patients benefited from liver transplant in the following
6 months post-RFA (in their case RFA was conducted as a form of bridging therapy).

Patients include in the study had a median age of 67 years (table 1) and were predominantly
male - 62.85% (table 1), most of them having very early HCC lessions, BCLC 0 -57.1 % (table 2) with
the most common aetiology of chronic liver disease being hepatitis C viral infection — 42,85% (table
3).

The time necessary for completion of the volume calculation was also recording, showing less
than 1 minute for a time point or per study. The evaluation time of the actual necrosis volume in the
patients studied was less than 5 minutes, when applying the methodology to all the patients studies.

All patients that showed tumor recurrence at 6 months had the actual necrosis volume at 1
month larger than the ideal estimated necrosis volume at 1 month. The overall actual necrosis
volume/ideal necrosis volume ratio equals to 1.450 +/- 0.6242 (mean + SD).

7 (20%) patients showed tumor recurrence at 6 months post-RFA, and 1 patient showed tumor
recurrence at 9 months post-RFA, respectively 27 (77%) showed no tumor recurrence at 1 year post-
RFA.
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Table 1. Baseline characteristics of patients based on demographics.
Demographics Age (y)! Sex (%)
67.09 +/- 8.17 M- 22 (62.85)
F- 13 (37.15)
! mean + SD
Table 2. Baseline characteristics of patients based on BCLC.
BCLCO BCLC A
LTP
2 5
Ideal Vol > Actual Vol
LTP
7 4
Ideal Vol < Actual Vol
Without LTP 11 6
TOTAL 20 15
Table 3. Baseline characteristics of patients based on aetiology of chronic liver disease.
HBV HBV/HDV HCV Toxic
LTP
1 0 4 2
Ideal Vol > Actual Vol
LTP
2 2 5 2
Ideal Vol < Actual Vol
Without LTP 5 2 6 4
TOTAL 8 4 15 8
Table 4. Baseline characteristics of patients based on of calculated volumes.
Initial lesion Ideal necrosis Actual necrosis Actual necrosis Vol at 6
Vol Vol at 1 mo Vol at 1 mo mo
Calculated
Volumes! 4.191 +/- 2.685 19.18 +/-7.952 21.04 +/-9.881 7.614 +/- 3.749
(cm?
! mean + SD
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Figure 2. Independent samples Student T-test for comparing ideal necrosis volume vs actual necrosis
volume at 1 month and tumor recurrence at a) 6 months post-RFA (p <0,05) b) 12 months post-RFEA(
p <0,05).
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Figure 3. Comparison of ROC curves for actual necrosis volume 1 month vs actual necrosis volume
at 6 months and tumor recurrence at 1 year (p < 0,05).
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Figure 4. Kaplan-Meier survival analysis for estimating recurrence free survival in patients with
actual necrosis volume larger than the ideal estimated necrosis volume at 1 month.

Table 5. Survival analysis for estimating recurrence free survival in patients with actual necrosis
volume larger than the ideal estimated necrosis volume at 1 month.

Survival time (mo) Survival proportion Standard Error
9 0.964 0.0351
15 0.750 0.0818
18 0.679 0.0883
24 0.643 0.0906
36 0.607 0.0923
48 - -

The group of patients with no LTP at 6 months, in which actual necrosis volume at 1 month
larger than the ideal estimated volume, had the following aetiologies: 7 patients with hepatitis B virus
(HBV) infection, 4 with hepatitis B virus - hepatitis delta virus co-infection (HBV-HDV), 11 with
hepatitis C infections (HCV) and 6 had toxic-nutritional induced chronic hepatopathy due to chronic
alcohol consumption.
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Table 6. Recurrence occurrence in patients, with actual necrosis volume larger than the ideal
estimated necrosis volume at 1 month, with LTP at more than 6 months.
Aetiology Recurrence (%) No recurrence (%)
HBV 28.57 71.43
HBV/HDV 50 50
HCV 45.45 54.55
Toxic 33.33 66.67
Overall 39.29 60.71
wl recurrence ol recurrence
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Figure 5. Kaplan-Meier survival analysis for estimating recurrence in patients that showed no early
LTP (at 6 months, with actual necrosis volume larger than ideal necrosis volume at 1 month), by
aetiology: (a) HBV; (b) HBV/HBD; (c) HCV; (d) Toxic.

11 patients (39%) with no early LTP at 6 months (actual necrosis at 1 month larger than ideal necrosis
volume) showed recurrence during the 36 months follow-ups, most of them, 5 (45%) had chronic HCV
infection.

IDR

Non-IDR

No. of Patients

Figure 4. Graph showing patients with no early LTP with IDR at follow-ups (at (at 6 months, with
actual necrosis volume larger than ideal necrosis volume at 1 month).
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4 patients had IDR (14%), 1 was diagnosed at 18 months follow-up and the other 3 were diagnosed at
24 months follow-up. 3 patients had chronic HBV infection and 1 one chronic HCV infection.

4. Discussion

The complete coverage of liver tumors by the ablation volume is the most crucial factor in
achieving successful treatment outcomes with thermal ablation (9). However, the terminology,
timing, and metrics used to assess the completeness of ablation vary across the existing literature (10).
Nevertheless, there is a general consensus regarding the importance of an additional minimal
ablation margin that encompasses the targeted tumor. This concept of a minimal treatment margin
originates from surgical resection, where the safety margin around the tumor is precisely determined
through histopathological examination of the pathological specimen. This enables more detailed
analysis of different subgroups based on the margins of resection in relation to tumor recurrence. In
contrast, for image-guided thermal ablation procedures, the assessment of treatment completeness
primarily relies on visual interpretation of follow-up imaging. Although a correlation between
radiological findings and histopathological results in surgically removed livers has been observed
following radiofrequency ablation of hepatocellular carcinoma (13), the visual assessment without
the availability of histopathology remains subjective and susceptible to interpersonal variations (14).

Actually, the margins of the ablation area have been known to be one of the most important
predicting factors in local reccurence after ablation (XVII, XVIII) either in HCC or liver metastases. In
a retrospective study, conducted between March 2000 and December 2014, aimed to develop an
algorithmic strategy to predict local tumor progression-free survival (LTPFS) following
radiofrequency ablation of colorectal liver metastasis (CLM). The main purpose of this algorithm was
to assist in selecting patients who would benefit most from RFA for CLM. The authors concluded
that radiofrequency ablation provided long-term control of colorectal liver metastases. While the
minimal ablative margin of 5 mm or less was the most dominant factor, a multifactorial approach
that includes tumor size and subcapsular location better predicted local tumor progression-free
survival (15)

The question would be if the visual inspection alone of the images might be enough to determine
the postablation result. To answer this question, a study published in 2020 (16) aimed to assess the
challenges in evaluating the success of radiofrequency ablation (RFA) treatment for liver tumors
immediately after the intervention, relying only on visual inspection, and to analyze whether a
radiologist's expertise impacts this assessment. The study utilized peri-interventional CT scans of
nine patients who had undergone RFA for hepatocellular carcinomas. These scans were evaluated by
38 interventional oncologists from 14 countries who were tasked with determining whether complete
ablation was achieved by visually inspecting the pre- and post-intervention scans. Findings revealed
that 44.1% of cases per radiologist were inaccurately judged, with 37% overestimated (overcalls) and
46.3% underestimated (undercalls). Expertise in percutaneous tumor ablation (more than 50
interventions performed) did not significantly influence the results.The study concluded that the
conventional side-by-side visual evaluation of treatment success after RFA is challenging even for
experienced radiologists. Advanced processing techniques such as rigid/non-rigid image fusion with
periablational margin assessment may be required to reduce errors and objectively evaluate the
technical success and predictive efficacy of liver RFA treatments.

In our study we used semi-automated computed volumetry, but using artificial intelligence
computed volumetry could show better safety margins and that could lead to better prediction of
LTP and recurrence free survival.[7] We think that with the delevopment of automated software, the
necrosis volume may be a very important biomarker in the evaluation of the reccurence of HCC after
ablation procedures.

In our research, we have noted that the actual time necessary for the calculation of the necrosis
volumes was actually short (less than 5 minutes), so even if dedicated software may yield better
results, the additional cost implied by these methods might be higher than using semiautomated
computer volumetry. Our methodology may be easily reproduced in non research facilities and
might be used on a day to day basis in different centers (from high volume centers of liver surgery
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and transplantation to primary care centers). Therefore, volumetric assessment of the necrotic area
might be a useful and readily available biomarker in the followup of these patients.

Several authors have investigated and shown that different software applications might be
beneficial in estimating the effectiveness of the ablation. Sandu et al (7) propose a computational
method for assessing the effectiveness of thermal ablation of liver tumors, focusing on the
completeness of ablation volume (XVIII). This technique, called Quantitative Ablation Margins
(QAM), includes a new algorithm for dealing with tumors beneath the liver capsule (subcapsular
tumors). The QAM computational code is shared publicly to promote its standardized usage and
definition when assessing the coverage of ablation margins. According to the study, the success of
thermal ablation hinges on full tumor coverage by the ablation volume, although there are variations
in how completeness is evaluated. In contrast to surgical resection, where the surgical safety margin
can be accurately quantified, the completeness of image-guided thermal ablation is mainly
determined by visual inspection of follow-up imaging, which can be subjective and vary between
observers. However, the current application of this method requires an experienced radiologist and
a technically-oriented individual to handle data pre-processing and computations. This may limit its
use outside specialized centers or clinical trials. Its widespread clinical use would require integration
into software workflows. By using QAM for an accurate and consistent assessment of ablation
completeness, the authors propose several benefits, including: distinguishing between incomplete
ablation and true ablative scar recurrence (ASR); in-depth analyses of correlation between ablation
margins and ASR; and, serving as an objective endpoint to study factors associated with the
expansion of ablation volumes.

Xia et al published a comprehensive review of the current state of research on the use of artificial
intelligence (Al) in radiofrequency ablation (RFA) for the treatment of liver tumors [17]. The authors
conducted a systematic search of the literature and identified 18 studies that met their inclusion
criteria. These studies explored the use of Al in various aspects of RFA, including tumor detection,
segmentation, and ablation planning. Overall, the authors found that Al has the potential to improve
the accuracy and efficiency of RFA for liver tumors. For example, Al algorithms can help to
automatically identify and segment liver tumors in medical images, reducing the need for manual
input and increasing the speed of the process. Al can also help to predict the efficacy of RFA, which
can help clinicians to better plan and optimize treatment. However, the authors note that more
research is needed to fully explore the potential benefits of Al in RFA for liver tumors. They call for
larger, multicenter studies with standardized protocols to further evaluate the use of Al in this
context.

Our study showed that if actual necrosis volume at 1 month is larger than ideal necrosis volume

there will be no LTP at 6 months (p<0.05 T-test) and that having a larger 1 month actual necrosis
volume is very good predictor for LTP at 12 months post-RFA (p<0.05 T-test).
The overall recurrence-free survival rate was similar to data in other studies, in the first year after
RFA it was 77% in the first 12 months, 68% at 18 months, 64% at 24 months and 60,7% at 36 months,
with results similar to other studies [18,19], including one evaluating volumetric necrosis for
predicting LTP and IDR conducted by by Inmutto N, et al. This group of authors conducted a
retrospective analysis of 50 patients who underwent RFA for HCC between 2015 and 2019. They
measured the ablation volume of RFA and evaluated its relationship with intrahepatic recurrence-
free survival (IRFS). They also analyzed other factors that could affect IRFS, such as patient age,
tumor size, and presence of cirrhosis. The results showed that a larger ablation volume of RFA was
associated with a longer IRFS. Specifically, patients with an ablation volume of 100 cubic millimeters
or more had a significantly longer IRFS than those with a smaller ablation volume. The authors
suggest that this could be due to the fact that a larger ablation volume may result in a more complete
ablation of the tumor, reducing the likelihood of residual tumor cells and subsequent recurrence. The
authors also found that tumor size and the presence of cirrhosis were significant predictors of IRFS,
with larger tumors and the presence of cirrhosis associated with a shorter IRFS.

Solbiati et al retrospectively evaluated a novel software platform's accuracy in assessing the
completeness of percutaneous thermal ablations (20). This assessment involved ninety hepatocellular
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carcinomas (HCCs) in 50 patients who had undergone percutaneous ultrasound-guided microwave
ablation (MWA). These cases showed apparent technical success at 24-hour post-ablation CT scans
and had at least a one-year imaging follow-up. Using the new volumetric registration software, the
HCCs were segmented, co-registered, and overlapped on pre-ablation CT volumes (with and without
a Smm safety margin) and corresponding post-ablation necrosis volumes. These results were
compared to the visual side-by-side inspection of axial images. The 1-year follow-up CT scans
showed no local tumor progression (LTP) in 76.7% (69/90) of cases, while LTP was found in 23.3%
(21/90) cases. For HCCs classified as "incomplete tumor treatments"” by the software, LTP developed
in76.5% (13/17) of cases. Moreover, all these LTPs occurred exactly where residual non-ablated tumor
was identified by the retrospective software analysis. HCCs classified as "complete ablation with
<100% 5 mm ablative margins" had LTP in 16.3% (8/49) cases, while none of the HCCs with "complete
ablation including 100% 5 mm ablative margins" had LTP.

The differences in LTP between both partially ablated HCCs vs completely ablated HCCs, and
ablated HCCs with <100% vs with 100% 5 mm margins were statistically significant. Thus, the study
concluded that the novel software platform for volumetric assessment of ablation completeness could
increase the detection of incompletely ablated tumors, potentially preventing subsequent
recurrences.

Recurrence-free survival could also be influenced by aetiology, independently to the volume of
necrosis. This was observed in patients with a larger actual necrosis volume, but with LTP at more
than 6 months post-RFA. The most frequent recurrence rate was observed in patients with chronic
HCYV infection, which could be explained by its increased ability to promote carcinogenesis.[21]

In our study, due to the small number of IDR cases statistical tests were not significant. Some
studies classify this as tumor recurrence after locoregional curative treatment and correlate it with
large ablation areas [18], others have associated it to be more prevalent in patients with chronic HBV
infection [11].

Due to fibrotic changes of the ablated area the actual volume of necrosis decreases in size at each
follow-up [10] and our study showed that actual volume of necrosis at 1 month is a better predictor
of recurrence. Some published data seem to propose a different time point to achieve better prediction
of reccurence. Li M et al explore the feasibility of using artificial intelligence computed volumetry to
predict intrahepatic recurrence (IHR) of hepatocellular carcinoma after radiofrequency ablation. The
authors utilized Al segmentation software to measure the ablation zone and surrounding tissue on
magnetic resonance imaging scans obtained one day and one month post-RFA. They found that the
actual ablation zone volume measured one day after RFA was a better predictor of IHR than the one-
month measurement. [22]

We excluded from our analysis patients that had prior treatment for HCC, such as TACE or
surgery, due to the fact that the postprocedural hepatic morphological changes could be difficult to
interpret when assessing the correct tumoral volume.

The actual necrosis volume is also influenced by several factors: lesion position, proximity to
great vessels or other critical structures and generator parameters.[23]

Although MWA is an effective and safe alternative to LR [24], its superiority to RFA has not
yet been proven [15], perhaps a study comparing necrosis volumetric assessment in both procedures
could help decide which one could show lower LTP.Study limitations

Retrospective, monocentric study based on a small group of patients, limited to the evaluation
of patients with a single BCLC 0 or A liver lesion treated with radiofrequency ablation and
inconsistent imaging follow-up. A prospective trial with longer time interval for follow-up is needed
to determine recurrence free-survival and LTP. Also our study included some potential biases
introduced by excluding patients with prior HCC treatments that may need some further assessments
as regarding the risk of recurrence in previously treated nodules. Further research in this area,
including a comparison of necrosis volumetric assessment in RFA and microwave ablation (MWA)
procedures, as suggested in the text, could also be valuable. Finally, it would be interesting to explore
the potential of artificial intelligence computed volumetry in the evaluation of recurrence of HCC
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after ablation procedures. Nevertheless, the results are clear and encouraging, justifying additional
research within this topic.

5. Conclusions

Volumetric assessment of necrosis is easily attainable, cheap, fast and can help improve
prediction of local tumor progression which could lead to earlier diagnosis of LTP, that could lead to
better treatment management and, but other factors such as etiology and lesion topography also play
an important role in recurrence. Also, with the development of automated software it can become an
important biomarker in the prediction of reccurence after ablative procedures.
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