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EXECUTIVE SUMMARY

Background

Kidney and liver tumours are global health concerns with distinct epidemiological, clinical and
therapeutic profiles. Kidney cancer, with over 431,000 new cases in 2020, is more prevalent
in men and most common in North America and Europe. Renal cell carcinoma (RCC),
particularly the clear cell subtype, is the dominant form influenced by risk factors like smoking
and obesity. In Malaysia, kidney cancer is relatively rare, with a mortality rate of 1.8 per
100,000.

Liver cancer diagnosed in over 905,000 individuals globally in 2020, is more common in men
and prevalent in East and Southeast Asia. Hepatocellular carcinoma (HCC) is the most
common form. In Malaysia, liver cancer ranks among the top causes of cancer deaths,
especially in older adults.

Treatment options for both tumour types include surgery, systemic therapies, ablation and
radiation. Liver tumours have more established treatment guidelines, while kidney tumour
guidance is still evolving. Challenges include drug resistance, limited treatment efficacy and
adverse effects.

Microwave ablation is emerging as a promising, minimally invasive treatment. It offers precise
tumour targeting with fewer complications but lacks long-term outcome data. Further research
is essential to standardise microwave ablation protocols and integrate it into Malaysian clinical
guidelines.

Objective/aim
The obijective of this technology review was to assess the effectiveness, safety, economic
implication and organisational issue of microwave ablation in treating kidney and liver tumours.

Results and conclusions

The initial search yielded 2,267 citations from electronic databases and 217 from Google
Scholar, with 66 unique citations remaining after duplicate removal. Title screening identified
34 potentially relevant studies, and abstract review led to the retrieval of 31 full-text articles.
After applying eligibility criteria, 20 studies were included: five systematic reviews and meta-
analyses, one systematic review on study guidelines, six randomised controlled trials, seven
retrospective cohort studies and one cost-effectiveness analysis. Most studies were
conducted in the United States and China, followed by the United Kingdom, Germany, Saudi
Arabia, ltaly, Japan, Korea and Australia.

Effectiveness:

A substantial volume of retrievable data demonstrated that microwave ablation significantly
enhanced clinical outcomes for kidney and liver tumours, particularly in terms of patient-
reported outcomes, when compared to alternative treatment modalities. The findings indicated
that:

a. Kidney tumour

e Disease-free survival
- Higher in microwave group (94.0%) versus cryoablation group (89.0%) at 1-
year and 5-year, 78.0% versus 77.0%.

e Overall survival
- Higher in microwave group as compared to cyoablation group (p=0.001).



Lower rates in microwave group for 1-, 3- and 5-year as compared to
laparoscopic radical nephrectomy (p=0.0004).

Recurrence (microwave versus partial nephrectomy)

During follow-up, two patients (4.2%) experienced local recurrences in
microwave group.
Local recurrence rate was higher in microwave group (5.0% versus 1.4%).

b. Liver tumour

Disease-free survival

Microwave group significantly improved as compared to radiofrequency group
(p<0.01).

Local tumour progression

Significant lower rates in microwave group at 2-year as compared to
radiofrequency group (p=0.007).

Microwave group developed higher progression than croyoablation group (75.0
vs. 25.0%).

Overall survival

Significant advantage for transcatheter arterial chemoembolisation plus
microwave ablation (TACE + MWA) as compared to TACE alone (OR 4.64;
95% ClI, 3.11 t0 6.91).

Microwave group significantly improved (p=0.037) as compared to
radiofrequency group.

Lowest overall survival (p=0.02) in TACE + MWA as compared to TACE alone
and microwave group alone.

Higher in percutaneous microwave coagulation therapy (PMCT) as compared
to percutaneous ethanol injection therapy (PEIT) in moderately/ poorly
differentiated HCC (p=0.03).

Recurrence

Local recurrence rates favoured TACE + MWA (OR 3.93; 95% ClI, 2.64 to 5.87).
Lowest recurrence rates (p=0.0001) in TACE + MWA as compared to TACE
alone and microwave group alone.

Higher patients in microwave group died as compared to surgical resection (43
vs. 40), primarily from cancer recurrence.

Overall recurrence rates were higher in microwave group (p=0.048) with
significantly more early-stage recurrences and local recurrences compared to
the surgical resection.

Survival

Significant survival rates in TACE + MWA for tumours >5 cm at 1-, 2- and 3-
year.

Mortality

The mortality rate was higher in ultrasound-microwave group (18.8%; primarily
due to tumour progression), as compared to cryoablation group (14.3%; mainly
from local/ systemic HCC).



e Distant metastasis
- Higher in microwave group as compared to cryoablation group (19.6 versus
17.8%).

Safety:

For kidney tumours, the findings indicated that microwave ablation demonstrated a relatively
low complication rate compared to other treatment modalities, including cryoablation and
partial nephrectomy. Major complications were infrequent, with most being periprocedural
such as bleeding, pain and haematuria. Comparatively, microwave ablation showed a lower
incidence of severe complications than cryoablation, and post-procedural renal function
remained more stable than after partial nephrectomy. Additionally, no treatment-related
mortalities were reported, and the incidence of major complications exhibited minimal
heterogeneity across studies. These results suggested that microwave ablation is a safe and
effective therapeutic option for kidney and liver tumours, with a favorable safety profile.

Meanwhile the evidence in liver tumours reported that, there was no significant differences in
major complications or liver function changes post-treatment. Severe adverse events were
rare, and no treatment-related deaths were reported. Minor complications, such as pain and
fever, were generally well tolerated. One study noted a higher major complication rate for
microwave ablation compared to cryoablation. Overall, microwave ablation remains a safe and
effective treatment for liver tumours, though further research is needed to optimise its risk-
benefit profile.

Economic implication:

Microwave ablation was found to be a cost-effective treatment for early-stage RCC compared
to robotic-assisted partial nephrectomy (RA-PN), with lower recurrence and metastasis rates,
increased life-years and reduced costs. Sensitivity analyses confirmed the robustness of these
findings, with microwave ablation being the dominant strategy in 98.3% of simulations. Cost-
adaptation analysis across eight high-income countries consistently showed lower costs for
ablation, reinforcing its economic advantage. However, no studies were identified evaluating
its cost-effectiveness for liver tumours.

Organisational issues:

Several guidelines address the use of microwave ablation for treating liver and kidney tumors.
For HCC and colorectal liver metastases under 5 cm, ablation is considered safe and feasible
in selected patients unsuitable for first-line therapy, though evidence quality is very low and
biological tumour differences warrant caution. The guideline outlines best practices for thermal
liver ablation, emphasising coagulation parameters, fasting, antibiotic prophylaxis and safety
measures. In addition, the guideline on small RCC highlights microwave ablation risks,
particularly pelvicalyceal injury in cT1a tumors and recommends contrast-enhanced imaging
for planning, general anesthesia and adjunctive techniques such as fluid/ carbon dioxide
dissection, ureteric stenting and transarterial embolisation to protect adjacent organs and
improve outcomes.

Conclusion:

There was high certainty evidence supporting the use of microwave ablation, either as a
standalone treatment or in combination with existing therapies, for managing kidney and liver
tumours. In kidney tumours, microwave ablation is associated with low local recurrence rates,
high overall survival, shorter ablation times and reduced 1-year recurrence rates. For liver
tumours, evidence indicates that microwave ablation results in lower local tumour progression,
larger ablation volumes and improved disease-free survival, particularly among patients with
larger tumours or those in earlier cancer stages. When combined with TACE, microwave
ablation significantly improves both overall and progression-free survival, with notable benefits
in tumour response and recurrence reduction. In terms of safety, microwave ablation is
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associated with fewer complications compared to surgical interventions. Additionally, one
study on kidney tumours found microwave ablation to be a cost-effective option, with lower
costs than RA-PN.

Methods

A systematic review was conducted to evaluate microwave ablation for kidney and liver
tumours. The review protocol, search strategy, and literature search were developed by the
primary investigator. The Ovid interface was used to search MEDLINE® All <1946 to January
3, 2025>, with additional searches performed in EMBASE, Cochrane Library, US FDA and
INAHTA databases. Bibliographies of retrieved articles were also reviewed for relevant
studies. Only human studies were included, with no language restrictions. The latest search
was completed on 15" January 2025.
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1.0 BACKGROUND

Kidney and liver tumours are significant health concerns worldwide, with varying prevalence
rates across different regions and populations. In 2020, approximately 431,288 new cases of
kidney cancer were reported globally, accounting for about 2.2% of all cancer diagnoses. Men
are more commonly affected than women, with an estimated 254,500 cases in men and
148,800 in women, reflecting a relative risk of about 1.7 for men compared to women. The
highest incidence rates are observed in North America and Europe, while the lowest rates are
in Asia and Africa.'?

A kidney tumour refers to a neoplasm originating in the kidney, which can be benign or
malignant, with renal cell carcinoma (RCC) being the most common malignant type. Clear cell
renal cell carcinoma is the most prevalent subtype of RCC, accounting for about 65.0% of
renal tumours and is often associated with mutations in the Von Hippel-Lindau gene. Other
RCC subtypes include papillary RCC, chromophobe RCC and collecting duct carcinoma, each
with distinct genetic and morphological characteristics. Risk factors for RCC include cigarette
smoking, obesity, hypertension and chronic kidney disease.>* Renal tumours in neonates and
children are less common, with different types including congenital mesoblastic nephroma and
Wilms tumour, which have specific clinical presentations and management strategies.®

Meanwhile, liver tumours encompass a variety of primary malignancies such as hepatocellular
carcinoma (HCC), intrahepatic cholangiocarcinoma (ICC) and other less common types like
fibrolamellar carcinoma and hepatoblastoma, as well as metastatic cancers.58
Hepatoblastoma is a primary liver cancer seen in paediatric populations, particularly in infants
and toddlers, and is usually chemosensitive with a favourable prognosis following surgical
resection.®'0 Treatment options for liver tumours vary based on the type and stage of the
tumour, with surgical resection and transplantation being potential curative approaches for
localised disease.’

In the meantime, an estimated 905,677 persons were diagnosed with liver cancer globally in
2020, with an age-standardised incidence rate of 9.5 per 100,000 people. Liver cancer is more
prevalent in men, with an incidence rate of 14.1 per 100,000, compared to 5.2 per 100,000 in
women. East Asia, Southeast Asia, Northern and Western Africa have the greatest occurrence
rates, whereas Northern Europe and South-Central Asia have the lowest.'"12

The incidence of kidney cancer in Malaysia is relatively low, with approximately 1.9 cases per
100,000 individuals.™ In the meantime, liver cancer ranks as the fifth most common cancer
among both genders in Malaysia. It is the fourth most prevalent cancer among men between
2017 and 2021. Similar to 2012 to 2016, incidence is highest in the 70 to 74 age group,
followed by the 65 to 69 age group. Most age groups are expected to have a rise in rates
between 2017 and 2021, particularly those over the age of 40.* In 2022, the number of deaths
attributed to liver cancer in Malaysia was 2,298, ranking it as the fourth leading cause of cancer
deaths. Meanwhile, the number of deaths for kidney cancer was 670, ranking it 14™. Looking
at the age-standardised mortality rates, liver cancer had a rate of 6.3 per 100,000, while kidney
cancer had a rate of 1.8 per 100,000. The risk of dying from liver cancer before the age of 75
was 0.71%, and for kidney cancer, it was 0.15%. Moreover, liver cancer was among the top
three leading cancers ranked by deaths for both sexes.'®

Current treatments for kidney tumours include surgical resection, systemic therapies such as
kinase inhibitors and immunotherapies, and radiation therapy for specific cases. For liver
tumours, treatments include surgical resection, systemic therapies like sorafenib and the
combination of atezolizumab with bevacizumab, and radiation therapy in certain contexts.6.17



According to the National Institute for Health and Care Excellence (NICE), multiple evidence-
based guidelines have been established regarding therapeutic interventions for the
management of liver tumours, including:'®

Selective internal radiation therapy with QuiremSpheres for treating unresectable
advanced HCC (2024)

Selective internal radiation therapies for treating HCC (2024)

Image-guided percutaneous laser ablation for primary and secondary liver tumours
(2024)

Selective internal radiation therapy for neuroendocrine tumours that have
metastasised to the liver (2024)

Cabozantinib for previously treated advanced HCC (2022)

Melphalan chemosaturation with percutaneous hepatic artery perfusion and hepatic
vein isolation for primary or metastatic cancer in the liver (2021)

Atezolizumab with bevacizumab for treating advanced or unresectable HCC (2020)
Irreversible electroporation for primary liver cancer (2019)

Regorafenib for previously treated advanced HCC (2019)

Lenvatinib for untreated advanced HCC (2018)

Sorafenib for treating advanced HCC (2017)

Microwave ablation for treating liver metastases (2016)

Living-donor liver transplantation (2015)

SonoVue (sulphur hexafluoride microbubbles) - contrast agent for contrast-enhanced
ultrasound imaging of the liver (2012)

However, the formulation of clinical guidance for kidney tumours remains under development.

Table 1 presents a comprehensive overview of various current therapeutic interventions
employed in the treatment of kidney and liver tumours.

Table 1: Current interventions in treating kidney and liver tumours.920

Treatment Remarks
Surgical e Partial nephrectomy/ hepatectomy: Removal of the tumour and a small

margin of healthy tissue, preserving most of the kidney/ liver.

¢ Radical nephrectomy: Complete removal of the affected kidney, often
including surrounding tissues and lymph nodes.

e Livertransplant: Replacing the diseased liver with a healthy donor organ.

Ablation e Cryoablation: Utilises extreme cold to destroy cancer cells.
techniques

¢ Radiofrequency ablation: Employs electrical currents to generate heat,
targeting and eliminating cancer cells.

Targeted e Drugs designed to interfere with specific molecules necessary for cancer cell
therapy growth and survival.

Immunotherapy e Treatments that enhance the body's natural defenses to combat cancer.
Radiation e Uses high-energy beams to target and kill cancer cells, often employed when
therapy surgery is not viable.

Challenges in the current treatment for kidney and liver tumours include drug resistance,
limited efficacy of available therapies, and adverse effects associated with treatment. For
RCC, resistance to immunotherapies and targeted therapies remains a significant challenge.
Despite advancements, intrinsic and acquired resistance to treatments like anti-PD-1
antibodies and tyrosine kinase inhibitors limits their effectiveness.’?' Liver tumours,



particularly HCC, are often diagnosed at advanced stages, limiting treatment options. The
chemoresistance of HCC complicates chemotherapy effectiveness, and underlying liver
dysfunction often restricts the use of systemic therapies.>? The safety profile of treatments
such as sorafenib, a standard therapy for HCC, includes severe side effects like hand-foot
skin reactions, diarrhea, and hypertension, which can lead to treatment discontinuation.®
Moreover in kidney tumours, the toxicity of radiation therapy and systemic treatments can
significantly impact patient quality of life and limit the feasibility of aggressive treatment
approaches.!” Emerging therapies like antibody-based therapeutics for RCC and combination
therapies for HCC show promise but are still under investigation for long-term efficacy and
safety.5?1

As the demand for minimally invasive cancer treatments grows, innovative thermal ablation
techniques have gained prominence. Microwave ablation as shown in Figure 1 represents an
advanced therapeutic modality for the treatment of kidney and liver tumours, offering a precise
and effective solution by utilising high-frequency electromagnetic waves to induce localised
tumour necrosis. This technique does not require grounding pads and is less influenced by
tissue impedance and perfusion, which can lead to more uniform and efficient ablation
zones.?*?5 |t is important to note that rapid delivery of high power microwave ablation can lead
to surrounding overheating, potentially causing neural injuries when applied to spinal
lesions.2326
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Figure 1. Microwave ablation of liver tumour. It can be applied to the treatment of various
diseases beyond kidney and liver tumours.?’

Despite its growing clinical adoption, microwave ablation remains inadequately characterised
in terms of long-term efficacy and comparative outcomes against established treatment
modalities for kidney and liver tumours. The heterogeneity of patient responses and variability
in tumour characteristics necessitate further investigation to optimise microwave ablation
protocols and improve treatment standardisation. A robust evaluation framework is required
to assess the efficacy and safety of microwave ablation, ensuring its integration into evidence-
based clinical practice guidelines for the treatment of kidney or liver tumours in Malaysia.

2.0 OBJECTIVE/ AIM

The obijective of this technology review was to assess the effectiveness, safety, economic
implication and organisational issue of microwave ablation in treating kidney and liver tumours.



3.0 TECHNICAL FEATURES

Microwave ablation utilises dielectric hysteresis to generate heat. Electromagnetic fields at
900 to 2,500 MHz can cause tissue damage by heating it to deadly levels. The fluctuating
electric field forces polar molecules in tissue, such as H2O, to realign, increasing their kinetic
energy and hence temperature (see Figure 2). Tissues with significant water content, such
as solid organs and tumours, are best suited for this form of heating.?® The interstitial antenna
transmits microwave radiation from the generator to the tissue. The antenna's radiation
causes immediate heating in the surrounding tissue. This method of heating varies from
radiofrequency ablation, which generates heat by resistive heating when an electrical current
travels through the ionic tissue medium. Radiofrequency heating requires an electrically
conductive channel, is limited in locations with low electrical conductivity and only heats
tissues near the electrode. Microwaves may travel through and successfully heat a variety of
tissues, including those with low electrical conductivity, high impedance or low thermal
conductivity. For example, bone and lung are two tissue types that have been linked with
inferior results or local progression with radiofrequency ablation due to high baseline
impedance.?®

An applied microwave field
+ causes water molecules fo rotate
billions of times per second,

W which leads to heat generation.

Electric field &
polarity

Figure 2: Microwave heating physics - schematic demonstrates how an alternating
electromagnetic field causes polar molecules to continuously realign, producing kinetic energy
and, in turn, heat.?8

Multiple microwave antennas can be energised concurrently to provide thermal synergy
whether positioned near together or far apart to target multiple tumours at once. Although
different power sources may be used for multiapplicator ablation, microwave technology
allows for continuous power without switching between electrodes during activation, unlike
radiofrequency. Microwave ablation is unique in its capability to position and phase antennas
to optimise electromagnetic field overlap.3°

The microwave system has three components: a generator, a power distribution system and
an antenna. Power is created using magnetrons or solid-state sources. Microwave ablation
does not experience impedance spikes or decreased power output, unlike radiofrequency
ablation in high-impedance tissues.?” Microwave antennas play a crucial role in transferring
energy to tissue. Geometry determines an antenna's active heating zone and power coupling
efficiency. Typical microwave ablation antenna designs are straight and needle-like. Common
designs include monopole, dipole, triaxial, choked or slotted antennas. Microwave antenna
design involves balancing power efficiency, tissue heating pattern and antenna diameter, with
appropriate compromises to achieve desired results. Smaller antennas often made of coaxial
cable, may struggle to handle greater power levels without causing heat injury to tissues
around the antenna shaft (Figure 3). During the ablation procedure, the surgeon inserts a tiny
laparoscopic port or open incision to approach the tumour. A computer tomography scan or
ultrasonic guidance is utilised to determine the precise position of the tumour. A tiny
microwave-emitting antenna is then introduced into the tumour.3"
4



Ablation Zone

Figure 3: Shaft heating - because of the significant shaft heating that can occur with
microwaves, a robust shaft cooling mechanism is required to minimise thermal damage to the
subcutaneous tissues and the skin, especially with the development of higher power
systems.3' For a more comprehensive understanding, Figure 4 provides a clearer comparison
of the differences among various thermal ablation techniques.

A Radiofrequency ablation B Microwave ablation C Cryoablation D Irreversible electroporation

) e P *
- Cell membrane
Heat Heat Cold
diffusion diffusion diffusion

Figure 4: Various ablation technologies and their principles — a) Radiofrequency ablation;
utilises oscillating electrical currents to generate resistive heating around an electrode, leading
to tissue hyperthermia, b) microwave ablation; employs a propagating microwave
electromagnetic field to induce tissue hyperthermia through dielectric hysteresis, c)
cryoablation; relies on gas pressure changes to cool a cryoprobe, which, in direct thermal
contact with the tumour, causes ice crystal formation and osmotic shock and d) irreversible
electroporation; alters transmembrane potentials, causing irreversible disruption of cell
membrane integrity.>?

Microwave ablation has seen significant advancements in recent years, enhancing its efficacy
and expanding its applications in tumour treatment. Clinical trials are exploring the synergistic
effects of combining microwave ablation with immunotherapies and chemotherapy to enhance
overall treatment efficacy. Furthermore, the incorporation of artificial intelligence algorithms is
being investigated to assist in treatment planning and real-time adjustments during microwave
ablation procedures, aiming to improve precision and outcomes. These advancements
underscore microwave ablation’s evolving role in oncology, offering patients effective and less
invasive treatment options.



4.0 METHODS

4.1 Searching

A systematic review was conducted. Search strategy was developed by the main author and
reviewed by the co-author.

4.1 Searching

The following electronic databases were searched through the Ovid interface:
e Ovid MEDLINE® All <1946 to 3" January 2025>

Other databases: EMBASE, Cochrane Library, US FDA, INAHTA

The specific search strategy employed are presented in Appendix 1. Additional articles were
retrieved from reviewing the bibliographies of retrieved articles. The search was limited to
articles on human. There was no language limitation in the search and the last search was
conducted on 15" January 2025.

4.2 Selection

A reviewer screened the titles and abstracts against the inclusion and exclusion criteria. The
risk of bias for the included studies were assessed according to the criteria outlined in the
ROBIS and Cochrane Risk of Bias (RoB 2.0). P-values less than 5.0% were considered as
statistically significant. Studies were graded according to US/ Canadian Preventive Services
Task Force (Appendix 2). All data were extracted and summarised in evidence tables as in
Appendix 3.

The inclusion and exclusion criteria were:

Inclusion criteria:

Population Patients with kidney tumour, patients with liver tumour
Interventions Microwave ablation

Comparators Conventional therapy, other thermal ablations

Outcomes Effectiveness: Local tumour progression, overall survival,

disease-free survival, progression-free survival, recurrence rate,
mortality rate, distant metastasis rate

Safety: Adverse events related to treatment or device
Organisational: Guideline

Economic implication: Cost-effectiveness analysis

Study design Health Technology Assessment reports, Systematic Review and
Meta-Analysis, Randomised Control Trial, Non-randomised
Control Trial, cohort studies, cross-sectional studies, case
studies

Type of publication Full text articles



Exclusion criteria:

Study design Animal studies, narrative reviews

5.0 RESULTS

5.1 Selection of the included studies

The outcomes of the study selection process are illustrated in the PRISMA flow diagram
presented in Figure 5.3 The initial searches generated a total of 2,267 citations from
electronic databases and 217 from Google Scholar, resulting in 66 unique citations after the
removal of duplicates. A screening of the titles identified 34 as potentially relevant. Subsequent
examination of the abstracts led to the successful retrieval of 31 full-text articles. After
evaluating these articles against the eligibility criteria, 20 were included in the study,
comprising five systematic reviews and meta-analyses, one systematic review on study
guidelines, six randomised controlled trials (RCTs), seven retrospective cohort studies and
one cost-effectiveness analysis. The studies were conducted mainly in United States and
China, followed by United Kingdom, German, Saudi Arabia, Italy, Japan, Korea and Australia.
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Figure 5: Flow chart of study selection for the search on microwave ablation for kidney and
liver tumours (PRISMA Flow Diagram).3?

5.2 Critical appraisal of the included studies

One reviewer conducted a risk of bias assessment in the systematic reviews using the ROBIS
tool. One study listed in Table 1 demonstrated unclear concerns related to the methods
employed for identifying and selecting studies; specifically, the author did not specify any
restrictions regarding publication date, format, or language, nor did they detail efforts made to
minimise selection errors. Furthermore, the methods used for data collection and study
appraisal were ambiguous, as the available study characteristics were insufficient for both
review authors and readers to adequately interpret the results.34 level !

Concurrently, the Cochrane RoB 2.0 checklist was employed to evaluate the quality of RCTs
(see Figures 6 and 7). Two studies exhibited high-risk concerns due to potential bias in
outcome measurement, as there was no information provided regarding the assessors'
awareness in the trial, which could affect the outcome assessment.3 and 36, level |

7



Simultaneously, the Critical Appraisal Skills Programme (CASP) was utilised to evaluate the
quality of retrospective cohort studies (refer to Table 2). Two studies lacked sufficient follow-
up duration for the subjects,®”% and four studies raised concerns regarding missing
information about the authors' identification of all significant confounding factors.37:3%9-41

The CHEC-extended list was used to critically appraised the cost-effectiveness analysis study
(see Table 3). The study did not address clearly on the ethical and distributional issues.53

Table 1: Quality assessment of systematic review by using ROBIS.

CONCLUSION

D1
D2
D3
D4

McClure T et al./ 2023

Choi SH et al./ 2018

Spiliotis AE et al./
2021

Zhao J et al./ 2020

Wang L et al./ 2019

D1 Concerns regarding specification of study eligibility criteria | Judgement

CONCLUSION Risk of bias in the review

D2 Concerns regarding methods used to identify and/or select Low
studies

D3 Concerns regarding methods used to collect data and ?  Unclear
appraise studies

D4 Concerns regarding the synthesis and findings - High

Risk of bias domains

® ® ®
© ©
® @ ®

@

Domains: Judgement
D1: Bias arising from the randomization process. z
D2: Bias due to deviations from intended intervention. @ High
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
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Figure 6: Risk of bias summary (Cochrane Risk of Bias 2.0) - reviewer’s judgements on each
domain for included studies.
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Figure 7: Risk of bias graph (Cochrane Risk of Bias 2.0) - reviewer’s judgements on each
domain presented as percentages across all included studies.

Table 2: Quality assessment of retrospective cohort studies by using Critical Appraisal Skills

SunG, = Shapiro | de Cobelli,
2024 . DD,2020 2019

Q1 Did the study address a clearly focused issue? Judgement
Q2 Was the cohort recruited in an acceptable way? Low
Q3 Was the exposure accurately measured to minimise bias? ? Cant' tell
Q4 Was the outcome accurately measured to minimise bias? B No
Q5(a) Have the authors identified all important confounding factors?
Q5(b) Have they taken account of the confounding factors in the design and/or
analysis?
Q6(a) Was the follow up of subjects complete enough?
Q6(b) Was the follow up of subjects long enough?
Q7 What are the results of this study?
Q8 How precise are the results?
Q9 Do you believe the results?
Q10 Can the results be applied to the local population?
Q11 Do the results of this study fit with other available evidence?
Q12 What are the implications of this study for practice?




Table 3: Quality assessment of cost-effectiveness analysis studies by using CHEC-extended.
Decision

Question Checklist Kia & ot al 2055
1 Is the study population clearly described? Y
2 Are competing alternatives clearly described? Y
3 Is a well-defined research question posed in answerable form? Y
4 Is the economic study design appropriate to the stated objective? Y
5 Are the structural assumptions and the validation methods of the model Y

properly reported?
6 Is the chosen time horizon appropriate in order to include relevant costs and Y
consequences?
7 Is the actual perspective chosen appropriate? Y
8 Are all important and relevant costs for each alternative identified? Y
9 Are all costs measured appropriately in physical units? Y
10 Are costs valued appropriately? Y
11 Are all important and relevant outcomes for each alternative identified? Y
12 Are all outcomes measured appropriately? Y
13 Are outcomes valued appropriately? Y
14 Is an appropriate incremental analysis of costs and outcomes of alternatives Y
performed?
15 Are all future costs and outcomes discounted appropriately? Y
16 Are all important variables, whose values are uncertain, appropriately Y
subjected to sensitivity analysis?
17 Do the conclusions follow from the data reported? Y
18 Does the study discuss the generalisability of the results to other settings Y
and patient/client groups?
19 Does the article/report indicate that there is no potential conflict of interest of Y
study researcher(s) and funder(s)?
20 Are ethical and distributional issues discussed appropriately? ]
Total Yes 19
Total No 0
i

Total Unclear

Total Percentage of Yes 95%

53 Effectiveness of microwave ablation
a. Kidney tumour

Seven studies enrolled patients with kidney tumour.

McClure T et al. (2023) conducted a systematic review and meta-analysis to compare
microwave ablation and cryoablation for RCC. The initial systematic search was conducted
in February 2020, followed by the most recent searches of multiple databases, including Ovid
Medline and EMBASE. Study inclusion was determined based on a priori established PICOS
criteria, focusing on English-language publications involving adults (=18 years) with primary
renal masses treated with microwave ablation and/or cryoablation. The review consisted of 99
studies; four comparative studies (n=460) and 95 single-arm studies (n=10,247) with median
follow-up ranged from six to 95 months. The maijority of studies enrolled patients with stage
T1 renal cell carcinoma and predominantly employed the percutaneous approach for
ablation. The mean tumour size, a variable known to influence ablation outcomes was
comparable between the microwave ablation group (2.74 cm) and the cryoablation group (2.69
cm). The meta-analyses revealed low rates of local tumour recurrence for both microwave
ablation and cryoablation, ranging from 2.0% to 5.0% at one and five years, with a 6.0%
recurrence rate for cryoablation at both time points. Overall survival estimates were 98.0% at
one year and 87.0% at five years for both ablations, although more microwave ablation studies
reported 1-year data.*? 'eve!!

Additionally, disease-free survival estimates were 94.0% for microwave ablation and 89.0%
for cryoablation at one year, decreasing to 78.0% and 77.0% at five years, respectively; lower
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disease-free survival rates in specific studies were attributed to more severe disease states.
Multivariable analyses found no significant effect of treatment type on overall survival or
complications, but larger average tumour size was a significant predictor of worse 3-year
overall survivor (p=0.002), while a higher proportion of male patients and increased tumour
number predicted improved 5-year overall survival (p=0.01 and 0.04). Microwave ablation
demonstrated significantly shorter ablation times compared to cryoablation (p<0.0001) and a
lower 1-year local tumour recurrence rate (p=0.04), with time point also significantly
influencing local tumour recurrence outcomes (p=0.01).42 level |

Another systematic review and meta-analysis was conducted by Choi SH et al. (2018) to
determine the treatment outcomes of percutaneous microwave ablation in 567 patients with
616 malignant renal tumour (ranging in diameter from 1.7 to 5.3 cm). After removing
duplicates, 13 single-arm studies were reviewed for eligibility based on criteria including
treatment with percutaneous image-guided microwave ablation, lesion follow-up and
evaluation of technical and oncologic outcomes. The review covered follow-up durations of 1,
2, 3 and 5 years. The technical outcomes from the 13 individual studies, were summarised in
Figure 8, with pooled meta-analytic values of 97.3% (95% CI, 94.3 to 99.4%, 1>=0.0%) for
technical success rate and 97.6% (95% ClI, 95.0 to 99.4%, 12=48.5%) for technical efficacy
rate, showing no substantial heterogeneity. Oncologic outcomes indicated a pooled local
tumour recurrence rate of 2.1% (95% CI, 0.3 to 4.7%, 1>=54.1%), with six studies reporting no
local recurrence. The pooled cancer-specific survival rates at 1-year was 99.1% (95% ClI, 97.2
to 100.0%; 1?>=0.0%). By the 5-year mark, the survival rate had decreased further, 96.9% (95%
Cl, 93.3-99.2%; 1°>=0.0%), but it still indicated that a significant majority of patients remained
alive and without cancer. Additionally, the pooled overall survival rates at the same time points
showed the same pattern; 98.3% (95% Cl, 96.1-99.8%; 1>=0.0%) at 1-year and 81.9% (95%
Cl, 75.4-87.6%; 12>=0.0%) at 5-year.43 level |
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Figure 8: Meta-analytic summary of technical outcomes. Forest plots for technical success

rate (left) and technical efficacy rate (right).43 level !
ClI = confidence interval

Guan W et al. (2012) explored an RCT to study the comparison of intermediate-term
outcomes of patients with small renal tumours who were treated with partial nephrectomy or
microwave ablation. Between December 2004 and June 2008, 102 patients with a solitary,
unilateral, solid renal mass measuring <4 cm were prospectively randomised to receive
open/ laparoscopic partial nephrectomy (n=54; aged 46.4 + 13.2 [21 to 79]), open/
laparoscopic microwave ablation (n=48; aged 45.5 + 14.4 [23 to 75]). All patients were
followed-up to 50 months, had no absolute contraindications to nephrectomy and did not
present with bilateral tumours, metastatic disease, or hereditary renal cancer syndromes, nor
had they received prior treatment. Initial microwave ablation was successful in 46 of 48
tumours (95.8%), with two incomplete ablations identified on the 1-month computed
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tomography (CT) scan, leading to percutaneous re-ablation and no evidence of disease at last
follow-up (41 and 50 months). During follow-up, two patients (4.2%) experienced local
recurrences within the ablation margin. In the partial nephrectomy group, 52 (96.3%) achieved
complete therapeutic effects, with two (3.7%) developing recurrent tumours. No patients
showed evidence of metastatic disease progression.36. level |

Microwave ablation was compared to cryoablation in a retrospective cohort study
conducted by Sun G et al. (2024). The study aimed to evaluate whether microwave ablation
yields outcomes comparable to cryoablation regarding technical success, adverse events,
local tumour recurrence and survival in adult patients with solid enhancing renal masses
measuring £4 cm. A comparative analysis was conducted on 279 consecutive percutaneous
ablative treatments performed on 257 patients (median age 71 years [range, 40 to 92 years;
interquartile range, IQR 11 years]) with contrast-enhancing solid renal masses measuring
between February 2008 and December 2020 at a single centre. Prior to referral to
interventional radiology, all patients were assessed by a urologist. Poor surgical candidates,
defined as those at high risk for anaesthesia, with significant comorbidities, advanced chronic
kidney disease, a solitary kidney, or a personal or family history of RCC were referred to
interventional radiology for potential thermal ablation. Procedure planning was informed by
cross-sectional CT or magnetic resonance imaging (MRI) of the abdomen. There were 88
patients (66 males, 22 females) in microwave group and 191 patients (123 males, 68 females)
in cryoablation group included in the cohort.%”

Among patients with biopsy-proven RCC, recurrence rates were not significant between both
groups (p=0.77). Disease-free survival rates were not significant (p=0.32), with cancer-specific
survival at 100.0% for microwave ablation and 98.2% for cryoablation (p=0.31). Two patients
developed metastatic disease, both associated with index lesions treated by cryoablation.
Overall survival was 70.8% for cryoablation and 91.2% for microwave ablation (p=0.001).
Secondary analyses showed no significant differences in local recurrence rates, adverse
event rates, cancer-free survival or overall survival between matched cohorts of both groups.?’

Shapiro DD et al. (2020) in another retrospective cohort study compared perioperative
and oncologic outcomes for patients with clinical T1b RCC (diameters of 4 to 7 cm) following
treatment with microwave ablation, partial nephrectomy or radical nephrectomy, at the
University of Wisconsin from January 2000 to June 2018. Nonsurgical patients with clinical
T1b RCC who declined active surveillance or exhibited tumour growth >5 mm/year were
offered microwave ablation. Procedures were performed under general anaesthesia, followed
by immediate post-ablation CT to confirm tumour destruction. The study encompassed 325
patients (215 males, 110 females), stratified into three treatment groups: microwave ablation
(n=40, median age 69 years [range 65 to 77]), partial nephrectomy (n=74, median age 58
years [range 51 to 66]), and radical nephrectomy (n=211, median age 59 years [range 51 to
71]). Patients were monitored for follow-up periods extending up to 36 months. The study
revealed that:*®

e The median hospitalisation was shorter for the microwave group (1 day, IQR 1-1)
compared to the partial nephrectomy and radical nephrectomy groups (4 days, IQR 3-6; 4
days, IQR 3-4; p<0.0001).

e No statistically significant differences were observed in blood transfusion rates among the
groups (p=0.38).

e The median percent change in estimated glomerular filtration rate at three months post-
operatively were microwave: -4.5% (IQR -19.6% to 7.6%), partial nephrectomy: -3.2%
(IQR -20% to 10%), radical nephrectomy: -29% (IQR -39% to -19%). There was no
statistically significant difference in the change in estimated glomerular filtration rate
between the microwave ablation and partial nephrectomy groups (p=0.65); however, the
reduction in estimated glomerular filtration rate was significantly greater in the radical
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nephrectomy group compared to both the microwave ablation group (p<0.001) and the
partial nephrectomy group (p<0.001).

e The overall local recurrence rate was 1.2% (4/325), with higher rates in microwave (5.0%)
compared to partial nephrectomy (1.4%) and radical nephrectomy (0.5%). Estimated 5-
year local recurrence-free survival was the highest in radical nephrectomy (99.2%),
followed by partial nephrectomy (97.9%) and microwave (94.5%).

e Metastatic progression occurred in 7.1% (23/325) of patients, with none in the microwave
group, while 5.4% of partial nephrectomy and 9.0% of radical nephrectomy patients
developed metastasis. Tumour grade 3 to 4 (hazard ratio [HR] 7.49, p<0.001) and
sarcomatoid features (HR 12.36, p=0.15) were associated with metastatic progression.

e No deaths from cancer-specific causes were reported in the microwave group. High
tumour grade was the only factor associated with cancer-specific mortality (HR 11.5,
p<0.001).

The subsequent retrospective cohort study conducted by de Cobelli F et al. (2019) aimed
to assess the efficacy and safety of microwave ablation in comparison to cryoablation for
the treatment of small renal tumours within a homogeneous patient population. The
comparative analysis was conducted on 83 renal nodules in 72 consecutive patients treated
with image-guided percutaneous ablation, utilising either cryoablation (n=44, median age 69.9
[range 34 to 89]) or microwave ablation (n=28, median age 66.2 [range 44 to 85]). Patients
presented between January 2014 and March 2018 with Tla renal cancer and had either
contraindications for surgery or declined surgical intervention. Patients were monitored for a
duration of up to 24 months following the procedure. The findings showed that, the technical
success rates, follow-up difference and disease recurrence demonstrated no significant
difference between both groups. Conversely, the median procedure time was significantly
shorter for microwave ablation (40 minutes, IQR 34) compared to cryoablation (110 minutes,
IQR 17.5) (p=0.003).4°

Yu J et al. (2015) also conducted retrospective cohort study to evaluate midterm results
of microwave ablation versus laparoscopic radical nephrectomy in patients with small
RCC. The medical records of patients who underwent renal microwave ablation or
laparoscopic radical nephrectomy between April 2006 and October 2012 were reviewed. The
study included patients with RCC measuring <4 cm. A total of 98 patients (23.0%, 98/426;
mean age 65.7 £ 13.8 [range 27 to 87] years) with 105 lesions received microwave ablation,
while 328 patients (77.0%, 328/426; mean age 51.4 + 12.3 [range 22 to 86] years) with 331
lesions underwent laparoscopic radical nephrectomy. Microwave ablation procedures were
performed by three interventional radiologists under moderate sedation. Follow-up protocols
included contrast-enhanced imaging at 1-, 3- and 6-month, with recurrence assessments
conducted up to 32-month post-procedure. The results revealed that:*

e The operative time and post-operative hospitalisation for the laparoscopic radical
nephrectomy group were significantly longer than for the microwave ablation group
(p<0.0001), resulting in higher hospitalisation costs for the laparoscopic radical
nephrectomy group (p<0.0001). Estimated blood loss was also greater in the laparoscopic
radical nephrectomy group, with 12 patients requiring blood transfusions (400 to 1,800
mL), while no transfusions were needed in the microwave ablation group.

e Median follow-up periods were shorter in microwave ablation group (25.8 months, IQR 3.7
to 75.2) as compared to laparoscopic radical nephrectomy group (26.1 months, IQR 3.0
to 73.6). In the microwave ablation group, five patients (5.1%) died from various causes,
whereas three patients (0.9%) in the laparoscopic radical nephrectomy group died,
attributed to sudden cardiac death and RCC progression.

¢ Follow-up imaging demonstrated 100.0% technique effectiveness for both groups. One
local tumour progression lesion was identified at 32-month post-ablation, with no local
tumour progression lesions reported after laparoscopic radical nephrectomy.
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e Extrarenal metastasis occurred in three cases for both microwave ablation and
laparoscopic radical nephrectomy (p=0.27). The 1-, 3-, and 5-year overall survival rates
were 98.3%, 93.3%, and 82.6% for microwave ablation, and 99.7%, 98.6%, and 98.6% for
laparoscopic radical nephrectomy, indicating a significant difference (p=0.0004).
Nonetheless, the RCC-related survival rates showed no significant difference between
groups (p=0.38).

e Significant differences (p<0.0001) in survival rates were associated with sex, tumour type,
treatment modality, presence of laparoscopic radical nephrectomy and extrarenal
metastasis.

Overall findings:

The systematic review and meta-analysis by McClure et al. (2023) compared microwave
ablation and cryoablation for RCC, finding low rates of local tumour recurrence (2.0% to 5.0%)
and high overall survival rates (98.0% at one year) for both techniques. Microwave ablation
showed a statistically significant advantage in shorter ablation times and lower local
recurrence rates compared to cryoablation.*? 'eve! ! Additional studies, including those by Choi
et al. (2018) and Sun et al. (2024), confirmed similar technical success and oncologic
outcomes for both modalities, with microwave ablation demonstrating slightly better overall
survival.37’ 43 level |

Further comparisons, such as those by Shapiro et al. (2020) and de Cobelli et al. (2019),
indicated that microwave ablation had shorter hospital stays and comparable safety profiles
to surgical options like partial nephrectomy.3®4% Overall, while both microwave and
cryoablation are effective for treating small renal tumours, microwave ablation offers benefits
in terms of procedural efficiency and lower recurrence rates, positioning it as a viable option
for patients, particularly those unfit for surgery.

b. Liver tumour

Ten studies enrolled patients with liver tumour.

Spiliotis AE et al. (2021) conducted a systematic review and meta-analysis to compare
microwave with radiofrequency ablation in the treatment of liver cancer. A systematic
search was performed in MEDLINE (PubMed and Ovid) and the Cochrane Central Register
of Controlled Trials for relevant studies. The search, conducted in July 2020, included studies
that met the following criteria: (i) adult population with primary liver cancer or hepatic
metastases; (ii) interventions involving radiofrequency ablation and microwave ablation as
monotherapy or in combination with surgical resection; (iii) microwave and radiofrequency
ablation performed percutaneously, laparoscopically or via laparotomy; and (iv) comparators
focusing on the effectiveness and safety of microwave versus radiofrequency ablation. The
review encompassed 15 studies involving a total of 2,169 patients, comprising four RCTs, 10
retrospective cohort studies and one prospective cohort study, with participant ages ranging
from 52 to 68 years. The average or median tumour diameter varied between 1.7 cm and

3.75 cm. The meta-analysis indicated no significant difference in complete ablation rates,
intrahepatic distal recurrence and local tumour progression between both groups. On the other
hand, subgroup analysis of two randomised controlled trials revealed significantly lower local
tumour progression rates in the microwave group compared to radiofrequency group (odds
ratio [OR], 0.40; 95% ClI, 0.18 to 0.92; p=0.03, 12=0.0%).45 level |

Another systematic review and meta-analysis was conducted by Zhao J et al. (2020) to
compare the efficiency and safety of TACE combined with radiofrequency (TACE + RFA;
n=238) or microwave (TACE + MW, n=295) ablation. Related articles published before
August 2019 were searched in PubMed, Scopus, Web of Science, Ovid Medline, Embase,
ScienceDirect, Google Scholar and the Cochrane Library. The inclusion criteria were as
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follows: patients with unresectable HCC were identified as patients who had a late tumour
stage, an unsuitable tumour location, extensive disease, limited liver functional reserve and
high operative risk. The review included nine studies comprising 533 patients with the mean
tumour dimension ranged from 2.4 cm to 5.55 cm. In a comparative analysis involving 316
patients across five studies, the TACE + MW group demonstrated significantly longer overall
survival than the TACE + RFA group (HR 1.55; 95% CI, 1.09 to 2.21, p=0.01) (see Figure 9),
with superior 2-year (relative risk [RR] 0.68; 95% CI, 0.53 to 0.88, p=0.003) and 3-year (RR
0.46; 95% CI, 0.32 to 0.66, p<0.0001) overall survival rates. While no significant difference
was observed in progression-free survival (p=0.13), the TACE + MW group had a higher 24-
month progression-free survival rate (RR 0.67; 95% CI, 0.46 to 0.96, p=0.03).46 level |

The objective response rate and disease control rate were comparable between groups
(p=0.46), but the TACE + MW group exhibited a higher complete response rate (RR 0.87; 95%
Cl, 0.79 to 0.96, p=0.003) and a lower partial response rate (RR 2.16; 95% CI, 1.30 to 3.57,
p=0.003). Subgroup analyses revealed the TACE + MW group’s advantages were most
pronounced in younger patients (ages 50 to 60; HR 1.58; 95% CI, 1.03 to 2.24, p=0.04) and
those with larger tumours (=3 cm; HR 1.62; 95% ClI, 1.04 to 2.53, p=0.03). Notably, patients
undergoing TACE in the microwave group had extended overall survival (HR 1.58; 95% ClI,
1.03 to 2.24, p=0.04).46. level |
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Figure 9: Forest plot of the hazard ratio or relative risk of overall survival associated with the
TACE + MW group versus the TACE + MW group.46. level |

The subsequent systematic review and meta-analysis was performed by Wang L et al.
(2019) to evaluate the clinical value of TACE + MW ablation for unresectable HCC. This meta-
analysis was conducted following PRISMA guidelines, utilising databases such as PubMed,
MedLine, Embase, the Cochrane Library and Web of Science. The literature search
commenced in January 2018, concluding in August 2019. Inclusion criteria comprised: i)
patients diagnosed with HCC; ii) patients with unresectable tumours or unwilling to undergo
resection; iii) an experimental group receiving TACE + MW ablation versus a control group
receiving TACE alone; and iv) outcomes reporting on short-term or long-term effects and
adverse events. The review encompassed nine studies involving a total of 964 patients,
comprising one RCT and eight retrospective studies, with 295 patients receiving TACE + MW
and 613 patients receiving TACE alone. The average or median tumour diameter varied
between 2.7 £ 1.1 cm and 12.9 £ 2.5 cm. Using a fixed-effect model, the pooled OR for 1-,
2-, and 3-year survival rates favored the TACE + MWA group (OR 3.29; 95% ClI, 2.26 t0 4.79;
OR 2.82, 95% ClI, 2.01 to 3.95; OR 4.50, 95% ClI, 2.96 to 6.86, respectively). The overall
response rate comparison between the TACE + MWA and TACE alone groups indicated a
significant advantage for TACE + MWA (OR 4.64; 95% ClI, 3.11 to 6.91) across six studies
without significant heterogeneity (1?°=0.0%). Local recurrence rates also favored TACE + MWA
(OR 3.93; 95% Cl, 2.64 to 5.87) with minor heterogeneity (12=18.0%).5" leve!!

In subgroup analyses, patients with tumours <5 cm showed no significant differences in 1-
and 2-year survival rates between the groups. Conversely, for tumours >5 cm, the TACE +
MWA group demonstrated significantly better survival rates at 1-, 2- and 3-year (OR 3.82; 95%
Cl,2.38t06.13; OR 3.83;95% Cl, 2.37t0 6.19; OR 4.12; 95% ClI, 2.51 to 6.77, respectively).5"

level
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Sugimoto K et al. (2025) executed an RCT to evaluate and compare the therapeutic efficacy
of microwave ablation (n=119, mean age 74.0 + 9.9) versus radiofrequency ablation
(n=117, mean age 74.1 + 9.0) in patients with HCC. The study was conducted across five
tertiary centres in Japan with inclusion criteria encompassing: (i) adults aged =20 years; (ii)
diagnosis of HCC via contrast-enhanced CT or gadoxetic acid-enhanced MRI within four
weeks prior to enrolment, adhering to Japan Society of Hepatology guidelines; (iii) HCC
lesions <4 cm in size, with up to four nodules; (iv) absence of extrahepatic manifestations or
vascular invasion; (v) Child-Pugh score <9; (vi) lesions amenable to both microwave and
radiofrequency ablation; (vii) Eastern Cooperative Oncology Group performance status of 0 to
2; (viii) specific hematological and biochemical parameters; and (viiii) patients ineligible for or
unwilling to undergo surgery. Patients were monitored for a duration of up to 42 months in the
microwave ablation group and 44 months in the radiofrequency ablation group.#7: 'eve!!

At the 2-year follow-up, the incidence of local tumour progression was significantly lower in
the microwave group (16.4%, 20 lesions) compared to the radiofrequency group (30.4%, 38
lesions), with a RR of 0.54 (95% ClI, 0.33 to 0.87; p=0.007) and an absolute risk difference of
0.14 (95% CI, 0.04 to 0.24; p=0.007). Kaplan-Meier analysis indicated no significant
differences in overall survival between groups (p=0.350) or in intrahepatic recurrence-free
survival (p=0.099). Extrahepatic recurrence-free survival also showed no significant
differences (p=0.307). Post-hoc analysis identified maximum tumour diameter (HR 1.51; 95%
Cl, 1.06 to 2.17), type of ablation device (microwave ablation: HR 0.53; 95% ClI, 0.31 to 0.91),
and ablation margin (<3 mm: HR 2.14; 95% CI, 1.22 to 3.77) as independent predictors of
local tumour progression. Additional factors associated with intrahepatic recurrence included
aetiology (non-viral: HR 1.39; 95% CI, 1.13 to 1.71), non-naive nodules (HR 1.86; 95% ClI,
1.24 to 2.77), number of nodules (HR 2.00; 95% CI, 1.34 to 2.97) and des- y-carboxy
prothrombin levels (HR 1.001, 95% CI, 1.000 to 1.002), while des- y-carboxy prothrombin also
emerged as a predictor of extrahepatic recurrence (HR 1.003; 95% CI, 1.000 to 1.04).47 level!

Vogl TJ et al. (2023) in another RCT compared the therapeutic response and clinical
outcome of CT-guided percutaneous microwave and radiofrequency ablation for the
treatment of small- and medium-sized HCC in 50 patients (38 males, 12 females; mean age
62.9 £ 10.5 years). The inclusion criteria were established as follows: (i) histologically and/or
radiologically confirmed diagnosis of HCC; (ii) planned single thermal ablation treatment using
microwave or radiofrequency ablation; (iii) age = 18 years; (v) sufficient general health to
undergo MRI; (vi) MRI conducted with either a 1.5 tesla or 3.0 tesla scanner; (vii) presence of
a solitary lesion measuring <5 cm; (viii) a maximum of three lesions, each measuring <3
cm; and (viiii) absence of extrahepatic manifestations or vascular invasion. The two groups
comprised of 25 patients in microwave ablation (mean age 63.2 + 10.3 years) and other 25 in
radiofrequency ablation (mean age 62.7 + 10.8 years). The distribution of tumour grades (G1,
G2, G3) was similar between microwave and radiofrequency groups, with respective
counts of 4/19/2 and 3/20/2, and no statistically significant difference observed (p>0.05). The
study demonstrated significantly larger ablation volumes for microwave group at 66.5 + 35.8
cm?® compared to radiofrequency group at 29.2 + 22.2 cm? (p<0.01).35 level |

Intrahepatic distant recurrence occurred more frequent in radiofrequency group (56.0%) as
compared to microwave group (32.0%). Moreover, disease-free survival as shown in Figure
10 significantly favored microwave group (p=0.01). For patients classified as Barcelona Clinic
Liver Cancer Stage A, microwave ablation significantly improved both overall survival
(p=0.037) and disease-free survival (p<0.01) compared to radiofrequency ablation, with
relative HR of 0.302 and 0.232, respectively.35 level !
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Figure 10: Kaplan-Meier curves show the disease-free survival data (microwave ablation =
black; radiofrequency ablation = grey); the overall survival in months with numbers at risk
shown below.35 fevel |

Zaitoun MMA et al. (2021) examined the safety and efficacy of combined therapy of TACE +
MW ablation (n=89; 52 males, 37 females; mean age 52.1 £ 9.5 [range 48 to 76 years]) versus

only TACE (n=84; 52 males, 32 females; mean age 51.3 £ 9.2 [range 41 to 75]) or microwave

ablation (n=92; 50 males, 42 females; mean age 53.8 £ 10.3 [38 to 72]) for treatment of HCC.

An RCT was conducted from January 2017 to May 2020, screening 265 (154 males and 111
females; mean age 54.5 £ 11.8 years [range 38 to 76 years]) patients for enrolment. Inclusion
criteria encompassed solitary HCC lesions measuring >3 to <5 c¢cm, no extra-hepatic
metastases, no history of encephalopathy or refractory ascites and Child-Pugh class A or B
cirrhosis. Patients were monitored for a duration of up to 36 months.8 level !

After one month, combined therapy resulted in tumour response rates of 86.5% complete
response, 3.3% partial response, 5.6% stable disease, and 4.5% progressive disease,
significantly outperforming TACE (54.8% complete response) and microwave ablation alone
(56.5% complete response) groups (p=0.0002). Recurrence rates at 12 months were
significantly lower in the combined group (22.47%) compared to TACE (60.7%) and
microwave ablation alone (51.1%) (p=0.0001). Overall mortality was also lower in the
combined group (19.1%) versus TACE (34.5%) and microwave ablation (32%) (p=0.02), with
improved overall survival (see Figure 11a) (69.6% versus 54.8% for TACE and 54.3% for
microwave ablation) and median survival times (24 months versus 19 for TACE and 21 for
microwave ablation) (p=0.02). Additionally, mean progression-free survival was higher in the
combined group (22.3 months) than in TACE (15.4 months) and microwave ablation (16.7
months) (p<0.001) (see Figure 11b).48 level |
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Figure 11: a) Comparison of the survival function among the three groups, b) progression-

free survival analysis.4® evel |
TACE, transarterial chemoembolisation; MWA, microwave ablation; TACE + MWA, combined therapies

The next RCT was conducted by Fang L et al. (2019) to study the clinical effect of
ultrasound-guided microwave ablation (n=47; 26 males, 21 females; mean age 56.5 + 1.4
years [range 41 to 75 years]) on primary HCC. Ninety-four patients (154 males, 111 females;
mean age 54.5 + 11.8 years [range 38 to 76 years]) with primary hepatic carcinoma, admitted
between August 2014 and November 2016, were selected based on criteria including
adherence to diagnostic standards set by the Chinese Medical Association, first-time
treatment without significant comorbidities, Child-Pugh grades A or B, complete clinical data
and ethical approval with informed consent. The control group received conventional
surgical excision (n=47; 27 males, 20 females; mean age 58.2 £ 1.5 years [range 40 to 76
years]) via laparotomy under general anaesthesia. Both groups were followed-up to three
months. The microwave group demonstrated significantly shorter operation duration and
length of stay, along with lower intraoperative bleeding and blood transfusion volumes
compared to the control group (p<0.05). However, the total effective treatment rate in the study
group was significantly lower (p<0.05). Biochemical analysis revealed that alanine
aminotransferase and aspartate transaminase levels were significantly higher in the control
group (p<0.05), while albumin and total bilirubin levels were significantly lower in the study
group (p<005)49 level |

Hu J et al. (2019) carried out a retrospective cohort study to assess the clinical outcomes
of image-guided percutaneous microwave ablation (n=64; mean age 54.9 + 11.3 [range
28 to 75]) versus cryoablation (n=56; mean age 54.9 + 11.3 [28-75]) in patients with HCC
located in high-risk areas, as well as to identify prognostic factors linked to both treatment
approaches. In this single-centre study, medical records of HCC 120 patients (88 males, 32
females; with 134 HCC lesions) admitted from April 2014 to March 2017 were retrospectively
reviewed, including only those diagnosed via preoperative core biopsy, classified as Child-
Pugh grades A or B, with tumours in high-risk locations (within 1 cm of abdominal wall and
adjacent organs), untreated prior, with fewer than three tumours each <5 cm, and without
vascular invasion or metastasis. Additionally, patients who declined liver transplantation and
opted for microwave ablation or cryoablation due to concerns about liver resection, general
anaesthesia or complications were included. Patients in both groups were monitored for 19.9
months.38
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In the study, 64 patients with 70 tumours underwent 76 treatments in the microwave ablation
group, successfully treating 64 tumours in one session and six tumours in two sessions. In
contrast, 56 patients with 64 tumours received 68 sessions in the cryoablation group, with 60
tumours effectively treated in one session and four in two sessions. Surgical time, blood loss,
cost and hospitalisation were comparable between groups. The mortality rate was 18.8% in
the microwave group, primarily due to tumour progression, while the cyroablation group had
a 14.3% mortality rate, mainly from local/ systemic HCC. Both groups achieved a 100.0%
method success rate, with 75.0% of microwave ablation and 25.0% of cryoablation patients
developing local tumour progression lesions. In addition, distant metastasis occurred in 19.6%
of microwave ablation and 17.8% of cryoablation patients. Survival rates showed no significant
differences between groups, while local tumour progression rates differed significantly
(p=0.039). Univariate and multivariate analyses identified age (=65 years), tumour size (3 to
5 c¢m), and Child-Pugh grade B as independent predictors of poor overall survival, and tumour
size (=3 cm), multiple tumours and treatment sessions as independent factors affecting
recurrence-free survival.®®

Shi J et al. (2014) compared the efficacy of microwave ablation (n=117; 143 nodules; mean
age 56.6 £ 9.2) and surgical resection (n=107; mean age 54.5 £ 9.9) in the treatment of HCC
conforming to Milan criteria. The retrospective cohort study enrolled 224 patients (180
males, 44 females), meeting the inclusion criteria of Milan criteria for HCC (single tumour <5
cm or up to three tumours <3 cm), absence of extrahepatic metastasis or vascular invasion,
Child-Pugh Class A or B liver function and no prior malignancies or treatments for HCC. The
study revealed that:>°

e During follow-up, 43 patients in the microwave and 40 in the control group died, primarily
from cancer recurrence.

e The 1-, 3- and 5-year overall survival rates were comparable between the groups.
e The disease-free survival rates were significantly higher in the control group (p=0.005).

e For solitary HCC <3 cm, overall survival and disease-free survival rates showed no
significant differences between the groups, while for HCC between 3 and 5 cm, although
overall survival rates were similar, disease-free survival favored the control group
(p=0.014).

e Univariate analysis identified age, hepatitis B and hepatitis C infections as significant
factors for overall survival, with age being the sole significant factor in multivariate analysis
(HR 2.017; p=0.006).

e The overall recurrence rates were higher in the microwave group (p=0.048), with
significantly more early-stage recurrences and local recurrences compared to the control
group. Treatment strategies for recurrences showed no significant differences in curative
treatment rates overall, but microwave ablation patients with solitary HCC between 3 and
5 cm had more recurrences receiving curative treatment (p=0.041).

Seki T et al. (1999) compared the efficacy of percutaneous microwave coagulation
therapy (PMCT) (n=48) and percutaneous ethanol injection therapy (PEIT) (n=42) in the
treatment of patients with cirrhosis and a solitary nodular HCC <2 cm in greatest dimension.
In the retrospective cohort study, of the 43 patients with well-differentiated HCC, 23 (mean
age 60.9 £ 7.9) received PMCT, while 20 (mean age 61.5 + 8.6) were treated with PEIT.
Meanwhile, among the 47 patients with moderately or poorly differentiated HCC, 25 (24
moderately and 1 poorly differentiated; mean age 65.2 + 8.0) underwent PMCT, and 22 (21
moderately and 1 poorly differentiated; mean age 61.0 * 8.4) received PEIT.*®

For PMCT, 93.8% (45/48) patients exhibited complete necrosis of tumours <1.5 cm after three
to four microwave irradiations and tumours >1.5 cm after four to six irradiations, achieving a
treated margin 25 mm on dynamic CT. However, in three patients, despite complete necrosis,
surrounding parenchyma remained viable due to anatomical constraints. For PEIT, 61.9%
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(26/42) patients achieved complete necrosis with a treated margin 25 mm, while 16 showed
complete necrosis but insufficient margins due to ethanol leakage. For moderately or poorly
differentiated HCC, overall survival rates were higher in PMCT (78.0%) as compared to PEIT
(35.0%) (p=0.03; see Figure 12). Cancer-free survival rates at four years were similar
between treatment modalities for well-differentiated HCC but favored PMCT for moderately or
poorly differentiated HCC, though not significantly.4!
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Figure 12: Overall survival of patients with moderately or poorly differentiated HCC treated

with PMCT or PEIT.#
Heavy line, PMCT; light line, PEIT

Overall findings:

Systematic reviews and meta-analyses by Spiliotis et al. (2021) and Zhao et al. (2020)
revealed key findings on the effectiveness of microwave versus radiofrequency ablation for
liver cancer.4> and 46, level | Gpjliotis et al. (2021) found no significant differences in overall
outcomes between the two methods, but microwave ablation had lower local tumour
progression.4> 'evel I Zhao et al. (2020) demonstrated that combining TACE with microwave
ablation (TACE + MW) significantly improved overall and progression-free survival compared
to TACE with radiofrequency ablation (TACE + RFA), especially in younger patients and those
with larger tumours. 46 level |

Supporting studies by Wang et al. (2019) and Sugimoto et al. (2025) confirmed better survival
rates and lower recurrence for TACE + MW .47 and 51, level 1 \/og] et al. (2023) highlighted the larger
ablation volumes achieved with microwave ablation, contributing to improved disease-free
survival.3% 'evell Qverall, TACE + MW showed superior efficacy compared to single modalities
in enhancing treatment response and survival outcomes.

The findings presented above are summarised in Table 4, which outlines the effectiveness
data for microwave ablation in the treatment of kidney and liver tumours.
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Table 4: The effectiveness of microwave ablation in treating kidney and liver tumours.

Study

Kidney tumour
McClure T et al.
2023

SR & MA®

Choi SH et al.
2018
SR & MA®

GuanW et al.
2021
RCT3

SunGetal.
2024
RC¥

Shapiro DD et al.

2020
RC39

de Cobelli F et al.

2019
RC#

YuJetal.
2015
RC#

Liver tumour
Spiliotis AE et al.
2021

SR & MA%

Zhao J et al.
2020
SR & MA%*

Wang L et al.
2019
SR & MAS!

Patient
characteristic

N=10,707
Mostlyon T1
RCC

N=567
Malignant
renal tumours
(diameter from
1.7t0 5.3 cm)

N=102
Small renal
tumours <4 cm

N=257
Small renal
masses <4 cm

N=325
T1b RCC
(4 to 7 cm)

N=72
T1arenal
cancer

N=98
RCC <4 cm

N=2,169

Liver cancer
(diameter from
1.7 t0 3.75 cm)

N=533
Unresectable
HCC (diameter
from 2.4 cm to
5.55 cm)

N=964
Unresectable
HCC (diameter
from2.7+1.1
1012925
cm)

Follow
up
duration Treatment
610 95
months

MWA

1,2,3
and 5
years

Percutaneous
MWA

36 MWA
months

CT and
MRI: 4, 8,
12,18
and 24
months

MWA

Continue
imaging

annually
for up to
10 years

Upto 49.5
months

MWA

24 MWA
months

1,3and 6
months

MWA

Not MWA
available

1to 82
months

TACE+MWA

8to 41
months

TACE+MWA

Intervention

Control

CRA

Not available

PN

CRA

PN, RN

CRA

Laparoscopic
RN

RFA

TACE+RFA

TACE
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Findings

LTP ranged from 2.0% to 5.0% at 1- and 5-year
in both groups.

OS was 98.0% and 87.0% at 1- and 5-year in
both groups.

DFS were higher in microwave group at 1-year
(94.0% vs. 89.0%) and 5-year (78.0% vs.
77.0%).

Ablation time was significantly shorter in MWA
(p<0.0001) and lower 1-year local tumour
recurrence rate (p=0.04) as compared to CRA.

Technical success rate was 97.3% (95% ClI,
94.3 10 99.4%, 1>=0.0%).

The cancer-specific survival rates at 1-year was
99.1% (95% Cl, 97.2 to 100.0%; 1>=0.0%).

The survival rate had decreased at 5-year,
96.9% (95% Cl, 93.3-99.2%; 12=0.0%).

Pooled OS rates was 98.3% (95% ClI,
96.1-99.8%; 1>=0.0%) at 1-year and 81.9%
(95% Cl, 75.4-87.6%; 1>=0.0%) at 5-year.

Initial microwave ablation was successful in 46
of 48 tumours (95.8%).

During follow-up, two patients (4.2%)
experienced local recurrences within the
ablation margin.

OS was higher in MWA as compared to CRA
(p=0.001).

Median hospitalisation was the shortest for
MWA (p<0.0001).

Local recurrence rate was the highest in MWA
(5.0%) versus PN (1.4%) and RN (0.5%).
High tumour grade was the only factor
associated with cancer-specific mortality (HR
11.5, p<0.001).

Median procedure time was significantly shorter
for MWA (40 vs. 110 minutes; p=0.003) as
compared to CRA.

Shorter operative time and post-operative
hospitalisation, and lower hospitalisation cost in
MWA (p<0.0001).

No transfusions were needed in MWA.

Shorter median follow-up in MWA (25.8 vs. 26.1
months).

Lower OS rates in MWA for 1-, 3- and 5-year as
compared to control (p=0.0004).

Significant lower LTP rates in the MWA

compared to RFA (p=0.03).

Longer OS in TACE+MWA (p=0.01).

Higher response rate in TACE+MWA
(p=0.003).

Higher advantage was pronounced in younger
patients of TACE+MWA (ages 50 to 60; p=0.04)
and those with larger tumours ((=3 cm; p=0.03).

Significant advantage for TACE+MWA in OS
rate as compared to control (OR 4.64; 95% Cl,
3.11t0 6.91).

Local recurrence rates favoured TACE+MWA
(OR 3.93; 95% Cl, 2.64 to 5.87).

Significant survival rates in TACE+MWA for
tumours >5 cm at 1-, 2- and 3-year.



Sugimoto K et al.

2025
RCT#

Vogl TJ et al.
2023
RCT3

Zaitoun MMA et
al.

2021

RCT48

Fang L et al.
2019
RCT#®

Hu J et al.
2019
RC38

ShiJetal.
2014
RC50

Seki T etal.
1999
RCA!

N=236
HCC <4 cm

N=50

Small and
medium-sized
HCC (max. 3
lesions, <3 cm)
N=265

HCC >3 to <5
cm

N=94
Primary HCC

N=120
High-risk
location HCC
<5cm

N=24
HCC <3cm to
<5cm

N=90
HCC <2 cm

MWA: 44
months
RFA: 42
months

Not
available

1,6, 12,
24 and 36
months

3 months

19.9
months

Serum AF
and US:
every 3
months

Contrast-
enhance

CT: every
6 months

CXR:
every 3
months

Survival:
5 years

Cancer
free
survival
rate: 4
years

US: every
2 months

CTand
MRI:
every 3 to
5 months

Serum
AF:
monthly

Clinical

observatio
n: ranged
from 12 to
72 month

MWA

MWA

TACE+MWA

US-MWA

US-MWA

MWA

PMCT

RFA

RFA

TACE alone,

MWA alone

Surgical
resection

CRA

Surgical
resection

PEIT
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Significant lower of LTP in MWA at 2-year
(p=0.007).

Independent predictors of LTP were maximum
tumour diameter, type of ablation device and
ablation margin.

Lower intrahepatic distant recurrence in MWA
as compared to RFA (32.0 vs. 56.0%).

MWA significantly improved OS (p=0.037) and
DFS (p<0.01) as compared to RFA.

TACE+MWA outperformed the control groups
in complete response (p=0.0002).

Lowest recurrence rates (p=0.0001) and OS
(p=0.02) in TACE+MWA.

Highest PFS in TACE+MWA (p<0.001).

Significant shorter operation duration and
length of stay in MWA, along with lower
intraoperative bleeding and blood transfusion
volumes compared to the control group
(p<0.05).

Albumin and total bilirubin levels were
significantly lower in the MWA (p<0.05).

The mortality rate was 18.8% in the US-MWA
(primarily due to tumour progression), while the
CRA had a 14.3% mortality rate (mainly from
local/ systemic HCC).

MWA developed higher LTP than CRA (75.0 vs.
25.0%).

Distant metastasis occurred higher in MWA as
compared to CRA (19.6 vs. 17.8%).

Age (265 years), tumour size (3 to 5 cm), and
Child-Pugh grade B were identified as
independent predictors of poor OS.

Tumour size (23 cm), multiple tumours and
treatment sessions were estimated as
independent factors affecting recurrence-free
survival.

Higher patients in MWA died as compared to
control (43 vs. 40), primarily from cancer
recurrence.

DFS rates were significantly higher in control
(p=0.005).

Age being the sole significant factor for OS
rates (p=0.006).

Overall recurrence rates were higher in MWA
(p=0.048) with significantly more early-stage
recurrences and local recurrences compared to
the control group.

MWA patients with solitary HCC between 3 and
5 cm had more recurrences receiving curative
treatment (p=0.041).

OS rates were higher in PMCT as compared to
PEIT in moderately/ poorly differentiated HCC
(p=0.03).

Clinical observatio n:ranged from 12 to 72 month



SR & MA, systematic review & meta-analysis; RCC, renal cell carcinoma; MWA, microwave ablation; CRA, cryoablation; LTP, local tumour
progression; OS, overall survival; DFS, disease-free survival; Cl, confidence interval; RCT, randomised controlled trial; PN, partial nephrectomy;
RC, retrospective cohort; CT, computed tomography; MRI, magnetic resonance imaging; RN, radical nephrectomy; HR, hazard ratio; RFA,
radiofrequency ablation; HCC, hepatocellular carcinoma; TACE, transcatheter arterial chemoembolisation; PFS, progression-free survival; US,
ultrasound; AF, alpha fetoprotein; CXR, chest x-ray; PMCT, percutaneous microwave coagulation therapy; PEIT, percutaneous ethanol injection
therapy

5.4 Safety
a. Kidney tumour
Six studies reported on the safety of microwave ablation in kidney tumour.

McClure T et al. (2023) reported overall complication rates (i.e., = grade 2), for microwave
ablation and cryoablation were 6.0% (95% CI, 6% to 8%) and 8.0% (95% CI, 6% to 11%),
respectively, with major complications (i.e., = grade 3) occurring in 3.0% (95% CI, 3% to 4%)
of microwave cases and 4.0% (95% ClI, 3% to 5%) of cryoablation cases. Most complications
were periprocedural, with microwave ablation complications included bleeding, pain at the
ablation site and haematuria.*? 'eve! !

The meta-analytic in Choi SH et al. (2018) pooled rates of major and minor complications were
1.8% (95% CI, 0.6 to 3.3%; 1’=0.0%) and 17.5% (95% CI, 5.8 to 33.4%; 1>=90.1%),
respectively. The incidence of major complications exhibited minimal heterogeneity, while
minor complications demonstrated significant heterogeneity.43: level!

Guan W et al. (2012) reported 26 complications at post-operatively in 24 patients (23.5%),
with six (12.5%) in the microwave ablation group and 18 (33.3%) in the partial nephrectomy
group (p=0.0187). Microwave ablation complications included one urine leak leading to
nephrectomy and temporary haematuria in another patient. Serum creatinine remained stable
after microwave ablation but increased significantly after partial nephrectomy (p=0.0004).3¢

level |

Within 90 days post-operatively in Shapiro DD et al. (2020), complications were reported in
seven (17.5%) patients from the microwave ablation group, 18 (24.3%) from the partial
nephrectomy group and 28 (13.3%) from the radical nephrectomy group (p=0.006).%°

de Cobelli F et al. (2019) demonstrated no mortalities or intra-procedural complications.
Following cryoablation, five complications (9.8%) were reported and two complications (6.2%)
followed microwave ablation, all classified as Cardiovascular and Interventional Radiological
Society of Europe (CIRSE) grade I. Overall, no significant difference in complications was
found between treatments (p=0.57), but a significant reduction in the likelihood of severe
complications (grades Il to IV) was observed with microwave ablation compared to
cryoablation (p=0.03).4°

Yu J et al. (2015) showed no grade V complications (deaths) directly linked to treatments. In
the microwave ablation group, two grade Il complications occurred (1.7%) after 119 sessions,
including hepatic encephalopathy and a urinary fistula. Overall complication rates were similar
between the two groups (p=0.75).44

b. Liver tumour

Nine studies reported on the safety of microwave ablation in liver tumour.

The most frequently reported major complications in Spiliotis AE et al. (2021) in both

radiofrequency ablation and microwave ablation included subcapsular and perihepatic
haematomas, arterial bleeding requiring intervention, hepatic abscess, biliary fistula, bowel

23



perforation, abdominal wall burns and pleural effusion with no significant difference
(p=04129)45 level |

Four studies assessed liver function post-treatment in Zhao J et al. (2020), revealing no
significant differences in aspartate transaminase (p=0.31) or alanine transaminase (p=0.26)
levels. There were also no significant differences in total complications between the TACE +
MWA and TACE + RFA groups (p=0.95), with common complications including recurrence,
ascites, pain, and bleeding, indicating similar safety profiles for both groups.46. 'eve!!

The comparison of severe adverse events in Wang L et al. (2019) showed there was no
significant difference in the incidence between the two groups (OR 0.67, 95% CI, 0.27 to
1 66)51 level |

Sugimoto K et al. (2025) revealed there were no significant differences in grade | complications
between the microwave group (44.5%) and the radiofrequency group (44.4%), or in grade Il
complications (both groups at 1.7%). Additionally, no treatment-related deaths were
reported_47, level |

No moderate or severe adverse events were reported in Vogl TJ et al. (2023). Mild adverse
events occurred in six cases (five minimal pleural effusions and one minimal pneumothorax),
with no significant difference between the two groups (p>0.05).35 tevel |

In Zaitoun MMA et al. (2021), post-procedural minor adverse events, including nausea,
vomiting, abdominal pain and low-grade fever, were reported in 24.7% of the combined group,
47.6% of the TACE group and 38.0% of the microwave group. The combined therapy was
generally well-tolerated, with only one case of severe hepatic dysfunction. In the TACE group,
three patients experienced severe hepatic dysfunction, while two patients in the microwave
group had tumour seeding.*8 eve! !

Fang L et al. (2019) reported the complication rate in the control group was significantly higher
than in the study group (p<0.05).49: fevel |

No treatment-related fatalities occurred in Hu J et al. (2019). In the microwave ablation group,
there were four major complications; one liver abscess, one instance of tumour seeding and
two cases of pleural effusion requiring drainage. In contrast, the cryoablation group reported
no major complications. Consequently, the major complication rate was significantly higher in
the microwave ablation group (6.3%) compared to the cryoablation group (0.0%) (p=0.039).
Additionally, minor complications, such as post-operative pain and fever, were more frequent
in the microwave ablation group (p=0.001).38

In Seki T et al. (1999), no clinically serious side effects or complications were reported with
either PMCT or PEIT. Most patients undergoing PMCT experienced a heat sensation in the
upper abdomen, with half reporting mild pain that did not lead to treatment cessation. For
PEIT, nearly all patients experienced transient pain during ethanol injection.*!

5.5 Economic Implication

A study was identified that evaluated the cost-effectiveness of microwave ablation for kidney
tumours, however, no studies were found addressing its cost-effectiveness for liver tumours.

A Markov state-transition model was developed by Xia Q et al. (2025), to simulate the

progression of Australian patients with unilateral early stage RCCs (tumour size <4 cm)

undergoing microwave ablation or robotic-assisted partial nephrectomy (RA-PN) over a

10-year period. Transition probabilities and utility values were derived from extensive literature

reviews, while cost estimates were based on the Australian healthcare system perspective.
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Life-years, quality-adjusted life-years (QALYs) and lifetime costs were calculated, with a
willingness-to-pay (WTP) threshold of $50,000 per QALY. All costs were reported in 2022
Australian dollars and discounted at an annual rate of 3.0%. To enhance the generalisability
of the findings, a validated cost-adaptation method was used to extend the analysis to eight
other high-income countries (France, Germany, ltaly, Netherlands, Slovenia, Spain, United
Kingdom and United States).5?

The base-case cost-effectiveness analysis over a 10-year horizon in Australia indicated that
microwave ablation was dominant compared to RA-PN. Specifically, the microwave group had
lower rates of local recurrence (0.03 versus 0.06) and distant metastasis (0.05 versus 0.08)
than the RA-PN group. In a cohort of 1,000 patients, this resulted in 30 fewer cases of distant
metastases, leading to a reduced rate of RCC-related deaths and an overall increase in total
life-years compared to RA-PN. Additionally, Figure 13 presents the results of the one-way
sensitivity analyses, evaluating the incremental net monetary benefit (NBM) of microwave
ablation versus RA-PN.%?

Tornado Diagram: Incremental NMB
Microwave Ablation vs. Robotic-Assisted Partial Nephrectomy (WTP: 50000.00)

[ = = Time horizon (10; 2 to 20)
B Annual probability of developing metastatic RCC after PN (0.0065: 0 005210 0.007E)

vy Annual probability of developing metastatic RCC after ablation (0.0038: 0.00456 to 0.00304})

LL] Cost of PN (21302: 19172 to 25432)

L Annual probability of developing local RCC recurrence after PN (0.0065: 0 0052 to 0.0078)
Cost of immunotherapy (278114.4: 222491520 333727.2)
Discount rate (0.03: 0.0F to 0.075)
Annual probability of developing local RCC recurrence after ablation (0.0038: 0 00456 to 0.00304)

- = m W =

Probability of one time completion of ablation (0.8: 0.7 to )

Cost of ablation (6763: 7245 to £255)

Annual probability of progressing metastatic RCC after local recurrence (0.129: 0.16 to 0 .24)
Annual probability of death for progression free survivals (0.0123: 0.0122 to 151)

Utility value after developing distant metastasis (0.415: ( to 0.3)

Cost of managing major peri-operative complications after partial nephrectomy (29404: 23523 .2 to ¢ 4.8)
Major Peri-operative complication rate for partial nephrectomy (0.055: 0.044 to )
Utllity value after developing local recurrence (0.705: 0.77 to 0.64)
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Figure 13: Tornado diagram showing the results of the one-way sensitivity analysis over 10-
year horizon. Blue bars (left) represent the lower bound values within the range applied in
sensitivity analyses, while orange bars (right) reflect the upper bound.>5?

The results of the probabilistic sensitivity analyses further reinforced the robustness of the
model. In 98.3% of simulations, microwave ablation was the dominant strategy, demonstrating
its preference across a broad range of assumptions at a WTP threshold of $50,000 per QALY.
Table 4 presents the results of the cost-adaptation analysis across the eight high-income
countries. For each country, the table shows the cost of microwave ablation and RA-PN, the
cost difference (microwave ablation minus RA-PN), the ICER and the incremental NBM. The
cost difference figures showed that microwave ablation consistently less costly than RA-PN in
all adapted countries, with savings ranging from EUR 5,888 in Slovenia to US$ 32,142 in the
USA. The ICER column in Table 4 showed large negative values for all eight countries. These
negative ICER values, combined with the negative cost differences shown in the same table,
reflect the finding that microwave ablation was less costly and also offered improved
effectiveness (as established in the Australian base case results, showing more total life years
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and QALYs for microwave ablation). Therefore, similar to the Australian base case which
resulted in a "dominant" ICER, the results adapted to other high-income countries in Table 4
also indicated that microwave ablation was the dominant strategy. This means microwave
ablation was both less expensive and more effective than RA-PN in these comparable
healthcare settings.>?

Table 4: Cost adaptation of the healthcare perspective results to eight different high-income
countries.5?

Location Cost Cost difference [CER Incremental NMB
MWA RA-PN

Germany (EUR) 15.134.41 30.070.64 14.936 -217.882 29.467

France (EUR) 11,849.52 23,543.88 —11,694 —135,784 20,436

UK (EUR) 9.706.42 19.285.74 =9.579 —106.312 17.194

Italy (EUR) 6.960.84 13.830.53 —6.870 —87.085 15.079

The Netherlands (EUR) 14 583.45 2897594 —14.302 —62 452 12.370

Slovenia (EUR) 5.966.38 11.354.64 —35.888 -130.841 19,892
Spain (EUR) 7.038.90 13.985.63 —6.947 —53.530 11.388
USA (USS$) 32,567.97 64.709.48 —32.142 —63.152 12,447

ICER, incremental cost effectiveness ratio; MWA, microwave ablation; NMB, net monetary benefit; RA-PN, robotic-
assisted partial nephrectomy

5.6 Organisational Issue

There were three studies examined the organisational aspects of implementing microwave
ablation for kidney and liver tumours.

The Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) and the
Americas Hepato-Pancreato-Biliary Association (AHPBA) had published guidelines on the use
of microwave and radiofrequency ablation for the surgical management of HCC and colorectal
liver metastases measuring less than 5 cm. A systematic review evaluated six key
qguestions on microwave and radiofrequency ablation for solitary liver tumours in patients
unsuitable for first-line therapy. The review concluded that both ablations could be safe and
feasible in appropriately selected patients, but caution was needed when considering tumours
with differing biologies. Limited data suggested that laparoscopic microwave ablation might
have higher morbidity for anatomically complex tumours but provides similar 1-year survival
to percutaneous microwave ablation. The choice between approaches should be guided by
patient-specific factors, though the evidence remains of very low certainty.53

Nonetheless, these recommendations should be interpreted with great caution, as they were
based on limited and very low-quality evidence. Furthermore, the necessity of combining two
distinct tumour types due to data limitations further restricted the applicability and reliability of
these recommendations.?

Another guideline from the CIRSE (2020) reviewed literature and provided best practices for
image-guided thermal ablation (including microwave ablation) of liver tumours. In terms of the
evaluation of bleeding risk, the international normalised ratio < 1.5 to 1.8 (or < 2.5 in chronic
liver disease) and platelet count > 50,000/IL (or > 30,000/IL in chronic liver disease) are
required. Antiplatelet/ anticoagulation medications should ideally be discontinued. The
applicator track can be coagulated during thermal ablation. For peri-procedural manoeuvres
or medications, patients should be fasting for four to six hours. Routine prophylactic antibiotics
(e.g., cefazolin) are recommended, especially for high-risk patients.>*

The CIRSE (2017) produced another guideline on percutaneous ablation of small RCC,
focuses on the use of percutaneous ablation (including microwave ablation) for treating RCC,
specifically cT1a lesions. For T1a tumours, the guideline discusses surgical approach, active
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surveillance and ablation therapy; the microwave ablation was reported to have a potentially
higher risk of pelvicalyceal injury. Additionally, essential for planning access, probe placement,
risk of injury and need for ancillary procedures, the contrast-enhanced CT or MRl is necessary
to define the relationship with adjacent organs and needle pathway. Computed tomography is
usually the modality of choice for probe guidance. Ideally, treatment is performed under
general anaesthesia for pain control and a controlled environment. Conscious sedation with
Bispectral Index monitoring may be used if general anaesthesia is not possible. The clotting
function (international normalised ratio < 1.5, platelet count > 50,000), full blood count and
biochemistry tests are required pre-procedure. Antiplatelet/ anticoagulation treatment should
be stopped five-days prior. In terms of managing patient’s safety, adjunctive techniques are
used to protect adjacent organs from thermal injury. These techniques include:>

e Fluid and carbon dioxide (CO.) dissection: Injecting fluid (e.g., cold 5.0% dextrose for
thermal ablation) or CO; into the perirenal space to separate organs like the bowel. CO-
is quickly reabsorbed.

e Ureteric stent with perfusion: Inserting a retrograde stent for perfusion with cold dextrose
to protect the pelvicalyceal system.

e Transarterial embolisation: May be performed before thermal ablation to reduce the heat
sink effect and bleeding risk and enhance ablation.

57 Limitation

Conducting this systematic review came with several limitations that could impact the reliability
and applicability of its findings. One major challenge was the quality and potential bias of
included studies. Most of the included studies had small sample sizes. Additionally, publication
bias could distort findings, as studies with significant or positive results were more likely to be
published than those with negative or inconclusive outcomes. Methodological challenges also
arise, including selection bias when defining inclusion and exclusion criteria, subjectivity in
study appraisal and difficulties in conducting meta-analyses due to variations in study design,
populations or outcome measures. Lastly, generalisability remained a concern, as findings
might not be applicable across different populations, healthcare settings or regions. The
rapidly evolving nature of evidence also means that new studies might emerge after the review
was published, potentially altering its conclusions. Despite these limitations, this review
remains a valuable tool for synthesising evidence when conducted rigorously.

6.0 CONCLUSION

There was high certainty evidence supporting the use of microwave ablation, either as a
standalone treatment or in combination with existing therapies, for managing kidney and liver
tumours. In kidney tumours, microwave ablation is associated with low local recurrence rates,
high overall survival, shorter ablation times and reduced 1-year recurrence rates. For liver
tumours, evidence indicates that microwave ablation results in lower local tumour progression,
larger ablation volumes and improved disease-free survival, particularly among patients with
larger tumours or those in earlier cancer stages. When combined with transcatheter arterial
chemoembolization (TACE), microwave ablation significantly improves both overall and
progression-free survival, with notable benefits in tumour response and recurrence reduction.
In terms of safety, microwave ablation is associated with fewer complications compared to
surgical interventions. Additionally, one study on kidney tumours found microwave ablation to
be a cost-effective option, with lower costs than robot-assisted partial nephrectomy (RA-PN).
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8.0

8.1

APPENDICES

Appendix 1: Literature search strategy

Ovid MEDLINE(R) <1946 to January 3, 2025>

1 KIDNEY NEOPLASMS/ 83270
2 (kidney adj cancer*).tw. 7022
3 (kidney adj neoplasm™).tw. 315
4 (renal adj cancer®).tw. 7998
5 (renal adj neoplasm™).tw. 1638
6 LIVER NEOPLASMS/ 187133
7 (liver adj2 cancer*).tw. 38839
8 (hepatic adj cancer*).tw. 1707
9 (hepatic adj neoplasm®).tw. 760
10 (hepatocellular adj cancer*).tw. 2457
11 (liver adj neoplasm™).tw. 844
12 lor2or3or4or5or6or7or8or9or10or11
13 MICROWAVES/ 20735
14 (micro adj wave®).tw. 134
15 (microwave adj radiation*).tw. 1939
16 13or140r15 21600
17 12 and 16 1390
18 limit 17 to humans 1307
OTHER DATABASES
EMBASE
Cochrane Library
INAHTA
US FDA
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8.2

Appendix 2: Hierarchy of evidence for effectiveness/ diagnostic

Evidence obtained from at least one properly designed randomised controlled trial.
Evidence obtained from well-designed controlled trials without randomization.

Evidence obtained from well-designed cohort or case-control analytic studies, preferably
from more than one centre or research group.

Evidence obtained from multiple time series with or without the intervention. Dramatic
results in uncontrolled experiments (such as the results of the introduction of penicillin
treatment in the 1940s) could also be regarded as this type of evidence.

Opinions or respected authorities, based on clinical experience; descriptive studies and
case reports; or reports of expert committees.

SOURCE: US/CANADIAN PREVENTIVE SERVICES TASK FORCE (Harris 2001)
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