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Abstract: Objective: This study was designed to explore the clinical effect of cold and heat ablation on patients
with advanced lung cancer (LC) and its influence on immune function. Methods: Data of 104 cases of advanced LC
treated between July 2015 and April 2017 in the First Affiliated Hospital of Hunan University of Chinese Medicine
were retrospectively analyzed. Among them, 49 patients receiving argon helium cryoablation (AHC) were regarded
as group A, and 55 patients receiving radiofrequency ablation (RFA) were regarded as group B. The short-term
postoperative efficacy and local tumour control rate were compared between the two groups. The changes in im-
munoglobulin G (IgG), immunoglobulin A (IgA) and immunoglobulin M (IgM) were compared between the two groups
before and after treatment. After treatment, the changes in carcinoembryonic antigen (CEA) and cytokeratin 19 frag-
ment (CYFRA21-1) were compared between the two groups. During the treatment, the complications and incidence
of adverse reactions were compared between the two groups. Cox regression analysis was applied to analyze the
factors influencing the prognosis of patients. Results: There was no statistical difference in IgA, 1gG and IgM be-
tween the two groups after treatment (P>0.05). There was no statistical difference in CEA and CYFRA21-1 between
the two groups after treatment (P>0.05). There was no notable difference in disease control rate and response rate
between the two groups at 3 and 6 months after operation (P>0.05). The incidence of pleural effusion in group A
was obviously lower than that in group B (P<0.05). The incidence of intraoperative pain in group A was obviously
higher than that in group B (P<0.05). Age, clinical stage, CEA and CYFRA21-1 were found to be independent prog-
nostic factors impacting overall survival (P<0.05). Conclusion: AHC and RFA are minimally invasive procedures that
lead to few complications in the treatment of advanced LC. Cold and heat ablation is a relatively safe and effective
minimally invasive technique for tumour treatment, which is worthy of application and promotion in the clinical
treatment of LC.
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Introduction China is only 19.8%, which is much lower than
32.9% in Japan and 25.1% in Korea [3]. One
reason for this gap is the large number of
advanced cases of LC in China, because of a
high rate of late diagnosis [4]. Currently, the

treatment methods for LC are surgery and drug

Lung cancer (LC) is one of the malignant
tumours with the highest morbidity and mortal-
ity in China. According to statistics, non-small
cell lung cancer (NSCLC) accounts for 80-85%

of LC, and it is a primary cause of death in
patients with malignant tumours worldwide [1].
According to the statistics released by the
National Cancer Center in January 2019 [2],
the incidence and mortality of LC in China
ranked the first in 2015. It has been reported
that the 5-year survival rate in LC patients in

therapy, and drug therapy includes chemother-
apy, radiotherapy, targeted therapy, immuno-
therapy and interventional therapy [5].

Surgery is the first choice for the early treat-
ment of LC. However, only about 20% of patients
with LC can be found early and undergo radical
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surgical resection because of the insignificant
early symptoms [6]. Accordingly, most patients
are in the advanced stage at the time of diagno-
sis. Although radiotherapy and chemotherapy
have achieved good clinical results, the quality
of life of patients is greatly affected by serious
adverse reactions after treatment [7]. Over the
past few years, the advent of the corresponding
targeted drugs has obviously prolonged the sur-
vival time and improved the prognosis of
patients, but the application of targeted thera-
py is still limited by acquired drug resistance
and side effects [8]. Therefore, it is still neces-
sary to explore more effective, safe and low
drug resistance treatment methods for NSCLC.

With the continuous improvement of minimally
invasive techniques, microwave ablation, radi-
ofrequency ablation (RFA) which focused ultra-
sound ablation and argon helium cryoablation
(AHC) are gradually applied in clinic [9, 10].
Tumour ablation has been recommended by
NCCN and ESMO guidelines for malignant
tumours such as hepatocellular carcinoma and
NSCLC [11]. RFA can not only cause coagula-
tion necrosis of tumours, but also expose
tumour antigens, forming tumour necrosis fac-
tor (TNF) and interleukin (IL) to stimulate the
immune response [12]. Additionally, a series of
experiments have shown that tumour necrosis
release tumour antigens after cryoablation,
which induces specific immune response and
improves the immune function of tumour
patients through the processes of adsorption
and presentation of antigen presenting cells
[13].

This research was designed to analyse the
short-term curative effect and the difference of
immune function after AHC and RFA in patients
with advanced LC, so as to provide a basis for
the optimization and further application of mini-
mally invasive treatment of LC.

Methods and materials
Clinical data

Data of 104 cases of advanced LC treated
between July 2015 and April 2017 in The First
Affiliated Hospital of Hunan University of
Chinese Medicine were retrospectively ana-
lysed. Among them, 49 patients receiving AHC
were regarded as group A, and 55 patients
receiving RFA were regarded as group B. This
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study was approved by the Medical Ethics
Committee of The First Affiliated Hospital of
Hunan University of Chinese Medicine.

Inclusion and exclusion criteria

Inclusion criteria: (O patients who were diag-
nosed with primary LC by histological or cyto-
logical examinations before surgery; @ patients
with surgically unresectable advanced LC; 3
patients with intrapulmonary metastatic carci-
nomas that had been controlled and the num-
ber of metastases did not exceed 3; @ patients
whose lesions could be treated locally by AHC
or RFA; ® patients whose T cell subsets were
detected in peripheral blood before and after
operation; &) patients with complete clinical
data.

Exclusion criteria: (D patients who were treated
with EGFR-TKIs targeted drugs; @ patients with
severe coagulation dysfunction; @ patients
who had taken drugs affecting immune func-
tion within 3 months before treatment; @
patients with cardiopulmonary insufficiency or
liver and kidney insufficiency; & patients with
expected survival time less than 3 months.

Main instruments and equipment

CRYO-HITTM low temperature refrigeration sys-
tem (Ualil Medical, Israel) and Cool-tip radiofre-
quency ablation system (American, Weili) were
applied.

Therapeutic schemes

According to the preoperative enhanced CT
and/or PET/CT examinations, the location and
number of tumours, the surrounding organs,
blood vessels, nerves, etc. were determined,
and a reasonable needle insertion path and
ablation range were worked out. Based on the
location of the tumour and the basic situation
of the patient, an appropriate body position
was selected, labelled line was affixed, and CT
scan was conducted to determine the location
of the tumour, the puncture point, the angle
and depth of the needle insertion. The doctor
carried out routine disinfection and wore sterile
gloves. The 2% lidocaine (5 ml) was extracted
with a syringe, and local infiltration anaesthesia
was performed layer by layer along the punc-
ture point. Simultaneous injection and retrac-
tion were performed so as to not inject the
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anaesthetic into the bloodstream during local
anaesthesia.

AHC procedures: A number of argon-helium
cryoprobes with a diameter of 1.47 mm were
used to test the needle in vitro and ensure the
normal operation of the cryoprobes. According
to the preoperative plan, the needles were
inserted in a step-by-step manner and distrib-
uted in accordance with the appropriate situa-
tion. After the needles were inserted to the
ideal position, three-dimensional reconstruc-
tion was carried out if necessary, and the spa-
tial position of the cryoprobes was defined. The
distance between the cryoprobes and blood
vessels, trachea, nerves and gastrointestinal
tract was carefully evaluated to avoid possible
damages caused by cryoablation. The basic
principle of needle placement was that the dis-
tance between the needle and the great vessel
and trachea was generally 5 mm to 10 mm, and
the distance between each needle was kept
between 10 mm and 20 mm. ECG was adopted
for monitoring the vital signs of patients. The
argon-helium cryotherapy system was connect-
ed and frozen at maximum pressure. Mean-
while, sterile gloves were filled with warm water
to protect the skin of the surgical area. CT scan
was performed every 6 to 8 min to monitor the
size of the ice ball, and coronal and sagittal
reconstructions were performed when neces-
sary to understand the extent of ablation and
the relationship between ice ball and major
organs. The ablation range was determined to
be ideal, and then rewarming for 1 to 2 min was
used as one treatment cycle. Generally, 2
cycles were appropriate. At the end of the oper-
ation, CT scan showed that the lesion site was
a large area of ground-glass density. The abla-
tion of the tumour was completed, that is, the
ablation range was ideal, so the treatment cryo-
probes could be withdrawn. The puncture site
was covered with sterile dressing, and CT scan
was carried out to check whether there was
bleeding or pneumothorax after operation.
Patients with postoperative pain were given
symptomatic treatment such as dezocine and
kyffin.

RFA procedures: The radiofrequency electrode
needle was used and inserted into the planned
depth in a step-by-step manner according to
the planned needle insertion angle along the
positioning point. If necessary, three-dimen-
sional reconstruction was performed to deter-
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mine the position of the needle tip. The dis-
tance between the needle and blood vessels,
trachea, nerves and gastrointestinal tract was
carefully observed. After the needle was deter-
mined to enter the ideal position, the RFA sys-
tem was turned on (the power mode was 120 W
and the ablation time was 12 min). ECG was
adopted to monitor the vital signs of patients.
During ablation, normal saline was injected
through the pinhole gap of the electrode needle
to prevent the tissue from charring. Basic prin-
ciples: The edge of the ablation focus was 5-10
mm beyond the edge of the tumour. At the end
of the operation, CT scan showed that the
lesion site was a large area of ground-glass
density. The ablation of the tumour was com-
pleted, that is, the ablation range was ideal, so
the radiofrequency electrode needle could be
withdrawn. Needle-track ablation should be
done before withdrawal of the radiofrequency
electrode to reduce the probability of neoplasm
seeding or bleeding. The puncture site was cov-
ered with sterile dressing, and CT scan was per-
formed to check whether there were complica-
tions such as bleeding and pneumothorax.
Electrocardiogram was used for monitoring for
24 hours after operation, and patients with
mild complications were given symptomatic
treatment.

The edge of the ablation focus was 5-10 mm
beyond the edge of the tumour. When the
tumour is large (=5 cm), multiple or multi-point
ablation was performed. When the tumour is
near the pleura, the path was designed to avoid
direct puncture of the tumour, and the needle
was inserted along the long axis of the tumour
as far as possible. When the tumour is near the
major organs, artificial isolation techniques
(artificial pneumothorax, artificial water injec-
tion, etc.) were applied, and the operation was
stopped when the ablation edge was approxi-
mate 5 mm away from the major organ. When
patients had neurological symptoms, the oper-
ation should be stopped immediately, and the
radiofrequency needle or probe was withdrawn
from the vicinity of the nerve track area. When
there was nerve injury during the operation,
trophic nerve treatment and other drugs were
given after the operation.

Detection of immune indexes
The venous blood (3 ml) was drawn from

patients at 1 day before treatment and two
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weeks after treatment. Immunoturbidimetry
was used for detecting the levels of immuno-
globulin G (IgG), immunoglobulin A (IgA) and
immunoglobulin M (IgM) in the serum.

Detection of tumour markers

The venous blood of the patients was drawn at
1 day before treatment and two weeks after
treatment, placed statically for 30 min and cen-
trifuged at 1500 g for 15 min. The supernatant
was obtained. The levels of carcinoembryonic
antigen (CEA) and cytokeratin-19-fragment
(CYFRA21-1) were detected by the Roche E602
electrochemiluminescence instrument.

Efficacy evaluation

The efficacy was evaluated according to the
modified RECIST [14]. Complete response (CR):
after operation, the lesions showed low density
and no enhancement shadow in arterial phase;
partial response (PR): in contrast to the base-
line, more than 70% of the lesions showed low
density and no enhancement shadow in arterial
phase at one month after operation; progres-
sive disease (PD): the necrosis of the ablated
lesions was not obvious or new lesions
appeared; stable disease (SD): after ablation,
the necrotic area of the lesion was less than
70%, which did not meet the above conditions.
Objective response rate (RR) % = (CR+PR)
cases/total cases x 100%. Disease control
rate (DCR) = (CR+PR+SD) cases/total cases x
100%.

Clinical efficacy evaluation also included local
control rate and overall survival (0S) rate. The
local control rate was determined according to
the absence of enhanced lesions in the abla-
tion area in enhanced CT scan. The death of
patients was the end point of follow-up.

Outcome measures

Primary outcome measures: The short-term
postoperative efficacy and local tumour control
rate were compared between the two groups.
The changes in IgA, IgG and IgM were between
the two groups compared before and after
treatment. After treatment, the changes in CEA
and CYFRA21-1 were compared between the
two groups.

Secondary outcome measures: The clinical
data of the two groups were compared. During

2942

the treatment, the complications and incidence
of adverse reactions were compared between
the two groups. Cox regression analysis was
conducted to analyse the factors influencing
the prognosis of patients.

Statistical analysis

All the experimental data in this research were
statistically analysed using SPSS 20.0 analysis
software. The measuring materials with a nor-
mal distribution were expressed by mean value
+ standard deviation (mean + SD). T test was
applied to compare measuring materials with
normal distribution and homogeneity of vari-
ance. The counting data were statistically
described by frequency (N) and percentage (%).
Kaplan-Meier was used for survival analysis,
and the survival rate was compared by Log-
rank test. Cox regression analysis was applied
to analyse the factors affecting the prognosis.
The difference was statistically significant when
P<0.05.

Results
Comparison of clinical data

By comparing the clinical data of patients in
both groups, it was found that there was no sta-
tistical difference in the age, sex, smoking his-
tory, pathological type, tumour size and clinical
stage between the two groups (P>0.05, Table
1).

Changes in immune function indexes after
treatment

The changes in IgA, IgG and IgM were com-
pared between the two groups before and after
treatment. The results showed that there was
no significant difference between the two
groups before treatment (P>0.05). After treat-
ment, the IgA, IgG and IgM in both groups
increased significantly (P<0.001). Further com-
parison showed no significant difference in IgA,
IgG and IgM between the two groups after
treatment (P>0.05, Figure 1).

Changes of tumour markers in patients after
therapy

By comparing the changes in tumour markers
after treatment, it was found that there was no
statistical difference in CEA and CYFRA21-1
between the two groups before treatment
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Table 1. Comparison of patients’ clinical data

in OS between the two

groups (P>0.05, Figure 3).

Factors Group A (n=49) Group B (n=55) x?value P value ’
Then, the survival data of
Age 0.715 0.397 .
60 35 35 patients were gollected,
and the prognosis of pa-
<60 14 20 tients was statistically ana-
Sex 0.227  0.633 lysed by univariate Cox re-
Male 29 30 gression analysis. Univaria-
Female 20 25 te analysis found that age,
Smoking history 0.473 0.491 clinical stage, CEA, CYFRA-
Yes 30 30 21-1 were factors affecting
No 19 25 the prognosis of patients.
Pathological types 0.358 0.549 Further multivariate analy-
Adenocarcinoma 33 40 sis showed that age, clini-
) cal stage, CEA, CYFRA21-1
Non-adenocarcinoma 16 15 were independent prognos-
Tumour size 0.457 0.498 tic factors affecting OS
23 .cm 21 20 (P<0.05, Table 6).
<3cm 28 35
Clinical stage 1.417 0.234 Discussion
Stage Illb 28 25 )
Stage IV 21 30 LC as one of the primary

(P>0.05), but after treatment, CEA and
CYFRA21-1 of the two groups obviously de-
creased (all P<0.001). Further comparison
revealed that there was no statistical differ-
ence in CEA and CYFRA21-1 between the two
groups after treatment (P>0.05, Figure 2).

Comparison of short-term efficacy

The clinical efficacy was evaluated at 3 months
and 6 months after operation. The results
revealed no statistical difference in DCR and
RR between the two groups at 3 months
(P>0.05, Table 2) and 6 months after operation
(P>0.05, Table 3).

Complications and adverse reactions during
treatment

During the treatment, the complications of the
two groups was statistically analysed, and the
patients with pleural effusion in group A were
obviously fewer than those in group B (P<0.05,
Table 4). In addition, we statistically analysed
the adverse reactions in both groups and found
that more patients in group A showed intraop-
erative pain than those in group B (P<0.05,
Table 5).

Prognostic analysis of patients with LC

At first, we compared the survival rates of
patients received different surgical methods. In
our research, we found no statistical difference
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diseases that seriously
threaten human life, greatly
impacts the physical and mental aspects of the
patients [15]. Surgical resection is the primary
treatment. Because of the old age of patients,
basic diseases and high surgical risks, less
than 30% of patients with LC can receive surgi-
cal resection [16]. The commonly used treat-
ment scheme for advanced LC is comprehen-
sive treatment based on radiotherapy and
chemotherapy. For most patients, the single
treatment mode is a major problem for the
treatment of LC [17].

In the past 20 years, more local ablation tech-
niques for LC have been applied in clinical prac-
tice, including RFA, microwave ablation, AHC,
etc., all of which cause irreversible damage to
tumour cells through extreme temperature to
achieve the purpose of eliminating tumours
[18]. RFA is an ablation technique that is widely
used in the treatment of LC at present. The
radiofrequency electrode is pierced into the
tumour tissue, and the ions in the tumour tis-
sue oscillate and rub against each other under
the action of high-frequency alternating cur-
rent. When the temperature reaches 60°C-
100°C, it can cause coagulation necrosis of
tumour cells, thus achieving the goal of destroy-
ing the tumour [19, 20]. AHC is designed to
uses gas throttling effect to destroy tumour tis-
sue through repeated rapid cooling and heating
cycles [21]. When frozen, cell membrane can
be destroyed, and intracellular proteins can be

Am J Transl Res 2023;15(4):2939-2948



Cold and heat ablation for advanced lung cancer

A A B C
+ B ok
25 _— 25m 51 ok
_— ok ok

20 2.0 4 :
- [ - - 2, - e
3 15- g 3 1.5 T . = L ok
3 ’%’ 25 33 e % %
< 104 - - 2 1.0 [ Eu: 2 . e ;
= After treatment = After treatment = After treatment

5-1 Before treatment 0.5- Before treatment 1- Before treatment
0 0.0 0

Figure 1. Comparison of changes in immune indexes before and after treatment. A. Changes in IgA before and after
treatment. B. Changes in IgG before and after treatment. C. Changes in IgM before and after treatment. Note: ***
means P<0.001, immunoglobulin (Ig).
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Figure 2. Changes of tumour markers in patients before and after treatment. A. Changes of CEA in patients before
and after treatment. B. Changes of CYFRA21-1 in patients before and after treatment. Note: *** means P<0.001,
carcinoembryonic antigen (CEA), cytokeratin 19 fragment (CYFRA21-1).

Table 2. Comparison of clinical efficacy after operation for 3 months

Groups CR PR SD PD DCR RR
Group A (n=49) 23 (46.94%) 12 (24.49%) 8 (16.33%) 6(12.24%) 43 (87.76%) 35 (71.43%)
Group B (n=55) 24 (43.64%) 11(20.00%) 11 (20.00%) 9 (16.36%) 46 (83.64%) 35 (63.64%)
x? value 0.356 0.715

P value 0.550 0.397

Note: complete response (CR), partial response (PR), progressive disease (PD), stable disease (SD), response rate (RR) % =
(CR+PR) cases/total cases x 100%, disease control rate (DCR) = (CR+PR+SD) cases/total cases x 100%.

Table 3. Comparison of clinical efficacy after operation for 6 months

Groups CR PR SD PD DCR RR
Group A (n=49) 23 (46.94%) 8 (16.33%) 11 (22.45%) 7 (14.28%) 42 (85.72%) 31 (63.27%)
Group B (n=55) 25 (45.45%) 10 (18.18%) 8 (14.55%) 12 (21.82%) 43 (78.18%) 35 (63.63%)
X2 value 0.984 0.001

P value 0.321 0.968

Note: complete response (CR), partial response (PR), progressive disease (PD), stable disease (SD), response rate (RR) % =
(CR+PR) cases/total cases x 100%, disease control rate (DCR) = (CR+PR+SD) cases/total cases x 100%.

released, including cytokines and danger sig- antigen presenting cells and lymphocyte prolif-
nals. Cytokines can promote the maturation of eration, thus promoting immune response [22].
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Table 4. Postoperative complications of patients

fibrous tissue hyperplasia in the fo-

Complications

Pneumothorax Haemorrhage Pleural effusion

cus and surrounding areas generally

haven't disappeared, and the size of

Group A (n=49) 10 8 1 . .

Group B (n=55) 19 6 . the_ablatlon area is stable or gradually
shrinks after 6 months, and there may
X* value 0.030 0.652 2.041 be fibrosis, nodules and disappear-
P value 0.860 0.419 0.041 ance [24]. RR and DCR at 3 months
and 6 months were not statistically
Table 5. Adverse reactions of patients Srl(:;etree dntwilt?r? tgfﬁ; g::i ;\:IXH%“?Z;S_
Adverse reactions  Mtraoperative - Postoperative . mens, indicating that the two local
pain fever ablations were both safe and effective
Group A (n=49) 15 5 3 in the treatment of LC. In addition, this
Group B (n=55) 6 7 4 research compared the OS of patients
X2 value 6.243 0.161 0.054 after treatment with the two methods.
P value 0.012 0.697 0.815 ThrOUgh analysis, it was found that
there was no difference in OS between
the two groups after treatment. It
100+ showed that the two ablation methods in this
® research were effective in the control rate of
< 754 LC, but did not affect the survival time of
Tg patients. The reason may be related to the
° - A combination of multiple fine needles with

S 504 . . .
n —-— B argon-helium knife, repeated ablation, good
e=,g P=0.082 pain tolerance of patients during operation, fro-
4 257 zen immune effect, etc. [25]. Therefore, we fur-
© ther studied the effects of two treatment meth-
0 T T T T T 1 ods on immune response and tumour

0 300 600 900 1200 1500 1800 markers.
Time(Day)

Figure 3. Comparison of overall survival after two dif-
ferent treatments. A: Group A. B: Group B.

Currently, there are few comparative studies on
RFA and AHC in the treatment of LC, and the
comparison of the two local treatment methods
mainly focuses on liver tumours. A previous ret-
rospective study revealed that the median sur-
vival time and progression-free duration of
patients with complete ablation were obviously
longer than those of patients with partial abla-
tion after RFA and AHC, and it was found that
complete ablation and incomplete ablation
were closely related to mortality [23]. But there
were only 9 cases of AHC in their study.

In the present study, we compared the clinical
efficacy of patients between the two groups at
3 months and 6 months. Recent CT evaluation
within 1 month to 3 months was defective, so
the clinical efficacy of patients 6 months
after treatment was observed simultaneously.
During this period, the reactive hyperaemia and
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In this study, the changes in IgA, 1gG and IgM
were compared. After treatment, IgA, 1gG and
IgM in both groups increased notably, but the
two groups were not greatly different in the lev-
els after treatment. In terms of tumour mark-
ers, both treatment schemes reduced the lev-
els of CEA and CYFRA21-1, but there was no
difference between the two groups. This does
not indicate that cryoablation has a stronger
effect on immunity and curative effect than
FRAin the treatment of LC, but the two schemes
can both enhance the body’s anti-tumour
immune function and cellular immune function.
Besides, we found that the incidence of pleural
effusion in group A was lower than that in group
B, while the incidence of intraoperative pain in
group A was obviously higher than that in group
B. Intraoperative and postoperative complica-
tions are related to the accuracy of puncture,
tumour characteristics, ablation range and
characteristics of ablation methods. Statistics
revealed that the incidence of pleural effusion
of patients treated by thermal ablation ranged
from 1.3% to 60%, which was self-limiting in
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Table 6. Cox regression analysis

Univariate Cox regression

Multivariate Cox regression

Factors
P value HR value P value HR value 95% ClI

Age <0.001 2.748 1.723-4.383 <0.001 2.402 1.498-3.852
Sex 0.675 0.919 0.619-1.364

Smoking history 0.506 0.875 0.589-1.298

Pathological type 0.775 0.939 0.612-1.443

Tumour size 0.930 0.982 0.661-1.461

Clinical stage 0.003 0.545 0.367-0.810 <0.001 0.477 0.316-0.719
IgA 0.305 1.076 0.936-1.236

186G 0.401 1.58 0.543-4.593

IgM 0.909 0.967 0.547-1.712

CEA 0.001 1.109 1.042-1.181 0.012 1.081 1.017-1.149
CYFRA21-1 <0.001 1.273 1.150-1.408 <0.001 1.241 1.115-1.383
Treatment method 0.084 1.423 0.954-2.122

Note: carcinoembryonic antigen (CEA), cytokeratin 19 fragment (CYFRA21-1), cluster of differentiation (CD), immunoglobulin

(1g).

most cases, and could be treated conservative-
ly [26]. Patients with moderate to massive pleu-
ral effusion need puncture aspiration or closed
thoracic drainage, and the catheterization rate
is less than 10%, which is consistent with our
research results. Reactive pleural effusion is
rare after RFA, but intraoperative pain is the
most common adverse reaction of RFA.
Univariate and multivariate analysis by Okuma
et al. revealed that lesions with a distance of
<1 cm from the chest wall were obviously relat-
ed to the development of pain [27]. Because of
its analgesic effect, cryotherapy is superior to
RFA for tumours close to the pleura, which is
well tolerated by patients and has low risk of
bronchopleural fistula.

At the end of the research, we analysed the fac-
tors influencing the prognosis of patients, and
found that age, clinical stage, CEA and
CYFRA21-1 were independent factors influenc-
ing the prognosis. With the increase of age, the
body function declines continuously, and the
spontaneous recovery function is weak, which
leads to the poor prognosis of elderly patients
after treatment [28]. Clinical staging is one of
the key bases for judging the severity of
patients’ iliness and prognosis, and formulating
treatment methods. Patients in stage IV not
only have a high tumour burden, but also are
often accompanied by metastasis to other
organs, so their complications and mortality
are also higher than patients in early stage
[29]. CEA can be used to assist the diagnosis of
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tumours and judge the metastasis, recurrence
and prognosis of tumours. The CEA level of
patients with endpoint events was higher than
that of patients without endpoint events at
admission, and a higher CEA level can lead to
poor prognosis of patients [30]. CYFRA21-1 has
a high value in diagnosing NSCLC, monitoring
the condition, and judging the curative effect
and prognosis. The CYFRA21-1 level of patients
with endpoint events was higher than that of
those without endpoint events at admission,
and the higher the level, the worse the progno-
sis [31].

In the present study, we determined the effect
of AHC and RFA regimens in the treatment of
patients with advanced LC, as well as their
impact on patients’ immune function. However,
there are still some limitations in this research.
First, we didn’t conduct a prospective study. As
a retrospective study, the grouping cannot be
randomized, which may affect the analysis of
results. Second, the indicators we tested in this
study are limited. Finally, the sample size of this
study is small. Therefore, we hope to carry out
more clinical trials in the follow-up study to
improve the conclusion.

To sum up, AHC and RFA are minimally invasive
procedures that lead to few complications in
the treatment of advanced LC. Cold and heat
ablation is a relatively safe and effective mini-
mally invasive technique for tumour treatment,
which is worthy of application and promotion in
the clinical treatment of LC.

Am J Transl Res 2023;15(4):2939-2948



Cold and heat ablation for advanced lung cancer

Acknowledgements

Hunan Clinical Medical Technology Innovation
Guidance Project (2020SK51405) “Study on
the mechanism of Fuzheng oral liquid targeting
miR-181a-3p to regulate upr-ear pathway to
improve the resistance of anlotinib”.

Disclosure of conflict of interest
None.

Address correspondence to: Yaheng Cao, Depart-
ment of Vascular and Neoplastic Intervention, The
First Affiliated Hospital of Hunan University of
Chinese Medicine, No. 95, Middle Shaoshan
Road, Changsha 410007, Hunan, China. E-mail:
252456235@qqg.com

References

[1] de Sousa VML and Carvalho L. Heterogeneity
in lung cancer. Pathobiology 2018; 85: 96-107.

[2] ChenW, Zheng R, Baade PD, Zhang S, Zeng H,
Bray F, Jemal A, Yu XQ and He J. Cancer statis-
tics in China, 2015. CA Cancer J Clin 2016; 66:
115-132.

[3] Duma N, Santana-Davila R and Molina JR.
Non-small cell lung cancer: epidemiology,
screening, diagnosis, and treatment. Mayo
Clin Proc 2019; 94: 1623-1640.

[4] Vinod SK and Hau E. Radiotherapy treatment
for lung cancer: current status and future di-
rections. Respirology 2020; 25 Suppl 2: 61-71.

[5] Understanding lung cancer treatment advanc-
es. Oncology (Williston Park) 2019; 33:
688718.

[6] TandbergDJ, Tong BC, Ackerson BG and Kelsey
CR. Surgery versus stereotactic body radiation
therapy for stage | non-small cell lung cancer:
a comprehensive review. Cancer 2018; 124:
667-678.

[71 Ding R, Zhu D, He P, Ma Y, Chen Z and Shi X.
Comorbidity in lung cancer patients and its as-
sociation with medical service cost and treat-
ment choice in China. BMC Cancer 2020; 20:
250.

[8] Ruiz-Cordero R and Devine WP. Targeted thera-
py and checkpoint immunotherapy in lung can-
cer. Surg Pathol Clin 2020; 13: 17-33.

[9] Rose SC, Thistlethwaite PA, Sewell PE and
Vance RB. Lung cancer and radiofrequency ab-
lation. J Vasc Interv Radiol 2006; 17: 927-951;
quiz 951.

[10] Feng J, Guiyu D and Xiongwen W. The clinical
efficacy of argon-helium knife cryoablation
combined with nivolumab in the treatment of
advanced non-small cell lung cancer.
Cryobiology 2021; 102: 92-96.

2947

[11] Hua YQ, Wang P, Zhu XY, Shen YH, Wang K, Shi
WD, Lin JH, Meng ZQ, Chen Z and Chen H.
Radiofrequency ablation for hepatic oligomet-
astatic pancreatic cancer: an analysis of safety
and efficacy. Pancreatology 2017; 17: 967-
973.

[12] Qi X, Yang M, Ma L, Sauer M, Avella D, Kaifi JT,
Bryan J, Cheng K, Staveley-O’Carroll KF, Kimchi
ET and Li G. Synergizing sunitinib and radiofre-
quency ablation to treat hepatocellular cancer
by triggering the antitumor immune response.
J Immunother Cancer 2020; 8: e001038.

[13] Yang Z, Zhu Y, Dong Z, Li W, Yang N, Wang X,
Feng L and Liu Z. Tumor-killing nanoreactors
fueled by tumor debris can enhance radiofre-
quency ablation therapy and boost antitumor
immune responses. Nat Commun 2021; 12:
4299.

[14] Llovet JM and Lencioni R. mRECIST for HCC:
performance and novel refinements. J Hepatol
2020; 72: 288-306.

[15] Ferlay J, Colombet M, Soerjomataram |, Dyba T,
Randi G, Bettio M, Gavin A, Visser O and Bray F.
Cancer incidence and mortality patterns in
Europe: estimates for 40 countries and 25 ma-
jor cancers in 2018. Eur J Cancer 2018; 103:
356-387.

[16] Jones GS and Baldwin DR. Recent advances in
the management of lung cancer. Clin Med
(Lond) 2018; 18 Suppl 2: s41-s46.

[17] Vavala T, Catino A, Pizzutilo P, Longo V and
Galetta D. Gender differences and immuno-
therapy outcome in advanced lung cancer. Int
J Mol Sci 2021; 22: 11942.

[18] Vogl TJ, Nour-Eldin NA, Hammerstingl RM,
Panahi B and Naguib NNN. Microwave ablation
(MWA): basics, technique and results in pri-
mary and metastatic liver neoplasms - review
article. Rofo 2017; 189: 1055-1066.

[19] Vogl TJ, Nour-Eldin NA, Albrecht MH, Kaltenbach
B, Hohenforst-Schmidt W, Lin H, Panahi B,
Eichler K, Gruber-Rouh T and Roman A.
Thermal ablation of lung tumors: focus on mi-
crowave ablation. Rofo 2017; 189: 828-843.

[20] Gou Q, Zhou Z, Zhao M, Chen X and Zhou Q.
Advances and challenges of local thermal ab-
lation in non-small cell lung cancer. Zhongguo
Fei Ai Za Zhi 2020; 23: 111-117.

[21] Wang H, Shu S, Li J and Jiang H. Management
of liver cancer argon-helium knife therapy with
functional computer tomography perfusion im-
aging. Technol Cancer Res Treat 2016; 15: 29-
35.

[22] Hu KW, Li QW, Zuo MH, Sun T and lJiang M.
Clinical observation on the combined treat-
ment of 57 cases of non-small cell lung cancer
using argon-helium cryosurgery and Chinese
herbal medicine. Chin J Integr Med 2007; 13:
224-227.

Am J Transl Res 2023;15(4):2939-2948


mailto:252456235@qq.com

(23]

[24]

[25]

[26]

[27]

2948

Cold and heat ablation for advanced lung cancer

Choe YH, Kim SR, Lee KS, Lee KY, Park SJ, Jin
GY and Lee YC. The use of PTC and RFA as
treatment alternatives with low procedural
morbidity in non-small cell lung cancer. Eur J
Cancer 2009; 45: 1773-1779.

Isaka T, Ito H, Nakayama H, Yokose T, Saito H,
Adachi H, Miura J, Shigefuku S, Kikuchi A and
Rino Y. Effect of epidermal growth factor recep-
tor gene mutation on the prognosis of patho-
logical stage II-llIA (8th edition TNM classifica-
tion) primary lung cancer after curative sur-
gery. Lung Cancer 2021; 162: 128-134.
Cebula H, Noel G, Garnon J, Todeschi J, Burckel
H, de Mathelin M, Gangi A and Proust F. The
Cryo-immunologic effect: a therapeutic ad-
vance in the treatment of glioblastomas?
Neurochirurgie 2020; 66: 455-460.

Zhu JC, Yan TD and Morris DL. A systematic re-
view of radiofrequency ablation for lung tu-
mors. Ann Surg Oncol 2008; 15: 1765-1774.
Okuma T, Matsuoka T, Yamamoto A, Oyama Y,
Toyoshima M, Nakamura K and Inoue Y.
Frequency and risk factors of various compli-
cations after computed tomography-guided
radiofrequency ablation of lung tumors.
Cardiovasc Intervent Radiol 2008; 31: 122-
130.

(28]

[29]

[30]

(31]

Jackaman C, Tomay F, Duong L, Abdol Razak
NB, Pixley FJ, Metharom P and Nelson DJ.
Aging and cancer: the role of macrophages
and neutrophils. Ageing Res Rev 2017; 36:
105-116.

Woodard GA, Jones KD and Jablons DM. Lung
cancer staging and prognosis. Cancer Treat
Res 2016; 170: 47-75.

Grunnet M and Sorensen JB. Carcinoembryonic
antigen (CEA) as tumor marker in lung cancer.
Lung Cancer 2012; 76: 138-143.

Dal Bello MG, Filiberti RA, Alama A, Orengo
AM, Mussap M, Coco S, Vanni |, Boccardo S,
Rijavec E, Genova C, Biello F, Barletta G, Rossi
G, Tagliamento M, Maggioni C and Grossi F.
The role of CEA, CYFRA21-1 and NSE in moni-
toring tumor response to nivolumab in ad-
vanced non-small cell lung cancer (NSCLC)
patients. J Transl Med 2019; 17: 74.

Am J Transl Res 2023;15(4):2939-2948



