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Background: In our institution, computed tomography (CT)-guided percutaneous cryoablation has been 
performed in patients with malignant lung tumors under local anesthesia. This study aimed to examine the 
feasibility and safety of percutaneous cryoablation for the treatment of malignant lung tumors.
Methods: From July 2002 to December 2016, 227 patients (56 with primary lung cancer and 171 with 
metastatic lung tumor) underwent percutaneous cryoablation for the treatment of malignant lung tumors 
using a cryosurgical unit at our institution. Demographic factors, duration of post-treatment hospitalization, 
and adverse event and mortality rates were retrospectively investigated in 366 treatment sessions targeting 
609 lesions. 
Results: The median diameter of the targeted tumor was 1.3 cm. All the cryoablation procedures were 
completed under local anesthesia, and the median duration of post-treatment hospitalization was two days. 
Adverse events (grade 2 or higher) were observed in 79 sessions (21.6%), with pneumothorax being the 
most common. In five sessions (1.4%), patients had grade 3 adverse events. There was no 30-day mortality; 
however, there were two 60-day mortality (0.5%) due to acute exacerbation of interstitial pneumonia. In 
multivariate analysis, independent predictors of adverse events were comorbid interstitial pneumonia [odds 
ratio (OR) =2.20; 95% confidence interval (CI): 1.04–4.64] and no history of pulmonary resection on the 
treated side (OR =3.04; 95% CI: 1.65–5.62).
Conclusions: Cryoablation is a feasible and safe treatment for malignant lung tumors with acceptable 
adverse event rates. However, the mortality risk in patients with comorbid interstitial pneumonia should be 
fully recognized.
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Introduction

Stage I and II non-small cell lung cancer and metastatic 
lung tumor without extrathoracic disease are treatable by 
surgery (1-6). 

However, many patients are ineligible for surgical 
resection because of age, pulmonary dysfunction, 
comorbidities,  multiple tumors, or multiple prior 
operations, among other reasons. Therefore, minimally 
invasive therapeutic options are desirable for such patients. 
Nonsurgical treatment of primary lung cancer and 
metastatic lung tumor is currently an evolving field that 
consists of stereotactic body radiation therapy (SBRT) 
and percutaneous thermal ablative procedures, such as 
radiofrequency ablation (RFA), microwave ablation, and 
cryoablation (7-11). 

Percutaneous image-guided cryoablation is a minimally 
invasive treatment for cancers. And recent advancements in 
cryoablation devices have expanded local treatment options 
for various malignancies (12-15). Wang et al. first reported 
the percutaneous cryoablation for lung tumors in 2005 (15). 
Computed tomography (CT)-guided cryoablation enables 
visualization of the ablation zone, defined by a consolidative 
or interstitial shadow or visible ice ball. It delivers 
complete tumor ablation, while preventing the destruction 
of adjacent vital structures. In addition, cryoablation 
can treat tumors adjacent to the visceral pleura without 
pain or bronchopleural fistula (16). We have performed 
percutaneous cryoablation for malignant lung tumors since 
2002 and reported the preliminary data on its feasibility and 
safety in 2006 and 2012 (17,18). In our previous studies, we 
did not report fatal adverse events.

Given this background, the present study aimed 
to examine the feasibility and safety of percutaneous 
cryoablation as a method for the treatment of malignant 
lung tumors based on a 15-year experience at our 
institution. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-22-830/rc).

Methods

Patients

A total of 227 patients, who underwent cryoablation for 
the treatment of malignant lung tumors in our institution 
between July 2002 and December 2016, were identified 
retrospectively. And 117 patients of those were included in 
our previous report (18). No patients were lost to follow-

up and had insufficient data. After December 2016, issues 
with the CRYOcare cryosurgical unit and with domestic 
maintenance resulted in temporary suspension of its 
use. Preparations are being carried out for restarting 
percutaneous cryoablation.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The medical 
research ethics committee of Keio University School of 
Medicine (approval No. 20210003) approved the study, and 
the requirement for informed consent was waived due to 
the retrospective nature of this study.

The inclusion criteria were as follows: (I) surgical 
unsuitability due to multiple prior surgeries, multiple 
tumors, patient’s refusal, poor pulmonary function, 
comorbidities, or advanced age (75 years or more); 
(II) absence of active extrapulmonary malignancies; 
(III) performance status (PS) of 0 or 1 on the Eastern 
Cooperative Oncology Group (ECOG) scale; (IV) platelet 
count of >50,000 per L; (V) prothrombin time/international 
normalized ratio of <1.5; (VI) estimated life expectancy 
longer than 12 months; and (VII) written informed consent.

Age at treatment, sex, smoking status, ECOG PS, 
comorbidities, history of ipsilateral surgery, history 
of radiation therapy to the target tumor, history of 
chemotherapy (cytotoxic chemotherapy and molecular 
targeted therapy), tumor size on thin-section chest CT, 
tumor location, histology, tumors treated in one session, 
number of cryoprobes in one session, number of sessions, 
cryoablation protocol, duration of post-treatment 
hospitalization, complication rate, and mortality rate were 
investigated in 366 treatment sessions targeting 609 lesions. 
Tumor location was defined as central, if the center of 
tumor is located in the inner one third of the lung field on 
thin-section chest CT. The type of interstitial pneumonia 
[idiopathic pulmonary fibrosis (IPF) or not] was initially 
determined and recorded on medical charts by board-
certified respiratory specialists. Histological classification 
was performed according to the fifth edition of the World 
Health Organization Classification of Tumors.

Information about the adverse events was collected 
on a per-session basis. Adverse events were defined as 
an unanticipated problem arising within 30 days post-
treatment, of grade 2 or higher according to the Common 
Terminology Criteria for Adverse Events (CTCAE),  
version 5. The adverse events, including post-procedural 
pain, were prospectively graded, and recorded on medical 
charts every day by a thoracic surgeon in charge. Death was 
defined as 30- and 60-day mortality within 30 and 60 days 

https://jtd.amegroups.com/article/view/10.21037/jtd-22-830/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-830/rc


Journal of Thoracic Disease, Vol 14, No 11 November 2022 4299

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2022;14(11):4297-4308 | https://dx.doi.org/10.21037/jtd-22-830

post-treatment, respectively, or in-hospital mortality. 

Percutaneous cryoablation

Cryoablation was performed using a CRYOcare cryosurgical 
unit (Endo-Care, Irvine, CA, USA) with 2.4- and 3.0-mm-
diameter probes. CRYOcare is currently manufactured 
and sold by Varian Medical Systems, Inc. (Palo Alto, 

CA, USA). Intravenous cefotiam hydrochloride was 
administered prophylactically to the patients with 1 g three 
times (before/after the procedure and the postoperative 
day 1). We administered intramuscular pentazocine  
(15 mg) before leaving the ward. It was about 20 min before 
the start of the procedure. Then patients were carried to 
the CT room on the stretcher for safety. The appropriate 
patient posture on the CT bed was determined according 
to the tumor location. Cardiac monitoring was performed. 
All procedures were performed by two interventional 
radiologists or surgeons. The chief interventionist (SN) 
had ablation experience for more than 30 years and 
performed all the 366 sessions in this series. After the skin 
was cleansed with iodine, local anesthesia was administered 
by means of a subcutaneous injection of 1% lidocaine with 
10–20 mL from the skin down to the pleura. A 21-gauge 
guiding needle was inserted into the tumor using three-
slice CT fluoroscopic guidance (Aquilion 64; Toshiba, 
Tokyo, Japan). Next, a customized 8- or 11-gauge stainless 
steel coaxial needle with an inner guiding sheath and an 
outer sheath (Silux, Kawaguchi, Japan) (Figure 1A,1B) was 
introduced over the guiding needle (17). Following the 
removal of the inner sheath, a cryoprobe was inserted into 
the outer sheath. The number and size of cryoprobes were 
determined according to the tumor diameter to secure the 
appropriate ablation zone with at least a 5-mm margin 
(Figure 2). If a large pneumothorax (40% of the hemithorax) 
occurred during the procedure, manual aspiration was 
performed with an 18-gauge cannula. Cryoablation was 
performed with three freeze-thaw cycles, and freezing 
was performed using high-pressure argon gas. Before July 
2006, the first and second freezes took 5 min, while the 
third one took 10 min. After July 2006, the first freeze took  
5 min, and the second and third took 10 min (19,20). Active 
thawing was then performed using high-pressure helium 
gas until the temperature of the cryoprobe reached 20 ℃.  
To prevent pneumothorax, Bolheal fibrin glue (Teijin, 
Tokyo, Japan) was plugged into the outer sheath. CT was 
performed immediately after the procedure to assess the 
ablation zone and complications, including intracardial gas 
and pneumothorax. Patients were discharged on the second 
post-treatment day unless drainage for pneumothorax was 
required.

Follow-up

Follow-up chest radiographs performed after three hours 
and on the following day, and non-contrast CT scan 

A

B

Figure 1 The structure and intraprocedural image of customized 
needle for percutaneous cryoablation for lung tumors. (A) 
Customized inner sheath (upper), outer sheaths (middle), and 
guiding needle (lower) for percutaneous cryoablation for lung 
tumors. (B) The intraprocedural figure of customized stainless 
steel coaxial needle with an inner guiding sheath and an outer 
sheath. Following the removal of the inner sheath, a cryoprobe was 
inserted into the outer sheath.

Figure 2 The customized coaxial needle penetrates the center of 
the tumor under computed tomographic guidance. 
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performed on the following day were aimed to aid in the 
detection of the adverse events. Evaluation of the curative 
effect was determined by contrast-enhanced CT scans 
conducted at 1 week, 1 month, and 3- to 4-month intervals. 
In this study, evaluation of local control or prognosis was 
not conducted, because those differed among each type of 
tumor.

Collection of variables

Variables were collected from medical charts, CT images, 
and procedural records of cryoablation.

Statistical analyses

All data are presented as means, counts, or percentages. A 

logistic regression model was used to estimate odds ratios 
(ORs) with 95% confidence intervals (CIs) in the univariate 
and multivariate analyses to identify clinical factors 
associated with the development of post-treatment adverse 
events. All tests were two-sided, and P<0.05 were considered 
statistically significant. Factors that were significant (P<0.05) 
in the univariate analysis were entered into the multivariate 
analysis. All statistical analyses were performed using the 
Statistical Package for the Social Sciences version 27.0 (IBM, 
Armonk, NY, USA).

Tumor characteristics after cryoablation treatment

The diagnosis of 227 patients was primary lung cancer in 56 
(24.7%) and metastatic lung tumor in 171 (75.3%) (primary 
focus: colorectal cancer, n=48; lung cancer, n=41; malignant 
bone and soft tissue tumor, n=28; and others, n=54), 
respectively. The tumor characteristics of 227 patients 
treated with cryoablation are shown in Table 1.

Patient and tumor characteristics of 366 sessions

As shown in Table 2, the demographic factors of the  
366 sessions of treatment were as follows: median age, 64 
(16–90) years; male, n=236 (64.5%); smoking history, n=193 
(52.7%); comorbid diabetes, n=45 (12.3%); comorbid 
interstitial pneumonia, n=37 (10.1%); history of lung 
resection on the treated side, n=134 (36.6%), history of 
radiotherapy to the tumor, n=48 (13.1%), and history of 
chemotherapy, n=166 (45.4%). All patients with IPF had 
usual interstitial pneumonia (UIP) patterns on chest CT. 
No patients had received the immunotherapy. The median 
diameter of the targeted tumor was 1.3 (range, 0.2–10.2) 
cm, and the lesions were central (inner one-third of the 
lung field) in 104 (28.4%) sessions.

Results

Cryoablation procedure characteristics

As shown in Table 3, the median number of tumors 
punctured during the first treatment was 1 (range, 1–10), 
the median number of cryoprobes used was 2 (range, 1–5), 
and the median number of sessions was 1 (range, 1–12). As 
multiple tumors were ablated in 37.2% (136 of 366) of all 
sessions, the responsible tumor for adverse events could not 
be verified in such sessions. Therefore, this study did not 
assess the association of tumor factors and adverse events. 

Table 1 Tumor characteristics of 227 patients treated with 
cryoablation

Characteristics Value

Primary lung cancer 56 (24.7)

Metastatic lung tumor 171 (75.3)

Colorectal cancer 48

Lung cancer 41

Malignant bone and soft tissue tumor 28

Uterine carcinoma 10

Salivary gland carcinoma 9

Renal cell carcinoma 8

Hepatocellular carcinoma 6

Esophageal cancer 6

Ovarian cancer 3

Breast cancer 2

Tongue cancer 2

Testicular cancer 2

Pancreatic cancer 1

Thyroid cancer 1

Laryngeal cancer 1

Pharyngeal cancer 1

Prostate cancer 1

Thymoma 1

Data are presented as number (%) or number. 
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Table 2 Patient and tumor characteristics of 366 sessions

Characteristics Value

Age, years

Mean ± SD 61.4±15.0

Median 64

Range 16–90

Sex

Female 130 (35.5)

Male 236 (64.5)

Smoking status

Nonsmoker 173 (47.3)

Current or former smoker 193 (52.7)

ECOG PS

0 260 (71.0)

1 106 (29.0)

Diabetes mellitus

Present 45 (12.3)

Absent 321 (87.7)

Interstitial pneumonia

Present 37 (10.1)

Idiopathic pulmonary fibrosis 15 (4.1)

Others 22 (6.0)

Absent 329 (89.9)

History of ipsilateral surgery

Present 134 (36.6)

Absent 232 (63.4)

History of RT to the target tumor

Present 48 (13.1)

Absent 318 (86.9)

History of chemotherapy

Present 166 (45.4)

Absent 200 (54.6)

Freezing time

5-5-10 min (before July 2006) 138 (37.7)

5-10-10 min (after July 2006) 228 (62.3)

Table 2 (continued)

Table 2 (continued)

Characteristics Value

Tumor size, cm

Mean ± SD 1.8±1.5

Median 1.3

Range 0.2–10.2

Tumor location

Central† 104 (28.4)

Noncentral 262 (71.6)

Data are presented as mean ± SD, median, range or number (%). 
†, center of tumor located in the inner one third of the lung field. 
SD, standard deviation; ECOG, Eastern Cooperative Oncology 
Group; PS, performance status; RT, radiation therapy.

Table 3 Cryoablation procedure characteristics of 366 sessions

Characteristics Value

No. of tumors treated in one session

Mean ± SD 1.7±1.2

Median 1

Range 1–10

No. of cryoprobes in one session

Mean ± SD 2.2±1.0

Median 2

Range 1–5

No. of sessions

Mean ± SD 2.2±2.5

Median 1

Range 1–12

Data are presented as mean ± SD, median or range. SD, 
standard deviation.

In 12.0% (44 of 366) of all sessions, the same probe was 
used to treat multiple tumors. Simultaneous tumor biopsy 
and cryoablation were performed in 8.2% (30 of 366).

Post-treatment results

All the patients tolerated the cryoablation procedure with 
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Table 4 Post-treatment results of 366 sessions

Characteristics Value

Duration of post-treatment hospitalization, days

Mean ± SD 3.8±4.4

Median 2

Range 1–38

Adverse event†

Present 79 (21.6)

Grade 2 74 (20.2)

Grade 3 5 (1.4)

Absent 287 (78.4)

30-day mortality

Present 0 (0.0)

Absent 366 (100.0)

60-day mortality

Present 2 (0.5)

Absent 364 (99.5)

Data are presented as mean ± SD, median, range or number 
(%). †, adverse events were defined as adverse events of grade 
2 or higher according to the Common Terminology Criteria for 
Adverse Events, version 5. SD, standard deviation.

Table 5 Adverse events (grade 2 or higher) of cryoablation for 
malignant lung tumors of 366 sessions

Characteristics Value

Pneumothorax 66 (18.0)

Chest tube insertion 39 (10.7)

Manual aspiration 25 (6.8)

Chest tube insertion + pleurodesis 2 (0.5)

Hypoxemia 6 (1.6)

Acute exacerbation of interstitial pneumonia 2 (0.5)

Frostbite 2 (0.5)

Wound infection 1 (0.3)

Hematoma 1 (0.3)

Empyema 1 (0.3)

Phrenic nerve palsy 1 (0.3)

Pulmonary embolism 1 (0.3)

Data are presented as number (%).

no severe pain. The post-treatment results are presented 
in Table 4. The median duration of post-treatment 
hospitalization was 2 (range, 1–38) days. Overall, adverse 
events (grade 2 or higher) were observed in 79 (21.6%) 
sessions, with five (1.4%) of them experiencing an adverse 
event rate of grade 3. There was no 30-day mortality; 
however, there were two 60-day mortalities (0.5%) due 
to acute exacerbation of interstitial pneumonia following 
prolonged air leakage. Both patients had IPF with UIP 
pattern on chest CT. They had received home oxygen 
therapy due to IPF with UIP pattern and developed 
prolonged air leakage after the cryoablation. A 64-year-old 
man with primary lung cancer was diagnosed as developing 
an acute exacerbation on the 30 post-treatment day and 
died on the 38 post-treatment day. An 85-year-old man with 
metastatic lung tumor from esophageal cancer developed an 
acute exacerbation on the 18 post-treatment day and died 
on the 44 post-treatment day.

Table 5 shows the results of cryoablation adverse events 
in malignant lung tumors. Pneumothorax occurred in 
18.0% (66 of 366) of the ablation sessions. Among the 
pneumothorax cases, 39 (10.7%) underwent chest tube 
placement, and two (0.5%) underwent pleurodesis as a 
result of a grade 3 adverse event. Hypoxemia occurred after 
six (1.6%) of the 366 sessions. However, all six patients 
recovered with oxygen inhalation within 24 hours. Both 
acute exacerbation of interstitial pneumonia and frostbite 
occurred after two sessions (0.5%) as a grade 3 adverse 
event. Wound infection, hematoma, empyema, phrenic 
nerve paralysis, empyema, and pulmonary embolism were 
documented after one session (0.3%). The empyema 
required fenestration as a grade 3 adverse event. Though 
fibrin glue was plugged into the outer sheath to prevent 
pneumothorax and bleeding, air embolism such as cerebral 
or pulmonary artery embolism was not observed in any 
case. The pain during the procedure was self-limiting, and 
the patients could accomplish a therapeutic procedure with 
local anesthesia and intramuscular pentazocine only.

Table 6  shows the results of the univariate and 
multivariate analyses for the clinical predictors of grade 
2 or higher adverse events. In the multivariate analysis, 
comorbid interstitial pneumonia (OR =2.20; 95% CI: 1.04–
4.64) and lack of history of pulmonary resection on the 
treated side (OR =3.04; 95% CI: 1.65–5.62) were identified 
as predictors of post-treatment adverse events. However, 
there were no correlations between the central location of 
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Table 6 Clinical predictors of adverse event (grade 2 or higher) according to uni- and multivariate analyses based on the sessions

Characteristics No. of patients
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Age at operation, years

<65 186 1 –

≥65 180 1.01 (0.61–1.66) 0.970 – –

Sex

Female 130 1 –

Male 236 1.69 (0.97–2.94) 0.063 – –

Smoking status

Nonsmoker 173 1 –

Current or former smoker 193 1.09 (0.66–1.79) 0.733 – –

ECOG PS

0 260 1 –

1 106 1.01 (0.58–1.75) 0.973 – –

Diabetes mellitus

Absent 321 1 –

Present 45 0.89 (0.41–1.95) 0.783 – –

Interstitial pneumonia

Absent 329 1 1

Present 37 2.16 (1.04–4.47) 0.038 2.20 (1.04–4.64) 0.039

History of ipsilateral surgery

Present 134 1 1

Absent 232 3.02 (1.64–5.56) <0.001 3.04 (1.65–5.62) <0.001

History of RT to the target tumor

Absent 318 1 –

Present 48 0.38 (0.15–1.01) 0.051 – –

History of chemotherapy

Absent 198 1 –

Present 168 1.54 (0.93–2.55) 0.087 – –

Freezing time

5-5-10 min (before July 2006) 138 1 –

5-10-10 min (after July 2006) 228 0.70 (0.43–1.17) 0.173 – –

Tumor location

Noncentral 262 1 –

Central† 104 0.63 (0.35–1.14) 0.127 – –

Table 6 (continued)
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Table 6 (continued)

Characteristics No. of patients
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

No. of cryoprobes

1 95 1 –

≥2 271 1.83 (0.97–3.44) 0.062 – –

No. of sessions

1 230 – –

≥2 136 0.79 (0.47–1.34) 0.378 – –

Data are presented as number, OR (95% CI) or P value. †, center of tumor located in the inner one third of the lung field. OR, odds ratio; 
CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; PS, performance status; RT, radiation therapy.

the tumor in the lung field or the number of cryoprobes 
used or the number of sessions and post-treatment adverse 
events. We performed additional analysis on a per-patient 
basis to consider the impact of multiple sessions on the 
same patient. The data was shown in Tables S1-S4. The 
predictors for adverse events identified by both analyses 
were the same (Table S4). 

Discussion

In the present study, all 366 cryoablation procedures for 
lung tumors were completed under local anesthesia and 
associated with acceptable adverse event rates. Adverse 
events were observed in 79 (21.6%) sessions, with 
pneumothorax (n=66; 18.0%) being the most common, and 
patients had grade 3 adverse event in five (1.4%) sessions. 
In this study, 11.2% of pneumothorax cases required chest 
tube insertion, which is a slightly lower rate than that 
previously reported for cryoablation and RFA (21-32). In 
addition, none of the patients required subsequent surgical 
treatment for persistent pneumothorax or bronchopleural 
fistula. Therefore, the pneumothorax rate in the present 
study was acceptable. The adverse event rate in the present 
study was lower than that of our previous reports (17,18), 
because we used clearly defined criteria for adverse events 
as grade 2 or higher according to CTCAE, version 5. 

The ablation needle used in this study (8–11 gauges) 
was thicker than an RFA needle (17 gauge) and, thus, could 
create a larger needle hole on the visceral pleura. However, 
this modified coaxial system offers two advantages. First, it 
enables a more precise penetration of the targeted tumor. 
Specifically, because the lung parenchyma is soft and lung 

tumors are easily moved, the cutting ability of the cryoprobe 
is inadequate to penetrate solid or small tumors. Second, 
the pathway through the outer sheath can be plugged with 
fibrin glue, which can potentially reduce the occurrence of 
pneumothorax and bleeding. Wang et al. (15) reported that 
preserving collagenous structure in frozen tissue facilitates 
the rapid natural closure of needle tracts. These factors 
might contribute to the absence of bronchopleural fistula in 
this series.

The results of the multivariate analysis indicated that the 
absence of history of pulmonary resection on the treated 
side and comorbid interstitial pneumonia were significant 
predictors of adverse events. The mean number of 
cryoprobes inserted was 2.2, which was equal to the number 
of pleural holes and comparable to previously reported 
values for RFA (15,33-38). These results suggest that the 
number of cryoprobes used is not a significant predictor 
of adverse events. It is reasonable to consider the absence 
of history of ipsilateral pulmonary surgery a risk factor for 
pneumothorax, since pleural adhesion after surgery prevents 
large pneumothorax.

Two deaths within 60 days of treatment were due to 
acute exacerbation of interstitial pneumonia following 
prolonged pneumothorax. Acute exacerbation of interstitial 
pneumonia in the postoperative period, which is associated 
with high mortality and intensive care, including mechanical 
ventilation, is frequently observed after surgery for primary 
lung cancer in which interstitial pneumonia coexists (39). 
In the present study, comorbid interstitial pneumonia 
was a significant risk factor for post-treatment adverse 
events. Weak lung parenchyma in patients with interstitial 
pneumonia can lead to post-treatment pneumothorax, 

https://cdn.amegroups.cn/static/public/JTD-22-830-supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-22-830-supplementary.pdf
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resulting in exacerbation of interstitial pneumonia in 
cryoablation cases. Therefore, the risk of acute exacerbation 
after cryoablation for the treatment of malignant lung 
tumors, in which interstitial pneumonia coexists, should 
be recognized. Because we did not report mortality in our 
previous study on the safety of cryoablation (18), detecting 
interstitial pneumonia as the risk factor for cryoablation-
related death is the clinical significance of this additional 
report on the safety of cryoablation for lung tumors.

Cryoablation offers several advantages over other local 
therapies. The first advantage is repeatability. SBRT 
is associated with difficulties treating several lesions 
with overlapping irradiation fields and retreating local 
progression after previous SBRT treatment. In contrast, 
cryoablation can be performed on neighboring lesions or 
repeated with disease recurrence. The second advantage 
is the application to the central area where larger bronchi 
and vessels exist. To date, there are several reports that 
SBRT and RFA are not suitable for lesions adjacent to hilar 
structures because of the risk of excessive toxicity (40). 
Herrera et al. reported death from massive hemoptysis after 
RFA of a centrally located lung tumor, which resulted in 
the termination of its use for central nodules (41). Several 
deaths as a result of massive hemothorax after RFA have also 
been reported (31,32). In the present study, cryoablation 
was performed for centrally located tumors in 104 sessions, 
and no major adverse events were reported. Cryoablation 
was reported to preserve collagenous architecture such as 
the bronchial wall (42). Yokomise et al. reported that the 
bronchial wall could resist ultralow temperatures because 
tracheas obtained for transplantation from cadavers can be 
deep-frozen (43). On the other hand, the wall of large blood 
vessels heated by circulating blood during cryoablation 
resulted in preserving the vessel wall.

In recent prospective trials, cryoablation was performed 
under general anesthesia in more than half of the cases 
(21,22). However, in the present study, all cryoablation 
procedures were completed under local anesthesia, and 
none of the patients experienced moderate to severe 
(grade 2 or higher) pain during the postprocedural period. 
This low incidence of peri- and post-procedural pain is 
commonly considered a specific advantage of cryoablation 
over other thermal therapies (44-53). Moorjani et al. (54) 
investigated the effects of cryoanalgesia on intercostal 
nerves and considered cryoablation to be an ideal technique 
from the perspective of treatment-associated pain. However, 
some patients complained of dull pain in the anterior chest 
after treatment, which was likely related to freezing of the 

intercostal nerves, and typically disappeared within a few 
months. This may explain why the intercostal nerve pain in 
most patients in the present study was recoverable. These 
features also suggest the advantage of cryoablation over 
RFA, especially for tumors adjacent to large pulmonary 
vessels, bronchus, or other mediastinal structures. Chipko 
et al. (55) reported that chest pain occurred in 33 (28.0%) 
of 118 patients at 1 year after SBRT for malignant lung 
tumors, eight of whom presented grade 3 pain. Rib fractures 
were also reported in 29% of the patients.

This study has some limitations. This retrospective 
study did not include a control group. The patient cohort 
was heterogeneous in terms of disease presentation and 
course, which could increase the generalizability of the 
results to the real-world practice. However, the statistical 
power was insufficient to draw conclusions on individual 
disease characteristics in the subgroup analyses. Because 
poor pulmonary function is not the necessary condition 
for enrollment, pretreatment forced expiratory volume 
in one second was unavailable on medical charts in 40% 
of the patients. The insufficient data about pretreatment 
pulmonary function should be the study limitation. 
Furthermore, the efficacy of cryoablation for pulmonary 
tumors was not assessed because local control rate and 
survival were different among each type of tumor. We 
aim to evaluate the efficacy of cryoablations for each type 
of tumors in the future. Moreover, this study included 
patients in the early 2000s. Because we did not have enough 
evidence about the safety of cryoablation at the time, 
our care might have been overmedication in retrospect, 
including prophylactic antibiotics or frequent CT checkups 
after the procedure. The discrepancy with today’s clinical 
standards would be the study limitation. 

We believe that identifying the predictors of adverse 
events after ablative therapy is helpful in reducing adverse 
events. In general, the characteristics of candidates for 
SBRT and ablative procedures, such as medically or 
technically inoperable patients, are very similar. However, 
percutaneous cryoablation is expected to be more suitable 
than SBRT for radiation-resistant tumors, irradiated 
tumors, and tumors with a history of bilateral surgery. 
Further clinical studies are required to define the strengths 
and weaknesses of each modality.

Conclusions

In conclusion, CT-guided percutaneous cryoablation is a 
minimally invasive treatment option for malignant lung 
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tumors with acceptable adverse event rates. The grade 3 or 
higher adverse event rate was 1.4%, suggesting that it can 
be safely performed. However, the possibility of adverse 
events in patients with comorbid interstitial pneumonia 
should be considered. Further studies clarifying the efficacy 
and appropriate candidate selection for cryoablation are 
required in the future.
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Supplementary

Table S1 Patient and tumor characteristics of 227 patients

Characteristics Value

Age, years

Mean ± SD 62.1±15.8

Median 65

Range 16–90

Sex

Female 79 (34.8)

Male 148 (65.2)

Smoking status

Nonsmoker 102 (44.9)

Current or former smoker 125 (55.1)

ECOG PS

0 160 (70.5)

1 67 (29.5)

Diabetes mellitus

Present 28 (12.3)

Absent 199 (87.7)

Interstitial pneumonia

Present 27 (11.9)

Idiopathic pulmonary fibrosis 13 (5.7)

Others 14 (6.2)

Absent 200 (88.1)

History of ipsilateral surgery

Present 64 (28.2)

Absent 163 (71.8)

History of RT to the target tumor

Present 45 (19.8)

Absent 182 (80.2)

History of chemotherapy

Present 103 (45.4)

Absent 124 (54.6)

Freezing time

5-5-10 min (before July 2006) 75 (33.0)

5-10-10 min (after July 2006) 152 (67.0)

Maximal tumor size, cm

Mean ± SD 2.5±1.7

Median 2.0

Range 0.2–10.2

Table S1 (continued)

Table S1 (continued)

Characteristics Value

Tumor location

Central† 62 (27.3)

Noncentral 165 (72.7)

Total no. of tumors treated

Mean ± SD 2.6±3.9

Median 1

Range 1–46

Total no. of cryoprobes

Mean ± SD 3.5±3.5

Median 3

Range 1–37

Total no. of sessions

Mean ± SD 1.6±1.3

Median 1

Range 1–12

Data are presented as mean ± SD, median, range or number (%). 
†, center of tumor located in the inner one third of the lung field. 
SD, standard deviation; ECOG, Eastern Cooperative Oncology 
Group; PS, performance status; RT, radiation therapy.
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Table S3 Adverse events (grade 2 or higher) of cryoablation for 
malignant lung tumors of 227 patients

Characteristics Value

Pneumothorax 42 (18.5)

Chest tube insertion 28 (12.3)

Manual aspiration 12 (5.3)

Chest tube insertion + pleurodesis 2 (0.9)

Hypoxemia 6 (2.6)

Acute exacerbation of interstitial pneumonia 2 (0.9)

Frostbite 2 (0.9)

Wound infection 1 (0.4)

Hematoma 1 (0.4)

Empyema 1 (0.4)

Phrenic nerve palsy 1 (0.4)

Pulmonary embolism 1 (0.4)

Data are presented as number (%).

Table S2 Post-treatment results of 227 patients

Characteristics Value

Maximal duration of post-treatment hospitalization, days

Mean ± SD 3.9±4.4

Median 2

Range 1–38

Adverse event†

Present 61 (26.9)

Grade 2 56 (24.7)

Grade 3 5 (2.2)

Absent 166 (73.1)

30-day mortality

Present 0 (0.0)

Absent 227 (100.0)

60-day mortality

Present 2 (0.9)

Absent 225 (99.1)

Data are presented as mean ± SD, median, range or number 
(%). †, adverse events were defined as adverse events of grade 
2 or higher according to the Common Terminology Criteria for 
Adverse Events, version 5. SD, standard deviation.
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Table S4 Clinical predictors of adverse event (grade 2 or higher) according to uni- and multivariate analyses based on the patients

Characteristics No. of patients
Univariate analysis Multivariate analysis

OR (95% CI) P value OR (95% CI) P value

Age at operation, years

<65 107 1 –

≥65 120 0.75 (0.42–1.35) 0.331 – –

Sex

Female 79 1 –

Male 148 1.54 (0.81–2.93) 0.185 – –

Smoking status

Nonsmoker 102 1 –

Current or former smoker 125 0.95 (0.53–1.71) 0.859 – –

ECOG PS

0 160 1 –

1 67 1.00 (0.53–1.90) 0.999 – –

Diabetes mellitus

Absent 199 1 –

Present 28 0.56 (0.30–1.53) 0.256 – –

Interstitial pneumonia

Absent 199 1 1

Present 28 2.47 (1.08–5.62) 0.032 2.58 (1.11–5.99) 0.028

History of ipsilateral surgery

Present 64 1 1

Absent 163 2.46 (1.16–5.21) 0.019 2.53 (1.18–5.42) 0.017

History of RT to the target tumor

Absent 182 1 –

Present 45 0.63 (0.28–1.39) 0.248 – –

History of chemotherapy

Absent 124 1 –

Present 103 1.77 (0.98–3.20) 0.059 – –

Freezing time

5-5-10 min (before July 2006) 75 1 –

5-10-10 min (after July 2006) 152 1.25 (0.66–2.36) 0.493 – –

Tumor location

Noncentral 165 1 –

Central† 62 0.93 (0.48–1.80) 0.824 – –

Total no. of cryoprobes

1 35 1 –

≥2 192 1.57 (0.65–3.80) 0.322 – –

Total no. of sessions

1 150 – –

≥2 77 1.52 (0.83–2.79) 0.174 – –

Data are presented as number, OR (95% CI) or P value. †, center of tumor located in the inner one third of the lung field. OR, odds ratio; 
CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; PS, performance status; RT, radiation therapy.


