
Supplementary materials  

1. Technique specific procedures 

All procedures will be performed under local anesthetics (lidocaine 1%). Light sedation can be 

administered if the patient prefers it or when the patient does not tolerate the pain, always with 

consent of the patient. Patients will be placed in supine position on the treatment table. Glucose 5% 

for MWA and RFA, or NaCl 0.9% for cryoablation will be injected between the tumor 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 tumor and the skin is recommended and at least 

15 mm distance will be pursued, 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 tumor will be 

punctured along the longest axis. For MWA and RFA procedures, the tip of the probe will pass the 

tumor about 5 mm beyond the furthest margin. For cryoablation the cooling zone needs to be placed 

in the center of the tumor and the distance to pass the probe beyond the tumor will be calculated by 

the ProSense device when the tumor size is entered into the device. Placement of the probe will be 

checked in two directions and all procedures will be monitored with ultrasound. The rest of the 

procedure protocol is described below per technique because these differ significantly from each 

other.  

 

RFA procedure 

The AMICA generator (AGN-H-1.0) with corresponding 17G probes will be used. The exposed tip is 

30 or 35mm for tumors up to 1.5 cm and over 1.5 cm respectively. RFA procedures will be performed 

with the AUTO mode according to the “rolloff” principle. Saline circulating internally within the 

electrode cools the adjacent tissue, maximizing energy deposition and reducing tissue charring. In 

AUTO mode, the RF amplifier output power is automatically adjusted based upon impedance 

variations in the target tissue during the ablation, never exceeding the power threshold level manually 

entered by the user. The algorithm for RF output adjustment in AUTO mode provides for a maximum 

of 1200mA in the first 30 seconds of energy delivery, then provides for a maximum of 1600mA for the 

next 30 seconds, and later adjusts the output level consistently with the user selected power threshold 

(and with the RF circuit load status), until the impedance level detected exceeds by 20Ω or more its 

starting value; when this occurs, the generator automatically suspends RF currents delivery for 15 
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seconds; energy delivery is eventually reprised, provided the load impedance has dropped again to its 

starting value or below; should the impedance fail to decrease for 45 seconds consecutively, the 

generator definitively halts energy delivery, regardless of the residual ablation time with respect to the 

pre-set user-selected treatment duration. Therefore, in AUTO mode the generator software control will 

automatically alternate periods of actual energy delivery to periods of null output, while the only user 

controlled parameter is the maximum deliverable power. For tumor ablation in breast tissue, no upper 

limit in power (and thus 200W) will be used and the ablation time will be set on 12 minutes. This is 

according the automatic protocol used in other tissues (liver and renal tissue). Additionally, RFA 

protocols in previous studies on RFA in breast tissue also use the standard protocol as used in liver 

ablation. The appearance and progression of hyperechogenicity on US will be used to monitor the 

therapy.  

 

MWA procedure 

Microwave ablations will be performed with the AMICA generator (AGN-H-1.0) with corresponding 

16G probes. The system uses a microwave irradiation frequency of 2450 MHz. The displayed 

displayed is the reflected power and not the power output as in most systems. Microwave procedures 

will be performed at a power of 40W for 5 – 10 minutes depending on the size of the tumor. During the 

procedure, the antenna should not be moved, and continual US monitoring will be performed to 

evaluate the effect of tissue coagulation. The echogenicity of the tumor will be assessed with US 

during the microwave procedure and 5 minutes after the procedure. Mainly the superficial part of the 

tumor could be monitored.  

 

CA procedure 

For the cryoablations the IceCure ProSense generator and accommodating 10G probes will be used. 

Due the relatively low heat load of breast parenchyma compared with internal organs, it is estimated 

that 1 cm of visible ice beyond all the tumor margins would be necessary to generate cytotoxic 

temperatures (e.g., −40°C) throughout the breast tumor. The cryogenic system will be activated 

according to the IceSense3 User Manual. The first freeze cycle will last 9 minutes, then a thaw cycle 

of 8 minutes and another freeze cycle of 9 minutes will follow. For tumors with a 2 cm diameter, the 

targeted ice ball width is at least 35 mm at the end of the first freeze cycle and over 40 mm after the 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-052992:e052992. 11 2021;BMJ Open, et al. van de Voort EMF



second freeze cycle. Because ice ball growth varies from patient to patient, the duration of the freeze 

cycles can be adjusted at the operator’s discretion and can vary from 9 up to 12 minutes per cycle. US 

monitoring will be used during and after the procedure to document the size of the iceball forming 

around the cryoprobe. At the end of the procedure, the operator will ensure that the extraction phase 

will be completed or wait for a few minutes of passive thaw before the cryoprobe can be safely 

removed from the patient’s breast.  

 

After all procedures patients will be monitored in our hospital for at least one to two hours at our 

recovery and/or day care, depending on whether sedation was used.  
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2.  Staining categories 

H&E staining: 

Grade 1.—No histologic response: presence of tumor resembling that in the original vacuum-assisted 

biopsy, extending within the breast tissue over the same or greater distance than originally estimated at 

MR imaging.  

Grade 2. —Partial histologic response: presence of tumor resembling that in the original vacuum-

assisted biopsy but characterized by degenerative changes in cancer cells, such as vacuolation of the 

cytoplasm, eosinophilic cytoplasm, and swelling of the nucleus in 50% or more of tumor cells. 

Grade 3.—Complete histologic response: finding of absence of invasive carcinoma cells or presence of 

degenerative changes in carcinoma, including liquefaction and necrosis. 

CK8/18 positivity will be categorized in five groups according to the percentage of tumor cells that 

showed positive staining, as follows:  

 less than 10% (negative),  

 10%–50%,  

 51%–100%. 
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