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Abstract

Background: Immunotherapy has significantly advanced lung cancer treatment, particularly in nonsquamous non–small cell
lung cancer (NSCLC), with overall response rates between 50% and 60%. However, about 30% of patients only achieve a stable
disease state. Cryoablation has shown potential to enhance immunotherapy by modifying the tumor’s immune microenvironment
through the release of antigens and immune factors. Addressing how to boost the immune response in these patients is critical.

Objective: This study aims to investigate the efficacy and safety of immunochemotherapy in combination with cryoablation as
a first-line treatment for advanced NSCLC.

Methods: This is a phase II, pilot, open-label, single arm, single center, interventional study. Patients with stage IIIB to IIIC or

IV NSCLC with T staging ranging from T1 to T2b will receive sintilimab (200 mg/m2 every 3 weeks) and chemotherapy. After
2 cycles, the feasibility of cryoablation will be considered for those with stable disease by a multidisciplinary team. Cryoablation
with 3 freeze-thaw cycles will be performed for the main lesion. The third cycle of systemic therapy will begin 7 (SD 3) days
after cryoablation. A total of 20 patients will be enrolled. Treatment will continue until the disease progresses, there is unacceptable
toxicity, a participant withdraws consent, other discontinuation criteria are met, or the study reaches completion. The primary
objective is to assess progression-free survival (PFS). The secondary objective is to assess efficacy through duration of response,
disease control rate, overall survival (OS), and the safety profile. The exploratory objective is to investigate and compare immune
factor changes after 2 cycles of immunochemotherapy and at 1, 3, and 7 days after cryoablation. Survival time will be estimated
using the Kaplan-Meier method to calculate median PFS and OS. Any adverse events that occur during the trial will be promptly
recorded.

Results: The project was funded in 2024, and enrollment will be completed in 2025. The first results are expected to be submitted
for publication in 2027.

Conclusions: This study will provide evidence for the efficacy and safety of the combination of immunochemotherapy and
cryoablation as a first-line treatment for advanced NSCLC. Although it has a limited sample size, the findings of this study will
be used in the future to inform the design of a fully powered, 2-arm, larger-scale study.

Trial Registration: ClinicalTrials.gov NCT06483009; https://clinicaltrials.gov/study/NCT06483009

International Registered Report Identifier (IRRID): PRR1-10.2196/64950

(JMIR Res Protoc 2024;13:e64950) doi: 10.2196/64950
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Introduction

Lung cancer remains the most prevalent and lethal cancer
worldwide. The 2022 Global Cancer Observatory report cites
around 2.5 million new cases and 1.8 million deaths annually,
which encompass all types of lung cancer, confirming its status
as the deadliest cancer [1]. It is mainly categorized into 2 types:
non–small cell lung cancer (NSCLC), which comprises about
85% of cases, and small-cell lung cancer. In recent years,
significant breakthroughs have been made in targeted therapies
and immunotherapies. Concurrently, the combination of local
and systemic treatments has gained attention. According to the
National Comprehensive Cancer Network (NCCN) guidelines
[2], for NSCLC patients with oligoprogression after receiving
tyrosine kinase inhibitors, local therapies can be incorporated
alongside ongoing systemic tyrosine kinase inhibitor treatment
for disease control. Studies with small sample sizes have
confirmed that both oligoprogression and oligometastases
benefit from local treatments [3-5]. The American Society for
Radiation Oncology guidelines [6] recommend that for stage
IV NSCLC patients with ≤5 oligometastases, up-front definitive
local treatment of locoregional primary and all oligometastases
should be performed after 2 to 3 months of standard systemic
therapy. The BRIGHTSTAR (Brigatinib in Treating Patients
With Stage IV or Recurrent Non-small Cell Lung Cancer Trial)
study of local consolidative therapy [7,8] found that anaplastic
lymphoma kinase (ALK)–rearranged mutation in advanced
NSCLC patients who received targeted therapy for 8 weeks
followed by local consolidative therapy prolonged the 3-year
progression-free survival (PFS) rate compared to a consolidative
therapy group (66% in a brigatinib group vs 47% in a crizotinib
group, both with advanced ALK inhibitor–naive, ALK-positive
non–small cell lung cancer). These studies indicate that
sequential local treatment following systemic therapy provides
an improved prognosis.

For advanced NSCLC without driver gene mutations,
immunotherapy—specifically inhibitors targeting programmed
death receptor 1 (PD-1) and its ligand (PD-L1)—has
significantly improved patient outcomes. The 5-year overall
survival rate has reached 20%, and even 40% in patients with
high PD-L1 expression [9]. As a result, immunotherapy is
recommended by the NCCN [2] as a standard first-line treatment
for this type of lung cancer and has become a mainstream
treatment option in clinical practice. Generally, for nonsquamous
NSCLC, the objective response rate (ORR) to
immunochemotherapy is around 50% to 60% [10-17], with
approximately 30% of patients assessed as having stable disease.
Sintilimab is a monoclonal antibody that targets PD-1 on T
cells, blocking the PD-1/PD-L1 pathway. In NSCLC, sintilimab
has been evaluated in a randomized, controlled phase III trial
in China known as Oncology Program by Innovent anti-PD-1–11
[13]. This trial assessed the efficacy and safety of sintilimab
combined with pemetrexed and platinum chemotherapy
compared to a placebo in treating patients with locally advanced
or metastatic nonsquamous NSCLC. The results showed that

the combination sintilimab-chemotherapy group had
significantly prolonged PFS compared to the placebo group,
with a median PFS of 8.9 months versus 5.0 months (hazard
ratio 0.482, 95% CI 0.362-0.643; P<.001). Additionally, the
ORR in the combination sintilimab-chemotherapy group
increased from 29.8% to 51.9%. Addressing how to enhance
the immune response in these patients is crucial. Thus, the
integration of local therapies with immunotherapy is gaining
focus. The reasons for using local therapy are to (1) reduce
tumor burden and minimize the possibility of metastasis and
(2) adjust the immune microenvironment and boost the
synergetic effect with immunotherapy.

In the NCCN guidelines, image-guided thermal (IGTA) therapy
may be considered for those patients who are deemed “high
risk”—those with tumors that are for the most part surgically
resectable but rendered medically inoperable due to
comorbidities. Recently, several studies have demonstrated that
IGTA therapy combined with systemic therapy may improve
survival [3,4,18]. Combining IGTA therapy and immunotherapy
for a synergetic effect should be promising and deserves further
investigation [19]. Cryoablation is a minimally invasive
technique that uses extremely low temperatures to destroy cells
in target tissues; it is commonly applied in treating various
benign and malignant diseases, including tumors. This technique
boasts benefits like ease of use, minimal intraoperative bleeding,
and reduced postoperative pain. At temperatures below –20°C,
most cells succumb, and below –50°C, cell death is nearly
universal [20]. Cryoablation can cause extracellular ice crystal
formation, leading to solute concentration and an osmotic
gradient between the inside and outside of the cell, transferring
intracellular water to the extracellular space, disrupting the local
metabolic environment [21]. The crystals produced by freezing
can generate local shear forces to disrupt the integrity of cell
membranes, thereby causing lethal damage to the cells. After
tumor cells are killed by cryoablation, the necrotic tumor cells
at the lesion site release antigens, organelles, DNA, heat shock
proteins, and other substances locally, triggering immune cells
(such as dendritic cells) to engulf these substances, present
antigens through major histocompatibility complex molecules,
and costimulate and activate cytotoxic T cells, thus inducing a
systemic antitumor immune response. At the same time, after
cryotherapy, the levels of cytokines (interleukin [IL]-1, IL-6,
tumor necrosis factor [TNF]-α) in the serum significantly
increase, also enhancing the immune response [20,22]. The
synergetic effect of cryoablation and PD-1 blockade was
explored in both allograft mouse lung cancer models and patients
with unresectable NSCLC [23]. Cryoablation significantly
increased circulating cluster of differentiation (CD) 8+ T cell
subpopulations and proinflammatory cytokines in patients with
early-stage NSCLC. In lung cancer cell allograft mouse models,
an abscopal growth inhibition of contralateral, nonablated
tumors was found. Analysis of single-cell RNA and T cell
receptor bulk sequencing data revealed that cryoablation
reprogrammed the intratumoral immune microenvironment and
increased CD8+ T cell infiltration with a higher effector
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signature, interferon (IFN) response, and cytolytic activity.
Mechanistically, cryoablation promoted an antitumor effect
through the cyclic GMP-AMP synthase–stimulator of interferon
genes–dependent type I IFN signaling pathway. In some
small-sample-size clinical studies, patients who received
cryoablation plus immunotherapy showed long short-term
efficacy compared to monotherapy [24,25]. These studies
suggest that cryoablation, as a form of local treatment, combined
with immunotherapy, represents a new research direction.
Nevertheless, the timing of sequencing therapy, and populations
that can benefit from this approach, are still not clear. Further
studies with better study designs and prospective cohorts are
warranted. The purpose of the study is to evaluate the efficacy
and safety of first-line treatment with sintilimab in combination
with platinum-based doublet chemotherapy and cryoablation
in patients with advanced nonsquamous NSCLC who have been
assessed as having stable disease after 2 cycles of treatment.

Methods

Study Setting and Sample
This prospective, single-center, single-arm pilot study will be
conducted in Shanghai Chest Hospital from July 2024 to July
2027. In our department, we see 100 to 120 new cases of
advanced lung cancer per month, which may help us enroll
enough patients for this study.

Eligible patients are all those who meet the inclusion criteria.
Patients must have a primary lesion with a maximum diameter
of <5 cm that is located in a relatively isolated location, not
adjacent to major blood vessels or major structures, and deemed
suitable for tumor debulking by ablation. After signing an
informed consent form, eligible patients meeting the inclusion
criteria are screened.

Patients receive sintilimab treatment combined with
chemotherapy for 2 cycles, followed by tumor assessment.

Patients assessed as having stable disease undergo cryoablation
after the assessment. The systemic therapy continues within 7
(SD 3) days after cryoablation. There is currently no consensus
on the timing of ablation and immunotherapy. According to the
BRIGHSTAR study experience, implementing local
consolidation therapy measures after a period of immunotherapy
has been found to be feasible and effective. In a study of
early-stage NSCLC, cytokines were found to increase from 3
to 7 days after cryoablation [23]. A phase I/II [26], multicenter,
open-label, randomized study designed to evaluate the safety
and efficacy of ablation combined with toripalimab versus
toripalimab monotherapy in treated, unresectable hepatocellular
carcinoma, in the first phase of the study, aimed to determine
the superior regimen—ablation followed by immunotherapy on
day 3 (regimen D3) or day 14 (regimen D14). The study found
that regimen D3 resulted in a higher ORR. A 10-year real-world
study [27] demonstrated that the combination of cryoablation
and immunotherapy treatment showed good efficacy within 2
to 4 weeks. In another study [5], local treatment was
administered 4 to 12 weeks after the end of immunotherapy for
safety reasons. Taking into consideration patient compliance,
safety, and departmental experience, we decided to perform the
third cycle of immunotherapy treatment 7 (SD 3) days after
cryoablation.

Immunotherapy combined with chemotherapy continues until
the disease progresses, there is intolerable toxicity, a patient
withdraws informed consent, a patient initiates another antitumor
therapy, a patient dies, or a patient meets other criteria for
treatment discontinuation specified in the protocol, whichever
occurs first. The maximum treatment duration is 24 months.

Participants

Inclusion and Exclusion Criteria
Textbox 1 shows the inclusion and exclusion criteria.
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Age ≥18 years or ≤75 years

• Histologically or cytologically confirmed locally advanced (stage IIIB to IIIC), metastatic, or recurrent (stage IV) nonsquamous non–small cell
lung cancer (NSCLC) (as per the

International Association for the Study of Lung Cancer and the American Joint Committee on Cancer, 9th edition, tumor, nodes, metastasis lung
cancer staging), with T staging ranging from T1 to T2b and the tumor not amenable to surgical treatment and definitive concurrent
chemoradiotherapy, as well as not previously having received systemic treatment

• Maximum diameter of the primary lesion <5 cm and located in a relatively isolated area, not adjacent to major blood vessels or major structures

• Absence of epidermal growth factor receptor gene sensitizing mutations, and anaplastic lymphoma kinase gene fusion mutations confirmed with
histopathology specimens

• At least 1 measurable lesion according to Response Evaluation Criteria in Solid Tumors (RECIST 1.1), with lesions located within previously
irradiated fields considered measurable if confirmed to have progressed

• No prior systemic antitumor therapy for advanced/metastatic disease. Patients who have previously received platinum-based adjuvant/neoadjuvant
chemotherapy, or definitive chemoradiotherapy for advanced disease, may be included if disease progression or recurrence has occurred at least
6 months after the end of the last chemotherapy regimen

• Patients with asymptomatic or stable symptomatic brain metastases may be included if they meet specific conditions: (1) measurable lesions
outside the central nervous system, (2) absence of central nervous system symptoms or stable symptoms for at least 2 weeks, and (3) no need for
corticosteroid treatment, discontinuation of corticosteroid treatment within 7 days before the first dose of study drug, or stable corticosteroid
dose reduced to ≤10 mg/day prednisone (or equivalent) within 7 days before the first dose of the study drug

• Eastern Cooperative Oncology Group performance status of 0 to 1

• Expected survival >3 months

• Adequate organ function, with the following laboratory criteria: (1) absolute neutrophil count ≥1.5 × 109/L without granulocyte colony–stimulating
factor use in the past 14 days and (2) platelet count ≥100 × 109/L without blood transfusion in the past 14 days

Exclusion criteria

• Pathologically confirmed small-cell lung cancer (SCLC), including lung cancer mixed with SCLC and NSCLC

• Diagnosed with malignancies other than NSCLC within 5 years before the first dose of the study drug (excluding cured basal cell carcinoma,
squamous cell carcinoma of the skin, and/or in situ carcinoma)

• Previously having received therapy, including anti–programmed death receptor 1, anti–programmed death ligand 1, or anti–programmed death
ligand 2, drugs or drugs targeting another T cell receptor for stimulation or coinhibition (eg, cytotoxic T-lymphocyte-associated protein 4, cluster
of differentiation [CD] 134, or CD137)

• Active autoimmune diseases requiring systemic treatment within 2 years before the first dose of the study drug; alternative therapies (eg, thyroid
hormone, insulin, or physiological corticosteroids for adrenal or pituitary insufficiency) are not considered systemic treatment

• Pregnant or lactating women

• Presence of any severe or uncontrollable systemic diseases

• Not fully recovered from any toxicity and/or complications caused by previous interventions before starting treatment

• A known history of HIV infection (ie, positive for HIV 1/2 antibodies)

• Untreated active hepatitis B (defined as positive hepatitis B surface antigen with hepatitis B virus DNA copy number exceeding the upper limit
of normal values for the testing laboratory at the study center) or active hepatitis C virus infection (ie, positive for hepatitis C virus antibodies
and hepatitis C virus RNA levels above the lower detection limit)

• Diffuse lesions in both lungs where ablation therapy cannot improve the condition

• Extensive pleural metastases with large amounts of pleural effusion

• Difficulty in needle puncture due to proximity of the tumor to major mediastinal vessels or difficulty in selecting a puncture path due to contrast
agent allergy or patient noncompliance

• Severe impairment of lung function, with maximum ventilation <40%

Sample Size and Study Duration
The primary objective of this study is to evaluate PFS after
adding cryoablation for tumors assessed as stable after 2 cycles
of first-line treatment with sintilimab and platinum-based
chemotherapy in driver-negative advanced nonsquamous

NSCLC patients. Due to the lack of relevant literature regarding
the PFS of advanced NSCLC patients who have undergone 2
cycles of immunotherapy and are assessed as having stable
disease, this study is exploratory in nature. Therefore, a fixed
sample size of 20 patients is set. The anticipated enrollment
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period for this study is 12 months, with a follow-up duration of
24 months.

Intervention

Sintilimab
Sintilimab (200 mg) is administered by intravenous infusion on
day 1 of each cycle, with each cycle lasting 3 weeks, until
disease progression, death, intolerable toxicity, withdrawal of
informed consent, initiation of new antitumor treatment, or
termination of treatment for other reasons, as specified in the
protocol. The maximum treatment duration for sintilimab is 24
months.

Chemotherapy Regimen
Pemetrexed in combination with a platinum-based regimen is

used. Pemetrexed (500 mg/m2) is administered by intravenous

infusion on day 1 of each cycle, plus either cisplatin (75 mg/m2)
or carboplatin (area under the curve 5) administered by
intravenous infusion on day 1 of each cycle, every 3 weeks, for
a total of 4 to 6 cycles. For patients who have not progressed
after 4 to 6 cycles, maintenance therapy with pemetrexed
monotherapy is continued at the same dose and schedule as
before until disease progression, death, intolerable toxicity,
withdrawal of informed consent, initiation of new antitumor
treatment, or termination of treatment for other reasons, as
specified in the protocol. The maximum treatment duration for
pemetrexed is 24 months.

Cryoablation
For patients assessed as having stable disease after 2 cycles of
medication, 1 session is performed under local anesthesia after
assessment. The multidisciplinary team, including investigators
and radiologists, evaluates the feasibility of tumor ablation based
on the size, location, and proximity to major blood vessels.
Criteria for eligible lesions include a maximum diameter <5
cm, a relatively isolated lesion location, and the lesion not being
adjacent to major blood vessels or vital structures. Cryoablation
is performed using a 17 gauge IceRod Plus 1.5 (Boston
Scientific Corporation) cryoablation needle, guided by computed
tomography (CT), avoiding nearby anatomical structures using
the Visual-ICE cryoablation system (Boston Scientific
Corporation).

Target Lesion Selection for Ablation
Assessment is conducted by a multidisciplinary team including
researchers, ablation surgeons, and radiologists during the
screening of eligible cases. The main lesion should be <5 cm.
Based on tumor size, location, and vascular and adjacent
structures, lesions that are assessed as debulkable are selected
for cryoablation. For each patient, only the main lesion will be
ablated. Debulking is needed when the tumor size exceeds 3
cm or when curative therapy cannot be performed. The ice ball
might not cover the whole lesion, but should cover at least 80%
of the tumor volume. The purpose is to reduce the tumor burden
while the systemic therapy continues.

The cutoff value of 5 cm was chosen (1) for the generalizability
of the study results and (2) because the study population
comprises patients at stages IIIb to IV. The main purpose is to

reduce the tumor burden and stimulate tumor immunity.
Considering the heterogeneity of outcomes with different
diameters of ablation, the researchers will strive to maintain a
consistent ablation zone for patients.

Procedures
Cryoablation was performed with a minimum of 3 freeze-thaw
cycles. The times for each phase were as follows: 3 minutes of
passive thawing, 7 to 12 minutes of freezing, 5 minutes of
passive thawing, and 7 to 12 minutes of freezing followed by
active thawing. Each procedure was monitored with noncontrast
CT imaging, typically at 3-to-5-minute intervals, to visualize
the evolving ablation zone to avoid adjacent anatomical
structures.

Outcomes

Primary Objective
The primary objective is to evaluate PFS after integrating
cryoablation for tumors assessed as stable after 2 cycles of
first-line treatment with sintilimab and platinum-based
chemotherapy in driver-negative advanced nonsquamous
NSCLC patients.

Secondary Objectives
The secondary objectives are to assess the ORR of patients,
evaluate the disease control rate (DCR) of patients, assess the
duration of response (DoR) of patients, and assess the OS of
patients. The safety and tolerability of sintilimab in combination
with cryoablation and platinum-based doublet chemotherapy
will be recorded, including the incidence of adverse events,
serious adverse events, and adverse events/serious adverse
events that lead to treatment discontinuation.

The primary and secondary efficacy end points of this study are
assessed by the investigators using Response Evaluation Criteria
in Solid Tumors (RECIST) version 1.1 and iRECIST. In case
of any discrepancies, the investigators will consult a third party.
The third party comprises a discussion group of experts in the
same department (the team of experts performs teaching rounds
every Monday morning).

PFS is defined as the time from ablation to disease progression
or death from any cause. ORR is defined as the proportion of
patients who have a partial or complete response to therapy.
DCR is defined as the proportion of patients who have stable
disease or a partial or complete response to therapy. DoR is
defined as the time from ablation to disease progression or death
in patients who achieve a complete or partial response. OS is
defined as the time from ablation to death from any cause.

Exploratory Objective
The exploratory objective is a flow cytometry analysis of the
peripheral expression of immune factors after 2 cycles of
immunotherapy plus chemotherapy and at 1, 3, and 7 days after
cryoablation. Peripheral blood samples of 2 ml each are
collected. Changes in immune factors, including CD4+ T cells,
naive CD8+ T cells (CD45RA+chemokine receptor [CCR] 7+),
central memory CD8+ T cells (CD45RA− CCR7+), effector
CD8+ T cells (CD45RA+ CCR7−), effector memory CD8+ T
cells (CD45RA− CCR7−), IL-2, TNF-β, IFN-γ, IL-4, IL-6,
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IL-10, IL-11, IL-29, regulatory T cells, and matrix
metalloproteinase–3 are explored using flow cytometry.

Statistical Analysis
All statistical analyses will be performed using SPSS (version
23 or higher; IBM Corp). Two-sided hypothesis tests will be
used for all statistical tests, and comparisons between groups
will provide 95% CIs and P values. Unless otherwise specified,
continuous data will be described statistically using the mean
(SD) or median (minimum, maximum), while categorical data
will be described using frequencies (percentages). Cytokine
changes before and after treatment will be tested with repeated
ANOVA or the Friedman test as appropriate. Survival time will
be estimated using the Kaplan-Meier method to calculate median
PFS and OS (with the 95% CI), and survival curves will be
plotted.

Data Management
The raw data will be captured using case report forms (CRFs;
these are paper based) at the designated time. One data
administrator, who is not affiliated with the research team and
is blinded to group allocation, independently receives the
completed CRFs and enters the raw data into a Microsoft Excel
database. Simultaneously, they will input real-time data into
ClinicalTrials.gov.

Ethical Considerations
Ethical approval to conduct this study has been obtained from
the Research Ethics Committee of Shanghai Chest Hospital
(IS24069) on June 28, 2024. Any substantial amendment to the
study protocol will need to be approved by an ethics committee
after being approved by the sponsor. Informed consent is
obtained from participants and their ability to opt out is
communicated to them. The data of patients are anonymized or
deidentified. To ensure privacy and confidentiality, all records
and files related to the study are kept in a secure location and
are only accessible to members of the research team. The results
will be published in peer-reviewed journals and presented at
relevant national and international conferences. The study
findings will also be disseminated through presentations at
relevant academic forums.

Results

The project was funded in 2024, and enrollment will be
completed in 2025. The first results are expected to be submitted
for publication in 2027.

Discussion

Overview
Immunotherapy has established its position as a first-line
treatment for NSCLC, with some patients still being assessed
as having stable disease after a period of treatment. Nevertheless,
several studies have confirmed that combining cryoablation
with systemic treatments yields better outcomes. Niu et al [25]
explored the efficacy of cryoablation treatment compared to

palliative treatment in stage IV lung cancer. In their study, 98
lesions in 31 patients received cryoablation treatment, while 23
patients received palliative treatment. The results showed that
the OS in the cryoablation group was significantly better than
in the palliative treatment group (median OS: 14 months vs 7
months, P≤.001). Multiple cryoablation treatments were found
to improve OS more than a single cryoablation treatment
(median OS: 18 months vs 14 months, P=.04). Another study
[24] included 64 patients, including 32 patients who received
argon-helium knife cryoablation combined with nivolumab
treatment (the cryoablation-nivolumab group) and 32 patients
who received cryoablation treatment alone (the cryoablation
group). The results showed that short-term efficacy was better
in the cryoablation-nivolumab group than the cryoablation
group, with a statistically significant difference (P<.05). The
DCR in the cryoablation-nivolumab group was 87.5%, compared
to 62.5% in the cryoablation group (P=.02). The total number
of T cells, CD8+ T cells, and CD4+ T cells significantly
increased in the cryoablation-nivolumab group (P<.05), and
both groups showed an increase in NK cell count after treatment
(P<.05). Regarding lymphocyte function, the levels of IL-2 and
TNF-β increased in the cryoablation-nivolumab group (P<.05),
and the levels of IFN-γ increased in both groups after treatment
(P<.05). These initial studies confirmed the efficacy of
combining cryoablation and immunotherapy, but several
questions regarding the combination therapy still need to be
answered and clarified: how to maximize the value of the
combination therapy, how to find the appropriate timing, and
how to identify populations that could benefit. This study will
help to clarify the mechanisms and optimal sequential timing
of combining cryoablation with immunotherapy. Our study aims
to improve the prognosis of patients by reducing the local tumor
burden and stimulating the immune response. Should our study
yield positive results, we plan to conduct a larger-scale, 2-arm
study.

Principal Findings
This study will provide evidence for the efficacy and safety of
the combination of immunochemotherapy and cryoablation as
a first-line treatment for advanced NSCLC. Although it has a
limited sample size, the findings of this study can be used in
the future to inform the design of a fully powered, 2-arm,
larger-scale study.

Limitations
There are risks inherent in the study design and conception.
First, our sample size was not rigorously calculated; instead, a
fixed sample size of only 20 was chosen, which is relatively
small. Second, this is a single-center study, which may introduce
bias in the results. Third, this is a single-arm study lacking a
control group, which prevents comparative conclusions. These
limitations are expected to be addressed in future research.

Conclusion
In conclusion, our study is pivotal in clarifying the timing of
ablation and identifying the populations that might benefit from
this treatment, and it lays the foundation for larger future studies.
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IL: interleukin
NCCN: National Comprehensive Cancer Network
NSCLC: non–small cell lung cancer
ORR: objective response rate
OS: overall survival
PD-1: programmed death receptor 1
PD-L1: programmed death ligand 1
PFS: progression-free survival
RECIST: Response Evaluation Criteria in Solid Tumors
TNF: tumor necrosis factor
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