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Abstract
Background: This study compared a co-ablation (CA) system, which is a novel
ablation device, with an argon-helium cryoablation (AHC) system. We aimed to
compare the efficacy and safety of CA and AHC for the treatment of stage III–
IV non-small cell lung cancer (NSCLC).
Methods: We conducted a multicenter randomized controlled trial (RCT) to
determine whether CA was noninferior to AHC. The primary efficacy endpoints
were the iceball coverage rate (ICR) and the disease control rate (DCR) one
month after treatment. Noninferiority was declared if the lower limit of two-
sided 95% confidence interval (CI) was less than 10%. The ICR and DCR were
identified by logistic regression. Treatment safety was assessed.
Results: A total of 81 patients underwent randomization (41 assigned to the CA
and 40 assigned to the AHC groups)and transthoracic ablation. The ICRs in the
CA and AHC groups were 99.24% � 2.18% and 98.66% � 3.79%, respectively.
Central lesions were associated with an increased risk of an incomplete ICR. The
DCRs in the CA and AHC groups were 97.6% and 95%, respectively. A smaller
lesion area in the CA group was significantly correlated with a better DCR. The
rate of complications was 29.26% in the CA group and 30% in the AHC group.
(P = 0.943). There was less probe usage per patient in the CA group.
Conclusions: We determined that CA is noninferior to AHC in terms of efficacy
and safety for the treatment of stage III–IV NSCLC. A smaller lesion area in the
CA group was significantly correlated with a better DCR.

Key points

• CA was noninferior to AHC for stage III–IV NSCLC.

Introduction

Lung cancer is a common cancer that accounts for 11.6%
of all cases and has led to 18.4% of all cancer-related
deaths according to a report on the global burden of cancer
worldwide in 2018.1 Cryoablation has been previously
shown to successfully treat lung cancer patients no longer

deemed suitable for surgical resection.2,3 Argon-helium
cryoablation (AHC) utilizes argon gas and helium gas for
freezing and thawing, respectively. However, the high pres-
sure of gas and inconvenience of helium make it difficult
to promote AHC in local hospitals. A Chinese scientist
named Liu Jing and his team invented a coablation
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(CA) system. This CA system is an internationally original
multimodal tumor ablation device that integrates the
advantages of cryoablation and high-intensity thermal
ablation by breaking through many technological bottle-
necks. In the freezing mode, the temperature can be
decreased as low as −196�C. Freezing causes the formation
of ice crystals inside and outside cells, as well as cell dehy-
dration, resulting in mechanical damage to cell membranes
and organelles. In the warming mode, the temperature can
be increased as high as 80�C. The alternation between
freezing and warming produces substantial thermal stress,
resulting in stronger mechanical damage. High tempera-
ture can effectively prevent bleeding in the puncture route
as well as tumor implantation metastasis. CA has been
proven to be effective in previous experiments.4–6 To date,
no reports have compared the clinical efficacy or safety of
CA and AHC.We carried out a prospective, noninferiority,
randomized, controlled trial (RCT) to compare the perfor-
mance of CA and AHC in patients with stage III–IV non-
small cell lung cancer (NSCLC).

Methods

Trial design

A multicenter (four centers), noninferiority, parallel-group
RCT was conducted in China. Patients were randomly
assigned to two groups, initially at a 1:1 ratio, to receive
either CA or AHC. The RCT protocol was reviewed and
approved by the Ethics Review Committee at each clinical
trial center. All participants provided their written
informed consent before enrollment. An independent end-
point committee assessed all endpoints according to
prespecified criteria. The members of this committee were
blinded to the treatment and other results of the patients.

Study participants

Patients were recruited from four centers. Eligible patients
were adults aged 18–80 years who were diagnosed with
stage III–IV NSCLC according to the seventh edition of
the tumor-node-metastasis (TNM) classification7 (having
the following features: the diameter of the lesion was
2–5 cm, and the lesions could be measured and ablated).
Other eligibility inclusion requirements included having a
life expectancy >three months and being willing to com-
plete the entire study.
The exclusion criteria included: (i) undergoing invasive

treatment within one month; (ii) having undergone previ-
ous chemoradiotherapy within two months; (iii) being
unable to lie flat, pregnant or lactating; (iv) participating in
other clinical trials; (v) evidence of active infection;
(vi) presence of psychiatric illness; (vii) uncontrolled

coagulopathy or bleeding disorder; (viii) tumor associated
with atelectasis or obstructive pneumonitis; and
(ix) relapsing after other treatments within three months.

Interventions

Ablation procedures were performed under local anesthesia
in an interventional suite with computed tomography
(CT) image guidance. 81 patients with 83 lesions received
transthoracic ablation. Under CT guidance, percutaneous
puncture to the focus lesion was achieved with a probe in
its planned route.
The HJY CHS 800001 Co-ablation system (Hygea Medi-

cal Technology Co., Beijing, China) was used in the CA
group; the equipped probe was 2.6 mm in diameter. Liquid
nitrogen was delivered into the probe to decrease the probe
temperature to as low as −196�C upon transition from a
liquid to a gas phase in the probe. Alcohol steam was deliv-
ered to increase the probe temperature to as high as 80�C
upon transition from a gas to a liguid phase in the probe.
A cryocare surgical system (Endo-Care, Irvine, California)
equipped with a 2.4 mm diameter cryoprobe was used in
the AHC group. High-pressure argon and helium gas were
used for freezing and thawing based on the Joule-Thomson
effect. The protocol was two freeze–thaw cycles (15–-
20 minutes freeze, five-minutes thaw). Each procedure was
monitored with noncontrast CT at 5–10 minutes intervals
to visualize the evolving ablation zone.The number and
orientation of the probes were based on the size and geom-
etry of the tumors. The size of the iceball was recorded.
After the probes were removed, CT images were obtained
to identify any potential complications.

Outcomes

The primary endpoints were the iceball coverage rate
(ICR) during the procedure and the disease control rate
(DCR) one month after the procedure. The ICR was calcu-
lated as the largest axial area of iceball divided by the max-
imum axial area of the lesion. Follow-up chest CT scans
with contrast enhancement were carried out one month
after the procedure. We assessed the DCR based on the
New Response Evaluation Criteria in Solid Tumours.8 The
secondary endpoints were satisfaction with the device, tol-
erance to pain and quality of life (QOL). The pain response
to ablation was assessed by the Numeric Rating Scale
(NRS). QOL was evaluated by the QOL scale. Safety assess-
ments included treatment-related adverse events,which
were recorded on a per treatment basis and were classified
following the Common Terminology Criteria for Adverse
Events (CTCAE) of the National Cancer Institute.9 They
were judged by the endpoint review committee to be caus-
ally related to the treatment. All follow-up assessments
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were performed by study personnel who were unaware of
the treatment assignments.

Sample size

Based on an expected incidence of the primary endpoint
ICR/DCR of 98% at one month in the AHC group and
with a noninferiority margin of 10%, we calculated that a
sample size of 80 patients would be required for the trial to
have 80% power to test the noninferiority of CA to AHC,
with a two-sided alpha level of 0.05 and an anticipated
dropout rate of 20%. All sample size calculations were
made by PASS 11 (NCSS, LLC. Kaysville, Utah, USA).

Randomization

The randomization sequence was created using SAS 9.3
(SAS Institute, Cary, NC, USA) statistical software and was
stratified by center with a 2:2 allocation using random
block sizes of 2, 4, and 6. Block randomization was gener-
ated by a computer random number list prepared by an
investigator with no clinical involvement in the trial.
After patient acceptance and before admission to the

center, the appropriate numbered envelope was opened at
the central office; the card inside assigned the patient to
the CA or AHC group, and this information was then
given to the medical officer of the center.

Blinding

The patients and physicians allocated to the intervention
group were aware of the allocated arm, but the outcome
assessors and data analysts were blinded to the allocation.

Statistical analysis

Analysis of the primary endpoints was performed on both
the full analysis set (FAS) and the per protocol set (PPS).
Other analyses were based on the FAS. The FAS was
defined according to the intention-to-treat principle,which
included all patients who underwent randomization and
their randomly assigned ablation procedure. The PPS con-
sisted of patients who were treated and did not have a
major protocol deviation. A major protocol deviation was
defined as a deviation that confounded the efficacy end
point.
Categorical variables were analyzed by the χ test or Fish-

er’s exact test. Continuous variables were compared using
the t-test or Wilcoxon signed-rank test. The primary end-
points (ICR and DCR) were tested for noninferiority. Non-
inferiority was declared if the lower limit of the two-sided
95% confidence interval (CI) was less than 10%. Variables
that were potentially predictive of an incomplete ICR were

analyzed by binary logistic regression analysis. Factors that
exhibited the DCR were analyzed by ordinal logistic regres-
sion analysis. The strength of associations was described by
using the odds ratio (OR) and 95% CI. P-values lower than
0.05 were considered statistically significant. Data were
analyzed using SAS 9.3 (SAS Institute, Cary, NC, USA).

Results

Participant recruitment and flow

Between 2013 and 2015, 81 patients were recruited and
randomly assigned to the CA (n = 41) or AHC group
(n = 40). The Consolidated Standards of Reporting Trials
(CONSORT) flow diagram is shown in Fig 1. Patients were
followed-up for one month after the procedure.

Baseline data

The baseline data identified approximately 70.4% of
patients as male and 29.6% as female,with 22.2% of
patients having stage IIIa NSCLC, 17.3% of patients having
stage IIIb, 59.3% of patients having stage IV, and 1.2% of
patients having an unknown stage. The patient baseline
characteristics were comparable between the two groups
(Table 1).

Data analyzed

Data from 41 patients in the CA group and 40 patients in
the AHC group were available in the FAS. One patient was
lost to follow-up in the CA group, and another patient did
not meet the eligibility criteria. In the AHC group, two
patients were lost to follow-up. Thus, 39 patients in the
CA group and 38 patients in the AHC group remained in
the PPS. The primary and secondary outcomes in the FAS
and PPS are detailed in Tables 2 and 3. The outcome of
safety and other results are detailed in Table 4.

Primary endpoints

The difference in the ICR between the two groups was
10.58% (95% CI: 9.24% to 11.9%) in the FAS. The differ-
ence in the ICR between the two groups was 10.79% (95%
CI: 9.39% to 12.18%) in the PPS.
The difference in the DCR between the two groups was

3.3% (95% CI: −4.7% to 12.1%) in the FAS. The difference
in the DCR between the two groups was 0% (95% CI:
−9.1% to 9.3%) in the PPS.
The primary endpoints met the criteria confirming non-

inferiority for the CA and AHC groups. According to
bivariate analysis, the central lesion was associated with an
increased risk of an incomplete ICR (Table 5). According
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to univariate analysis, the CA group and a small lesion area
were significantly associated with a better DCR (Table 6).
Figure 2 shows the successful treatment of a lesion in

the upper lobe of the left lung with a complete response
(CR) to CA throughout the follow-up period.

Secondary endpoints

The satisfaction rate with the application convenience of
the two devices was 100%. There was no difference in pain
scores between the CA and AHC groups during the proce-
dure. The difference in QOL before and after the proce-
dure was similar.

Safety

The occurrence of complications was similar between the
CA and AHC groups: 29.26% (12/41) and 30% (12/40),
respectively (P = 0.943). No serious adverse events were
observed. Pneumothorax, pleural effusion, hemoptysis,
pericardial effusion, and local bleeding at puncture sites
similarly occurred in the CA and AHC groups.

Other results

The number of probes used per patient in the CA and
AHC groups was 1.85 � 0.82 and 2.73 � 1.15, respectively
(P = 0.000).

Figure 1 The CONSORT flow diagram.
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Table 1 Demographic and disease characteristics at baseline

CA group (n = 41/lesion = 42) AHC group (n = 40/lesion = 41) P-value

Age-year (mean � SD) 62.49 � 9.74 64.73 � 8.95 0.285
Sex n (%) 0.678
Male 28 (68.3%) 29 (72.5%)
Female 13 (31.7%) 11 (27.5%)

Tumor location n (%) 0.086
Central 20 (47.6%) 12 (29.3%)
Peripheral 22 (52.4%) 29 (70.7%)

Pathology n (%) 1.000
Squamous 11 (26.2%) 12 (29.3%)
Adenocarcinoma 29 (69%) 28 (68.3%)
Large cell carcinoma 1 (2.4%) 0 (0%)
Unknown 1 (2.4%) 1 (2.4%)

Stage n (%) 0.605
IIIa 7 (17.1%) 11 (27.5%)
IIIb 7 (17.1%) 7 (17.5%)
IV 26 (63.4%) 22 (55%)
NA 1 (2.4%) 0 (0%)

Pulmonary resection history n (%) 0.928
Yes 16 (39.0%) 16 (40.0%)
No 25 (61.0%) 24 (60.0%)

Radiotherapy or chemotherapy history n (%) 0.107
Yes 16 (39.0%) 9 (22.5%)
No 25 (61.0%) 31 (77.5%)

Cardiovascular or pulmonary risk n (%) 0.141
Yes 20 (48.8%) 26 (65%)
No 21 (51.2%) 14 (35%)

Long axis of lesion cm (mean � SD) 4.01 � 0.96 4.00 � 1.10 0.966
Short axis of lesion cm (mean � SD) 3.25 � 1.17 3.22 � 1.05 0.909
Largest area of the lesion cm2

(mean � SD)
14.34 � 7.24 13.99 � 7.87 0.835

Table 2 Results in the full analysis set (FAS)

FAS
CA group (n = 41/

lesion = 42)
AHC group (n = 40/

lesion = 41)
95% confidence

interval P-value

Primary endpoint
ICR (99.24 � 2.18)% (98.66 � 3.79)% 0.394
Difference between groups 10.58% 9.24%–11.9%

DCR 40 (97.6%) 38 (95%)
Difference between groups 3.3% −4.7%–12.1%

Response rate n (%) 0.463
CR 17 (41.5%) 11 (27.5%)
PR 22 (53.7%) 24 (60%)
SD 1 (2.4%) 3 (7.5%)
PD 1 (2.4%) 2 (5%)

Secondary endpoint
Satisfaction with the device 100% 100% NA
Pain score 0.46 � 0.87 0.68 � 1.07 0.331
Difference in QOL before and after
procedure

13.47 � 4.49 15.22 � 5.05 0.130

CR, complete response; DCR, disease control rate; ICR, iceball coverage rate; PD, progressive disease; PR, partial response; QOL, quality of life;
SD, stable disease.
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Discussion

Cryoablation has been previously shown to be successful in
treating lung cancer.10,11

In this study, coablation was compared with argon-helium
cryoablation in the treatment of stage III–IV NSCLC. No sig-
nificant difference were observed in efficacy and safety. There
was less probe usage per patient in the CA group. Central
lesions were associated with an increased risk of an incom-
plete ICR. A smaller lesion area in the CA group was signifi-
cantly correlated with a better DCR.

In this study, there was no significant difference in the
ICR between the CA and AHC groups. The only signifi-
cant predictor of an incomplete ICR was a central lesion.
This is consistent with the study of Wang et al.10 who
found that tumor size and location were correlate with ice
coverage. The ICR is a key factor directly related to cell
death in cryoablation. The lethal zone can be achieved
when the cryozone is located 5–10 mm beyond of the
tumor.12 To achieve higher iceball coverage, the following
measures should be taken: (i) adjust the position of the
probe after rewarming if the expected iceball coverage is

Table 3 Results in the per protocol set (PPS)

PPS CA group (n = 39/lesion = 40) AHC group (n = 38/lesion = 39) 95% confidence interval P-value

Primary endpoint
ICR (99.38 � 2.00)% (98.59 � 3.87)% 0.264
Difference between groups 10.79% 9.39%–12.18%

DCR 40 (100%) 39 (100%)
Difference between groups 0% −9.1%–9.3%

Response rate n (%) 0.125
CR 17 (43.6%) 11 (28.9%)
PR 22 (56.4%) 24 (63.2%)
SD 0 (0%) 3 (7.9%)
PD 0 (0%) 0 (0%)

CR, complete response; DCR, disease control rate; ICR, iceball coverage rate; PD, progressive disease; PR, partial response; SD, stable disease.

Table 4 Complications and other results in the full analysis set (FAS)

FAS CA group (n = 41/lesion = 42) AHC group (n = 40/lesion = 41) P-value

Complications n (%)
Overall 12 (29.26%) 12 (30%) 0.943
Pneumothorax 4 (9.8%) 5 (12.5%) 0.737
Pleural effusion 2 (4.87%) 3 (7.5%) 0.675
Hemoptysis 6 (14.63%) 2 (5%) 0.264
Pericardial effusion 0 (0%) 1 (2.5%) 1.000
Local bleeding at puncture sites 0 (0%) 1 (2.5%) 1.000

Other results
No of probes per patient (mean � SD) 1.85 � 0.82 2.73 � 1.15 0.000

Table 5 Binary logistic regression analysis of complete iceball coverage rate (ICR)

Variable

Parameter B SE Wald df Significance Exp (B) Exp (B) 95% confidence interval

Tumor location 1.365 0.662 4.256 1 0.039 3.917 1.071–14.329

Table 6 Ordinal logistic regression analysis of the disease control rate (DCR)

Variable

Parameter B SE Wald df Significance Exp (B) Exp (B) 95% confidence interval

Largest area of the lesion 0.002 0.0007 8.506 1 0.004 1.002 1.001–1.003
Group 1.248 0.6225 3.978 1 0.046 3.483 1.002–11.869
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not satisfactory; (ii) increase the number of probes, and
(iii) adopt isolation methods to reduce the heat-sink effect.
For stage III–IV NSCLC, the DCR in the CA group in

both the FAS and PPS confirmed noninferiority for the
AHC group,which was similar to the previously reported
rate of 82%.13 Gao et al.14reported a longer follow-up
period of three months with a local tumor progression rate
of 13.6% (4/31) for stage IIIB/IV advanced NSCLC. For
stage I lung cancer, local tumor progression occured in 3%
of patients with a median follow-up of 23 months.3 Abla-
tion is especially suitable for those middle-aged and elderly
patients who either refuse or cannot tolerate surgery
because of poor PS, significant cardiovascular risk, poor
pulmonary function, and/or comorbidities. It is an option
after the failure of other treatments. As a part of compre-
hensive treatment, it can effectively reduce the tumor load
and control tumor progression. In our study, the option of
ablation was decided following discussion between a multi-
ple disciplinary team (MDT) and according to the NCCN
guidelines for NSCLC. Among the participants, 39.5% of
the patients relapsed after surgery, 30.86% relapsed after
radiotherapy or chemotherapy, 56.79% had significant car-
diovascular risk or poor pulmonary function, and 3.7%
had poor PS.

In our study, the CA group was a predictor of a better
DCR. As the baseline characteristics of the patients were
similar, fewer probes were used in the CA group, indicat-
ing that the probe used in the CA system is more powerful.
This may be attributed to different cryogens and mecha-
nisms between the two devices. The alternation of freezing
and warming produces huge thermal stress, resulting in
stronger mechanical damage. Liu and his colleagues
invented the co-ablation system. They investigated the effi-
cacy of alternating cooling and heating in many tissues.5,6

The differential scanning calorimetry (DSC) experiment
demonstrated alternate cooling and heating damage
resulted in physicial and component destruction. The ben-
efits of co-ablation may also contribute to the conse-
quences of subsequent heating, resulting in a lower phase
transition temperature. In the in vitro experiment, as the
thaw cycle initiated, a sharp drop in transient strain and
thermal shock rings were both observed in swine. Jing
et al.5 compared the performance of the liquid nitrogen
and absolute ethanol-based co-ablation system with the
argon and helium-based cryoablation system. The cooling
rates were similar, whereas the coablation system achieved
a lower temperature resulting in a larger area of lethal
zone. Shen et al.15 reported that alternate cold and heat

Figure 2 A 77-year-old woman with a 3.53 × 3.44 cm adenocarcinoma lesion received co-ablation. (a) Initial computed tomographic (CT) scans
before ablation show a lesion in the upper lobe of the left lung. (b) Co-ablation was performed in the prone position using a probe. CT scan shows
an iceball during co-ablation. (c, d) Contrast CT scans one month after the procedure show no residual enhancement of the mass.

Thoracic Cancer 12 (2021) 475–483 © 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 481

W. Yang et al. Co-ablation versus cryoablation in NSCLC



ablation (using ethanol and water as cooling and heating
fluid) could result in severe vascular injury and a large area
of tumor cell debris. Zhang et al.16 utilized both the
cryoablation system and RFA to achieve the combined
ablation goal. They compared the results of freezing alone
and freezing-heating in both ex vivo and in vivo experi-
ments. The histopathology results showed that freezing-
heating induced a larger coagulative necrosis zone. The
combined model could offer an inferior advantage based
on the results of alternating cold and heat treatments. In
our study, the co-ablation system induced freezing and
heating through a single probe,which overcame many tech-
nical difficulties and resulted in a major breakthrough. The
study of different cryogens were also reported. Hewitt
et al.17 investigated the performance of cryotech LCS 3000
liquid nitrogen system and the CRYOcare argon gas-based
system. In a warm water bath (42�C), the diameter of
iceball produced by the liquid nitrogen system was larger
after five minutes of freezing.
Less area of the lesion was also significantly correlated

with a better DCR in our study, which was similar to pre-
vious reports. McDevitt et al.18found that a tumor diameter
>3 cm was associated with local progression. Yamauchi
et al.3 found that the existence of a thick vessel (dia-
meter ≥ 3 mm) no more than 3 mm from the edge of the
tumor was an independent factor associated with local pro-
gression. In contrast to radiofrequency ablation (RFA),
cryoablation results in a lower risk of local and regional
recurrence.3 The proper reason may be the ability of
cryoablation to visualize low-density iceball under image
guidance in order to reduce ablation omission. Georgiades
et al.19 reported that no viable cells were detected in the
cryoablated region in the kidney of adult swine.
The doctors were completely satisfied with the perfor-

mance and application of both devices. All patients toler-
ated local anesthesia well during the procedure. No
ablation procedure was terminated due to pain. There was
no significant difference in pain scores during the proce-
dure between the two groups. The minimally invasive
treatment has less impact on patient QOL. The recovery
time in the hospital was short. In our study, the change in
QOL between the two groups were similar. There was no
significant difference in QOL before or after operation.
The main complications after the cryoablation were

minor and patients were able to recover on their own.
Wang et al.10 reported pleural effusion in 14%, hemoptysis
in 62% and nerve palsy in 0.5% cases. In contrast to earlier
findings, however, in our study, the rate of adverse effects
was found to be lower. Inoue et al.20 reported a higher rate
of complication after 193 cryoablation sessions in
117 patients, with pneumothorax in 61.7%, pleural effusion
in 70.5%, and hemoptysis in 36.8%. In this study, a larger
number of probes was a significant predictor of

pneumothorax (P = 0.001), pleural effusion (P = 0.001)
and hemoptysis (P < 0.001).
Nowadays, current developments are focusing on

cryoimmunology,21,22 which might play an important role
in the future treatment of cancer. Some studies have found
that combined ablation could generate a more powerful
antitumor immune response,23,24 and cryoablation com-
bined with immunotherapy may significantly enhance anti-
tumor efficacy.25 Therefore, the strategy of combining
coablation and immune therapy may be the focus in our
future study.
In conclusion, CA is noninferior to AHC in terms of

efficacy and safety for the treatment of stage III–IV
NSCLC. A smaller lesion area in the CA group was signifi-
cantly correlated with a better DCR.
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