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Abstract: Background: To assess effectiveness, safety of computed tomography (CT)-guided cryoablation for
treating adrenal metastases (AMs). Materials and Methods: This study involved 12 patients treated with 13
CT-guided cryoablation procedures for AMs between 2016 and 2020. Patients” ineligible for surgery, with
tumors <5 cm, and no significant health risks were included. The procedures, conducted by expert radiologists,
included initial non-contrast CT scans to determine lesion morphology, followed by cryoablation with
monitoring for complications. Post-treatment, patients underwent regular physical and laboratory checks,
including hormonal analysis, and CT scans at specified intervals to assess the treatment's effectiveness and
detect disease recurrence or progression.Results: In this study, 12 patients with AMs successfully underwent
cryoablation, achieving a primary technical success rate of 91.7% and a secondary rate of 100% after a repeat
procedure for one patient. All cryoablation sessions were completed without major complications, with ice ball
formations extending 1 cm beyond tumor margins to ensure safety. Over an 8-24-month follow-up (average
16.3 months), six patients required further systemic therapy, with three developing extra-adrenal tumors. Local
progression was noted in two patients (16.7%), one of whom underwent a repeat cryoablation. Systemic
progression was observed in five patients, involving renal and NSCLC cancer recurrences and bone metastasis.
The study reported five deaths due to tumor progression and heart failure, with an average overall survival
duration of 32.4 + 7.6 months.
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1. Introduction

The increasing occurrence of metastatic tumors in the adrenal glands, originating from various
types of cancers such as lung, breast, colorectal, hepatocellular carcinoma (HCC), and melanoma,
presents substantial challenges in the field of oncology [1-4].

Studies indicate that adrenal metastatic presence can be as high as 27% in patients with
widespread cancer [5,6].

While the efficacy of direct adrenal interventions is yet to be established through randomized
studies, the role of surgical resection, particularly for isolated adrenal metastases, has gained
recognition in observational studies. [7-11]

However, surgical procedures like adrenalectomy are often hampered by individual health
concerns and the intricacies of the operations, resulting in prolonged hospital admissions [1-4].

In contrast, Computed Tomography (CT)-guided methods such as radiofrequency and
microwave ablation have demonstrated encouraging one-year survival rates without local
recurrence, ranging from 70.5% to 82% in the treatment of adrenal metastases [1-3].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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CT-guided cryoablation of AMs, a more recent development, offers several benefits including
clear visualization of the treated area, minimized discomfort, and expedited recovery, and promising
results in recent studies, although its ultimate efficacy is still under evaluation [12-19].

2. Materials and Methods

The study was conducted according to the guidelines of the Declaration of Helsinki. Ethical
review and approval were waived for this study, due to the retrospective nature of the study.

The study involved 12 patients who received 13 CT-guided cryoablation procedures for AMs
from January 2016 to December 2020.

Eligibility criteria included patients unsuitable for surgery, tumor size <5 c¢m, controlled or
absent extra-adrenal tumors, and life expectancy >3 months. Exclusion criteria were adrenal vein
invasion, significant coagulation disorders, active infections, or bleeding (Table 1).

Table 1. Population, inclusion and exclusion criteria and diagnostic techniques.

Study Detail Information

Number of .

. 12 patients
Patients

Number of . .

Procedures 13 CT-guided cryoablation procedures
Study Period January 2016 to December 2020
s .. . Patients unsuitable for surgery, tumor size <5 cm, controlled or absent extra-

Eligibility Criteria

adrenal tumors, life expectancy >3 months

. L Adprenal vein invasion, significant coagulation disorders, active infections, or

Exclusion Criteria .
bleeding

Diagnostic Patient history, abdominal CT/MRI, biopsy results, PET-CT for detecting extra-

Methods adrenal tumors

Diagnosis involved patient history, abdominal CT/Magnetic Resonance Imaging (MRI), and
biopsy results, complemented by fluorodeoxyglucose (FDG)-positron emission computed
tomography (FDG-PET/CT) for detecting extra-adrenal tumors.

The procedures were carried out by two expert interventional radiologists. Informed consent
was secured from parents or guardians, and patients were briefed on possible complications. Prior
to the procedure, the skin entry site was anesthetized using 1% Lidocaine, and patients received
conscious sedation with Midazolam and Tramadol. The interventions utilized a multidetector CT
system (SOMATOM go.Top 128, SIEMENS Healthineers, Erlangen, Germany). An initial non-
contrast CT scan was conducted to ascertain the morphological features of the lesion.

Following this, the cryoablation was carried out utilizing a cryoablation system (VISUAL ICE,
Galil Medical-Boston Scientific, Arden Hills, MN, USA). This system was equipped with a single 17G
insulated cryoprobe that could create ablation zones of varying diameters: IceSphere 1.5 (22 x 28 mm
at -20 °C) and IceRod 1.5 (29 x 45 mm at =20 °C)(Table 2).

Table 2. Patient characteristics and treatments.

Patientage/sex Primary tumor size of lesion in mmnumber of cryoprobes
1 74M NSCLC 24x18 2
2 78/F NSCLC 18x28 1
3 65/F RCC 17x11 1
4 683M NSCLC 32x22 2
5 64/F RCC 2.5x2 2
6 67/M SCLC 28x22 2
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SCLC *20x24 2
7 45/F  Gastric cancer 30x24 3
8 57/M NSCLC 20x26 2
9 58/M NSCLC 30x22 2
10 63/F NSCLC 28x21 1
11  54/M SCLC 22x18 1
12 61/F Synovial Sarcoma 30x25 3

*Local recurrence trated with a second cryoablation. M: male; F: Female; NSCLC : Non-small cell lung cancer;

SCLC: Small cell lung cancer; RCC: Renal cell carcinoma.

The cryoprobes were coaxially inserted into the adrenal lesions (as shown in Figures 1-3). Scans
during the procedure were taken to verify the placement and orientation of the instrument. The
procedure involved a single 10-minute freezing cycle, followed by an 8-minute passive thawing
phase. Freezing cycle was repeated twice. Post-freezing phase, non-contrast CT images were
captured to evaluate the ice ball’s coverage and to identify any immediate complications.

Figure 1. A 78-year-old woman with a history of NSCLC with solid left adrenal metastasis (yellow
circle in the preoperative CT scan in A). Treatment of the lesion with cryoablation using two Icesphere
1.5 cryoprobes (VISUAL ICE, Galil Medical-Boston Scientific, Arden Hills, MN, USA), via posterior
percutaneous access (blue arrows in the intraoperative axial scan image in B and in the sagittal plane

reconstruction in C). Complete necrosis of the lesion in the CT follow-up (green arrow in D).
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Figure 2. A 68-year-old man with a history of NSCLC with solid right adrenal metastasis (red circle
in the preoperative CT scan in A). Treatment of the lesion with cryoablation using two Icesphere 1.5
cryoprobes (VISUAL ICE, Galil Medical-Boston Scientific, Arden Hills, MN, USA) via transhepatic
access (blue arrows in the intraoperative reformatted coronal scan image in B and in the axial plane
in C).

Figure 3. A 57-year-old man with a history of NSCLC with solid left adrenal metastasis (yellow circle

in the preoperative FDG- PET/CT scan in A). Treatment of the lesion with cryoablation using two
Icesphere 1.5 cryoprobes (VISUAL ICE, Galil Medical-Boston Scientific, Arden Hills, MN, USA) (blue
arrows in the intraoperative in the axial plane in A and C and in the reformatted sagittal scan image
in B). FDG-PET/CT control 6 months after the procedure in the axial scan shows absence of uptake of
the lesion (green circle in E).

After the end of the cryoablation procedures, abdominal CT images were acquired in all patients
to detect early complications.
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Patients were monitored during the first 24 h and then discharged one day after the procedure
if there was no discomfort.

Regular physical and laboratory evaluations, comprising blood cell count analysis, adrenal
hormone measurements, and tumor marker monitoring based on the histological characteristics of
the primary tumor, were conducted monthly.

After adrenal cryoablation treatments and during the entire clinical and radiologic follow-up
period, all the patients continued to receive their usual systemic therapies.

Regularly scheduled CT scans of the chest, abdomen, and pelvis, both with and without contrast,
were conducted for patients at intervals of 1, 3, 6, and 12 months post-cryoablation, followed by
biannual scans. The scanning protocols mirrored those used initially to evaluate the adrenal tumor
lesions before the cryoablation.

Two months after the procedure, a complete disappearance of contrast enhancement in CT
imaging was interpreted as a full response to the ablation treatment. By the sixth month, any
alterations in contrast enhancement or size increases of the treated areas seen in CT scans were
indicative of potential recurrence or progression of the disease. The schedule for these radiological
evaluations was largely influenced by the understanding that early post-procedure CT scans (within
the first 30 days) can show intense enhancement of the treated areas due to the inflammatory
response triggered by the cryoablation process [20].

Hormonal analysis, including adrenal hormone levels, was conducted to assess the treatment's
impact on adrenal function.

All cryoablation sessions were successfully completed.

The CT scans executed following the procedures showcased the iceball's expansion, extending 1
cm past the tumor borders, establishing a safety margin. The tolerance level for all procedures was
high and no complications associated with the procedure were observed. A group of 12 patients with
AMs underwent cryoablation treatment. Each of these patients presented with a singular adrenal
tumor. Prior to the cryoablation process, none of these individuals had undergone adrenal resection.

The primary technical success was achieved in 11 out of 12 patients, equating to a success rate
of 91.7%. One patient exhibited residual tumor activity and thus required a subsequent round of
cryoablation, leading to a secondary technical success rate of 100%.

Over a follow-up period ranging from 8 to 24 months (with a mean of 16.3 + 5.1 months), six
patients underwent additional systemic therapy post-cryoablation. In this subgroup, three patients
had developed extra-adrenal tumors. Local tumor recurrence was observed in two patients (16.7%),
occurring within a span of 6 to 20 months (median: 13 months). One patient was treated with another
session of cryoablation due to local recurrence, without further local recurrences in subsequent CT
scans.

Five patients demonstrated systemic progression, including two with renal cancer recurrence,
two with NSCLC cancer recurrence and one developing multiples bone metastasis.

Five patients died during the study period, with causes of death including tumor progression
(four cases) and heart failure (one case). The average overall survival duration was determined to be
26.4 + 5.6 months (95% CI: 20.2-32.6).

3. Discussion

In recent advancements in oncological treatment, cryoablation has emerged as a distinguished
technique for addressing AMs [15-19].

Our single-center study contributes valuable insights into the efficacy and safety of CT-guided
cryoablation for AMs. With 12 patients undergoing 13 procedures, we recorded a primary success
rate of 91.7% and a secondary success rate of 100%, noteworthy when juxtaposed with existing
literature.

CT- guided cryoablation’s efficacy and safety are evidenced by high technical success rates,
rivaling those of established ablation methods such as radiofrequency and microwave [1,2,14-18].

The key to cryoablation's effectiveness is its robust capacity for tumor tissue destruction,
evidenced by significant primary complete ablation rates. Its utility extends to scenarios where initial
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treatments leave residual tumors, as follow-up cryoablations have proven efficacious in
supplementary interventions [11-19].

Comparative studies reveal success rates for cryoablation, radiofrequency, and microwave
ablation for AMs ranging from 70.5% to 82% [1-3,14-19].

In a meta-analysis by Simon Pan et al. (2021), the efficacy and safety of image-guided
percutaneous thermal ablation for AMs were evaluated. The study revealed a 1-year local control rate
of 80% and a 1-year overall survival rate of 77%. It found that severe adverse events post-ablation
occurred in 16.1% of cases, while low-grade adverse events were reported in 32.6%. Intraprocedural
hypertensive crises were experienced by 21.9% of patients, mostly manageable with antihypertensive
medications [19].

In a study by Wei Zhang et al., CT-guided cryoablation for AMs was evaluated for feasibility,
local control, and survival. Including 31 patients, the primary and secondary technical success rates
were 90.3% and 100%.

The study found a 19.4% local progression rate, with 1-, 3-, and 5-year local progression-free
survival (LPFS) rates at 80.6%, 37.8%, and 18.4%. Systemic progression-free survival (SPFS) rates were
similar. Overall survival rates were 83.9%, 45.0%, and 30.0% over the same periods [16].

In 2021 Hussein D. Aoun et al. assessed the technical feasibility and safety of percutaneous
cryoablation for AMs on 34 patients. The local recurrence rate of 10% over 1.8 years. Recurrence was
higher in tumors larger than 3 cm. Major complications occurred in 5% of cases, with one directly
linked to the procedure. Blood pressure increases were more significant in patients with residual
adrenal tissue, but manageable, especially with pre-treatment using alpha blockade [17].

Our study aligns with these benchmarks, underscoring cryoablation's clinical efficacy,
particularly in achieving high primary complete ablation rates.

An added benefit of cryoablation is its reduced risk of major complications, such as hypertensive
crises, often associated with thermal ablation methods.

This aspect positions cryoablation as a potentially more favorable option for specific patient
groups. In our study, minor complications, primarily mild blood pressure increases, were effectively
managed, without any reports of severe hypertensive crises.

However, the retrospective design of our study may have introduced selection bias, and its
single-center nature, coupled with a small patient cohort, limits the generalizability of the findings.
Consequently, multi-center randomized controlled trials are imperative for a deeper understanding
and broader application of cryoablation in AM treatment.

4. Conclusions

CT-guided cryoablation is safe and effective in treating AMs, equating to other ablation
techniques in terms of technical success, local tumor control, and the handling of complications.

These findings support its consideration as a practical alternative in oncological treatments,
given its versatility in addressing various cancer types and its efficacy in both localized and systemic
disease management.
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