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Abstract

While breast cancer is a common disease with many available treatment options, many patients still have limited responses, especially
those with metastatic breast cancer. Surgery of the primary tumor or metastatic sites is often not part of the treatment regimen for patients
with metastatic breast cancer. Cryoablation is a relatively non-invasive procedure that is being investigated for patients with breast cancer.
Patients with metastatic breast cancer who are not surgical candidates may derive benefit from cryoablation through the abscopal effect.

In this case report, we present a patient with stage IV breast cancer who was treated with cryoablation of the primary breast tumor and

showed evidence of an abscopal effect in regional and distant metastases.
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1. Introduction

Breast cancer is one of the most common cancers
among women in the United States, and it is identified at
increased rates due to earlier detection methods [1]. Con-
temporary treatment modalities are numerous and include
surgery, radiation, and systemic therapy, and are often used
in amultidisciplinary approach. As arecent example, PARP
inhibitors such as olaparib and talazoparib, have been ap-
proved for the subset of BRCA carriers with metastatic
HER2-negative breast cancer [2]. Approximately 5—10% of
breast cancer patients are diagnosed with metastatic breast
cancer, and unfortunately have grimmer prognoses com-
pared to those diagnosed with earlier stages of breast cancer
[3]. The survival rate of metastatic breast cancer patients is
20% over a 5-year period, and these patients also have less
treatment options compared to patients with early disease
[4]. Surgical removal of the primary tumor in metastatic
breast cancer patients often does not improve patient out-
comes and so is not routinely part of the treatment regi-
men unless it is performed for palliation of symptoms. In
contrast, systemic therapies have traditionally been used for
metastatic disease [5].

Currently, studies are being performed to investigate
percutaneous treatment options that directly target the pri-
mary tumor mass. Radiofrequency, cryo-, laser-, and mi-
crowave ablation techniques represent minimally invasive
procedures to treat primary breast tumors for patients who
are not traditional surgical candidates (lumpectomy or mas-
tectomy). For patients with symptomatic tumors, ablative
techniques may offer palliative benefits, such as reduc-
tion in patient discomfort. In a systematic review of 45
studies, it was found that 96% of imaging-guided ablation

techniques on patients were technically successful, with ra-
diofrequency and cryoablation completely ablating the le-
sion at the highest rate [6]. Cryoablation historically has
been used for patients with benign masses (e.g., fibroade-
nomas) as well as invasive tumors of small size and in early
stages. The ICE3 trial investigated the effectiveness and
safety of cryoablation for low-risk, hormone positive, early-
stage breast cancers as an alternative treatment modality to
an operative approach [7]. There is an increasing body of
work that support the use of cryoablation as an effective
treatment option (Table 1). In addition, there is increas-
ing potential for cryoablation in patients with metastatic
breast cancer. Freezing cancer cells damages organelles
while dehydrating and freezing the tumor, leading to lo-
calized necrosis [8]. This may subsequently result in the
generation of an abscopal effect, whereby newly released
tumor antigens are recognized by the immune system and
confer responses to distant, untreated sites of metastatic dis-
ease. In this case report, we present a case of a patient diag-
nosed with stage IV breast cancer subsequently treated with
cryoablation, who showed evidence of the abscopal effect.

2. Case Presentation

Our patient was an otherwise healthy, 52-year-old
female with the diagnosis of stage IV triple positive in-
vasive ductal carcinoma of the breast. She had biopsy-
confirmed metastases to the axillary nodes and liver. The
location of the primary tumor involved the lower outer
quadrant of the left breast, and it was palpable as well
as symptomatic with persistent pain and discomfort at the
tumor site. She was deemed to not be a surgical candi-
date due to distant metastases and subsequently underwent
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Table 1. Clinical trials, meta-analyses/reviews, and case reports supporting the use of cryoablation for breast cancer.

Study

Outcomes Safety

Clinical Trial: ACOSOG Z1072 (2016)

Stage I tumors
Grade 3/4 adverse events 0%

Complete ablation rate 75.9%

Clinical Trial: Memorial Sloan Kettering (2016)

Stage I tumors

Feasibility 100% Grade 3/4 adverse events 5.3%
easibility )

Clinical Trial: Italy (2017)

Complete ablation rate 85.7%

Stage IV tumors
Grade 3/4 adverse events 0%

No abscopal effect reported

Clinical Trial: ICE3 interim analysis (2021)

Stage 1 tumors
Grade 3/4 adverse events 0%

Local recurrence (3 years) 2.1%

Case Report: Memorial Sloan Kettering (2019)

Stage IV tumor o
No toxicity

Positive abscopal effect reported

Case Report: Naples FL (2019)

Stage IV tumor .
No toxicity

Positive abscopal effect reported

Systematic Review (2015)

Stage I/II tumors
Grade 3/4 adverse events 0%

Complete ablation rate 73%

Meta-analysis (2017)

Stage I/II tumors
Grade 3/4 adverse events 6.0%

Complete ablation rat 75%

multiple treatments of chemotherapy, as well as many bi-
ological and targeted hormonal therapies. Next genera-
tion sequencing was performed, but no targetable muta-
tions were identified. Her treatment history is summarized
in Fig. 1. From 2016 to 2018, she received Paclitaxel,
Trastuzumab, and Pertuzumab, as well as hormonal ther-
apy. Due to progressive disease in the liver in 2018, she was
switched to Trastuzumab emtansine (TDM1), however this
was stopped secondary to elevated liver function tests and
she was changed to Fulvestrant and Lupron. Due to other
side effects, in 2019, she was switched to Capecitabine in
combination with endocrine therapy. Our patient was then
switched to TDM1 in 2020 due to progressive disease. She
was referred to our Surgical Oncology clinic in February of
2020 for consideration of cryoablation of her primary breast
tumor. She was informed that cryoablation was not cur-
rently part of standard of care, but potentially could offer
benefit in terms of the abscopal effect and was considered
low risk, with the most common adverse effects being pain,
localized edema, minor skin freeze burn, rash, and pruritis
[71.

In May of 2020, she underwent breast cryoablation.
The site of tumor was marked preoperatively, and its size
was confirmed by ultrasound. It measured 2 cm x 1.5 cm X
1.5 cm at the 4-5 o’clock position of the left breast. We in-
serted a cryoablation probe (Sanarus Technologies) through
the breast parenchyma into the tumor through a small (3—5
millimeter) incision. Ultrasound confirmed proper place-
ment of the probe tip into the tumor in real time. Once
appropriately positioned, cryoablation consisted of an 8-
minute freeze cycle, a 10-minute thawing cycle, a second
8-minute freezing cycle, and a 1.5-minute warming cycle.
Liquid nitrogen was circulated within the probe to achieve

Diagnosis of triple positive breast cancer
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Cryoablation
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Fig. 1. Summary of patient’s treatment for metastatic triple
positive breast cancer.
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Fig. 2. Abscopal effect: MRI pre-cryoablation, PET-CT pre- (A) and post-cryoablation (B). Left panel: Precryoablation. The

patient had an intact primary of the left breast (red arrow shown on MRI) as well as metastatic disease to her left axillary lymph nodes

(blue arrows on PET-CT) and liver (yellow arrow on PET-CT). Right panel: Post-cryoablation. Approximately 6 months after the left

breast cryoablation, there was no PET-avid signal within the breast at the site of the primary tumor, the regional lymph nodes or distant

liver site of metastases. This was consistent with the abscopal effect.

freezing temperatures. The liquid nitrogen did not come
into direct contact with the patient’s tissues. However, the
probe created a spherical ball of ice which froze and de-
stroyed the surrounding tumor. The size of the ice ball was
controlled with the duration of the freezing, and this was
directly observed as the ice formed in real time under ultra-
sound to confirm that the tumor was ablated. Additionally,
to protect the overlying skin, we had injected sterile saline
into the dermis to buffer the freezing. Post-cryoablation ul-
trasound was obtained to confirm that the correct area was
treated.

The patient was seen for follow-up in clinic three
weeks later. On examination, her incision was well healed,
and her breast did not show any signs of poor cosmetic ef-
fect or infection. She underwent surveillance PET-CT in
July of 2020 and in November of 2020. On imaging in
July, there was decreased metabolic activity within the left
breast lesion, however there was demonstration of inter-
val increase metabolic activity in some of the left axillary
lymph nodes, anterior left chest wall, and right liver lobe.
Interestingly, on imaging in November, there was complete
resolution of hypermetabolic foci in the left breast, as well
as in the sites of liver metastases and the left axillary hyper-
metabolic lymphadenopathy (Fig. 2). This was consistent
with a complete radiographic response.

Since November of 2020, our patient was treated with
Tucatinib, Trastuzumab, and Capecitabine. She underwent
surveillance PET-CT in June of 2021 demonstrating iso-
lated left axillary lymphadenopathy. This was biopsied and
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unfortunately proven to be recurrent metastatic breast can-
cer (ER/PR positive, HER2 positive), and axillary radia-
tion therapy was initiated. In October of 2021, she un-
derwent surveillance PET-CT and abdominal MRI which
demonstrated evidence of progressive disease in multi-
ple areas including lymphadenopathies, liver metastases,
and peritoneal carcinomatosis. She was started on Fam-
Trastuzumab Deruxtecan and has continued this therapy
currently with stable disease.

3. Discussion

Despite advances in the treatment for patients with
metastatic breast cancer, more effective options are needed.
Surgery of the primary tumor or metastatic sites is often not
part of the treatment regimen for patients with metastatic
breast cancer unless it is performed for palliative purposes
[5]. Surgical complications can arise and lead to other
treatment modalities (i.e., chemotherapy) being delayed.
Prospective studies report varying results on the outcomes
of patients who underwent resection of their primary tumor.
In a study including stage IV breast cancer, patients who
received locoregional surgical treatment had longer rates of
survival and lower rates of locoregional progression/relapse
than patients who had non-surgical systematic treatment
[9]. However, resecting the primary tumor may result in
the release of cancerous cells into the body and cause fur-
ther metastases, and thus, cause formation of new tumors
[10]. Additionally, further investigation is required to de-
termine the optimal treatment plan for patients who refuse
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surgical resection or those who are deemed not surgical can-
didates for a multitude of reasons. Many new technologies
may hold promise for new therapies, such as proteomics,
which may assess the efficacy of cancer therapies at cellu-
lar level [11].

Cryoablation is a minimally invasive operation requir-
ing local anesthesia and has low rates of surgical complica-
tions and patient discomfort [12]. There are limited clinical
trials, meta-analyses/reviews, and case reports supporting
the use of cryoablation for breast cancer (Table 1). Most
recently, the ICE3 clinical trial reported that 103 of 104
patients with early-stage breast cancer have shown no re-
currence over a three-year period [7,13]. Single or multi-
ple probes can be used to percutaneously target the tumor
using real time ultrasound imaging [13]. The cryoablation
process involves freezing the tissue to temperatures below
—40 °C, allowing the tissue to thaw, and then freezing the
tissue a second time. The first freezing cycle causes cell de-
hydration due to extracellular water becoming frozen. The
passive thaw phase, considered the most important aspect,
allows osmosis to occur and fills the cell with water. Intra-
cellular ice crystals form during the second phase, and the
necrosis area is expanded further [13]. Ice balls are formed
during the procedure, which spreads beyond the diameter of
the tumor to fully encompass the cancerous tissue as much
as possible. Ultrasound imaging is used to track the for-
mation of the ice ball. Tumor cells are also damaged by
ischemia, platelet aggregation, microthrombus formation,
and endothelial cell dysfunction [11]. The operation con-
serves the breast, which is an important cosmetic consider-
ation for many patients. However, fat necrosis and infec-
tion can occur from the ice balls created by the probe [11].
Furthermore, other consequences of the procedure such as
breast pain, swelling, skin burns, and ecchymosis are ad-
verse events that the patient may experience [14].

In addition to the local effects, cryoablation gener-
ates immunological responses that have the ability to tar-
get metastatic tissue away from the primary location. Can-
cer cells use CTLA-4 and PD-1 receptors to prevent recog-
nition by the immune system and inhibit effector T-cells
[15]. Residual antigenic tissue from cryoablation causes
coagulative necrosis, which results in the release of nu-
clear proteins, cytokines, and antigens from tumor cells
[16]. The immune system can potentially recognize these
foreign antigens and form anti-tumor antibodies and di-
rect T-cells to induce a cytokine response against malignant
cells. For example, mismatch repair (MMR) deficiency has
been shown to be a mechanism that results in the genera-
tion of tumor neoantigens as recognizable targets for im-
munotherapy [16,17]. Immunotherapy can be used in con-
junction with cryoablation to enhance a targeted systemic
immune response [18]. Similar to our case study, anti-
tumor effects have been observed when cryoablation was
combined with ipilimumab, resulting in reduction of metas-
tases [19]. However, long-term effects of cryoablation with

immunotherapy and other systemic treatments are unknown
and require further in-depth investigation with larger num-
bers of patients.

Nonetheless, cryoablation is beginning to be tested
more frequently in patients with metastatic breast cancer
because the procedure is minimally invasive and there are
promising signs of the immune system targeting tumor cells
throughout the body. In a study of 17 patients with stable
metastatic cancer who received cryoablation and systemic
treatment, 2 patients had a recurrence within 12 months of
the procedure, and none had any major complications [20].
In another study, 17 out of 20 patients with invasive duc-
tal carcinoma benefited from cryoablation [21]. In cases
where the tumor does not undergo complete necrosis, re-
peat cryoablation can be performed to target residual lesions
[11].

In our case, cryoablation was used in conjunction
with chemotherapy and immunotherapy modalities with
improvement demonstrated on 6-month post-cryoablation
PET-CT imaging, which supports the notion of the absco-
pal effect. This refers to the response of metastatic sites of
cancer that were not the direct targets of local therapy [18].
With our patient, there was total resolution of multiple hy-
permetabolic foci in the left breast with minimal residual
activity. Additionally, imaging demonstrated resolution of
FDG uptake in both the liver and left axillary sites of dis-
ease, consistent with a positive radiographic treatment re-
sponse (Fig. 2). It is uncertain whether this positive treat-
ment response was solely due to cryoablation or if it could
have been attributed to the multimodal treatment the patient
received, which included both cryoablation and systemic
agents, including the most recent TDM1. The interval in-
creases in hypermetabolic activity seen on the initial 3—4-
month post-cryoablation may have represented an inflam-
matory response as part of the abscopal effect. This may
be valid as the subsequent 6—7-month post-cryoablation
surveillance imaging showed a complete radiographic re-
sponse. It should be noted that in our case, unfortunately,
the patient did relapse at the metastatic sites after about 1
year. Thus, the abscopal effect may be limited. This may be
due to other clonal variants within the sites of metastatic dis-
ease that escape immune surveillance or develop resistance
to the other systemic treatments that our patient was re-
ceiving. Although response durability was limited, cryoab-
lation may hold a promising alternative for patients with
metastatic breast cancer and will require further investiga-
tion to determine its long-term effectiveness as a treatment
option in patients with metastatic breast cancer and limited
response to currently therapies.

4. Conclusions

In conclusion, while breast cancer is a common dis-
ease with many available treatment options, many patients
still have limited responses, especially those with metastatic
breast cancer. Cryoablation is a relatively non-invasive pro-
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cedure that is being investigated for the effectiveness in this
specific patient population. Patients with metastatic dis-
ease who are not surgical candidates that are candidates for
cryoablation, such as the patient described in this report,
may derive benefit through the generation of an abscopal
effect.

Author Contributions

JLK completed the literature review, initial drafting,
and editing of the case report. IT contributed to the litera-
ture review and writing of case report. EG provided the case
information, editing, and final review of case report. SC su-
pervised the case report, provided edits, and approved the
final review.

Ethics Approval and Consent to Participate

Ethics approval was not required for this case report.
The patient provided signed written consent allowing dis-
cussion of her case.

Acknowledgment
Not applicable.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Milosevic M, Jankovic D, Milenkovic A, Stojanov D. Early di-
agnosis and detection of breast cancer. Technology and Health
Care. 2018; 26: 729-759.

[2] Shah S, Cheung A, Kutka M, Sheriff M, Boussios S. Epithelial
Ovarian Cancer: Providing Evidence of Predisposition Genes.
International Journal of Environmental Research and Public
Health. 2022; 19: 8113.

[3] Diaz-Casas SE, Bricefio-Morales X, Puerto-Horta LJ, Lehmann-
Mosquera C, Orozco-Ospino MC, Guzman-AbiSaab LH, et al.
Factors Associated with Time to Progression and Overall Sur-
vival in Patients with De Novo Metastatic Breast Cancer: a
Colombian Cohort. The Oncologist. 2022; 27: e142—e150.

[4] Bermas HR, Khan SA. Local Therapy for the Intact Breast Pri-
mary in the Presence of Metastatic Disease. Breast. 2009; 22:
1211-1221.

[5] Dominici L, Najita J, Hughes M, Niland J, Marcom P, Wong Y,
et al. Surgery of the primary tumor does not improve survival in
stage IV breast cancer. Breast Cancer Research and Treatment.
2011; 129: 459-465.

[6] Mauri G, Sconfienza LM, Pescatori LC, Fedeli MP, Ali M, Di
Leo G, et al. Technical success, technique efficacy and com-
plications of minimally-invasive imaging-guided percutaneous

&% IMR Press

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[20]

[21]

ablation procedures of breast cancer: a systematic review and
meta-analysis. European Radiology. 2017; 27: 3199-3210.

Fine RE, Gilmore RC, Dietz JR, Boolbol SK, Berry MP, Han
LK, et al. Cryoablation without Excision for Low-Risk Early-
Stage Breast Cancer: 3-Year Interim Analysis of Ipsilateral
Breast Tumor Recurrence in the ICE3 Trial. Annals of Surgical

Oncology. 2021; 28: 5525-5534.
Mahnken A, Kénig A, Figiel J. Current Technique and Applica-

tion of Percutaneous Cryotherapy. RGF. 2018; 190: 836-846.
Soran A, Ozmen V, Ozbas S, Karanlik H, Muslumanoglu M,
Igci A, et al. Randomized Trial Comparing Resection of Primary
Tumor with No Surgery in Stage IV Breast Cancer at Presenta-
tion: Protocol MF07-01. Annals of Surgical Oncology. 2018;
25: 3141-3149.

Headon H, Wazir U, Kasem A, Mokbel K. Surgical treatment of
the primary tumour improves the overall survival in patients with
metastatic breast cancer: a systematic review and meta-analysis.
Molecular and Clinical Oncology. 2016; 4: 863-867.

Ghose A, Gullapalli SVN, Chohan N, Bolina A, Moschetta M,
Rassy E, et al. Applications of Proteomics in Ovarian Cancer:
Dawn of a New Era. Proteomes. 2022; 10: 16.

Pusceddu C, Paliogiannis P, Nigri G, Fancellu A. Cryoablation
in The Management of Breast Cancer: Evidence to Date. Breast
Cancer. 2019; 11: 283-292.

Ward RC, Lourenco AP, Mainiero MB. Ultrasound-Guided
Breast Cancer Cryoablation. American Journal of Roentgenol-
ogy. 2019; 213: 716-722.

Cazzato RL, Garnon J, Ramamurthy N, Koch G, Tsoumakidou
G, Caudrelier J, et al. Percutaneous image-guided cryoablation:
current applications and results in the oncologic field. Medical
Oncology. 2016; 33: 140.

Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith DC,
McDermott DF, et al. Safety, Activity, and Immune Correlates
of Anti-PD-1 Antibody in Cancer. New England Journal of
Medicine. 2012; 366: 2443-2454.

Boussios S, Rassy E, Shah S, Ioannidou E, Sheriff M, Pavlidis N.
Aberrations of DNA repair pathways in prostate cancer: a cor-
nerstone of precision oncology. Expert Opinion on Therapeutic
Targets. 2021; 25: 329-333.

Abdo J, Cornell DL, Mittal SK, Agrawal DK. Immunotherapy
Plus Cryotherapy: Potential Augmented Abscopal Effect for
Advanced Cancers. Frontiers in Oncology. 2018; 8: 85.
McArthur HL, Diab A, Page DB, Yuan J, Solomon SB, Sac-
chini V, et al. A Pilot Study of Preoperative Single-Dose Ipili-
mumab and/or Cryoablation in Women with Early-Stage Breast
Cancer with Comprehensive Immune Profiling. Clinical Cancer
Research. 2016; 22: 5729-5737.

Beji H, Pilleul F, Picard R, Tredan O, Bouhamama A, Peix M, et
al. Percutaneous cryoablation of breast tumours in patients with
stable metastatic breast cancer: safety, feasibility and efficacy.
The British Journal of Radiology. 2018; 91: 20170500.
Poplack SP, Levine GM, Henry L, Wells WA, Heinemann FS,
Hanna CM, et al. A Pilot Study of Ultrasound-Guided Cryoab-
lation of Invasive Ductal Carcinomas up to 15 mm with MRI
Follow-up and Subsequent Surgical Resection. American Jour-
nal of Roentgenology. 2015; 204: 1100-1108.

Janopaul-Naylor JR, Shen Y, Qian DC, Buchwald ZS. The Ab-
scopal Effect: A Review of Pre-Clinical and Clinical Advances.
International Journal of Molecular Sciences. 2021; 22: 11061.


https://www.imrpress.com

	1. Introduction 
	2. Case Presentation 
	3. Discussion 
	4. Conclusions
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

