
VASCULAR & INTERVENTIONAL RADIOLOGY
Iran J Radiol. 2021 April; 18(2):e113389.

Published online 2021 July 18.

doi: 10.5812/iranjradiol.113389.

Research Article

Computed Tomography-Guided Cryoablation for Adrenal Metastasis

Secondary to Non-small-cell Lung Cancer

Jie-Fei Cheng 1, Wen Xu 2 and Pei-Pei Liu 3, *

1Department of Radiology, The Fourth People’s Hospital of Taizhou, Taizhou, 225300 Jiangsu Province , China
2Department of Interventional Radiology, Zhejiang Taizhou Hospital, Taizhou, 317000 Zhejiang Province, China
3Department of Radiology, Xuzhou Central Hospital, Xuzhou, 221000 Jiangsu Province, China

*Corresponding author: Department of Radiology, Xuzhou Central Hospital, Xuzhou, 221000 Jiangsu Province, China. Email: landuo89@163.com

Received 2021 January 30; Revised 2021 May 08; Accepted 2021 May 15.

Abstract

Background: Computed tomography (CT)-guided ablation has been used to treat adrenal metastasis (AM). However, the incidence
of AM secondary to non-small-cell lung cancer (NSCLC) has not been investigated.
Objectives: To assess the clinical efficacy of CT-guided cryoablation for treating AM secondary to NSCLC.
Patients and Methods: This retrospective study was performed among patients with AM secondary to NSCLC, undergoing CT-
guided cryoablation in our hospital. The rates of complete ablation, local recurrence, local recurrence-free survival (RFS), systematic
RFS, and overall survival (OS) were also analyzed.
Results: Thirty-four consecutive patients with AM secondary to NSCLC (16 cases of squamous cell carcinoma [SCC] and 18 cases of
adenocarcinoma) underwent cryoablation in our hospital. The primary complete ablation rates were 93.8% and 88.9% in the SCC
and adenocarcinoma groups, respectively (P = 1.000). Moderate blood pressure increases were observed in 7/34 (20.6%) patients
during cryoablation. The local recurrence of AM was observed in five and three patients in the SCC and adenocarcinoma groups,
respectively (P = 0.551). The median local RFS was 22 months in all patients, and there was no significant difference in terms of the
local RFS between the SCC and adenocarcinoma groups (38 vs. 17 months) (P = 0.093). The median systematic RFS was 28 months in
all patients, and the systematic RFS was significantly longer in the SCC group as compared to the adenocarcinoma group (56 vs. 19
months) (P = 0.001). The median OS was 34 months in all patients; it was significantly higher in the SCC group as compared to the
adenocarcinoma group (56 vs. 22 months) (P = 0.009).
Conclusion: CT-guided cryoablation can be a safe and effective treatment to control AM secondary to NSCLC.
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1. Background

Malignant tumors often metastasize to the adrenal
glands (1-3), and up to 27% of patients with known malig-
nant tumors exhibit adrenal metastasis (AM) upon autopsy
(4, 5). So far, no clinical trial has been conducted to estab-
lish the benefits of local AM treatment. However, multi-
ple studies have proposed that surgical resection may im-
prove the survival outcomes in patients with isolated AM
(6-10). Laparoscopic adrenalectomy (LA) is commonly used
to treat adrenal tumors (6-8). However, it is not an ap-
propriate treatment for patients with certain comorbidi-
ties and is associated with prolonged postoperative hospi-
talization (1). Percutaneous ablation strategies have been
used to treat adrenal tumors, with 89 - 100% complete ab-
lation rates (11-13). Generally, ablation is less invasive and
more cost-effective than LA (14).

Multiple studies have used computed tomography
(CT)-guided ablation to treat AM (1-3), achieving local one-
year recurrence-free survival (RFS) rates of 71 - 82% (1, 2).
However, these studies have evaluated AM secondary to
multiple primary cancers (e.g., lung, liver, renal, and col-
orectal cancers), which can potentially cause selection bias
in the results (1-3). However, the clinical effectiveness of
ablation for AM secondary to a specific malignant tumor
has not been evaluated in more detail in previous studies
(1-3). In this regard, Hasegawa et al. (1) performed radiofre-
quency ablation for 35 patients with AM and found that AM
from non-small-cell lung cancer (NSCLC) was a significant
indicator of poor prognosis. Therefore, it is important to
conduct studies to specifically evaluate the treatment of
AM secondary to NSCLC.
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2. Objectives

This study was designed to assess the efficacy of CT-
guided cryoablation as a treatment for AM secondary to
NSCLC.

3. Patients and Methods

The Institutional Review Board approved this retro-
spective single-center study, and the requirement for writ-
ten informed consent was waived.

3.1. Study Design and Eligibility Criteria

This study enrolled consecutive patients with AM sec-
ondary to lung cancer, undergoing CT-guided cryoablation
in our hospital between January 2015 and December 2019.
The inclusion criteria were as follows: (1) patients who were
not eligible for surgery or refused surgical resection; (2) pa-
tients who had undergone surgical resection of primary
NSCLC; (3) patients with AM≤ 5 cm in size; and (4) patients
with no extra-adrenal tumors at the time of admission. Pa-
tients were excluded if they exhibited adrenal vein inva-
sion or had infections, active bleeding, or significant coag-
ulation disorders.

3.2. Diagnostic Criteria

AM secondary to NSCLC was diagnosed based on the
patient’s history, abdominal CT results, and percutaneous
biopsy.

3.3. Cryoablation Procedure

Patients were placed in the prone position for access to
the posterior anatomic structure, and all procedures were
guided by CT scan (Philips, Amsterdam, Netherlands) un-
der local anesthesia. Argon-helium cryoablation (CryoHit,
Galil Medical, Israel) was conducted under local anesthe-
sia. Each cryoprobe had a 1.5 × 3.5 cm freezing area. Ab-
dominal CT scans were used to locate the tumors in pa-
tients and to assess the size of these tumors (Figure 1A).
Next, the cryoprobes were distributed according to tumor
shape and size (Figure 1B). Since the edge of the freezing
area had a temperature of 0°C, while a temperature below
-40°C is necessary to kill the cells, the overall freezing area
was approximately 0.5-1 cm beyond the tumor edge, with a
≤ 1.5 cm interval between pairs of cryoprobes (3).

Following cryoprobe placement, tumors were sub-
jected to two freeze-thaw cycles (ten minutes of freezing,
followed by three minutes of thawing). Freezing was per-
formed through rapid argon gas expansion in the sealed

cryoprobes, which reached a minimum tip temperature of
-140°C within a few seconds. Thawing was then performed
by replacing argon with helium gas. For confirmation of
the frozen tissue dimensions, abdominal CT scans were ac-
quired repeatedly following the cryoablation protocols.

Blood pressure increase and hypertensive crisis are
common intraoperative complications during ablation for
adrenal tumors (1-3). If a patient experiences a moderate
blood pressure increase, alpha-blockers should be used,
and blood pressure should be monitored until it returns
to normal. If the patient experiences a hypertensive cri-
sis, the procedure should be suspended, and β-blockers,
α-blockers, hydralazine hydrochloride, and sodium nitro-
prusside should be used.

3.4. Postoperative Management

After cryoablation was completed, the patients were
closely monitored for approximately 30 minutes and sub-
sequently returned to the general ward if no discomfort
was observed. The patients’ vital signs were also moni-
tored for an additional six hours.

3.5. Follow-up

Follow-up was routinely conducted from the time of
treatment until death or until the last visit during the
study. All data were collected in December 2020. Once per
month, the patients underwent a standard physical exam-
ination and blood collection for laboratory examinations,
including blood cell count and adrenal hormone measure-
ments. Besides, postoperative CT scanning was conducted
at 1, 3, 6, and 12 months following treatment and every 12
months thereafter.

3.6. Definitions of Terms

Complete ablation was defined as the lack of any de-
tectable tumor enhancement upon contrast-enhanced CT
evaluation within 3 - 5 days post-treatment (Figure 1C),
while residual CT enhancement was an indicator of par-
tial ablation (3). Cryoablation was repeated one week af-
ter treatment for cases with a detectable residual enhance-
ment. Local recurrence was defined by the presence of a
new tumor enhancement within the ablated region in the
first follow-up (3). Local RFS was defined as the time be-
tween treatment and the first detection of AM recurrence.
Patients who did not experience AM recurrence were con-
sidered as event negative. Besides, systematic RFS was de-
fined as the time between treatment and the first detection
of extra-adrenal recurrence. Patients who did not expe-
rience extra-adrenal recurrence were considered as event
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Figure 1. A 59-year-old man with left AM after lung squamous cell carcinoma (SCC) resection. (A) Contrast-enhanced CT images of a left adrenal metastasis (AM) exhibiting
significant enhancement (arrow). (B) Cryoablation procedures. The cryoprobes (long arrow) were placed into the tumor, and the frozen area could be seen on the CT image
(short arrow). (C) Contrast-enhanced CT scan, indicating no visible tumor enhancement after treatment (arrow).

negative. The overall survival (OS) was also defined as the
time between treatment and death or the last follow-up.
Patients who were still alive during the follow-up were con-
sidered as event negative.

3.7. Statistical Analysis

SPSS version 16.0 (SPSS Inc., IL, USA) was used for sta-
tistical analysis. Continuous data are presented as mean
and compared using t-test. Categorical and numerical data
were compared via χ2 test and Fisher’s exact test. Kaplan-
Meier curves were also used to assess the patients’ survival,
and a log rank test was used to compare the survival dura-
tion. Moreover, a Cox regression analysis was used to assess
the association between survival time and one or more pre-
dictive factors. Covariates that yielded a P-value < 0.1 in the
univariate analysis remained in the multivariate analysis.
The level of statistical significance was set at P < 0.05.

4. Results

4.1. Patient Sampling

Thirty-four consecutive patients with AM secondary to
NSCLC, undergoing cryoablation, were analyzed in this
study. Each enrolled patient had a single AM. The mean
number of used cryoprobes was 2.7 (range: 1 - 4). The pri-
mary NSCLCs included squamous cell carcinoma (SCC) (n =
16) and adenocarcinoma (n = 18); there was no other patho-
logical type of primary NSCLC in this study. The baseline
data of the patients are presented in Table 1.

The mean and median follow-up of the patients were
28.8± 15.9 and 22 months, respectively. No patient was lost
to the follow-up. The mean follow-up duration was signifi-
cantly longer in the SCC group as compared to the adeno-
carcinoma group (35.9 ± 14.9 vs. 22.6 ± 14.4 months) (P =
0.013). There were six and seven patients in the SCC and

adenocarcinoma groups, who underwent chemotherapy
after cryoablation, respectively (P = 0.311).

4.2. Complete Ablation Rate

The primary complete ablation rates were 93.8% (15/16)
and 88.9% (16/18) in the SCC and adenocarcinoma groups,
respectively (P = 1.000) (Table 2). In all patients, the primary
complete ablation rate was 91.1%, and the second complete
ablation rate was 100%.

4.3. Procedure-Related Complications

Moderate blood pressure increases were observed in
7/34 (20.6%) patients during cryoablation (n = 5 in the SCC
group and n = 2 in the adenocarcinoma group) (P = 0.306).
The increase in systolic or diastolic blood pressure was
less than 10 mmHg in these seven patients. They were
treated with alpha-blockers immediately after the cryoab-
lation procedure was completed and were closely moni-
tored until their blood pressure returned to normal. No pa-
tient suffered from a hypertensive crisis, hematoma, hem-
orrhage, or damage to the surrounding tissues following
cryoablation.

4.4. Local RFS

The local recurrence of AM was reported in five and
three patients in the SCC and adenocarcinoma groups, re-
spectively (P = 0.551). The median time from treatment un-
til local recurrence was 18 months in these eight patients
with local recurrence. They were treated with a second
cryoablation. The median local RFS was 22 months in all pa-
tients, and there was no significant difference in the local
RFS between the SCC and adenocarcinoma groups (38 vs. 17
months) (P = 0.093). The one-, three-, and five-year local re-
currence rates were 0%, 20.7%, and 40.5% in the SCC group,
respectively, while the corresponding rates were 11.1%, 17.9%,
and 17.9% in the adenocarcinoma group, respectively.
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Table 1. The Baseline Data of 34 Patients Included in This Study

Squamous cell carcinoma Adenocarcinoma P-value

Patient number 16 18 -

Age (y) 59.6 ± 8.8 57.2 ± 11.1 0.492

Sex (male/female) 10/6 14/4 0.549

Tumor stage in previous surgery 0.405

Stage I 7 4

Stage II 6 9

Stage III 3 5

Time from previous surgery until
the onset of AM (mo)

20.4 ± 8.5 19.7 ± 10.4 0.816

Previous chemotherapy 6 10 0.292

Chemotherapy after cryoablation 6 7 0.934

Adrenal tumor number 16 18 -

Tumor size (cm) 2.9 ± 0.7 3.0 ± 0.5 0.676

Tumor side 0.681

Left 10 10

Right 6 8

Abbreviations: AM, adrenal metastasis.

Table 2. Treatment Characteristics in Patients with Different NSCLC Types

Squamous cell carcinoma Adenocarcinoma P-value

Patient number 16 18 -

Primary complete ablation 15 16 1.000

Secondary complete ablation 16 18 -

Local recurrence 5 3 0.551

Extra-adrenal recurrence 2 3 1.000

Median local RFS (mo) 38 17 0.093

Median systematic RFS (mo) 56 19 0.001

Median OS (mo) 56 22 0.009

Abbreviations: RFS, recurrence-free survival; OS, overall survival; NSCLC, non-small-cell lung cancer.

4.5. Systematic RFS

Extra-adrenal recurrence was observed in two and
three patients in the SCC and adenocarcinoma groups, re-
spectively (P = 1.000). The median time from treatment un-
til systematic recurrence was 15 months in these five pa-
tients with extra-adrenal recurrence. Four of these patients
experienced a recurrence of primary NSCLC, and one pa-
tient showed liver metastasis. The median systematic RFS
was 28 months for all patients, and the systematic RFS was
significantly longer in the SCC group compared to the ade-
nocarcinoma group (56 vs. 19 months) (P = 0.001). The one-,
three-, and five-year systematic recurrence rates were 6.2%,
14.8%, and 14.8% in the SCC group, respectively, while the

corresponding rates were 6.7%, 42.6%, and 42.6% in the ade-
nocarcinoma group, respectively.

4.6. OS Rates

There were 23 deaths during the study; nine and 14 pa-
tients in the SCC and adenocarcinoma groups died due to
tumor progression during the follow-up, respectively (P
= 0.774). The median OS was 34 months in all patients,
and the median OS was significantly longer in the SCC
group as compared to the adenocarcinoma group (56 vs.
22 months) (P = 0.009). The one-, three-, and five-year mor-
tality rates were 0%, 31.2%, and 54.9% in the SCC group, re-
spectively, while the corresponding rates were 11.1%, 83.7%,
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and 83.7% in the adenocarcinoma group, respectively.
The Cox regression analysis revealed that age (hazard

ratio [HR]: 1.106; 95% CI: 1.045 - 1.171; P = 0.001), primary ade-
nocarcinoma (HR: 8.141; 95% CI: 2.461 - 26.928; P = 0.001),
and primary stage III NSCLC (HR: 7.560; 95% CI: 2.006 -
28.493; P = 0.003) were independently predictive of poor
OS (Table 3). Surprisingly, chemotherapy following cryoab-
lation was not associated with OS (HR: 2.152; 95% CI: 0.888 -
5.213; P = 0.090).

5. Discussion

Commonly, AMs are treated via CT-guided radiofre-
quency ablation and microwave ablation (1, 2, 13). More re-
cently, cryoablation approaches have been applied to treat
AM and other malignant tumors, since they cause less pain,
allow for visualization of the treatment zone, and are bene-
ficial for better healing (3, 12). Our findings suggested that
CT-guided cryoablation can be a safe and effective treat-
ment to control AM secondary to NSCLC. The success rates
of primary and secondary ablations in the present cohort
were 91.1% and 100%, respectively. These high success rates
might be attributed to the mean AM size in this study (3
cm).

In previous studies regarding CT-guided radiofre-
quency, microwave ablation, and cryoablation for AM
patients, the mean AM size ranged from 3 to 3.7 cm (1-3).
The success rates of primary and secondary ablations
in this study are comparable to those reported in other
studies of CT-guided radiofrequency, microwave ablation,
and cryoablation for AM patients (1-3). Besides, there was
no significant difference in the primary ablation rates be-
tween patients with SCC and adenocarcinoma (P = 1.000).
This finding indicated that the success rate of cryoablation
was not influenced by the pathological type of primary
NSCLC.

The local recurrence rate was reported in 7/34
(20.5%) patients in the present cohort, which is com-
parable to the rate reported in a previous study of mi-
crowave/radiofrequency ablation for AM secondary to
NSCLC (22%) (13). Similarly, other studies reported a 20%
local recurrence rate for AM secondary to liver cancer
(15). Moreover, we found that the median time until local
progression was 18 months, which is within the range re-
ported in studies using microwave ablation for 24 months
and radiofrequency ablation for 8.6 months (1, 16). Besides,
the local recurrence rate (P = 0.551) and local RFS (P = 0.931)
were not significantly different between patients with
primary SCC and adenocarcinoma in this study. Overall,
these results demonstrated that the local recurrence rate

and time were not influenced by the ablation method or
primary cancer type. The local control rate reached 79.5%
in the present study, which is very close to that reported in
patients undergoing adrenalectomy (77 - 83%) (3, 4).

Regarding regional recurrence, 5/34 (14.7%) patients ex-
perienced extra-adrenal recurrence. The five-year system-
atic RFS rates were very low in both groups of patients with
primary SCC and adenocarcinoma (11.9% and 0%, respec-
tively). Since cryoablation is a local treatment, it has lim-
ited effects on distant recurrence. Radiological examina-
tion is critical for identifying extra-adrenal recurrence and
ensuring that proper treatment is administered on time.

A previous study on CT-guided AM ablation showed
that the OS of patients with AM secondary to NSCLC was sig-
nificantly lower than that of patients with AM secondary to
other cancer types (1). In this study, we found that the me-
dian OS was 34 months in all patients, which is longer than
18.9 months reported in a previous study (1). This discrep-
ancy might be attributed to different patient inclusion cri-
teria, as all of our patients had undergone surgical resec-
tion of primary NSCLC.

We also found that the median OS was significantly
longer in the SCC group as compared to the adenocarci-
noma group (56 vs. 22 months) (P = 0.009). The Cox regres-
sion analysis also revealed that primary SCC was a predic-
tor of longer OS. It was also shown that the NSCLC subtype
is an important determinant of metastasis and patient sur-
vival. Many studies have reported that lung adenocarci-
noma is more prone to lymph node metastasis than SCC (17,
18). This may explain why patients with primary SCC in our
study had a longer OS as compared to patients with adeno-
carcinoma. Age and stage III primary NSCLCs were both in-
dependent predictors of OS in our cohort. Age was likely
to be an adverse prognostic factor, partly because older
patients were often immunocompromised; therefore, tu-
mors in older patients progress faster than younger pa-
tients (1).

Chemotherapy is a common procedure to treat NSCLC.
However, in our multivariate Cox regression analysis, no
significant association was found between chemotherapy
and patient survival (P = 0.090). This may be attributed
to the limited sample size of this study. Further studies
on a larger cohort of patients are warranted to determine
whether chemotherapy exerts beneficial effects on patient
survival. The ablation of adrenal tumors has been found
to be associated with the incidence of a hypertensive crisis
(2, 11). It is known that a thermal ablation causes signifi-
cant temperature increases in the target tissues and is as-
sociated with higher hypertensive crisis rates as compared
to other forms of ablation (3). Several moderate hyperten-
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Table 3. Univariate and Multivariate Cox Analyses of the Overall Survival (OS)

Variables
Univariate analysis Multivariate analysis

Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value

Age 1.048 1.001 - 1.097 0.047 1.106 1.045 - 1.171 0.001

Gender 0.694 0.234 - 1.796 0.405

Tumor size 1.655 0.810 - 3.381 0.167

Tumor side

Right 1

Left 0.557 0.227 - 1.368 0.202

Lung cancer

Squamous cell carcinoma 1 1

Adenocarcinoma 3.003 1.251 - 7.209 0.014 8.141 2.461 - 26.928 0.001

Tumor stage in previous surgery

Stage I 1 1

Stage II 1.652 0.587 - 4.645 0.341 1.666 0.577 - 4.809 0.345

Stage III 3.740 1.177 - 11.887 0.025 7.560 2.006 - 28.493 0.003

Chemotherapy before
cryoablation

No

Yes 1.828 0.776 - 4.304 0.167

Chemotherapy after
cryoablation

No 1

Yes 2.370 0.993 - 5.656 0.052 2.152 0.888 - 5.213 0.090

Abbreviation: CI, confidence interval.

sion cases were identified and provided with timely blood
pressure control medications. However, no case of a hyper-
tensive crisis was found in the present cohort; therefore,
timely blood pressure control after cryoablation may de-
crease the incidence of a hypertensive crisis (3).

There are several limitations to this study. Firstly, this
was a retrospective analysis and is therefore, subjected to
selection bias. Secondly, this was a single-center study with
a small sample size; therefore, caution must be taken when
generalizing the results to a larger patient population or
over longer follow-up periods. Thirdly, this study did not
include a comparison group of patients with some other
forms of ablation; therefore, further multi-center random-
ized controlled trials are crucial to validate and expand
these findings. Fourthly, only some of our patients re-
ceived postoperative chemotherapy, based on their clini-
cal status. Some of the patients did not receive chemother-
apy because of their poor economic status, while some pa-
tients refused to receive chemotherapy after cryoablation;
this definitely increased the risk of bias.

In conclusion, CT-guided cryoablation can be a safe and
effective treatment for AM secondary to NSCLC; patients
with AM secondary to SCC may benefit the most from this
treatment.
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