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Abstract: Objective: To evaluate the clinical efficacy of programmed death-1 (PD-1) inhibitor therapy combined 
with argon-helium cryoablation in patients with non-small cell lung cancer (NSCLC). Methods: A total of 108 NSCLC 
patients were enrolled. The control group included 52 patients who received PD-1 inhibitor monotherapy, while 56 
patients received combination therapy with PD-1 inhibitors and argon-helium cryoablation (research group). Treat-
ment efficacy, incidence of adverse events, serum tumor marker levels (carcinoembryonic antigen, cytokeratin frag-
ment 19), and humoral immune function (immunoglobulin (Ig) G, IgM, and IgA), and quality of life (as measured by 
the Karnofsky Performance Status [KPS]) were compared between the two groups. Independent predictors of treat-
ment response were identified through univariate analysis followed by binary logistic regression. A nomogram was 
subsequently developed to visualize the risk of treatment failure. Results: Although the incidence of adverse events 
was comparable between groups (P>0.05), the research group demonstrated a significantly higher overall response 
rate (P<0.05). Post-treatment analyses revealed significant reductions in serum tumor markers and increases in im-
munoglobulin levels and KPS scores in the research group (all P<0.05). Logistic regression identified age ≥55 years 
(odds ratio [OR]: 2.427) and tumor diameter ≥6.00 cm (OR: 3.394) as independent predictors of poor treatment re-
sponse (all P<0.05). The nomogram model exhibited moderate discriminative ability, though calibration suggested a 
tendency to overestimate response rates in the low-risk subgroup. Conclusion: PD-1 inhibitor therapy combined with 
argon-helium cryoablation offers a promising and effective treatment strategy for patients with NSCLC.
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Introduction

Lung cancer (LC) remains the leading cause of 
cancer-related mortality, with an estimated 
2,206,771 new cases and 1,796,144 deaths 
reported in 2020, making it the most lethal 
cancer globally [1]. Among LC subtypes,  
non-small cell LC (NSCLC) is the most prevalent 
and imposes a significant health burden. 
Despite advances in early diagnosis and treat-
ment, outcomes for NSCLC - especially in 
advanced stages (TNM stage IIIB-IV) - remain 
poor, often due to unresectable tumors and lim-
ited therapeutic options [2]. The five-year sur-
vival rate for such patients is approximately 
20%, highlighting the urgent need for novel 
therapeutic strategies [3].

Argon-helium cryoablation, a minimally invasive 
technology, has emerged as a possible treat-
ment for advanced NSCLC. By using both ther-
mal and cryogenic mechanisms - where high-
pressure argon rapidly freezes tumor tissue to 
ultra-low temperatures, followed by helium-
induced thawing - this method induces protein 
denaturation, cell lysis, and tissue necrosis, 
resulting in local tumor destruction [4, 5]. 
However, its ability to achieve curative out-
comes remains limited, particularly due to sub-
optimal systemic effects such as insufficient 
enhancement of immune function [6].

Programmed death-1 (PD-1) inhibitors, a key 
component of immune checkpoint blockade 
therapy, have shown favorable tolerance pro-
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files and promising major pathological response 
rates in NSCLC. Notably, stromal PD-1 expres-
sion has been associated with tumor regres-
sion [7, 8]. Moreover, PD-1 inhibitors have dem-
onstrated the ability to downstage locally 
advanced NSCLC, making surgical resection 
feasible in previously inoperable patients [9]. 
Recent evidence suggests that combining PD-1 
blockade with cryoablation enhances treat-
ment efficacy, with studies confirming the safe-
ty and efficacy of this integrated approach [10].

This study investigates the therapeutic efficacy 
of combining PD-1 inhibitor therapy with argon-
helium cryoablation in NSCLC patients, aiming 
to establish a novel integrative treatment para-
digm. The innovation of this study lies in three 
key aspects. First, it quantitatively assesses 
the enhanced antitumor effect achieved 
through combining PD-1 inhibitors with cryo- 
ablation, addressing the limitations of mono-
therapy and proposing a new local-systemic 
treatment strategy. Second, by employing  
a multidimensional evaluation framework - 
including clinical efficacy, safety, serum tumor 
markers, humoral immune function, and qua- 
lity of life - this study demonstrates a statisti-
cally significant superiority of the combined 
approach. Third, the identification of indepen-
dent predictors of treatment response through 
multivariate regression enables precise risk 
stratification, offering quantitative support for 
individualized treatment planning.

Materials and methods

Patients and study design

This retrospective study included 108 patients 
with NSCLCtreated at Lijiang Hankang Tumor 
Hospital between June 2021 and January 
2023. Patients were divided into a control 
group (n=52) receiving PD-1 inhibitor mono-
therapy and a research group (n=56) receiving 
PD-1 inhibitor therapy combined with argon-
helium cryoablation. This study was approved 
by the Ethics Committee of Lijiang Hankang 
Tumor Hospital.

Inclusion criteria were as follows: histologically 
confirmed NSCLC (including large cell carcino-
ma, squamous cell carcinoma, and ade- 
nocarcinoma) in accordance with the Chinese 
Primary Lung Cancer Diagnosis and Treatment 
Specification (2015); TNM stage IIIB-IV; ineligi-
bility for surgical resection; age ≥18 years; 

absence of contraindications to PD-1 inhi- 
bitors; adequate functional status (Eastern 
Cooperative Oncology Group [ECOG] perfor-
mance status score 0-2); and complete clinical 
data.

Exclusion criteria included: severe dysfunction 
of vital organs; coexisting malignancies or other 
pulmonary diseases; major surgery within the 
preceding three months; abnormal coagulation; 
immunodeficiency; contraindications to cryo- 
ablation; diffuse LC or bilateral metastatic dis-
ease; expected survival <3 months; significant 
cardiovascular disease (e.g., unstable angina, 
recent myocardial infarction within 3 months, 
severe arrhythmias, congestive heart failure); 
hematologic disorders associated with bleed-
ing risk (e.g., leukemia, myelodysplastic syn-
drome, platelet count <50×109/L); and history 
of seizure, stroke (within 6 months), or cognitive 
impairment.

Intervention methods

Patients in the research group received a com-
bined regimen of PD-1 inhibitor and argon-heli-
um cryoablation. Sintilimab (200 mg per dose; 
intravenous infusion every 3 weeks; Amyjet 
Scientific Inc., PSI-10-919-0.1 mg) was admin-
istered for 1-2 cycles as induction therapy. 
Argon-helium cryoablation was performed 7-14 
days after completion of induction. Maintenan- 
ce sintilimab therapy resumed within 7 days 
post-ablation, following the same dosage and 
cycle. The combined protocol was continued 
until disease progression (based on RECIST 1.1 
criteria) or for a maximum of 24 months, which-
ever occurred first.

Cryoablation procedure: Under imaging guid-
ance, patients were positioned to optimally 
expose the tumor site. Computed tomography 
(CT) was used to identify the puncture point 
and to determine the ideal insertion level, 
angle, and depth (Figure 1A, 1B). Following 
local anesthesia and a small skin incision, the 
argon-helium probe was inserted. Two cryoab-
lation cycles were conducted, each consisting 
of a 15-minute freeze phase at -170°C, fol-
lowed by passive rewarming to 40°C and  
active helium-assisted rewarming to 20°C. The 
ablation zone was extended at least 10 mm 
beyond the tumor margin to ensure complete 
coverage (Figure 1C). Post-operatively, patients 
received intravenous Camrelizumab (200 mg/
day, Jiangsu Henrui Pharmaceutical Co., LTD., 
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China) on day 2, with a follow-up CT scan con-
ducted one month later (Figure 1D).

Patients in the control group (PD-1 inhibitors) 
received sintilimab monotherapy using the 
same schedule and maximum treatment dura-
tion as the research group.

Outcome measures

Treatment efficacy: Responses were classified 
as: Complete Response (CR): complete disap-
pearance of all target lesions, confirmed by 
repeat imaging for ≥4 weeks.

Partial response (PR): ≥50% reduction in total 
tumor burden, sustained ≥4 weeks.

No change (NC): <25% increase or <50% 
decrease in tumor size, stable for ≥4 weeks.

Progressive disease (PD): new lesions or ≥25% 
increase in tumor diameter. Response rate (RR) 
= (CR + PR)/total number of patients.

Adverse events: Incidence rates of treatment-
related adverse events - including thyroid dys-
function, pneumonitis, colitis, rash, and pneu-
mothorax - were recorded and compared 
between groups.

Serum tumor markers: Serum levels of carcino-
embryonic antigen (CEA), cytokeratin fragment 
19 (CYFRA21-1), and carbohydrate antigen 125 
(CA125) were measured pre- and post-treat-
ment using enzyme-linked immunosorbent 
assay (ELISA; Amyjet Scientific Inc., NDC-KBB-
A7F95S-5×96, GBS-IT1781, NDC-KBB-URDN- 
7M-96).

Humoral immune function: Serum levels of 
immunoglobulin (Ig) G, IgM, and IgA were 

assessed using immunoturbidimetric analysis 
(Shanghai Wellan Biotechnology Co., Ltd.; 
WS5421W, WS6421W, WS4421W).

Quality of life [11]: Assessed by the Karnofsky 
Performance Status (KPS) scale (0-100), with 
higher scores reflecting better functional 
capacity and well-being.

Primary endpoints included treatment efficacy, 
adverse events, tumor markers, and humoral 
immune function. KPS scores were considered 
secondary outcomes.

Statistical methods

All data were analyzed using SPSS 26.0. 
Quantitative variables with normal distribution 
were expressed as mean ± standard devia- 
tion (

_
x±s) and analyzed using independent-

sample t-tests (between groups) or paired 
t-tests (within groups). Categorical variables 
were expressed as frequencies and percentag-
es [n (%)] and compared using the χ2 test. 
Univariate and multivariate analyses (binary 
logistic regression) were performed to identify 
independent predictors of treatment efficacy. 
Internal validation was conducted using 1,000 
bootstrap resamples, and calibration curves 
were plotted to evaluate model accuracy. A 
two-sided P-value <0.05 was considered 
significant.

Results

Comparison of patient baseline characteristics

There were no significant differences between 
the two groups in terms of age, sex, body mass 
index, tumor diameter, TNM stage, or patholog-
ic subtype (all P>0.05, Table 1).

Figure 1. Illustration of procedure of percutaneous cryosurgery. A. Identification of Pulmonary Lesion Nodule; the 
circle marks the location of pulmonary nodular lesions. B. Puncture Site for Argon-Helium Knife Application. C. Cryo-
ablation with ice balls; the arrow indicates the puncture site for argon-helium cryoablation. D. Follow-up examination 
1 month after Percutaneous Cryosurgery.
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Comparison of therapeutic outcomes

The RR was significantly higher in the research 
group compared to the control group (P<0.05, 
Table 2).

Factors affecting treatment efficacy

Univariate analysis identified age, BMI, tumor 
diameter, and treatment regimen as factors sig-
nificantly associated with treatment response 
(all P<0.05).

Subsequent binary logistic regression con-
firmed age ≥55 years (odds ratio [OR]: 2.427) 
and tumor diameter ≥6.00 cm (OR: 3.394) as 
independent predictors of treatment efficacy 
(both P<0.05).

Based on these findings, a nomogram was con-
structed to visualize the estimated risk of treat-
ment failure, spanning a range from 15.0% to 
55.0% (Tables 3, 4; Figure 2).

Model performance was evaluated using 1,000 
bootstrap resamples. The concordance index 
(C-index) of the predictive model was 0.693 
(95% confidence interval [CI]: 0.594-0.788), 
indicating moderate discriminatory power for 
patient stratification.

The calibration curve showed a tendency to 
overestimate response probabilities below 
25%, while predictions between 25% and 75% 
were well-calibrated (Figure 2).

Comparison of adverse events

There was no significant difference in the over-
all incidence of treatment-related adverse ev- 
ents between the two groups (P>0.05, Table 5).

Comparison of serum tumor marker levels

Serum levels of CEA, CYFRA21-1, and CA125 
were measured. Baseline levels were similar 
between the two groups (all P>0.05).

Table 1. Comparison of clinical characteristics
Data n Control group (n=52) Research group (n=56) χ2/t P
Age (years, 

_
x±s) 108 54.42±10.09 52.71±10.15 0.877 0.382

Sex [n (%)] 0.812 0.368
    Male 68 35 (67.31) 33 (58.93)
    Femsle 40 17 (32.69) 23 (41.07)
Body mass index (kg/m2, 

_
x±s) 108 23.04±1.81 23.21±1.93 0.471 0.638

Tumor diameter (cm, 
_
x±s) 108 5.46±2.34 5.84±2.45 0.823 0.412

TNM [n (%)] 0.496 0.781
    IIIB 46 21 (40.38) 25 (44.64)
    IIIC 20 9 (17.31) 11 (19.64)
    IV 42 22 (42.31) 20 (35.71)
Pathologic type [n (%)] 1.027 0.795
    Adenocarcinoma 63 29 (55.77) 34 (60.71)
    Squamous carcinoma 37 20 (38.46) 17 (30.36)
    Large cell carcinoma 5 2 (3.85) 3 (5.36)
    Others 3 1 (1.92) 2 (3.57)
Note: TNM: Tumor, Node, Metastasis.

Table 2. Comparison of curative effects
Data Control group (n=52) Research group (n=56) χ2 P
CR 2 (3.85) 12 (21.43)
PR 26 (50.00) 30 (53.57)
NC 15 (28.85) 14 (25.00)
PD 9 (17.31) 0 (0.00)
RR 28 (53.85) 42 (75.00) 5.291 0.021
Note: CR, complete response; PR, partial response; NC, no change; PD, progressive disease; RR, response rate.
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After treatment, both groups exhibited signifi-
cant reductions in all three markers (all P< 
0.05), with the research group showing lower 
post-treatment levels than the control group  
(all P<0.05, Figure 3).

Comparison of humoral immune function

Serum immunoglobulin levels (IgG, IgM, and 
IgA) were used to assess humoral immune 
function. No significant differences were 
observed at baseline (all P>0.05).

Following treatment, both groups showed sig-
nificant increases in IgG, IgM, and IgA levels (all 
P<0.05), with greater improvements in the 
research group compared to the control group 
(all P<0.05, Figure 4).

Comparison of quality of life

KPS scores were used to evaluate patient-
reported quality of life. Baseline scores did not 
differ significantly between groups (P>0.05).

KPS scores were similar at baseline, and 
improved after treatment (P<0.05), with the 
research group achieving greater gains than 
the control group (P<0.05, Figure 5).

Discussion

Non-small cell lung cancer (NSCLC), a malig-
nancy arising from the bronchial glands, muco-
sa, and alveolar epithelium, represents a major 
global health challenge due to its high morbidi-
ty and mortality rates [12, 13]. Although early 
surgical intervention can be curative, most 
NSCLC cases are diagnosed at advanced stag-
es, precluding radical resection and necessitat-
ing alternative treatment approaches [14].

Argon-helium cryoablation is a minimally inva-
sive technique that uses rapid freezing and 
controlled rewarming to ablate tumor tissue. 
The extreme cold induces protein denaturation, 
cell lysis, and ischemic necrosis, thereby 
achieving tumor destruction while preserving 
surrounding tissue integrity [15-17]. However, 

Table 3. Univariate analysis of factors affecting treatment efficacy

Data n Non-response group 
(n=38)

Response group 
(n=70) χ2 P

Age (years) 5.291 0.021
    <55 56 14 (36.84) 42 (60.00)
    ≥55 52 24 (63.16) 28 (40.00)
Sex 0.149 0.699
    Male 68 23 (60.53) 45 (64.29)
    Female 40 15 (39.47) 25 (35.71)
Body mass index (kg/m2) 3.900 0.048
    <23 42 10 (26.32) 32 (45.71)
    ≥23 66 28 (73.68) 38 (54.29)
Tumor diameter (cm) 5.757 0.016
    <6.00 51 12 (31.58) 39 (55.71)
    ≥6.00 57 26 (68.42) 31 (44.29)
TNM 2.897 0.235
    IIIB 46 13 (34.21) 33 (47.14)
    IIIC 20 10 (26.32) 10 (14.29)
    IV 42 15 (39.47) 27 (38.57)
Pathologic type 1.479 0.687
    Adenocarcinoma 63 22 (57.89) 41 (58.57)
    Squamous carcinoma 37 12 (31.58) 25 (35.71)
    Large cell carcinoma 5 2 (5.26) 3 (4.29)
    Others 3 2 (5.26) 1 (1.43)
Treatment modality 5.291 0.021
    Argon-helium cryoablation 52 24 (63.16) 28 (40.00)
    PD-1 inhibitor therapy + argon-helium cryoablation 56 14 (36.84) 42 (60.00)
Note: TNM: Tumor, Node, Metastasis; PD-1, programmed death receptor 1.
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its limitations include suboptimal systemic 
effects and limited capacity to prevent recur-
rence and metastasis [18]. PD-1 inhibitors, a 
class of immune checkpoint inhibitors, block 
the PD-1/PD-L1 axis and restore T-cell-
mediated antitumor immunity [19]. While they 
have demonstrated significant clinical efficacy 
in NSCLC, challenges such as treatment resis-
tance and immune-related adverse events per-
sist [20, 21].

Our results demonstrate that combining PD-1 
inhibitors with argon-helium cryoablation sig-
nificantly enhances treatment efficacy in 
NSCLC without increasing the overall incidence 
of adverse events. These findings are consis-
tent with prior studies. Gao et al. [22] reported 
that the combination therapy significantly 
reduced tumor burden and improved immune 
function in a cohort of 20 patients with 
advanced NSCLC. Similarly, Feng et al. [23] 
observed improved outcomes with nivolumab 

plus cryoablation without a notable rise in 
toxicity.

Preclinical studies provide mechanistic insights 
into this synergy. In murine breast cancer mod-
els, PD-1 monoclonal antibodies enhanced 
cryoablation-induced antitumor immune res- 
ponses [24]. Additionally, in Lewis lung adeno-
carcinoma models, this combination therapy 
was shown to activate the PI3K/AKT/mTOR  
signaling pathway, further augmenting antitu-
mor immunity [25]. In our study, thyroid dys-
function, pneumonitis, and colitis were the 
most common immune-related adverse events. 
Given the established correlation between 
such adverse events and improved treatment 
responses [21], our findings underscore the 
delicate balance between therapeutic benefit 
and immune toxicity.

Multivariate analysis identified older age (≥55 
years) and larger tumor size (≥6.00 cm) as inde-

Figure 2. Nomogram for predicting the risk of treatment failure in patients and relevant validation. A. Nomogram for 
predicting the risk of treatment failure in patients. B. C-index distribution. C. Calibration curve.

Table 5. Comparison of adverse events
Data Control group (n=52) Research group (n=56) χ2 P
Thyroid dysfunction 5 (9.62) 8 (14.29)
Pneumonia 3 (5.77) 5 (8.93)
Colitis 3 (5.77) 4 (7.14)
Rash 4 (7.69) 5 (8.93)
Pneumothorax 2 (3.85) 5 (8.93)
Total 17 (32.69) 27 (48.21) 2.691 0.101

Table 4. Multivariate analysis of factors influencing therapeutic outcome

Factor B SE Wald P Exp (B)
95% CI

Lower bound Upper bound
Age (years) 0.887 0.449 3.896 0.048 2.427 1.006 5.856
Body mass index (kg/m2) 0.831 0.487 2.920 0.087 2.297 0.885 5.960
Tumor diameter (cm) 1.222 0.465 6.919 0.009 3.394 1.365 8.437
Treatment modality 0.860 0.448 3.688 0.055 2.362 0.982 5.681
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Figure 3. Comparison of Serum tumor marker levels in the two groups. A. CEA levels pre- and post-treatment in 
control and research groups. B. CYFRA21-1 levels pre- and post-treatment control and research groups. C. CA-125 
levels pre- and post-treatment control and research groups. Note: CEA, carcinoembryonic antigen; CYFRA21-1, cyto-
keratin fragment 19; CA125, carbohydrate antigen 125. aP<0.05, bP<0.01 vs. pre-treatment; cP<0.05 vs. control 
group.

Figure 4. Comparison of humoral immune function in both groups. A. IgG changes pre- and post-treatment in control 
and research groups. B. IgM changes pre- and post-treatment in control and research groups. C. IgA changes pre- 
and post-treatment in control and research groups. Note: IgG/M/A, immunoglobulin G/M/A. aP<0.05, bP<0.01 vs. 
pre-treatment; cP<0.05 vs. control group.

pendent predictors of poor treatment response. 
Possible mechanisms include: (1) immunose-
nescence-associated impairments in innate 
and adaptive immunity in elderly patients, 
reducing treatment responsiveness; and (2) 

Figure 5. Comparison of quality of life in both groups. 
Note: KPS, Karnofsky Performance Status. aP<0.05, 
bP<0.01 vs. pre-treatment; cP<0.05 vs. control 
group.

the elevated tumor burden associated with 
larger lesions may promote immunosuppres-
sive signaling and immune escape [26, 27]. 
These observations align with findings by Bai  
et al. [28], who reported that patients with 
EGFR-mutant advanced NSCLC and favorable 
prognostic features - such as prolonged PFS-
TKI, prior extracranial radiotherapy, and higher 
BMI - benefited more from immunotherapy.

In addition to higher response rates, our study 
showed that combination therapy was superior 
in suppressing serum tumor markers (CEA, 
CYFRA21-1, CA125), enhancing humoral im- 
mune function (IgG, IgM, IgA), and improving 
quality-of-life scores. We also developed a 
nomogram incorporating significant multivari-
ate predictors to facilitate individualized risk 
stratification. Internal validation using 1,000 
bootstrap iterations revealed moderate dis-
criminative performance. The model tended  
to overestimate response probabilities below 
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25%, but provided reliable estimates within the 
25-75% range.

Despite its strengths, our study had several 
limitations. The single-center retrospective 
design, relatively small sample size, and limited 
survival follow-up may introduce bias. Future 
research should include larger, multicenter pro-
spective trials with long-term follow-up to vali-
date and extend these findings. Furthermore, 
while our nomogram shows promise as a clini-
cal decision-making tool, it has not undergone 
external validation and should be used cau-
tiously in practice until further confirmation is 
obtained.

In conclusions, this study highlighted the thera-
peutic potential of combining argon-helium 
cryoablation with PD-1 inhibitor therapy in 
patients with advanced NSCLC. The combina-
tion appears to improve clinical efficacy, 
immune function, and quality of life without 
substantially increasing adverse events. 
Further studies are needed to confirm long-
term benefits and optimize clinical application 
of this combined treatment.
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