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1 Introduction 

This is the Executive Summary for a panel meeting discussing the De Novo submission 
(DEN(b) (4) ) submitted by IceCure Medical, Ltd. ("IceCure Medical”) for the ProSenseTM 

Cryoablation System (hereafter referred to as the “ProSense System”).  

IceCure Medical is requesting their De Novo submission be granted in order to market the 
ProSense System for use in patients with early stage, low-risk breast cancer as an alternative to 
breast conserving surgery, also known as lumpectomy, which is the current standard of care 
surgical treatment. IceCure Medical proposes indications for use “in the treatment of patients with 
early stage, low risk breast cancer for the treatment of breast cancer with adjuvant endocrine 
therapy.” Within this context, an “early stage, low risk” population is defined by IceCure Medical 
in the indications for use statement as   cm, 
Estrogen Receptor positive, Progesterone Receptor positive or negative, Human Epidermal 
Growth Factor Receptor 2 negative, histological grade 1-2 infiltrating (also referred to as invasive) 
ductal carcinoma (excluding lobular carcinoma, extensive intraductal component, or evidence of 
lymphovascular invasion), and clinically negative lymph node (N0). 

Clinical data from background literature and the ICE3 pivotal study are used to inform the probable 
benefit and risk of the device for the proposed indications for use. The background literature 
reports on the success of other commercial cryoablation devices to completely destroy tumors of 
different sizes (up to 2 cm) based on ‘ablate and resect’ study designs, in which tissue was treated 
with cryoablation and then surgically removed for histological evaluation. The ICE3 pivotal study 
was a prospective, multi-center (19 U.S. sites), single-arm trial in which 206 subjects with early 
stage, biologically low-risk breast cancer, were treated by the ProSense System and then followed 
to evaluate long-term outcomes (‘ablate and follow’ design). The primary endpoint in the ICE3 
study was Ipsilateral Breast Tumor Recurrence (IBTR) rate at 60 months.  

This Advisory Committee meeting is being held for the Panel to discuss and make 
recommendations regarding the probable benefits and risks of the ProSense System for the 
proposed indications for use based on the clinical data submitted in DEN(b) (4) . This Executive 
Summary includes a brief review of the current standard of care for early stage, low-risk breast 
cancer, relevant regulatory context, a description of the ProSense System, a discussion of the 
clinical data provided in the De Novo submission, and a summary of the systematic literature 
review conducted to assess the outcomes of standard of care.  

2 Clinical Context  

2.1 Breast Cancer Epidemiology, Diagnosis, and Staging 

Breast cancer is the most commonly diagnosed cancer among U.S. women excluding 
nonmelanoma skin cancer. In the U.S., 1 in 8 women will develop breast cancer during their 
lifetime.[1-4] Infiltrating, also known as invasive, ductal carcinoma is the most common 
histological type of breast cancer, representing 70-80%.[5] 

Mammography is typically used for screening and detection of breast cancer. However, in certain 
cases, breast ultrasound or magnetic resonance imaging (MRI) with contrast may be used. Breast 
ultrasound is similar in sensitivity to mammography and can be used to obtain an image-guided 
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Pathology assessment of 
the percentage of cells 
positive for Ki-67 

Ki-67 <14% Tumors are considered “low proliferation” 
with fewer cells dividing quickly. 

Luminal sub-types 

AJCC & Ki-67 are used 
to classify breast cancer 
into Luminal sub-types 

Luminal A 
ER positive 
PR positive 
HER2 negative 
Ki-67 < 14% 

Luminal A is the most 
common subtype (>50%), 
characterized by low grade 
and the best prognosis. 

Luminal B 

ER positive 
PR negative (possible) 
HER2 negative or positive 
Ki-67 >20% 

2.2 Breast Cancer Treatment 

Since the 1960s, large, cooperative group, randomized trials have established surgery combined 
with radiation and systemic therapy as the current standard of care for breast cancer treatment.[10-
15] 

Breast Conserving Surgery (BCS), also known as lumpectomy, with negative surgical margins is 
the standard of care surgical treatment for most patients with early stage (e.g., T1 N0) invasive 
breast cancer.[15-17] The goals of BCS are to obtain tumor-free resection margins, while 
maximally maintaining the cosmetic appearance of the remaining breast. The phrase “No tumor 
on ink”, interpreted to mean that there are no cancerous cells touching the edge of the pathology 
specimen, has been adopted as the definition of negative margins and as adequate local control for 
invasive breast cancer.[18, 19] Lumpectomy of small tumors can be conducted under local 
anesthesia and is generally considered to be a low-risk procedure; however, complications can 
occur, including seroma, infection, incisional pain, and/or numbness. 

Adjuvant hormone therapy, including selective estrogen receptor modulators (e.g., tamoxifen) or 
aromatase inhibitors (e.g., exemestane, letrozole) are indicated in hormone receptor positive breast 
cancers.[16] Hormone therapy – also referred to as endocrine therapy – reduces the risk of breast 
cancer recurrence, second primary breast cancer, and mortality, and patients typically receive 
hormone therapy for between five and ten years.[18, 20-25] Despite reducing the risks associated 
with breast cancer, hormone therapy is not without its own risks. For example, tamoxifen is 
associated with an increased risk of thromboembolism, hot flashes, cataracts, ischemic 
cerebrovascular events, venous thromboembolic events (including deep-vein thromboses), vaginal 
bleeding and endometrial cancer. Additionally, aromatase inhibitors are associated with increased 
risk of bone loss and fractures.[22, 26] 

Adjuvant radiation therapy (also referred to as radiotherapy) is also commonly used following 
lumpectomy. In 2002, the NSABP B-21 study demonstrated that the addition of radiotherapy to 
lumpectomy and tamoxifen significantly reduced the risk of local recurrence after lumpectomy in 
women with node-negative (N0) invasive breast cancers up to 1 cm in diameter.[27] Since then, 
multiple trials have likewise shown a decrease in local recurrence if radiation therapy is added to 
the treatment regimen.[15-17, 27-30] In early stage breast cancer, adjuvant radiotherapy has been 
shown to reduce the risk of recurrent breast disease by approximately 50%.[31, 32] Nonetheless, 
radiation can cause short-term side effects such as fatigue and skin irritation, and long-term 
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changes to skin or breast tissue texture and cosmetic appearance. Radiation can also slightly 
increase the risk of developing heart disease and there is a very low risk of developing a secondary 
cancer due to radiation exposure.[33-35]  

While adjuvant radiation therapy is currently the standard of care treatment for older women 
diagnosed with early-stage breast cancer following BCS, recent studies have begun investigating 
whether de-escalation of adjuvant therapies may be appropriate for certain patients. For example, 
recent randomized trials indicate that most elderly, estrogen receptor positive patients with T1 N0 
breast cancer treated by BCS may not require radiation therapy.[21, 28, 36] Multiple studies have 
shown a low risk of ipsilateral breast events for selected patients age 65 years or older with early 
stage (Stage I) breast cancer treated with BCS and adjunctive hormone therapy without standard 
adjuvant radiotherapy, with local recurrence rates as low as 0.2%.[37] In 2023, Whelan, et al. 
reported the results of the LUMINA study in which radiotherapy was omitted after BCS in 500 

old with T1N0 (tumor size <2 cm and node negative), grade 1 or 2, Luminal A 
breast cancer receiving endocrine therapy; the study showed cumulative incidence of local 
recurrence at 5 years was 2.3%.[38] 

However, the relatively short follow-up duration of most literature studies has limitations for 
assessing the long-term outcomes in breast cancer. The 10-year follow-up data of the PRIME II 
study, one of the first long-term clinical trials in older breast cancer patients, suggests that for 
patients aged 65 years or older with low-risk, hormone receptor-positive, node negative breast 
cancer treated with BCS and adjuvant endocrine therapy, omitting radiotherapy resulted in higher 
local recurrence.[39] In the study of 1,326 women, the cumulative incidence of local breast cancer 
recurrence within 10 years was 9.5% in the no-radiotherapy group and 0.9% in the radiotherapy 
group. In 2019, during the 16th St Gallen International Breast Cancer Conference, the panelists 
suggested radiotherapy after BCS in women aged 70 years in good health and with substantial life-
expectancy while recommending the avoidance of adjuvant radiotherapy     
years with stage I disease.[40] Likewise, the NCCN guidelines recommend consideration of 
radiation omission only for a very select subpopulation of patients.[21] 

2.3 Prognosis and Recurrence Risk 

The majority of women treated for breast cancer are long-term survivors. Early stage (Stage I) 
breast cancer has a 99% 5-year relative survival rate.[1] However, following successful treatment 
of the primary breast cancer, cancer recurrence can present locally, within the ipsilateral breast, 
regionally within the axillary, paramammary, supraclavicular or cervical lymph nodes, or distantly 
in solid organs. Recurrence requires additional clinical management and has a negative impact on 
patient quality of life (QoL). 

Patient age, tumor size, multifocality, and tumor biology contribute to clinical outcomes in breast 
cancer, such as recurrence rate. Independent clinicopathologic factors predictive of local 
recurrence after BCS include tumor type, tumor grade, ER status, PR status, HER2 overexpression, 
and Ki-67 index.[29, 41, 42] Table 2 highlights several key patient and disease related risk factors 
for breast cancer recurrence and their impact. 

Adjuvant treatment choice can also significantly impact risk of recurrence. The overall benefits of 
adjuvant therapy in women with breast cancer favor treatment even in the subset of patients with 
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observation may be an indicator of biologically aggressive tumor biology, suggesting that cancer 
cells may already have metastasized by the time local recurrence is detected. 

Additionally, recurrent breast cancer significantly impairs the QoL of women and their family 
members with adverse outcomes in physical functioning, bodily pain, and psychological and 
general health performance.[68-71] QoL issues include psychosocial, medical, and nonmedical 
problems, which predominate in the initial diagnosis, and later give way to physical sickness, 
emotional distress, anxiety, confusion, disruption of daily routines, uncertainty, depressed mood, 
emotional difficulties, physical and bodily pain (beyond that caused by chemotherapy), and 
existential concern. 

3 Regulatory Context 

The ProSense System is a cryosurgical ablation device. Cryosurgical devices have been marketed 
in the U.S. since before the Medical Device Amendments of the Federal Food, Drug, and Cosmetic 
Act (FD&C Act) in 1976. Since then, many cryosurgical devices have obtained marketing 
authorization for general cryogenic destruction of tissue during surgical procedures, including 
indications for ablation of tumors and benign breast lesions (e.g., fibroadenoma). These 
authorizations have primarily relied upon bench testing data which validate the technological 
specifications and performance of the device, and equivalence with previously marketed devices 
with a long history of clinical use (pre-amendments) for the destruction of tissue.  

As of the date of the subject Advisory Committee meeting, there are no FDA-authorized devices, 
cryosurgical or otherwise, for the definitive surgical treatment of breast cancer in lieu of 
lumpectomy. 

4 ProSense System Background  

4.1 Device Description and Operation 

The ProSense System (Figure 1) is intended to destroy tissue by cooling the selected target to 
extremely low temperatures using pressurized liquid nitrogen and a single-use, disposable 
cryoprobe (Figure 2). The user can select from an array of cryoprobes with different gauges (10 
G or 13 G), ice ball shapes (spherical or elliptical), and shaft lengths (ranging 124-185 mm). The 
cooling zone center of the cryoprobes reach a minimum of -170°C.  

During a cryoablation procedure for the intended use in this submission, the cryoprobe is inserted 
via an introducer through a small opening in the skin created by a surgical scalpel and advanced 
through underlying breast tissue, directly into the cancerous tumor. Under ultrasound 
visualization, the cryoprobe cooling zone is centered in all three planes of the lesion (sagittal, 
transverse, and anterior-posterior) based upon a calculation that relates the specifications of the 
selected cryoprobe with the tumor and anatomical site dimensions. The cancerous tissue is then 
frozen to sub-zero temperatures by the liquid nitrogen ice ball, which is formed on the cryoprobe 
around the cooling zone center. 

The device has a manual mode and an automatic mode which determine the number and duration 
of freeze and thaw steps. The quick-freezing cycle causes ice crystal formation within the 
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On October 20, 2022, IceCure Medical submitted a De Novo classification request to expand the 
device indications for use to include treatment of patients with early stage, low risk breast cancer. 
CDRH determined it would benefit from additional external scientific and clinical perspective on 
whether the available clinical data demonstrate that the probable benefits of the device outweigh 
the probable risks prior to making a final decision on the submission.  

See Appendix A for details regarding the regulatory requirements and policy related to De Novo 
decision making defined in 21 CFR 860.260 and FDA guidance. 

4.3 Proposed Indications for Use 

The following Indications for Use (IFU) statement is the subject of the De Novo classification 
request and panel meeting: 

“ProSense™ cryoablation system is indicated for treatment of patients with early stage, low risk 
breast cancer* for the treatment of breast cancer with adjuvant endocrine therapy.” 

“*Patients with early stage, low-  
        -, HER2-, histological grade 1-2 

infiltrating ductal carcinoma (excluding lobular carcinoma, extensive intraductal component, or 
evidence of lymphovascular invasion), and clinically negative lymph node (N0).” 

Please see Appendix B for the full proposed IFU statement, which includes previously cleared 
indications for the ProSense System. 

5 Bench and Preclinical Testing 

Since the clearance of K193213, the ProSense System underwent minor changes, including minor 
design and manufacturing changes. These changes are not expected to have a significant impact 
on the technical performance of the device. As such, no new bench or preclinical data were 
necessary to support the De Novo submission. 

6 Clinical Data 

6.1 Background Clinical Data 

IceCure Medical referenced several studies in published literature as background to their pivotal 
study. FDA evaluated the studies in which breast cancer patients were treated with cryoablation 
and within approximately 30 days underwent surgical resection and pathology assessment of the 
resected specimen (referred to herein as ‘ablate and resect’ studies) to evaluate the rate of complete 
ablation.[72-76] The studies are summarized in Table 3. 

The studies evaluated cryoablation of tumors up to 2 cm in size in patients with invasive breast 
carcinoma; a small portion of patients had DCIS, lobular carcinoma, colloid carcinoma, and 
medullary carcinoma. The number of patients evaluated in these studies ranged from 9 to 99. The 
studies used argon gas based cryoablation systems to apply a double freeze/thaw cycle. Typical 
procedure times were 30-40 minutes. The ProSense System (liquid nitrogen cryoablation) was not 
used in these studies. 
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 Distant metastases rate including contralateral breast cancer 
 Disease–Free Survival (DFS) from date of complete ablation of the primary tumor, until the 

first disease event where the disease event is defined as local (DCIS or invasive), regional, or 
distant breast cancer recurrence, second primary cancer, DCIS or invasive contralateral breast 
cancer, or death due to any cause 

 Overall Survival (OS) from the date of the cryoablation until the date of death from any cause 
or up to the 60 months follow up visit 

 Breast Cancer Survival from the date of cryoablation until the date of death from breast cancer 
or up to the 60 months follow-up visit. Subjects who died without a specified cause will be 
considered as events (i.e., due to breast cancer). 

 Adverse events related to study device or procedure rate 

Safety Endpoints 
The safety profile was determined by assessing the incidence of post-treatment complications and 
adverse events throughout the study period. 

Key Statistical Analysis Methods 
IceCure Medical estimated IBTR rate using the Kaplan-Meier (KM) method. The pre-defined 
success criterion for the primary endpoint was based on comparison to a 10% performance goal. 
The protocol specified that if the upper limit of the two-sided 95% confidence interval at the 5-
year time point is less than 10%, the study will be considered successful. The performance goal 
was derived from a reference margin (5%) plus a reference rate (5%) drawn from a literature 
review conducted by IceCure Medical. Censoring methods and detailed methods for determining 
event time in the KM calculations were not pre-specified in the protocol. FDA was not asked to 
review the performance goal or censoring methods prior to study initiation.  

Sample Size 
For sample size determination, IceCure Medical assumed that the local recurrence rate for patients 
receiving the ProSense System treatment would be equal to IceCure Medical’s literature-derived 
rate of 5.0%. The protocol pre-specified enrollment of 150-200 subjects to ensure a sample size of 
150 to allow estimation of the IBTR rate with ±5% level of accuracy. For a two-sided 95% exact 
Clopper-Pearson confidence interval, a binomial proportion whose true value is 5%, a sample size 
of 150 yields a half-width of at most 5% with a conditional probability of over 99%. FDA notes 
that IceCure Medical determined the sample size based on estimating the recurrence rate with ±5% 
as the half-width of the 95% confidence interval. 

6.2.3 Study Procedures 

Patients underwent imaging by mammography, ultrasound, and optional breast MRI for pre-
registration to ensure eligibility. All fully eligible and registered patients were then treated with 
cryoablation therapy followed by 6 month and annual mammograms, and physical examinations 
for 5 years post-treatment. If the target lesion was only visible via ultrasound and not by 
mammogram, an MRI was required before the cryoablation procedure, and then at 6 months, 12 
months, and annually thereafter for 5 years.  

Each subject underwent a cryoablation treatment session. The cryoablation procedure was 
performed under ultrasound visualization. The cryogenic system was activated according to the 
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Native American  2 1% 
Unknown 17 -
Type of tumor 
Luminal A 188 98% 
Luminal B 3 2% 
Triple negative 0 0% 
Basal like, HER2 Type 0 0% 
Unknown 15 -
Estrogen Receptor (ER) 
Positive 194 100% 
Negative 0 0% 
Unknown 12 -
Progesterone Receptor (PR) 
Positive 180 93% 
Negative 14 7% 
Unknown 12 -
HER2 
Positive 0 0% 
Negative 194 100% 
Unknown 12 -
Nottingham Grade 2 

1 96 49% 
2 98 51% 
Unknown 12 -
Ki-67 
Ki-67 <14% 93 72% 
Ki-67  37 28% 
Unknown 3 76 -
Adjunctive Treatment 
Hormone therapy only 124 64% 
Radiation only 3 1.5% 
Hormone and radiation therapy  25 13% 
Hormone, radiation, and chemotherapy  1 0.5% 
No adjunctive treatment or other 41 21%

 Unknown 12 -
Age 
55 to 60 years 4 2% 
61 to 70 years  47 24% 
71 to 80 years 100 52% 
81 to 90 years 41 21% 
91 to 94 years 2 1% 
Unknown 12 -
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1 Percentages are reported out of total subjects with known information. The demographics and patient characteristics 
of 12 patients excluded by the DSMB were not known by FDA at the time of analysis. 
2 FDA was unable to independently confirm the nuclear grade of 19 patients whose nuclear grade was not reported. 
Of those with reported values, FDA identified 12 patients with nuclear grade 3 or 2-3. For some of these patients, the 
nuclear grade inclusion criterion was not required at the time of enrollment due to modifications to the study protocol. 
3 Ki-67 was initially defined as an inclusion criterion in the ICE3 protocol, but was later removed. The Ki-67 is 
unknown for those patients enrolled after the inclusion criterion was removed from the protocol. 

6.2.6 ICE3 Study Results 
FDA performed an independent analysis of the ICE3 study results to inform the benefit-risk 
analysis. While the company’s assessment provides valuable insights, it did not account for certain 
limitations of the study design and statistical analysis plan, such as the exclusion of certain patients 
from the analysis set, exclusion of certain events from the classification of recurrence, and 
calculation methodology limitations. This executive summary provides FDA’s analysis of the 
study data as well as discussion of the limitations of IceCure Medical’s analysis. Differences 
between FDA and IceCure Medical’s analysis methodologies are detailed in Appendix E. 

Analysis populations 
FDA performed an analysis of the ICE3 study results based on all treated patients in the ICE3 
study (referred to herein as the Full Analysis Set) and separately based on the per-protocol Primary 
Analysis Set: 

 Full Analysis Set (N=206): all subjects enrolled and treated in the study, including partial 
treatment. 

 Primary Analysis Set (per protocol) (N=194): all subjects enrolled and treated in the study 
except for 12 subjects excluded by the DSMB due to certain violations of the ICE3 protocol 
inclusion/exclusion criteria or incomplete treatment. Details of these patients are provided in 
Appendix D. 

The results of FDA’s analysis for the Full Analysis Set are summarized in Table 7. The results of 
FDA’s analysis for the Primary Analysis Set are summarized in Table 8. 

Effectiveness Results – Primary endpoint: Local recurrence (IBTR) 
The IBTR rate of the Full Analysis Set was 8.7% (95% CI: 5.2-14.5%) based on the cumulative 
incidence (CIF) of local recurrences identified in 14 of the 206 treated subjects, and 9.5% (95% 
CI: 5.7-15.7%) based on Kaplan-Meier (KM) estimation methods. The mean time to recurrence 
was 35.9 months and the median time to recurrence was 36.5 months.  

Of the 14 subjects with local recurrence in the Full Analysis Set, one (1) patient underwent 
lumpectomy but died due to metastatic breast cancer, one (1) patient underwent lumpectomy and 
died due to unknown causes, two (2) patients were treated with lumpectomy or partial mastectomy 
and survived for the duration of the study, four (4) patients declined further work-up or withdrew 
from the study, and six (6) patients had no information provided regarding treatment of recurrence, 
including five patients who were withdrawn by the DSMB before study completion due to 
inclusion/exclusion deviations or partial cryoablation treatment. Two of the local recurrences were 
identified during the Month 60 visits, which occurred at month 61.87 and month 63.19. These 
subjects are included in the 5-year IBTR rate analysis given that their recurrence would have likely 
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occurred within the 5-year study timeframe. Two other local recurrences were categorized as such 
by FDA due to evidence of IBTR, but were not categorized as IBTR in IceCure Medical’s analysis 
due to the patient declining biopsy to confirm imaging findings suspicious for recurrence in one 
case, and the investigator and/or DSMB categorizing the event as second primary breast cancer in 
the second case. 

For the Primary Analysis Set, FDA identified nine (9) recurrence events, resulting in an IBTR rate 
of 6.2% (95% CI: 3.2-11.7%) based on CIF and 6.8% (95% CI: 3.6-12.8%) based on KM. The 
mean time to recurrence was 47.2 months and the median time to recurrence was 51.6 months. 
Compared with the Full Analysis Set, this analysis set excludes five recurrences that were 
identified in the 12 patients excluded by the DSMB. 

Effectiveness Results – Key secondary endpoints: DFS, OS, and Breast Cancer Survival 
The key secondary endpoints related to 5-year oncological outcomes were DFS, OS, and Breast 
Cancer Survival. The study protocol definition of DFS included local recurrence, distant 
recurrence, second primary breast cancer, second primary non-breast cancer, and death due to any 
cause as events. Based on this definition, the KM estimate was 75.2% (95% CI: 67.7-81.2%) and 
77.3% (95% CI: 70-83.1%) for the Full Analysis Set and the Primary Analysis Set, respectively. 
The KM estimate of OS was 88.6% (95% CI: 82.8-92.5%) and 88.4% (95% CI: 82.6-92.4%) for 
the Full Analysis Set and the Primary Analysis Set, respectively, based on 20 deaths within the 5-
year analysis timeframe. Note, one additional death occurred outside of the 5-year timeframe and 
was not included in the calculation of the 5-year event rate. The KM estimate of the Breast Cancer 
Survival rate was 96.6% (95% CI: 92-98.6%) for both the Full Analysis Set and the Primary 
Analysis Set, respectively, based on two (2) deaths due to breast cancer and three (3) deaths due 
to unknown causes. 

Note, there are several differences between IceCure Medical’s and FDA’s independent analyses. 
A detailed summary of the differences is provided in Appendix E. The most significant difference 
is that FDA determined the results using the Full Analysis Set (N=206) in addition to the per 
protocol Primary Analysis Set (N=194). Twelve patients were excluded from the Primary Analysis 
Set of the study due to DSMB assessment of inclusion/exclusion criteria deviations (N=9) or 
incomplete treatment (N=3). Of those 12 patients, five (5) had local recurrences. FDA includes 
these 12 patients in an analysis of the full treated population because results from this full analysis 
set accounts for deviations or non-compliance that might occur in practice during real-world use 
of the treatment. There are also differences in the number of subjects classified as having IBTR. 
In both the Full Analysis Set and the Primary Analysis Set, FDA categorized two additional 
patients as having recurrence compared with IceCure Medical’s analysis due to evidence of IBTR; 
these were not categorized as IBTR in IceCure Medical’s analysis due to the patient declining 
biopsy to confirm imaging findings suspicious for recurrence in one case, and the investigator 
and/or DSMB categorization as second primary breast cancer in the second case. 

Additionally, there are differences in the calculation methodology used between IceCure Medical 
and FDA. FDA shows both the Kaplan-Meier (KM) method and Cumulative Incidence Function 
(CIF) calculations for the primary endpoint outcome. The KM method was the pre-specified 
method in the ICE3 protocol. However, CIF accounts for the competing risk of death in the 
determination of IBTR rate. There were also differences in the event time and censoring time used 

FDA Executive Summary Page 22 of 42 















  

 
 

 

 

 

 

 
 

  
 

 

 
 

 

 

IceCure Medical’s ProSense System – ICE3 Study 

The definition of DFS has been inconsistent across breast cancer trials in the literature, with 
different events included as disease events (e.g., death due to any cause versus death due to breast 
cancer only). This makes it challenging to compare the DFS results of the ICE3 study with different 
trials in the literature. Thus, we do not extract DFS information from the SLR. For details on the 
differences between FDA’s and IceCure Medical’s SLR methodologies, please refer to Appendix 
E. For full details on the methodology used in FDA’s SLR, please refer to Appendix G. 

7.1 FDA SLR and Meta-Analysis Methods 

FDA’s SLR was designed and conducted in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines and Cochrane Handbook for 
Systematic Reviews of Interventions, with an exception for Study Selection and Data Extraction 
(please see pg. 3, Appendix G). A random effects meta-analysis model was used to account for 
between-study heterogeneity. The FDA searched PubMed/MEDLINE and Embase using targeted 
search strings. The search identified 3,539 records for screening. For study selection, the inclusion 
criteria focused on a specific low-risk population, particularly in the meta-analysis.  

Inclusion Criteria – Patient Characteristics 
FDA's approach targeted patients aged >50 years with specific breast cancer characteristics (tumor 

-2 cm, Nottingham grade 1-2, ER+, PR+, HER2-, Ki-67<14%, clinically node-negative). 
Literature study populations were matched as closely as possible for those articles selected into 
the meta-analysis with approximately 98-100% alignment. We note that the patient age target in 

   
ICE3 population (mean age 74.9 ± 6.9 years; median age 74.5 years). We also note that Ki-67 is 
not included as a criterion in the IFU and was removed from the enrollment criteria of the ICE3 
protocol during the study. Thus, Ki-67 was not used as an inclusion criterion in FDA’s SLR, but 
where Ki-67 was reported to be >14%, these studies were excluded from the meta-analysis to 
facilitate an estimate more representative of low-risk patients. 

Inclusion Criteria – Adjuvant Therapies 
FDA’s SLR required that patients receive adjuvant hormone therapy, per the proposed IFU of the 
ProSense System. Also, as in the proposed IFU, there were no requirements related to the use of 
adjuvant radiotherapy. FDA’s meta-estimate combines articles with radiotherapy and no-
radiotherapy treatment arms and provides a sensitivity analysis evaluating each treatment group 
separately. 

For a detailed comparison between the ICE3 study population, the ICE3 indicated subpopulation, 
and the FDA SLR criteria, please see Appendix E. 

7.2 Key Findings of FDA’s SLR and Meta-Analysis 

7.2.1 Key Qualitative Findings (based on all 25 included studies) 

After screening, FDA’s SLR included 25 studies in total.[39, 42, 43, 77-79] Of these, 15 studies 
reported five-year-specific IBTR rates [29, 30, 41-43, 58, 80-88], while 10 studies provided 
relevant recurrence data over different time periods or in different formats [9, 37, 38, 89-95]. 
Among the studies reporting five-year IBTR rates, the values ranged from 0% to 12% for different 
treatment arms.[29, 30, 41-43, 58, 80-88] Notably, five studies reported 0% IBTR rates at five 
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years or their specified follow-up period.[80-82, 85] Several other studies reported rates below 1% 
[29, 58, 83], while some showed notable variations between different treatment arms within the 
same study [41, 42, 84, 85]. For example, Fyles 2004 reported 0.4% for the tamoxifen and radiation 
arm versus 5.9% for the tamoxifen-only arm.[42] The remaining studies provided valuable data 
on recurrence rates [29, 37, 43, 90, 92, 93], though not specifically at the five-year mark  [9, 37, 
38, 89-95]. These studies reported IBTR rates ranging from 0% to 11.57% over various follow-up 
periods and treatment groups.[9, 37, 38, 89-95] This variability in IBTR rates and reporting 
methods across studies likely reflects differences in patient populations, treatment modalities, and 
follow-up durations. 

In most studies, both radiotherapy and hormone therapy were widely used, with 21 using 
radiotherapy [9, 29, 30, 37, 38, 41-43, 58, 80-93, 95] and 23 using hormone therapy [9, 29, 30, 37, 
38, 41-43, 58, 80-95]. These treatments were frequently associated with low recurrence rates, 
suggesting that their use in conjunction with BCS plays a significant role in reducing the risk of 
in-breast tumor recurrence. Studies that directly compared outcomes with and without 
radiotherapy, as well as those that examined the impact of hormone therapy, further demonstrated 
the beneficial effects of these treatments in preventing recurrence after BCS. We note that of the 
patients enrolled into the Primary Analysis Set of the ICE3 study, approximately 77% received 
hormone therapy, but only 15% received radiation therapy. In the Indicated Subpopulation of the 
ICE3 study, all patients were required to receive hormone therapy, and approximately 18% 
received radiation therapy. 

IBTR rates were consistently low across a range of study designs, including 8 randomized 
controlled trials [29, 30, 41-43, 83, 93, 95] and 13 observational studies [58, 80-82, 84-91, 94], 
and in various patient populations from different countries (nine studies were from the U.S.) [29, 
42, 43, 58, 80, 85, 87-89], four from the United Kingdom [30, 41, 83, 91], three from Italy [82, 
86, 95], and nine from other countries [9, 81, 84, 92-94]). Fifteen studies reported a median follow-
up of at least five years [9, 29, 30, 37, 41-43, 58, 80, 83, 84, 86-89], and four provided data with 
follow-up durations of 10 years or more [41, 43, 89, 90]. In the studies with longer-term data low 
recurrence rates were sustained, supporting evidence of the durability of treatment effects. 

This consistency across diverse research methods, adjunctive treatment therapies, geographic 
settings, and over time reinforces the conclusion that breast-conserving surgery is a safe and 
effective treatment option for patients with very low-risk breast cancer, particularly those with 
small, node-negative tumors. 

7.2.2 Key Quantitative Findings (meta-analysis of 5 studies/6 distinct cohorts) 

FDA’s meta-analysis specifically pooled data from five studies [30, 38, 81, 93, 94] that aligned 
with the proposed IFU for the ProSense System, reflecting a very low-risk patient population 
adhering to strict selection standards. The studies included in the quantitative analysis had 
sufficient detail to allow for the extraction of data specific to patient cohorts meeting our 
inclusion/exclusion criteria. The excluded studies did not permit isolation of a subgroup that 
precisely matched our parameters, despite containing some eligible patients within their broader 
study populations. The focus for the meta-analytic cohorts was on ensuring patients followed for 
5-year IBTR had early stage, low-risk breast cancer (e.g., T1N0M0, ER/PR+, HER2-) at the time 
of treatment and excluded patients that had factors which were excluded from the indicated 
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population such as concomitant chemotherapy, higher-grade tumors, lobular carcinoma, multifocal 
disease, and lymphovascular invasion. For detailed methodology and documentation of the reasons 
for inclusion/exclusion of the five studies into the meta-estimate from the full 25 studies included 
in the SLR, please see Appendix G. 

A summary table of the 5 studies (6 cohorts) included in FDA’s meta-analysis is provided below 
in Table 13. The pooled 5-year IBTR rate from the selected studies was 0.61% (95% CI; 0.10% 
to 3.50%), reinforcing the effectiveness of BCS in this carefully selected group. While the intention 
and design of FDA’s SLR was not to determine if differences in treatment strategy (i.e., 
concomitant radiotherapy vs., no concomitant radiotherapy) resulted in different 5-year IBTR 
outcomes, post-hoc subgroup analyses demonstrated no statistically significant difference in IBTR 
rates between those who received radiotherapy (0.68%, 95% CI; 0.15% to 2.94%)[30, 81, 93] and 
those who did not (0.47%, 95% CI; 0.00% to 35.91%) [38, 94], meaning we cannot draw definitive 
conclusions about the impact of radiotherapy from the meta-estimates. The wide confidence 
interval and insignificant p value in the no-radiotherapy group suggests uncertainty in this 
estimate. 

High heterogeneity (I² = 99.99%, Tau² = 2.3583) was observed across the 6 cohorts included in 
the meta-analysis. This substantial variability is likely due to the inclusion of studies reporting zero 
IBTR events and differences in patient factors and treatment protocols. The presence of zero-event 
studies can also significantly impact heterogeneity measures in meta-analyses, especially when 
dealing with rare events like low IBTR rates in in this very low-risk population. We suggest that 
findings be interpreted with these limitations in mind.  

Note, FDA’s meta-estimate is derived from a random effects model, which inherently accounts for 
variations across different studies and settings. These random effects models yield wider 
confidence intervals compared to fixed effects models, especially when there is significant 
variability between studies. FDA does not use the CI limits generated from the random effects 
model for direct comparison to the clinical study outcomes for several reasons. Random effects 
models assume variability in true effect sizes across studies, leading to wider CIs that reflect 
uncertainty rather than performance ranges. CIs indicate likely ranges for true population 
parameters, not performance thresholds. Their width is influenced by sample size and study 
heterogeneity, unrelated to performance standards. This can result in extreme and clinically 
meaningless goals, as seen in the upper CI limit of FDA’s meta-estimate for patients receiving 
BCS without adjuvant radiotherapy (“Without RT”). Moreover, statistical boundaries may not 
align with clinical significance, and using CI limits as goals can confuse statistical significance 
with clinical importance. 

Additionally, FDA notes that two of the studies below were found to have either moderate or 
serious risk of bias due to missing data.[83][96] HER2 status was not reported in two studies 
selected for the quantitative analysis which may cause over-estimation of the rate if higher-risk 
HER2-positive patients are included.[26][96] Likewise, the Offersen et al. study evaluated 
locoregional recurrence rate, which may bias the rate upwards due to inclusion of regional 
recurrences in addition to local recurrences.[95] For further details about the bias risk within the 
FDA’s SLR, please refer to the ROBINS-I assessment of each of the studies (Pg 19, Appendix 
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FDA’s assessment of whether the information provided is aligned with the above definition and 
guidance to support the benefit-risk assessment of the ProSense System. 

IceCure Medical provided data from 10 different cohorts: seven from clinical literature, two from 
professional meeting presentations, and one piece of clinical literature reflecting interim analysis 
of the ICE3 trial. However, not enough information was provided to determine if the data presented 
was RWD and if so, whether the data were relevant and reliable. Specifically, how the data were 
collected (i.e., during the routine delivery of health care) and abstracted, how complete and 
accurate the data were, and how data were linked across data sources was not provided. Therefore, 
the information provided did not allow FDA to determine the relevance and reliability of the data. 

IceCure Medical also provided data collected from 134 patients treated for breast cancer across 
multiple countries over a ten-year period (2014-2024). However, the data were not found to be 
independently verifiable; did not include recurrences as device-related adverse events; did not 
provide information on how short- or long-term safety outcome data were obtained; lacked 
information on patient inclusion and exclusion criteria into the study population; and had limited 
information on data abstraction, curation, and aggregation. 

Without detailed information on important data elements and study factors to assess the data, it is 
challenging to determine if these data provided by IceCure Medical are relevant and reliable 
clinical evidence of the safety of the device for the proposed indication.  

9 Benefit-Risk Considerations and Summary 

9.1 Benefit 

The ICE3 study data was provided to assess clinical benefit for treating patients in the intended 
use population (i.e., early stage, low-risk, unifocal breast cancer patients 60 years old with 
histological grade 1-2, HR positive, HER2 negative, node negative disease) in lieu of lumpectomy. 
For the proposed IFU, FDA considered the probable benefits of the ProSense System with respect 
to avoiding a more invasive surgery and with respect to breast cancer treatment outcomes as 
follows: 

Invasive surgery avoidance 
The ProSense System offers a minimally invasive method of destroying localized breast tumors 

 can be performed under local anesthesia. If patients were to undergo treatment with 
the ProSense System, they would forego or delay the current standard of care lumpectomy surgical 
procedure for the treatment of their breast cancer. While lumpectomy of 1.5 cm tumors can be 
conducted under local anesthesia, and is considered to be a low-risk procedure, complications can 
occur, including seroma, infection, incisional pain, and/or numbness. Patients may also have 
impacts on the cosmetic appearance of their breast due to the combined effects of lumpectomy and 
radiation where used. The ICE3 study collected data indicating satisfaction with the cosmetic 
results in those patients providing a rating during follow-up visits. However, as the ICE3 study 
was a single arm trial, there are no data available that directly compare the adverse events or 
cosmetic outcomes for lumpectomy of 1.5 cm tumors under local anesthesia with treatment using 
the ProSense System.  
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Breast cancer treatment outcomes 
Based on FDA’s analysis, the ICE3 study demonstrated that patients treated with the ProSense 
System in lieu of lumpectomy had a 5-year IBTR rate of 8.7% (95% CI: 5.2-14.5%) for the Full 
Treated Population (N=206). A subpopulation of the overall ICE3 study population aligned with 
the proposed IFU (those patients receiving adjuvant hormone therapy, among other factors) had a 
lower IBTR rate of 2.3% (95% CI: 0.6-9.0%). FDA determined that the DFS for the Full Analysis 
Set was 75.2% (95% CI: 67.7-81.2%; per protocol), the OS was 88.6% (95% CI: 82.8-92.5%), and 
the Breast Cancer Survival rate was 96.6% (95% CI: 92-98.6%). The probable benefit over 
standard of care cannot be directly determined due to the single arm design of the ICE3 study. 
Based on FDA’s SLR, standard of care IBTR rates for early stage, low risk breast cancer patients 
range from 0% to 12% depending on the treatment regimen and patient characteristics. IBTR rates 
in the literature for patients aged >50 years treated with lumpectomy, adjunctive hormone therapy, 
and with or without adjunctive radiation therapy, ranged from 0 to 2.3% with the pooled 5-year 
IBTR rate meta-estimate calculated to be 0.61% (95% CI: 0.10% to 3.50%). 

9.2 Risk 

FDA considered the probable risks of the ProSense System when used in lieu of standard of care 
lumpectomy for the intended patient population as follows: 

No surgical specimen for pathology assessment 
Without a lumpectomy specimen available for final pathology assessment, patient management 
decisions rely on the core biopsy results and follow-up imaging after cryoablation treatment. There 
are risks of relying only on a core biopsy result for pathology, including (1) variability in receptor 
status between the core and the final, and (2) insufficient tissue available for analysis of molecular 
receptors, genetic signature analysis, and Ki-67 index profiling. The assessment of pathology 
information is important for standard of care treatment decisions. Additionally, cryoablation does 
not allow the tumor margin status to be evaluated by histopathology after treatment. Assessment 
of cryodestruction relies on the quality and sensitivity of the imaging modality used during and 
after treatment, including mammography and MRI for detection of recurrent disease.  

Breast cancer treatment outcomes 
Based on the available data from FDA’s SLR and meta-analysis, the IBTR rate demonstrated in 
the ICE3 study is higher than that of patients receiving the current standard of care lumpectomy 
procedure with adjuvant hormone therapy.  

The significance of local recurrence rate is notable. After treatment of invasive breast cancer with 
BCS, the risk of developing subsequent distant metastases and death is greater for women who 
experience a local recurrence than for women without a local recurrence.[63-67] More 
importantly, the consequences from breast cancer recurrence involve multi-modal treatment for 
recurrence, including: surgery to resect the recurrence, typically involving a total mastectomy; 
systemic therapy (typically chemotherapy); and/or radiation therapy. Patients diagnosed with 
recurrence experience a decline in functional status[71] and quality of life (QoL) issues, such as 
psychosocial, medical, and nonmedical problems, which predominate in the initial diagnosis, and 
may give way to physical sickness, emotional distress, anxiety, confusion, disruption of daily 
routines, uncertainty, depressed mood, emotional difficulties, physical and bodily pain (beyond 
that caused by chemotherapy), and existential concerns.[68-71] 
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Procedure-related risks 
Besides IBTR, the most prevalent procedure-related AEs were localized edema, bruising, and pain. 

9.3 Uncertainty in the Benefit-Risk Assessment 

There is uncertainty in the benefit-risk assessment due to limitations of the ICE3 study and the 
methods used to compare the study results to standard of care outcomes for comparable patient 
populations. The study did not have a control arm, which makes comparison of the device safety 
and effectiveness to standard of care challenging. The key uncertainties in the data related to this 
comparison are discussed in the paragraphs below in the context of four main categories: 
reproducibility of the patient population, wide confidence intervals, availability of a reliable 
literature-derived comparator, and unknown rate of complete ablation.  

Reproducibility of the patient population 
Reproducibility of the patient population is important to draw comparisons between the results of 
the single arm ICE3 study and standard of care outcomes for comparable patient populations in 
the available literature. Reproducibility is also important to inform a specific intended use 
population for whom the probable benefits are expected to outweigh the probable risks, and to 
mitigate uncertainty related to generalizing the results of the study to real world use. FDA 
identified limitations in the reproducibility of the ICE3 study patient population, including the 
following: 

1. Not all risk factors for recurrence are controlled for within the ICE3 enrollment criteria. For 
example, adjuvant treatments like hormone therapy and radiation therapy have a significant 
impact on treatment outcomes, yet the ICE3 study did not have enrollment criteria related to 
these treatments. The majority of patients enrolled in the ICE3 study received adjuvant 
hormone therapy only (64%), with an additional 12% receiving both hormone therapy and 
radiation therapy; some patients received neither adjuvant therapy. In FDA’s SLR and meta-
analysis, four of the six cohorts received radiation therapy whereas only 15% of the ICE3 study 
population received radiation therapy. The SLR had high heterogeneity in the no-radiotherapy 
sensitivity analysis. Without a control arm of the ICE3 study with a similar distribution of 
adjunctive treatment regimens, it is challenging to compare the results of the study to standard 
of care outcomes. 

Age is another key risk factor that may not share similar distributions between the ICE3 study 
population and the literature study populations used to derive a comparator. FDA notes that 
while the proposed indications for use describe an intended use in pa  
the median age of the ICE3 trial was 74.5 years. The SLR evaluated patients aged >50 years. 
Some studies have shown that a higher age may have a relatively lower risk of recurrence due 
to a likelihood of death by competing risks and the fact that older patients tend to present with 
less aggressive disease.[44] 

2. Protocol revisions and deviations add uncertainty to the reproducibility of the ICE3 study 
population. The clinical study protocol was modified during study enrollment, including 
revisions to the eligibility criteria. Moreover, the study included 448 protocol deviations for 
157 subjects, including enrolling and treating subjects that did not meet the eligibility criteria, 
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among others. After enrollment and treatment, a portion of these patients (12 subjects) were 
later excluded by the DSMB and therefore from IceCure Medical’s evaluation of the primary 
endpoint. Protocol changes and deviations can contribute to uncertainty in the study findings. 

Variability due to limited sample size 
The sample size (N=206) is small relative to the low anticipated recurrence rate for the intended 
patient population, resulting in high variability in the estimation of event rate.  The two-sided 95% 
confidence interval for the IBTR rate spanned a nearly 10% range. When the overall study 
population was further refined in post-hoc analyses to reproducible characteristics, the resulting 
intended subpopulation and LUMINA-aligned subpopulation were significantly smaller (N=120 
and N=48, respectively), making it challenging to draw clinically meaningful conclusions. 
Additionally, a total of 46 out of 206 subjects did not have data available at the 60-month study 
endpoint, which represents a missing data rate of over 20%. This includes 26 subjects without 
IBTR who withdrew, 7 subjects excluded prior to a recurrence event by the DSMB, and 13 subjects 
lost to follow-up during the 5-year study. Therefore, a smaller number of subjects available at the 
60-month study endpoint contributes to additional variability in the estimation of event rate. 

Availability of a literature comparator 
FDA identified 25 studies that were appropriate to perform a qualitative assessment of the IBTR 
rate for standard of care. However, only five studies (six patient cohorts) met the most stringent 
inclusion/exclusion criteria comparable to the intended patient population for inclusion into the 
quantitative meta-estimate, and two of these studies had less than 25 patients. The limited number 
of large studies available for a meta-estimate comparator to the intended patient population creates 
significant uncertainty in the comparison of the ICE3 study results to standard of care outcomes. 
As discussed above, the SLR is further limited in its ability to align the distribution of patient 
characteristics within the analysis to that of the ICE3 study population and subpopulation(s). 

Unknown complete ablation rate 
Feasibility studies using an ablate and resect design to estimate complete ablation rate were not 
conducted with the ProSense System. The ablate and follow ICE3 pivotal study does not allow for 
histopathology to confirm margin status after treatment with the ProSense System, and without 
accurate imaging modalities to confirm complete ablation, the complete ablation rate is uncertain. 

10 Conclusions 

The ProSense System offers a minimally invasive method of ablating 
cm in early stage, low-risk breast cancer patients. The treatment can be performed under local 
anesthesia as an alternative to the standard of care lumpectomy. Lumpectomy of 1.5 cm tumors is 
a low-risk procedure, and is highly effective, particularly in early stage breast cancer populations 
due to the less aggressive nature of the disease. IBTR rates in the literature for those patients aged 
>50 years old treated with lumpectomy, adjunctive hormone therapy, and with or without 
adjunctive radiation therapy, ranged from 0 to 2.3% with the pooled 5-year IBTR rate meta-
estimate calculated to be 0.61% (95% CI: 0.10% to 3.50%). The ICE3 study data shows an IBTR 
rate of 2.3% (95% CI: 0.6-9.0%) for patients treated with the ProSense System and adjunctive 
hormone therapy (post-hoc indicated subpopulation analysis). However, a significant number of 
limitations in the analysis raises uncertainty in the comparison. 
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