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ABSTRACT
Introduction Breast cancer is the most frequently 
diagnosed malignancy worldwide but almost half of the 
patients have an excellent prognosis with a 5- year survival 
rate of 98%–99%. These patients could potentially be 
treated with thermal ablation to avoid surgical excision, 
reduce treatment- related morbidity and increase patients’ 
quality of life without jeopardising treatment effectiveness. 
Previous studies showed highest complete ablation rates 
for radiofrequency, microwave and cryoablation. However, 
due to heterogeneity among studies, it is unknown which 
of these three techniques should be selected for a phase 3 
comparative study.
Methods and analysis The aim of this phase 2 screening 
trial is to determine the efficacy rate of radiofrequency, 
microwave and cryoablation with the intention to select 
one treatment for further testing in a phase 3 trial. 
Additionally, exploratory data are obtained for the phase 
3 trial. The design is a multicentre open- label randomised 
phase 2 screening trial. Patients with unifocal, invasive 
breast cancer with a maximum diameter of 2 cm without 
lymph node or distant metastases are included. Triple 
negative, Bloom- Richardson grade 3 tumours and patients 
with an indication for neoadjuvant chemotherapy will be 
excluded. Included patients will be allocated to receive one 
of the three thermal ablation techniques. Three months 
later surgical excision will be performed to determine the 
efficacy of thermal ablation. Treatment efficacy in terms 
of complete ablation rate will be assessed with CK 8/18 
and H&E staining. Secondary outcomes include feasibility 
of the techniques in an outpatient setting, accuracy of MRI 
for complete ablation, patient satisfaction, adverse events, 
side effects, cosmetic outcome, system usability and 
immune response.
Ethics and dissemination This study protocol was 
approved by Medical Research Ethics Committee of the 
Erasmus Medical Center, Rotterdam, the Netherlands. 
Study results will be submitted for publication in peer- 
reviewed journals.
Trial registration number NL9205 ( www. trialregister. nl); 
Pre- results.

INTRODUCTION
Breast cancer is the most frequently diag-
nosed malignancy worldwide. In the Nether-
lands, almost 15 000 patients were diagnosed 
with breast cancer in 2019.1 Almost half of all 
detected tumours are smaller than 2 cm and 
without lymph node or distant metastases due 
to improvements in screening. With current 
therapy, these patients with an early- stage 
breast cancer have an excellent prognosis; the 
5- year survival rate is 98%–99%.2 3 However, 
early detection may have also resulted in 
overtreatment.4 It is therefore important to 
focus research on treatments that reduce 
treatment- related morbidity and increase 
patients’ quality of life.

Percutaneous thermal ablation is a mini-
mally invasive treatment that has the poten-
tial to replace surgery for early- stage breast 

Strengths and limitations of this study

 ► This is the first study in which the three most prom-
ising thermal ablation techniques will be tested ac-
cording to a uniform study protocol among patients 
with early- stage breast cancer.

 ► In this protocol, there is no direct benefit for patients 
to participate as surgical excision is still needed, 
which could impact the inclusion rate.

 ► The prolonged interval between thermal ablation 
and surgical excision will allow adequate assess-
ment of complete ablation on MRI and pathology 
taking both direct and delayed effects of thermal 
ablation into account.

 ► Long- term follow- up will provide data on the cos-
metic outcome of thermal ablation, in combination 
with surgical excision and radiotherapy which has 
not been described before.
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cancer. It is already successfully being used for other focal 
malignancies.5 Various thermal ablation techniques for 
the treatment of primary breast cancer have been inves-
tigated. According to the latest meta- analyses, radiofre-
quency ablation (RFA), cryoablation (CA) and microwave 
ablation (MWA) have the highest efficacy in terms of the 
proportion of patients in which complete ablation is 
seen after thermal ablation. In tumours≤2 cm complete 
ablation rates of 82%–92%, 83%–90% and 74%–85% 
were found, respectively.6–8 High complete ablation 
rates (91%) are reported in the latest ongoing cohort 
studies, in which no subsequent surgical resection was 
performed.9 Preliminary reported local recurrence rates 
are 0%–1% in these studies after a maximum follow- up of 
5 years.9 10 Over time, devices have improved, operators 
have become more experienced, and patient selection 
has changed, resulting in a large heterogeneity across 
studies.6–8 Therefore, the actual complete ablation rates 
for RFA, MWA and CA with current devices and optimal 
patient selection are unknown. It remains unclear which 
of these techniques is optimal for a comparative phase 
three study.

Thermal ablation causes both immediate and delayed 
effects, because the area of cell death will expand over 
time.11 12 Delayed cell death occurs due to vascular throm-
bosis, resulting in progressive failure of the microcircu-
lation and ultimately vascular stasis, tissue ischaemia or 
reperfusion injury.13 14 Additionally, it is postulated that 
thermal ablation will activate the immune system and 
thereby eradicate residual tumour cells over time.14–18 due 
to these delayed effects, it is likely that complete ablation 
rates increase when the interval between thermal ablation 
and evaluation of the specimen is prolonged.

To safely avoid surgery after thermal ablation, an 
important challenge will be to reliably evaluate complete 
ablation. MRI seems promising to evaluate complete abla-
tion reliably, but the results in literature remain ambig-
uous. On one hand, repeating postablation MRI may 
result in higher specificity and improved discrimination 
between reactive granulation tissue and residual disease.19 
On the other hand, ductal carcinoma in situ (DCIS) or 
foci outside of the primary tumour could still be missed 
on postablation MRI.20 21 The method for determining 
complete ablation should at least have sufficient sensi-
tivity, to maintain the current low local recurrence rate of 
patients with early- stage breast cancer.

Other important aspects such as cosmetic outcome, 
initiation of an immune response, and quality of life 
are currently under- reported in literature. For example, 
results of cosmetic outcome and patient satisfaction are 
sparsely reported and include mainly short- term outcomes 
without the use of validated questionnaires.10 19 22–28 The 
activation of the immune system after thermal ablation 
has never been investigated after thermal ablation of 
breast cancer but could possibly prevent micro metastases 
and local recurrences.14 16–18 29 Moreover, none of the 
three techniques have been investigated in an outpatient 
setting in a Dutch population.8

A phase 2 screening study with all three techniques 
(MWA, RFA and CA) could help to select the optima 
thermal ablation technique and plan a future phase 3 
study in which thermal ablation will be compared with 
breast conserving surgery (BCS) in terms of disease- free 
survival in patients with early- stage breast cancer.

METHODS
Aim
The overall study aim is to determine the efficacy rate in 
terms of complete ablation for the most promising tech-
niques of thermal ablation (RFA, MWA or CA) in patients 
with early- stage breast cancer without an extensive compo-
nent of DCIS (≤25% of the tumour), when these tech-
niques are performed in a standardised study design and 
comparable patient population, to warrant the design of 
a randomised phase 3 trial comparing thermal ablation 
with surgery.

Primary objective
The primary objective is to investigate if thermal ablation 
(RFA, MWA and CA) is an effective treatment in terms of 
complete ablation rate, for patients with early- stage breast 
cancer (cT1N0M0) without an extensive component of 
DCIS (≤25% of the tumour) in an outpatient setting.

Trial design
This study has been designed as a multicentre open- label 
randomised phase 2 screening trial (the so- called ‘pick- 
a- winner’ design).30 The aim of a screening trial is to 
examine several treatments with the intention of selecting 
one optimal treatment for further testing in a phase 3 
trial, and deselect those treatment candidates that are 
clearly inferior based on primary or secondary endpoints. 
In our study, the three potential candidates for a phase 
3 study are: MWA, RFA and CA. Figure 1 shows the flow 
chart of the study procedures. A summary of the trial 
registration information can be found in table 1.

Participants
Eligibility of all patients will be discussed in a multidisci-
plinary meeting, after which a patient information folder 
will be sent to eligible patients. Eligible patients will be 
informed and contacted by the treating surgeon during 
the first outpatient clinic visit. The investigator will elab-
orately inform the patient and sign the informed consent 
with the patient prior to randomization. If the tumour 
size is ≤2 cm on all imaging modalities (US, MRI and 
mammography), and the intraductal component is ≤25% 
of the total tumour area the patient will be included in 
the study (figure 1). Grade 2 tumours will be double 
checked by one of the involved pathologists.

Eligible for inclusion are postmenopausal women over 
the age of 45 with a diagnosis of early- stage invasive ductal 
breast cancer of no specific type (cT1N0M0) with an intra-
ductal component of less than 25%. The tumour should 
be visible on ultrasound and patients need sufficient 
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knowledge of the Dutch language to be able to complete 
the questionnaires. Excluded are patients with an indica-
tion for neoadjuvant chemotherapy, BRCA 1 or 2 muta-
tions, Her2neu overexpression, triple negative tumours, 
and Bloom- Richardson- Elston grade 3 tumours. Patients 
with a history of invasive breast cancer, breast augmenta-
tion, allergy for local anaesthetics, electrical devices and/
or implants, and who are pregnant or nursing will also be 
excluded.

Randomisation
Patients will be allocated 1:1:1 to one of the three thermal 
ablation techniques (MWA, RFA or CA) using Variable 
Block Randomization software Ciwit B.V. (Castor EDC), 
with block sizes of 1, 2 or 3. Stratification will be done by 
tumour size (≤1 cm or >1 cm) to attempt to equally divide 
relative large and small tumours over the three treatment 
strategies. Neither patients nor physicians will be blinded 
since different devices and probes will be used and the 
physician needs to know which technique to use. The 
randomisation procedure, allocation and enrolment will 
be performed by the coordinating researcher. The asses-
sors will be blinded for the treatment arm.

Treatment groups
Arm A: RFA with subsequent standard of care.

Arm B: MWA with subsequent standard of care.
Arm C: CA with subsequent standard of care.

Intervention
All participating physicians and supporting staff will be 
informed and trained prior to the start of the study. All 
radiofrequency, microwave and CA procedures will be 
performed in an outpatient setting by one of the three 
radiologists involved in the study. Two radiologists are 
specialised in breast cancer and experienced with tumour 
localisation and central needle placement, the third inter-
ventional radiologist is the proctor of radiofrequency and 
MWA in the Netherlands. The latter will perform at least 
the first five procedures together with one of the other 
radiologists, independent of participating centre. The 
combination of specialised knowledge of both disciplines 
will help to achieve the highest quality, reduce bias and 
flatten the learning curve.

All procedures will be performed under local anaes-
thetics (lidocaine 1%). Light sedation can be adminis-
tered if the patient prefers so or when the patient does 
not tolerate the pain, always with the patient’s consent. 
Patients will be placed in supine position on the treat-
ment table. Glucose 5% for MWA and RFA or NaCl 0.9% 
for CA will be injected between the tumour and the skin 
and in the retro mammary space to form an isolation belt 
to avoid thermal damage to the skin and pectoral muscle. 
A minimum of 10 mm distance between the tumour and 
the skin is recommended for safe ablation after injection 
of the isolation belt. A small skin incision will be made 
and the probe will be placed under ultrasound guidance. 
The tumour will be punctured along the longest axis. 

Figure 1 Flow chart study procedures. BCCT.core, Breast Cancer Conservation Treatment. cosmetic results; BCTOS, Breast 
Cancer Treatment Outcome Scale; CNB, core needle biopsy; DCIS, ductal carcinoma in situ; FU, follow- up; MWA, microwave 
ablation; RFA, radiofrequency ablation; SUS, system usability scale.
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Placement of the probe will be checked in two directions 
and all procedures will be monitored with ultrasound. 
After the procedure, patients will be monitored in our 
hospital for at least 1–2 hours at our recovery and/or day 
care, depending on whether sedation was used. RFA will 
be performed with AMICA generator (AGN- H-1.0) equip-
ment and corresponding 17G probes with an exposed tip 

of 30 or 35 mm for tumours up to 1.5 cm or over 1.5 cm 
respectively. AUTO mode according to the ‘rolloff’ prin-
ciple will be used. MWA will also be performed with the 
AMICA generator (AGN- H-1.0) with corresponding 16G 
probes and a power application of 40W for 5–10 min. 
CA will be performed with the ProSense generator with 
corresponding 10G probes. Treatment times that will be 

Table 1 Trial registration information

Data category Information

Primary registry and trial 
identifying number

Netherlands Trial Register: NL9205

Date of registration in primary 
registry

20 January 2021

Secondary identifying 
numbers

Medical Research Ethics Committee: MEC-2020-0577; The Central Committee on Research 
Involving Human Subjects: NL72970.078.20; Franciscus Gasthuis & Vlietland (CastorSMS): 
2020-115

Sources of monetary and 
material support

Monetary support: Stichting BOF (Foundation for the promotion of research Franciscus); 
Team Westland; Stichting Coolsingel (Coolsingel Foundation); Stichting Vrienden van het 
Havenziekenhuis (Friends of the Havenziekenhuis Foundation); Maurits en Anna de Kock 
Stichting (Maurits and Anna de Kock Foundation); Material support: IceCure; AngioCare

Primary sponsor Franciscus Gasthuis & Vlietland

Secondary sponsor(s) NA

Contact for public queries E.M.F. van de Voort, MD, e.voort@franciscus.nl

Contact for scientific queries E.M.F. van de Voort, MD, e.voort@franciscus.nl

Public title The Treatment of Breast Cancer with Percutaneous Thermal Ablation: A phase 2 screening trial

Scientific title The Treatment of Breast Cancer with Percutaneous Thermal Ablation: A phase 2 screening trial 
(THERMAC)

Countries of recruitment The Netherlands

Health condition(s) or 
problem(s) studied

Breast cancer

Intervention(s) Radiofrequency ablation, microwave ablation, cryoablation

Key inclusion and exclusion 
criteria

All postmenopausal women with cT1N0M0 breast cancer

Key inclusion criteria: BRE grade 1 and 2, unilateral and unifocal, tumour should be visible on 
ultrasound, intraductal component ≤25% of the total tumour

Key exclusion criteria: Her2neu overexpression, genetic disposition for breast cancer, electrical 
devices or implants, triple negative tumours, lobular tumours, indication for neoadjuvant 
chemotherapy, history of breast cancer, allergy to local anaesthetics

Study type Interventional

Allocation: randomised comparison stratified by tumour size, three arms, open label

Primary purpose: treatment

Phase 2

Date of first enrolment April 2021

Sample size 63, 21 per arm

Recruitment status Recruiting

Primary outcomes Proportion of patients in which complete ablation of the tumour was seen at pathologic 
evaluation of the surgical specimen with CK8/18 and H&E staining (3 months after thermal 
ablation).

Key secondary outcomes Cosmetic outcome on BCTOS-13, Breast- Q and the BCCT.core; Feasibility in an outpatient 
setting; Patient satisfaction; Adverse events; System usability of the devices; Immune response 
after thermal ablation

Ethics review Approved by the Medical Research Ethics Committee (in Dutch: Medisch Ethische 
Toetsingscommissie (METC)) Erasmus MC, Rotterdam, the Netherlands
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used are: 9 min freeze (first cycle), 8 min thaw, 9 min frees 
(second cycle). A more detailed description of the proce-
dures can be found in online supplemental materials 1 
“Technique specific procedures”.

BCS or mastectomy is performed in all patients after 
the allocated thermal ablation intervention. The type 
of surgery will be discussed with the patient prior to 
inclusion. In agreement with the standard of care and 
the Dutch guideline for the treatment of breast cancer 
(Mammacarcinoom 2.0), patients included in this study 
will most likely receive BCS.31

Outcomes
Primary outcomes
The primary outcome is the proportion of patients with 
complete ablation after thermal ablation as determined 
at pathological evaluation. The ablation zone will be 
measured in gross specimen in at least two dimensions, 
namely the smallest and largest diameter. The volume will 
be determined by using the following formula: V =  

4
3  π 

(LAD/2) (SAD/2) 2, in which LAD=long- axis diameter 
and SAD=short- axis diameter. Representative samples 
from the centre and the margin of the ablation zone 
and, when apparent of the tumour will be selected and 
embedded in paraffin. These slices will be evaluated with 
H&E and CK8/18 staining, according to the standard 
criteria as used for complete response after neoadjuvant 
chemotherapy. H&E staining grade 1 represents no histo-
logical response, grade 2 a partial histological response, 
and grade 3 complete histological response (complete 
ablation). For CK 8/18, the following categories are being 
used: less than 10% (negative), 10%–50% and >50%–
100%. A more detailed description is provided in the 
online supplemental materials 2. Staining categories”.

Secondary outcomes
The secondary outcomes are: feasibility of the technique 
in an outpatient setting, accuracy of MRI for complete 
ablation, patient satisfaction, adverse events (AEs), side 
effects, cosmetic outcome, system usability and immune 
response. All study procedures with corresponding time 
points are presented in table 2. The feasibility of the tech-
niques will be determined in terms of complication rate 
and grade according to the Clavien- Dindo classification 
and tolerability of the treatment measured as preliminary 
termination of the procedure because of pain or discom-
fort. The prognostic accuracy of MRI will be determined 
using the pathology result as the reference test. Patient 
satisfaction is measured in terms of pain on a visual 
analogue scale, overall satisfaction with a Likert scale, 
and two open questions (if the patient would recom-
mend the procedure to others, and if the patient would 
choose thermal ablation over surgery if she would have 
the choice). Cosmetic outcome will be measured with 
the BCTOS-13, the Breast- Q questionnaire, and  BCCT. 
core software for which photos will be taken.32–35 System 
usability will be measured with the system usability scale 
questionnaire which will be completed by the performing 

radiologist.36 A systemic and local immune response will 
be measured in blood and tissue respectively. In blood 
samples, a leucocyte count, lymphocyte subsets, T- cell 
response and cytokine profile will be measured. Tissue 
samples will be evaluated using Vectra analysis and RNA 
sequencing. Finally, all AEs, grade of fibrosis and side 
effects will be registered. All MRIs and specimens will 
be independently assessed by the three radiologists and 
pathologists involved in the study, respectively.

Safety measures
This study should neither lead to decreased oncological 
outcome nor to a significant increase in complications. 
Therefore, a series of stopping rules have been incor-
porated which will be tested after the inclusion of 5, 10 
and 15 patients per technique. These stopping rules are 
shown in table 3. Additionally, the study will be audited by 
an independent monitor, and an independent data safety 
and monitoring board (DSMB) was installed prior to the 
first inclusion. Monitoring will take place according to the 
NFU guideline Quality Assurance Human Research 2019. 
The DSMB has been established in accordance with the 
European Medicines Agency guideline, and will perform 
an interim assessment of the safety data and stopping 
rules after inclusion of the first 10 patients per study arm. 
Moreover, the DSMB will review whether AEs as reported 
by the coordinating researcher fulfil the criteria for an 
event as defined in the stopping rules.

Withdrawal of patients
The investigator can decide to withdraw a subject from 
the study for urgent medical reasons. Subjects can with-
draw from the study at any given moment for any reason if 
they wish to do so and will receive standard therapy from 
that moment onwards unless they reject surgical excision. 
In case consent is withdrawn before pathology results are 
known (ie, before the primary endpoint is reached) the 
subject will be replaced, unless withdrawal is due to safety 
or feasibility issues. Reasons for withdrawal when given 
by the patient will be recorded. In case of withdrawal, 
every effort will be made to acquire follow- up data with 
the patient’s consent and all patients will be discouraged 
to skip surgical excision.

Sample size
The aim of this phase 2 study is to produce quantita-
tive estimations of the outcome measures. This study is 
neither designed nor powered to demonstrate a statisti-
cally significant difference between the three treatment 
modalities. Based on previous literature, a complete 
ablation rate of 85% is considered acceptable and real-
istic.6–8 For this phase 2 study, we consider a 10% differ-
ence between techniques as clinically relevant. Following 
Sargent’s and Dehbi et al methodology, 21 patients per 
treatment arm will be needed for this study.37 38 For this 
estimation, the following assumptions have been made: 
three treatment arms, randomisation ratio of 1:1:1, Pmost 
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of 80%, δ of 15%, probability of success of 95%, and a 
margin of equivalence of 5%.

The Franciscus Gasthuis & Vlietland is a large teaching 
hospital in which approximately 355 patients with breast 
cancer are treated per year. The Erasmus MC—Cancer 
Institute is an academic hospital in which approximately 
130 patients with breast cancer with are treated per year. 
According to the NBCA 2018 data, approximately 60% 
of all patients have a cT0, cTis or cT1 tumour, 83% has a 
cN0 stage, histology shows a tumour of no special type in 
75% of all cases, BRE- grade I or II occurs in 68% and a 
hormone positive and Her2neu negative tumour occurs 
in 75% of all cases.39 With these data, it is estimated that 
at least 20% of all patients would be eligible. An inclu-
sion period of approximately 2 years is expected if 40% 
of all eligible patients would participate in the study. We 
anticipate a drop- out rate of 10% of all patients that sign 
informed consent.

Statistical analysis
Data will be analysed following intention- to- treat and per 
protocol. Cross- over is not expected in this study, but if 
cross- over appears an as- treated analysis will be performed 
as well. Efforts will be made to prevent missing data by 
recontacting subjects that did not attend their follow- up 
visit. Randomised groups will be compared for imbal-
ance without formal statistical testing. Descriptive statis-
tics include median and IQR for continuous variables, 
and absolute numbers with proportions for categorical 
variables.

Descriptive statistics will be used for the analysis of the 
primary and secondary outcomes. The predictive value of 
MRI will be expressed as prognostic accuracy with a 95% 
exact CI. Differences in cosmetic outcome and immune 
response across the techniques over time will be analysed 
using a linear mixed model .

To select the optimal technique for the phase 3 study, 
the technique should meet the minimum require-
ments of an efficacy rate of at least 85%, complication 
rate of ≤15%, and the treatment should be completed 
without interruption due to pain or discomfort in at least 
80% of patients. If more than one technique meets the 
minimum requirements and the difference in efficacy 
between techniques is <5%, secondary outcomes will be 
used to select the optimal technique for the phase 3 study. 
In that case, the optimal technique for the phase 3 study 
will be selected using predetermined rules in which the 
following ranking of the secondary outcomes is used: (1) 
positive predictive value of the MRI, (2) the proportion 
of complications, (3) the cosmetic outcome after thermal 
ablation, (4) immune response.

Patient and public involvement
The Dutch patient association for patients with breast 
cancer (PAG and BOOG) received a copy of the study 
protocol and the patient information folder. Feedback 
was provided by patient representatives and incorporated 
in these documents. The patient association has indicated Ti
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that the subject is relevant and that thermal ablation as 
an alternative treatment under local anaesthetics will 
certainly fill a need for a large group of patients because 
many patients are reluctant to surgery. Patients have 
assessed the burden of the intervention and expected 
sufficient willingness from patients to participate in the 
study. The results of this study will be communicated to 
the patient association, who can then disseminate the 
results among their members. For the development of 
the phase 3 trial, the patient association will be involved 
as well.

ETHICS AND DISSEMINATION
This study will be conducted in accordance to the stan-
dards of Good Clinical Practice, in agreement with the 
Declaration of Helsinki, with Dutch law in general, and 
with the Medical Research Involving Human Subjects Act 
in particular. This protocol is approved by the Medical 
Research Ethics Committee (METC) of the Erasmus 
Medical Center.

When protocol modifications are made, the new protocol 
has to be approved by the accredited METC before they 
can be implemented. Data collection, assessment and 
analysis will be performed according to the local guide-
lines for data management of the Franciscus Gasthuis & 

Vlietland hospital. Case report forms, including data vali-
dation checks and change confirmations, are created in 
Castor EDC prior to the start of the study.

The data of this phase 2 trial will be used to develop the 
protocol for the phase 3 trial to increase effectiveness and 
efficiency, that is, limitation of immune measurements 
to reduce costs and enhancement of patient inclusion 
criteria. The main parties that need to be involved in 
disseminating insights and promoting the use of thermal 
ablation are: physicians, nurses, hospitals, hospital 
managers, health insurance companies, patients with 
breast cancer and patient advisory groups. The results 
of this phase 2 trial will be presented to stakeholders 
during at least one national and one international scien-
tific conference and will be submitted for publication in a 
peer- reviewed journal. Subsequently, the phase 3 trial will 
compare the most promising thermal ablation technique 
with BCS (non- inferiority in terms of re- excision rate 
and local recurrence rate). After the phase 3 trial, the 
results will be presented to the same parties as previously 
mentioned and local and national guidelines should be 
adjusted. Publications will target managers, healthcare 
professionals and researchers.

Within one year after study completion, the investi-
gator/sponsor will submit a final study report with the 

Table 3 Stopping rules, the table describes the number of patients at which the study arm should be put on hold

Stoping rules
After 5 included 
patients per arm

After 10 included 
patients per arm

After 15 included 
patients per arm

1a. Severe complications such as Clavien- Dindo grade 
III complications after thermal ablation and prior to 
surgical resection, and/or complications related to 
thermal ablation which interfere with surgical excision 
such that the surgical procedure should be deviated (eg, 
surgical procedure cannot be performed due to a large 
haematoma).

3 patients 3 patients 4 patients

1b. Severe complications after thermal ablation and 
surgery, with or without radiotherapy related to the study 
intervention (thermal ablation), which result in unplanned 
mastectomy.

1 patient 1 patient 1 patient

2.Premature termination of thermal ablation procedure, 
due to pain or discomfort because of an insufficient pain 
protocol (local anaesthetics with or without sedation).

3 patients 3 patients 4 patients

3.Irradical resection (more than focally irradical*) after 
thermal ablation and surgical resection, in which, a margin 
is considered irradical if viable or necrotic tumour tissue 
is found in the specimen at pathologic evaluation (R1 
resection).

3 patients 3 patients 4 patients

4a. Missed target (ablation zone completely outside of 
the tumour area on MRI) on MRI 2 weeks after thermal 
ablation.

3 patients 3 patients 4 patients

4b. Incomplete ablation rate as determined on 
pathological examination.

4 patients 5 patients 6 patients

*An irradical resection or R1 resection is defined as viable or necrotic tumour (either invasive or DCIS) reaching in the ink in a small area 
(≤4 mm). The stopping rule applies to more than focally irradical tumours: viable or necrotic tumour (either invasive or DCIS) reaches the ink in 
a larger area (>4 mm) or in multiple smaller areas.
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results of the study, including any publications/abstracts 
of the study, to the accredited METC. Currently, three 
patients are enrolled in the study and the last patient is 
expected to be included in March 2023. The first results 
are expected to be reported in 2023.

DISCUSSION
The main objective of this trial is to determine the effi-
cacy rate of the three most promising thermal ablation 
techniques with the intention of selecting one treatment 
for further testing in a phase 3 trial. It should be empha-
sised that the current phase 2 study is not designed nor 
powered to demonstrate a statistical significant difference 
between the techniques.

Although several studies previously investigated 
thermal ablation as a treatment for breast cancer, due to 
heterogeneity among studies it is unknown which of these 
three techniques should be recommended for a compar-
ative phase 3 study.6–8 This is the first study in which the 
three most promising thermal ablation techniques will 
be tested according to a uniform study protocol. Unique 
in this phase 2 study design is the prolonged interval of 
3 months between thermal ablation and surgical excision. 
Hence, complete ablation after thermal ablation can 
adequately be assessed and the risk of underestimation of 
the actual complete ablation rate is highly reduced.8 20 27 40 
Additionally, this prolonged interval provides the oppor-
tunity to investigate the cosmetic outcome, the accuracy 
of MRI and the immune response after thermal abla-
tion.11–14 16–19 29 By following up all patients up to 4 years 
after surgery, long- term effects of thermal ablation, 
surgical excision and radiotherapy can be monitored as 
these are not described in any of the previous studies on 
thermal ablation. To decrease treatment morbidity, a new 
technique should be feasible under local anaesthesia in 
an outpatient setting. By performing all techniques under 
standardised conditions, this will provide more insight in 
which technique will be most suitable in an outpatient 
setting.

The evaluation of complete ablation will remain an 
important challenge.41 If MRI can be used to select those 
patients in whom complete ablation is established and 
surgical excision can be avoided in a future phase 3 trial, 
will therefore be investigated in this phase 2 study. If MRI 
will not be sensitive enough to reliably select patients with 
complete ablation, other options with a better diagnostic 
accuracy should be considered for the phase 3 trial. 
For example, it is possible to perform both an MRI and 
(vacuum assisted) biopsies of the ablation zone to assess 
complete ablation.

In this protocol, a large appeal is made to patients’ 
altruism to participate, as surgical excision is still needed. 
This could negatively impact the inclusion rate. However, 
potential benefits like immune response are investigated, 
and no altered prognosis is expected in this group of 
patients with low- risk tumours in which at least part of 
the tumour will be ablated within 2 weeks after diagnosis. 

To further improve the safety of patients in this study, 
an MRI is performed 2 weeks after thermal ablation to 
prevent undertreatment. Surgical procedure and adju-
vant therapy will be performed as soon as possible if the 
ablation area appears to be outside of the tumour. Addi-
tionally, stopping rules are implemented to prevent that 
an insufficient technique will be continued.

The exact mechanism and balance between oncogenic 
and immunologic effects after thermal ablation remain 
topic of debate in current literature. Increased vascularity 
as seen in the peripheral ring of the ablation zone due to 
inflammation might theoretically lead to a higher risk of 
dissemination of tumour cells. However, based on previous 
clinical studies, this effect is not expected after thermal 
ablation of primary early- stage breast cancer. Moreover, 
it is expected that the immune response after thermal 
ablation might provide protection against tumours.10 42–44 
More research on this topic is necessary and by measuring 
both the local as systemic immune response after thermal 
ablation this study could contribute to this knowledge 
gap.

In conclusion, this study could close the knowledge gap 
on thermal ablation for breast cancer that is apparent in 
current literature and will provide the necessary data to 
warrant a randomised phase 3 trial comparing thermal 
ablation with the standard of care (BCS). If this phase 3 
trial is successful, thermal ablation could be an acknowl-
edged alternative for surgical excision. Thereby, the risks 
and disadvantages associated with surgical excision and 
general anaesthesia can be avoided in a large proportion 
of patients with breast cancer in the future. Additionally, 
cosmetic outcome and the resulting health- related quality 
of life of these patients could be further improved.
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