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Abstract

Obijective: To assess the safety and local recurrence-free survival in patients after cryoablation
for treatment of pulmonary metastases.

Methods: This multicenter, prospective, single-arm, phase 2 study included 128 patients with
224 lung metastases treated with percutaneous cryoablation, with 12 and 24 months of follow-up.
The patients were enrolled on the basis of the outlined key inclusion criteria, which include one
to six metastases from extrapulmonary cancers with a maximal diameter of 3.5 cm. Time to
progression of the index tumor(s), metastatic disease, and overall survival rates were estimated
using the Kaplan—Meier method. Complications were captured for 30 days after the procedure,
and changes in performance status and quality of life were also evaluated.

Results: Median size of metastases was 1.0 plus or minus 0.6 cm (0.2—-4.5) with a median
number of tumors of 1.0 plus or minus 1.2 cm (one to six). Local recurrence-free response

(local tumor efficacy) of the treated tumor was 172 of 202 (85.1%) at 12 months and 139 of

180 (77.2%) at 24 months after the initial treatment. After a second cryoablation treatment for
recurrent tumor, secondary local recurrence-free response (local tumor efficacy) was 184 of 202
(91.1%) at 12 months and 152 of 180 (84.4%) at 24 months. Kaplan—Meier estimates of 12- and
24-month overall survival rates were 97.6% (95% confidence interval: 92.6-99.2) and 86.6% (95%
confidence interval: 78.7-91.7), respectively. Rate of pneumothorax that required pleural catheter
placement was 26% (44/169). There were eight grade 3 complication events in 169 procedures
(4.7%) and one (0.6%) grade 4 event.

Conclusion: Percutaneous cryoablation is a safe and effective treatment for pulmonary

metastases.
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Introduction

The lung is a common site of metastasis from malignancy, and metastasectomy may be
curative. Surgical resection of limited pulmonary metastases provides a survival benefit for
many histologies in properly selected patients with the survival benefit extending to patients
that undergo repeated metastasectomy with recent approaches that emphasize sparing of
lung parenchyma.1=3 Extending the use of nonsurgical focal treatments to certain patients
with limited pulmonary metastatic disease may result in long-term disease-free survival.*

For patients that are not candidates for pulmonary metastasectomy, stereotactic body
radiation therapy (SBRT) and percutaneous ablative therapies may be offered.>2
Percutaneous ablation of limited metastatic disease is an option for patients with
recurrent pulmonary metastatic disease, and who have multiple metastases or metastases
located deeper in the lung that would require extensive parenchymal resection, or when
comorbidities increase the risk from operation.10

Image-guided percutaneous cryoablation (CA) uniquely allows visualization of the ablation
zone with computed tomography (CT), defined by an interstitial or consolidative infiltrate or
visible ice, providing complete tumor ablation while also avoiding adjacent normal tissues.
In addition, tumors located adjacent to or involving the pleura can be treated with CA
without procedural pain or increased risk of bronchopleural fistula.11:12 Several studies have
been performed using CA for pulmonary metastases, with promising results.12-17

Previously, we reported the results of a feasibility trial using CA for the treatment of
pulmonary metastases with 94.6% local recurrence-free survival at 12 months and 6%
grade 3 adverse events in 48 patients with 60 tumors.18 Herein, we present the safety and
efficacy at 12- and 24-months posttreatment using percutaneous CA for the treatment of
lung metastases less than 3.5 cm in diameter from a prospective, phase 2, multicenter,
single-arm study that involves 128 patients with 224 tumors.

Materials and Methods

Design

The Health Insurance Portability and Accountability Act-compliant, single-arm, phase 2,
multicenter, prospective study was approved by local institutional review boards (IRBS),
Chesapeake IRB, Western IRB, commission scientifique des essais thérapeutiques, or comité
consultatif pour la protection des personnes soumis a une recherche biomédicale, and written
consent was obtained. The primary objective was to evaluate the efficacy of CA on local
recurrence-free response (local tumor efficacy) for each index tumor at 12 months post-CA
after a single CA procedure. The secondary end point was overall local tumor efficacy after
a single or repeat CA at 12 months. Separate evaluations of primary and secondary efficacy
were also made for month 24. Safety data were captured for the incidence and severity of
procedural adverse events.
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Patients were enrolled prospectively in 10 centers, including two in Europe and eight in the
United States. Inclusion criteria were the following: aged at least 18 years old; pulmonary
metastatic disease confirmed by previous biopsy or through imaging as new or growing
nodules with histologically proven primary cancer; up to six pulmonary metastases; targeted
index tumor(s) defined as intrapulmonary or pleural with a maximum size of 3.5 cm within
4 weeks of the procedure; Karnofsky Performance Scale (KPS) score of at least 60; platelet
count greater than 50,000/mm3 within 8 weeks of the procedure; and a life expectancy

of more than 3 months. Exclusion criteria included the following: an index tumor that is
primary lung cancer; uncontrollable primary or metastatic disease outside the lung; unable
to lie flat or with respiratory distress at rest; uncontrolled coagulopathy or bleeding disorder;
absolute neutrophil count less than 1000 within 8 weeks of the procedure; evidence of
active infection or a medical or psychiatric illness that would preclude informed consent or
follow-up; or participation in other clinical trials that could affect the primary end point.

Between April 2014 and March 2016, 130 patients were considered qualified for the trial
and treated with CA for a total of 226 metastases (Table 1). Two subjects with one tumor
each were enrolled and treated but subsequently identified with primary lung cancer. These
patients were included in the safety analysis but were removed from the efficacy data
analysis resulting in a final study population of 128 patients with 224 metastases. None of
the tumors included in this trial were in previous trials concerning pulmonary metastatic
disease treatment. The subjects could have repeat CA of the index tumor(s) with evidence
of residual tumor. A total of 114 patients with 202 tumors were evaluable at 12 months and
99 patients and 180 tumors were evaluable at 24 months for local recurrence-free response.
A total of 14 subjects with 22 tumors were not evaluated at 12 months owing to missing
data at this interval because three patients with three tumors declined further follow-up, two
patients with three tumors had operation for other disease with resection of the index tumor
or other focal therapy, six patients with 11 tumors had missing data, and three patients with
five tumors died resulting in evaluation of 114 patients with 202 tumors. Follow-up at 24
months included 173 tumors in 99 patients for subject-level analysis and an additional seven
tumors from two additional patients that were not evaluable for subject-level analysis owing
to missing data on other tumors for a total of 180 tumors for tumor level analysis. A total

of 29 subjects and 44 tumors were not evaluated at 24 months follow-up, including seven
patients with 10 tumors who declined further follow-up, five patients with seven tumors who
had missing data, two patients with four tumors who had operation for other disease with
resection of the index tumor or other focal therapy, and 15 patients with 23 tumors who died.

CA Procedure

The ablation procedure was performed under general anesthesia, conscious sedation, or
regional anesthesia. CA needles, 1.5, 2.1, or 2.4 mm in diameter, were provided by Galil
Medical Inc. (Arden Hills, MN) and placed under CT guidance. Cryoprobes were controlled
with the Visual-ICE system. Number and configuration of the needles were based on size
and location of the tumor while avoiding adjacent anatomical structures. Tumor location(s)
within the lung were characterized as pleural when in contact with the pleura, peripheral if

J Thorac Oncol. Author manuscript; available in PMC 2022 June 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Callstrom et al. Page 5

within 2 cm of the pleural margin, hilar if within 1 cm of a pulmonary lobar artery, and the
remainder were classified as intraparenchymal.

CA was performed with a minimum of three freeze—thaw cycles. The times for each phase
were recorded (target times were 3 min freeze, 3 min passive thaw, 7-12 min freeze, 5 min
passive thaw, 7-12 min freeze, followed by active thawing). Each procedure was monitored
with noncontrast CT imaging typically at 3- to 5-minutes intervals to visualize the evolving
ablation zone with the goal of achieving a minimal margin beyond the tumor of 5 mm. After
the CA needle(s) were removed, CT images were obtained to assess the overall ablation
zone and to identify any potential complications (Table 2).

Follow-Up and Treatment Response

Follow-up was done within the first week and at 1, 3, 6, 12, 18, and 24 months. The

patients were clinically evaluated and had a chest CT performed at 1 month which served

as the posttreatment baseline study. Technical success was defined as a zone of ground-glass
opacity or consolidation encompassing the targeted tumor with at least 5 mm circumferential
ablative margin. If the 1-month study was not performed, the 3-month chest CT was used

as the posttreatment baseline study. An example of a nodule treatment is found in Figure 1
with the typical appearance on follow-up imaging revealing initial consolidation followed by
resolution to a thin scar. Tumor response was calculated comparing the sum of the largest
diameter of ablation zones. “Complete” response of index tumor(s) was defined as tumor
ablation zone disappearance or reduction of at least 75%, “partial” response as 30% to 75%
decrease in size, “stable disease” when there was less than 30% decrease and less than

20% increase in size, and “local failure” when there was an increase of greater than 20%
compared with the smallest diameter (nadir) or appearance of nodular enhancement. Local
tumor efficacy includes complete, partial, and stable treatment response.

Data Collection and Review

Data were collected at each institution, anonymized, and sent to a centralized data capture
system (Track-1t3K, Acumen Healthcare Solutions, LLC, Plymouth, MN). Imaging was
stored centrally for review (InteleGRID, Intelemage LLC, Cincinnati, OH), compliant with
the Food and Drug Administration’s Title 21 of the Code of Federal Regulations Part 11
guidance. All imaging were reviewed blindly by two interventional radiologists with 9 and
15 years of experience.

Safety and Procedural Tolerance Assessment

Adverse events that occurred within 30 days of the procedure were captured and graded

in accordance with the Common Terminology for Adverse Criteria for Adverse Events
(CTCAE version 4.03) of the National Cancer Institute.1® Changes in physical function and
quality of life were measured using the KPS and the Short Form—12 (SF-12) assessment.20

Statistical Analysis

Continuous variables are expressed as mean, SD, number of patients, median, minimum,
and maximum. Categorical variables, including efficacy outcomes and adverse events,
are summarized by frequencies and percentages of the patients in each category. The
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primary end point, rate of local tumor efficacy at month 12, was summarized using a

binary proportion with two-sided 95% exact confidence intervals (Cls). The primary null
hypothesis was tested by comparing the lower bound of the 95% CI for the estimated rate of
local tumor efficacy on the performance goal of 84.0%; if the lower bound was more than
84.0%, the null hypothesis was to be rejected, and the end point was considered met.

Survival rates and time to tumor progression were analyzed using Kaplan—-Meier
methodology. Distant tumor progression was defined as distant metastatic disease outside
of the treatment area, either in the lung or outside the lung. Time to progression of the

index tumor was defined as the time from CA procedure to local failure. Patients without
progression were censored at the time of death or at the date of their last visit. Overall
survival rates were calculated from the day of the first ablation procedure to time of death
related to lung cancer and related to any cause. Patients who were alive were censored at the
date of their last visit.

KPS and SF-12 analyses used a paired ftest to examine differences. SAS version 9.3 (SAS
Institute, Cary, NC) statistical software was used for the analyses. p Values less than 0.05
were considered statistically significant.

Patient and Tumors

Patient and tumor characteristics are summarized in Table 1. Among the 128 enrolled
patients, colorectal cancer was the most frequent cancer, accounting for 49% of metastases.
A total of 73 patients (57%) had previous focal treatment for other lung metastases but
without previous treatment to the targeted lung metastases in this study.

CA Treatment

A total of 134 patients were consented for the study. Three enrolled patients were not
treated owing to subsequent screen failure, including two patients with tumors larger than
3.5 cm and one patient with a history of primary lung cancer. One patient enrolled and then
declined the treatment. A total of 130 patients with 226 tumors were treated with 169 CA
procedures and included in the evaluation for complications. After the CA treatment, two
patients were excluded from the full analysis owing to screening failure of a patient with
primary lung cancer and one patient that was biopsied at the time of the procedure finding
primary lung cancer. A total of 128 patients with 224 thoracic metastases treated over 167
procedures were included in the analysis of the efficacy. Of these patients, 80 of 224 tumors
(36%0) were treated with one CA probe and 144 of the tumors (64%) were treated with

two or more cryoprobes. The mean procedure time was 78 minutes (range 30-225 min),
including anesthesia management, CA needle placement and ablation, and postprocedural
CT evaluation (Table 2). Technical success was achieved in 97.2% (217/224) of evaluable
tumors. Repeat treatment of an index tumor was performed on 13 patients with 16 tumors
during the 24-month observation at a mean of 8.8 months (range 2-23 months).

J Thorac Oncol. Author manuscript; available in PMC 2022 June 16.
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Treatment Efficacy

Initial and secondary efficacies are found in Table 3. A total of 114 of 128 patients (89%)
with 202 of 224 (90%) tumors were evaluable for the 12-month follow-up analysis. Initial
local tumor efficacy was achieved in 172 of 202 (85.1%) (95% CI: 79.5-89.8) after 12
months of follow-up. On a per patient basis, 16 of 114 (14%) had complete, 10 of 114 (9%)
partial, and 63 of 114 (55%) stable disease, and 25 of 114 (22%) local treatment failure after
the initial treatment. Of the 25 patients that had recurrence with 30 tumors, 11 patients with
12 tumors were retreated with CA and were evaluable 12 months after repeat CA. Overall
local tumor efficacy including these patients with retreatment resulted in secondary local
recurrence-free response in 184 of 202 (91.1%) (95% CI: 86%-95%). On a per patient basis
at 12-month follow-up, overall treatment response was complete for 17 of 114 (15%), partial
for 17 of 114 (15%), stable for 65 of 114 (57%), and failure for 15 of 114 (13%) with
secondary per patient effectiveness of 99 of 114 (87%).

A total of 99 of 128 patients (77.3%) with 180 of 224 (80.3%) tumors were evaluable for
the 24-month follow-up analysis. Initial local tumor efficacy was achieved in 139 of 180
(77.2%) (95% CI: 70.4-83.1) after 24 months of follow-up. On a per patient basis, 22 of
99 (22.2%) had complete, five of 99 (5.1%) partial, and 42 of 99 (42.4%) stable disease,
and 30 of 99 (30.3%) local treatment failure after initial treatment. Of the 30 patients who
had recurrence with 41 tumors, 13 patients with 16 tumors were retreated with CA and
were followed for 24 months after repeat CA with 11 patients with 13 tumors available for
analysis at 24 months. Of this retreatment group that was not evaluable, one patient with
one tumor died before 24 months of follow-up and one patient with one tumor had other
focal therapy adjacent to the index tumor which obscured further evaluation. A patient with
retreatment of three tumors had two evaluable at 24 months with the third tumor treated
separately with subsequent patient withdrawal. No treatment failures were observed in the
evaluable retreatment group over 24 months of subsequent follow-up. Overall secondary
local tumor efficacy was achieved in 152 of 180 (84.4%) at 24 months. On a per patient
basis, overall treatment response was complete for 23 of 99 (23.2%), partial for 10 of 99
(10.1%), stable for 44 of 99 (44.4%), and failure for 22 of 99 (22.2%) with secondary per
patient effectiveness of 77 of 99 (77.8%).

Time to progression, overall survival, time to progression from metastatic lung disease
beyond the index tumor, and time to progression from metastatic disease are found in
Figures 2 to 5. A total of 10 of the 128 patients treated (7.8%) received systemic therapies
during the study. There were three and 12 deaths that occurred within 0 to 12 and 12

to 24 months, respectively, with no procedure-related deaths, 11 deaths related to disease
progression, and four un-known. By Kaplan—-Meier analysis, the 1-year overall survival was
97.6% and the 2-year overall survival was 86.6% (Fig. 2).

Baseline characteristics were examined as potential predictive factors of failure, and none
were statistically significant other than tumor diameter and primary cancer. Sarcoma, hilar,
and local only anesthesia types were suggestive of higher failure rates; however, sample
sizes in these subgroups were too small to allow for generalizability. Future work could
examine the relative strength of predictive factors along with site experience using a
multivariate logistic regression analysis.

J Thorac Oncol. Author manuscript; available in PMC 2022 June 16.
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Safety and Procedural Tolerance Assessment

The CTCAE grade 3-related adverse procedure-related events within 30 days of the
procedure occurred in eight of 169 (4.7%) procedures, including pneumothorax in six
patients with pleural catheter placement in five of these patients, one pleural hemorrhage,
and one hypoxic event. A grade 4 adverse event was observed in one patient (0.6%) with
gas embolism that resolved in less than 24 hours without sequelae. Neither of the two
patients that were excluded from the full analysis set had grade 3 or greater adverse events.
Pneumothoraces requiring intraprocedural pleural catheter placement occurred in 39 of 169
(23%) of procedures (captured as grade 2 adverse events), and subsequent pleural catheter
placement occurred in an additional five of 169 (3%) procedures after discharge from the
procedural suite (captured as grade 3 adverse events). Pleural catheters were removed on the
next day in nine of 44 patients (20.5%), within 2 days in an additional 23 patients (52.2%),
and in 3 or more days in 12 patients (27.3%). No patient required subsequent surgical
treatment for bronchopleural fistula or persistent pneumothorax. Hospital length of stay after
the procedure varied among centers with the patients treated in the United States having a
median of 1.0 day (range 0-13 d) and in Europe with a median of 3.0 days (range 0-7 d)
with an overall median length of stay of 1.0 day.

The KPS scores did not change on a clinical basis although analysis found a statistically
significant difference from 96.5% at baseline to 95.4%, 94.8%, and 91.3% at the 1-month
(p =0.0658), 12-month (p =0.0319), and 24-month (p =0.0073) follow-ups, respectively.
The SF-12 quality of life questionnaire revealed no clinically meaningful adverse impact
on quality of life after CA, with the general health perception subscale having no statistical
difference with 53.4 at baseline and 50.7 at 1 month (p =0.3155) and 51.3 at 3 months (p =
0.3304).

Discussion

We report data from the largest multicenter prospective study of image-guided percutaneous
CA for the treatment of lung metastases. Our results found 77% primary and 84% secondary
treatment efficacies at a minimum of 24 months of follow-up in patients achieving the
primary end point with secondary treatment. In comparison, SBRT for the treatment of

50 patients with 125 metastatic pulmonary tumors resulted in 83% local efficacy at 18.7
months.21 Sharma et al.® reported SBRT treatment of 327 metastases in 206 patients with
local efficacy of 85% at 2 years.

In this study, the treatment of metastatic pulmonary disease with percutaneous CA was
well-tolerated. The CTCAE grade 3 or greater adverse events occurred in 6.2% of patients

in this study without sequelae with no grade 5 events. The patients’ functional performance
and quality of life did not change on a clinical basis as measured with the KPS score and the
SF-12 quality of life questionnaire. In comparison, Chipko et al.22 reported that SBRT for
malignant lung tumors resulted in chest wall pain in 33 of 118 patients (28%) 1 year after
treatment with eight of 33 reporting grade 3 pain and 36% of patients reporting no resolution
of pain. Rib fractures were noted in 29% of patients at a mean time of 22 months with a
duration of 25 months.

J Thorac Oncol. Author manuscript; available in PMC 2022 June 16.
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Other focal image-guided therapies have been utilized for the treatment of metastatic disease
to the lung. A prospective study using radiofrequency ablation for metastatic lung disease
found 89% local efficacy in 61 patients with a mean follow-up of 15 months23 and de Baere
et al.8 reported 4-year local efficacy of 89% in a prospective database of 566 patients.8

Vog| et al.? reported a single-center study using microwave ablation with a local efficacy of
73.1% in the treatment of 130 tumors with mean follow-up of 9 months.®

Advantages of CA include the use of CT imaging to monitor the zone of ablation and CA
can be performed safely adjacent to the pleura with low risk for bronchopleural fistula.2
Although surgical resection is the standard for treatment of patients with limited pulmonary
metastatic disease, many patients are not surgical candidates. Unfortunately, many patients
develop additional metastatic disease in the lung and repeat surgical treatment may not be
an option owing to technical concerns or limited pulmonary reserve. CA treatment can be
repeated with recurrence of disease while preserving lung parenchyma. CA treatment of
centrally located tumors, when technically feasible, may allow for combination approaches
with surgery while sparing lung parenchyma.3

Limitations of our study include having mixed primary histologies, and as a result, the
overall cancer-specific survival will require further analyses. Analysis of tumor response
using the Response Evaluation Criteria in Solid Tumors utilized the 1-month ablation zone
measurement as the baseline for assessment of tumor response to the CA treatment. Over
time, the ablation zone decreases in size with residual linear scar formation distinguishable
from recurrent tumor. Recurrence was noted as an increase in size of the ablation zone or
as an enlarging focal nodule or presence of focal contrast enhancement. As a result of scar
formation at the ablation site, complete response to treatment includes measurement of the
residual scar rather than disappearance of the treated tumor.

In conclusion, our report of the treatment of limited metastatic disease in the lung represents
the largest prospective multicenter trial utilizing image-guided percutaneous CA. The
treatment is well-tolerated, and its efficacy is encouraging.
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Figurel.
Image-guided cryoablation and follow-up imaging of a metastatic rectal carcinoma

contained in the right lung. (A) Noncontrast axial computed tomography (CT) image of

the chest with a 1.2 cm nodule (arrow) contained in the right lower lobe positioned

for percutaneous cryoablation. (8) Noncontrast coronal CT image of the chest with two
cryoprobes (arrow heads) along the superior and inferior margins of the targeted nodule.
(O Noncontrast coronal CT image of the chest with body windows with ice (arrow

heads) contained in the cryoablation probes and the targeted nodule. (D) Noncontrast

axial CT image of the chest 1 month after the cryoablation treatment revealing an area

of consolidation and a small area of central cavitation at the location of the treated nodule
(arrow). (£) Noncontrast axial CT image of the chest 6 months after the cryoablation
treatment revealing an area of decreasing consolidation and a small area of central cavitation
at the location of the treated nodule (arrow). (F) Noncontrast axial CT image of the chest 12
months after the cryoablation treatment revealing a small scar remaining at the location of
the treated nodule (arrow).
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Figure 2.
Time to progression of the index tumors for 2 years.
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Figure 3.
Overall survival of the patients after the image-guided percutaneous cryoablation of

pulmonary metastatic disease for 2 years.
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Figure 4.

Time to progression of the patients from the metastatic disease in the lung beyond the
targeted tumor for 2 years.
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Time to progression of the patients from the metastatic disease for 2 years.
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Table 1.

Baseline Patient and Tumor Characteristics (V= 128, tumors = 224)

Characteristic Value
Median age, SD (range) 65 + 12 (32-85)
Male sex 68/128 (53)
BMI (SD) 27.4+59
Primary tumor type histology (%)
Colorectal cancer 63/128 (49)
Renal cell carcinoma 16/128 (12)
Sarcoma 6/128 (5)
Breast cancer 6/128 (5)
Endometrial cancer 6/128 (5)
Thyroid cancer 5/128 (4)
Primary lung cancer 4/128 (3)
Pancreatic cancer 3/128 (2)
Melanoma 2/128 (1)
Other 17/128 (13)

Months from primary diagnosis, SD (range) 64.4 + 66.7 (1-361)
Months from metastatic diagnosis, SD (range)  40.4 + 37.2 (1-220)

Previous treatments for other lung metastases? 73128
Surgery 29/73 (40)
Radiofrequency ablation 20/73 (27)
Cryoablation 11/73 (15)
Microwave ablation 6/73 (8)
Radiation 6/73 (8)
Systemic therapy 41/73 (56)

Median tumor diameter in cm, SD (range) 1.0+ 0.6 (0.2-4.5)

Tumor largest diameter (cm)
<1.0 114/224 (51)
1.1-2.0 96/224 (43)
2.1-3.0 12/224 (5)
3.1-35 1/224 (0.5)
S350 1/224 (0.5)

Tumor location
Right 121/224 (54)
Left 103/224 (46)

Tumor distribution (per patient)

Unilateral 103/128 (80)
Bilateral 25/128 (20)

Lobe
Upper 101/224 (45)
Middle 25/224 (11)
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Characteristic Value
Lower 98/224 (44)
Lung site
Hilar 6/224 (3)
Intraparenchymal 83/224 (37)
Peripheral 71/224 (32)
Pleural contact 64/224 (29)
Median number of tumors per patient (range) 1.0+1.2 (1-6)
Number of tumors treated per patient
1 79/128 (62)
2 23/128 (18)
3 15/128 (12)
4 5/128 (4)
5 2/128 (2)
6 4/128 (3)

a . . . .
Patients may have received more than one previous treatment for history of other lung metastases.

b .
One subject had a tumor that measured 3.5 cm at enrollment and 4.5 cm at treatment.

BMI, body mass index.
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Table 2.
Cryoablation Treatment Characteristics
Characteristic Value
Number of tumors 224
Number of procedures 167
Number of tumors treated per procedure, median SD (range) 1.0 0.7 (1-5)

1 126/167 (75)

2 30/167 (18)

3 71167 (4)

4 3/167 (2)

5 1/167 (1)
Number of tumors treated per patient, median SD (range) 1.0+1.2 (1-6)

1 79/128 (62)

2 23/128 (18)

3 15/128 (12)

4 5/128 (4)

5 21128 (2)

6 4/128 (3)
Procedure time, min (SD) 77.7+£37.9
Freeze duration per tumor, min (SD) 206 +4.3
Mean number of needles per tumor diameter

0.5-1.0cm 15+05

1.1-2.0cm 1906

2.1-3.0cm 2405

23.1cm 3014
Anesthesia

General 115 (69%)

Conscious sedation 49 (29%)

Local 3 (2%)
Median overall hospital stay, days (range) 1.0 (0-13)
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