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Maintenance treatment of immunotherapy after microwave 
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chemoembolization for advanced non-small cell lung cancer:  
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Background: The combination therapy of immunotherapy and drug-eluting bead bronchial artery 
chemoembolization (DEB-BACE) or microwave ablation (MWA) has been attempted as an effective and 
safe approach for advanced non-small cell lung cancer (NSCLC). However, the outcomes of immunotherapy 
plus multiple interventional techniques for advanced NSCLC remain unclear. This retrospective study thus 
aimed to investigate the effectiveness and safety of the maintenance treatment of programmed cell death 
protein 1 (PD-1) blockade after MWA plus DEB-BACE for advanced NSCLC. 
Methods: This retrospective cohort study consists of 95 patients with advanced NSCLC who were treated 
with DEB-BACE between April 2017 and October 2022 and who were allocated to three groups: group A 
(MWA + DEB-BACE + PD-1 blockade; n=15), group B (MWA + DEB-BACE; n=25), and group C (DEB-
BACE alone; n=55). The adverse events (AEs) were compared between the three groups. The outcomes 
were compared via Kaplan-Meier methods, including median progression-free survival (PFS) and overall 
survival (OS). Survival analyses were performed via the univariate and multivariate analyses to investigate the 
prognostic predictors.
Results: The overall incidence of AEs in the groups A–C was 53.3% (8/15), 36.0% (9/25), and 32.7% 
(18/55), respectively, which did not represent a significant difference (P=0.42). No severe AEs (SAEs) 
occurred. Group A, compared with group B and group C, had a significantly longer estimated median 
PFS (33.0 vs. 7.0 vs. 3.0 months; P<0.001) and OS (33.0 vs. 13.0 vs. 6.0 months; P=0.002). PD-1 blockade 
(P=0.006), tumor number (P=0.01), and DEB-BACE/bronchial artery infusion (BAI) chemotherapy cycles 
(P=0.04) were identified as the predictors of PFS, while the predictors of OS were PD-1 blockade (P<0.001), 
number of metastases (P<0.001), tumor diameter (P<0.001), and DEB-BACE/BAI cycles (P=0.02). 
Conclusions: Compared with that of advanced NSCLC treated with MWA plus DEB-BACE or DEB-
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Introduction

Lung cancer is one of the leading causes of cancer 
incidence and mortality worldwide, with the most subtypes 
of this disease belonging to non-small cell lung cancer  
(NSCLC) (1). Approximately 75% of patients with 
NSCLC are diagnosed at an advanced stage (2). Systemic 
chemotherapy is the standard treatment for advanced 
NSCLC, but resistance and adverse events (AEs) are the 
two persisting challenges that limit its application and 
efficacy. Immune checkpoint inhibitors (ICIs) can prevent 
immune escape by inhibiting the binding of programmed 
cell death protein 1 (PD-1)/programmed cell death-ligand 1 
(PD-L1), with PD-1 blockade being the predominant type 
used in clinic (3). In recent years, chemoimmunotherapy has 
been recommended as the first-line treatment for advanced 
NSCLC despite its high incidence of AEs (4,5). Compared 
with systemic chemotherapy, ICIs show milder toxicity but 
a limited response rate of 0–15%, and monoimmunotherapy 
is not recommended if a combination with other systemic 
therapies can be tolerated (4-6). 

Image-guided microwave ablation (MWA), whose 
purpose is to induce coagulative necrosis of the tumor 
and its surrounding margin, is recommended for patients 
with stage IA NSCLC and contraindications to surgery 
and radiotherapy (4,7). A phase III trial demonstrated 
the efficacy of MWA combined with systemic treatment 
for advanced NSCLC (8). Drug-eluting bead (DEB) 
microspheres can deliver the chemotherapeutic drugs 
within 1–2 months and embolize the arteries, which induces 
higher locoregional drug concentrations than does systemic 
chemotherapy with negligible systemic toxicity (9). DEBs 
with bronchial artery chemoembolization (BACE) have 
been investigated as a salvage or replacement therapy 
for patients with advanced NSCLC who are resistant or 
intolerant to systemic chemotherapy (10-15). 

Locoregional treatments of ablation or transarterial 
chemoembolization (TACE) can induce an immunologically 

favorable tumor microenvironment (16). A retrospective 
study found that DEB-BACE plus PD-1 blockade might 
improve the outcomes of those with advanced NSCLC (17). 
Another study applied MWA plus DEB-BACE in patients 
with advanced NSCLC and found that postoperative 
immunotherapy yielded a longer overall survival (OS) (13). 
We hypothesized that the combination of DEB-BACE and 
MWA could trigger a more substantial antitumor immunity 
than could use of a single interventional technique. 
However, few studies have examined the combination of 
ICIs and multiple interventional techniques in advanced 
NSCLC. This retrospective cohort study thus aimed to 
investigate the effectiveness and safety of the PD-1 blockade 
after MWA plus DEB-BACE in patients with advanced 
NSCLC. We present this article in accordance with the 
STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-1876/rc).

Methods

Patient criteria

All patients with advanced NSCLC who underwent DEB-
BACE between April 2017 and October 2022 at Beijing 
Hospital were enrolled and were subsequently divided 
into three groups according to whether MWA and/or 
immunotherapy was performed: group A, MWA + DEB-
BACE + PD-1 blockade; group B, MWA + DEB-BACE; 
and group C: DEB-BACE alone. This retrospective 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013) and was approved by 
the institutional ethics review board of Beijing Hospital. 
Informed consent for this retrospective analysis was 
waived. The inclusion criteria were as follows: (I) age of 
18–85 years, (II) diagnosis of NSCLC and a tumor stage 
of III B to IV B, (III) resistance or intolerance to standard 
treatments, and (IV) Eastern Cooperation Oncology Group 
(ECOG) performance status (PS) of 0–2. Meanwhile, the 

BACE alone, the maintenance treatment of immunotherapy after MWA plus DEB-BACE might provide a 
superior prognosis without increasing the risk of AEs.
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exclusion criteria were as follows: (I) treatment history of 
immunotherapy, (II) interval between DEB-BACE and 
ICIs longer than one month, (III) incomplete data, and (IV) 
follow-up <12 months.

Definitions

Intolerance to standard treatments was considered present 
when intolerance was due to severe comorbidities, advanced 
age (≥75 years), or poor ECOG PS score (≥2), whereas 
resistance to standard treatments was considered present 
when patients showed resistance to systemic treatments 
based on radiological reexaminations every 6–8 weeks. The 
tumor stage was determined based on positron emission 
tomography or computed tomography (CT) according 
to the tumor–node–metastasis staging system (eighth  
edition) (18).

The indications for DEB-BACE or MWA were 
determined by the multidisciplinary treatment team, with 
the former being performed for patients who were resistant/
intolerant to chemoradiotherapy or molecular targeted 
therapy and the latter being performed to alleviate the 
symptoms and decrease the tumor burden. 

MWA procedure

CT-guided MWA was performed by several experienced 
interventional radiologists (S.X., Z.X.B., Y.M.L., J.Z.P., 
and X.G.L., each with >5 years of experience) and as per 
the Society of Interventional Radiology guidelines (19), 
which aims to render inactive as much of the primary 
tumor tissue as possible. Preoperative evaluation was 
conducted determine the anesthetic techniques, with 
local anesthesia being considered for most of the patients, 
whereas intravenous anesthesia was considered for patients 
who could not tolerate intraprocedural pain. The MWA 
instruments included the MTC-3C MWA system (Vison-
China Medical Devices R&D Center) or the ECO-100A1 
MWA system (ECO Medical Instrument Co., Ltd., China) 
with a microwave emission frequency of 2,450±50 MHz 
and an adjustable power of 20–80 W, along with MWA 
antennas (Vison or ECO) with a length of 15–20 cm  
and an outside diameter of 16–18 G. A CT scan was 
immediately performed before the MWA procedure to 
inform the design of the therapeutic plan and determine 
the optimal puncture site. MWA antennas were advanced 
into the tumor, and ablation was performed at a planned 

power and ablation time, with adjustments being made to 
the antennas under the guidance of CT as appropriate. The 
technical endpoints were considered to be reached when 
the ablation scope contained at least a 5-mm rim of ground-
glass opacity encompassing the tumor margins in complete 
ablation or when the majority of tumor tissue was ablated in 
palliative ablation. Following this, a CT scan was performed 
immediately after MWA to evaluate the ablation zone and 
identify the potential AEs (13). 

DEB-BACE procedure

Digital subtraction angiography-guided DEB-BACE 
was performed after MWA by several experienced 
interventional radiologists (S.X., Z.X.B., Y.M.L., J.Z.P., and 
X.G.L., each with >5 years of experience). For the DEB-
BACE procedure, the Seldinger technique was performed 
in the femoral artery. A 5-French pigtail catheter (Impress 
Pigtail Flush; Merit Medical, USA) was used to detect 
the origins of the tumor-feeding arteries, including the 
bronchial arteries and nonbronchial systemic arteries 
(NBSAs), which was followed by selection of the arteries 
with a 5-French cobra (Impress CB 1; Merit Medical, 
USA) or left gastric artery catheter (Radifocus, Terumo, 
Japan). The superselection was performed via a 1.98-French 
microcatheter (PARKWAY SOFT; Asahi Masters, Japan) 
to avoid ectopic embolization. CalliSpheres (100–300 
or 300–500 μm; Jiangsu Hengrui Pharmaceuticals Co., 
Ltd., China) were mixed with gemcitabine (600–800 mg)  
at a temperature of 23–28 ℃ for half an hour, which 
was followed by the addition of the equal volume of 
contrast agent to the microspheres, which was used for 
the chemoembolization of tumor-feeding arteries via the 
microcatheter. The technical endpoint was the complete 
stagnation of the contrast agent in the tumor-feeding 
arteries. After the first cycle of DEB-BACE, repeat DEB-
BACE/bronchial artery infusion (BAI) chemotherapy 
was performed as appropriate, with DEB-BACE being 
considered for patients who still exhibited abundant 
tumor staining during angiography and BAI being 
considered for those patients without these findings. The 
chemotherapeutic drugs during BAI consisted of paclitaxel 
(100–200 mg) for patients who were resistant to platinum-
based chemotherapy, whereas gemcitabine (600–800 mg) 
plus nedaplatin (80–100 mg) was used for patients without 
resistance (13). For patients in groups A and B, DEB-
BACE was performed within 4–6 weeks after MWA.



Xu et al. PD-1 blockade plus MWA and DEB-BACE for advanced NSCLC3476

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(5):3473-3488 | https://dx.doi.org/10.21037/qims-23-1876

Immunotherapy protocol

PD-1 blockade was performed for patients with high PD-
L1 expression. For patients in group A, camrelizumab 
(200 mg; Hengrui), sintilimab (200 mg; Innovent Biologics, 
China), or toripalimab (240 mg; Junshi Biosciences, China) 
was administered synchronously or within 1 month after 
administration of DEB-BACE. The PD-1 blockade was 
examined every 3–4 weeks and was terminated when 
progression or severe immunotherapy-related AEs (irAEs) 
occurred. 

Management of AEs

The AEs of DEB-BACE, MWA, or PD-1 blockade were 
evaluated as per the National Cancer Institute Common 
Terminology Criteria for Adverse Events version 5.0 (20).  
A repeated CT scan was performed 24 hours after 
MWA to investigate the delayed complications. Chest 
tube placement was completed for moderate and severe 
pneumothorax or pleural effusion, which was removed after 
these conditions disappeared. Symptomatic treatments or 
antimyelosuppression were administered for grade 2 MWA- 
or DEB-BACE-related AEs or above. Moreover, steroid 
therapy was administered for grade 3 irAEs or above. 

Further management

For patients who had distant metastases, radiotherapy 
was performed as demanded. For patients who developed 
progression or were intolerant AEs, the best supportive care 
or anlotinib (Fukewei, Chia Tai Tianqing Pharmaceutical 
Holdings Co., China) was considered at a dose of 12 mg/d 
on a treatment schedule of 1 week on and 1 week off, which 
was terminated if patients became intolerant to anlotinib-
related AEs.

Assessments

Radiological reexaminations of CT were performed every 
3 months. The response was evaluated, with agreement 
being obtained by at least two experienced radiologists (S.X., 
J.Z.P., and X.G.L., each with >10 years of experience), which 
was classified as complete response, partial response, stable 
disease, or progressive disease (PD) according to Response 
Evaluation Criteria in Solid Tumors version 1.1 (21).  
The disease control rate (DCR) was defined as the 

percentage of patients with a response to treatment outside 
of PD. Progression-free survival (PFS) was identified as the 
period from MWA/DEB-BACE to disease progression or 
death, and OS was considered to be the period from MWA/
DEB-BACE to death or the last follow-up (October 31, 
2023). The censoring date was the last clinical assessment 
date for patients who neither died nor experienced PD. 

Statistical analyses

All statistical analyses were performed with SPSS 25.0 
(IBM Corp., USA). Demographic characteristics, AEs, and 
prognostic data in the three groups were evaluated and 
compared. One-way analysis of variance (ANOVA) was used 
for numerical variables, and the chi-squared test was used 
for categorical variables. The detailed outcomes in the three 
groups were evaluated and compared via Kaplan-Meier 
method. There were 18 possible predictors of PFS and OS 
that were explored by univariate and multivariate analyses. 
The log-rank test was used for univariate analyses, and 
variables with a P value <0.05 in univariate analyses were 
entered into stepwise Cox proportional hazards analyses. 
Variables with a P value <0.05 in the multivariate analysis 
were identified as the final predictors.

Results

Demographic characteristics

There were 95 patients with advanced NSCLC enrolled 
in this study (group A: n=15; group B: n=25; group C: 
n=55; Figure 1). Of these, 57 (60.0%) patients developed 
resistance to standard treatments, including 6 (6.3%) who 
received surgery combined with tyrosine kinase inhibitors 
(TKIs) or chemotherapy, 13 (13.7%) who received 
chemoradiotherapy, 18 (18.9%) who received TKIs, 
and 20 (21.1%) who received monochemotherapy. The 
detailed characteristics are shown in Table 1. There were no 
significant differences in demographic characteristics found 
between the three groups. PD-1 blockade was administered 
at 9.0±12.4 days after the first DEB-BACE session in group 
A, whereas DEB-BACE was performed at 17.0±17.8 days 
after MWA in groups A and B.

Outcomes

The details of the outcomes are presented in Table 2. The 
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Figure 1 Patient selection flowchart. NSCLC, non-small cell lung cancer; DEB-BACE; drug-eluting bead bronchial artery 
chemoembolization; PD-1, programmed cell death protein 1; PD-L1, programmed cell death ligand 1; MWA, microwave ablation. 

Group A  
(MWA + DEB-BACE + PD-1 blockade; n=15)

Group B  
(MWA + DEB-BACE; n=25)

Group C  
(DEB-BACE alone; n=55)

NSCLC patients treated with DEB-BACE from April 
2017 to October 2022 in a single center (n=236)

Initial enrollment of advanced NSCLC patients  
who were treated with DEB-BACE (n=210)

Excluded (n=115)
•  Treatment history of immunotherapy before interventional 

therapy (n=19)
•  Incomplete data (n=16)
•  Period between DEB-BACE and PD-1 blockade longer than 

one month (n=16)
•  Follow-up less than one year (n=12)
•  Lost to follow-up (n=13) 
•  The combination of DEB-BACE and PD-1/L1 blockade (n=39)

Excluded patients who were at stage II or IIIA (n=26)

Final enrollment of advanced NSCLC patients  
who were treated with DEB-BACE (n=95)

mean follow-up time was 35.1±15.2 months. A significantly 
higher DCR at 3 months after MWA or the first DEB-
BACE session was observed in group A versus in groups 
B and C (100.0% vs. 76.0% vs. 45.5%; P<0.001). The 
estimated median PFS in the groups A–C groups was 33.0 
[95% confidence interval (CI): 6.052–59.948], 7.0 (95% 
CI: 3.556–10.444), and 3.0 (95% CI: 2.491–3.509) months, 
respectively, whereas the estimated median OS in these 
groups was 33.0 (95% CI: 9.759–56.241), 13.0 (95% CI: 
9.832–16.168), and 6.0 (95% CI: 1.963–10.037) months, 
respectively. The Kaplan-Meier method revealed that group 
A had prolonged median PFS (P<0.001; Figure 2A) and OS 
(P=0.002; Figure 2B) compared with the other two groups. 

AEs

The incidence of pneumothorax was 40.0% (16/40), 

which ranked first among the MWA-related AEs. There 
were 12 patients (30.0%, 12/40) who received chest tube 
placement. The incidence of any degrees AEs in the groups 
A–C was 53.3% (8/15), 36.0% (9/25), and 32.7% (18/55), 
respectively, which did not represent a significant difference 
(P=0.42). The details of AEs are shown in Table 2, and no 
severe AEs (SAEs) occurred.

Survival analyses

The results of univariate and multivariate analyses are 
shown in Tables 3 and 4. For patients with advanced 
NSCLC treated with DEB-BACE, the predictors of PFS 
included PD-1 blockade [hazard ratio (HR): 0.345, 95% 
CI: 0.162–0.733; P=0.006; Figure 3 and Figure 4A], tumor 
number (HR: 2.126, 95% CI: 1.184–3.815; P=0.01; Figure 
4B), and DEB-BACE/BAI cycles (HR: 0.622, 95% CI: 
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Table 1 Clinical characteristics for patients with advanced NSCLC in the three groups

Variable Overall (n=95) Group A (n=15) Group B (n=25) Group C (n=55) P value

Age (years) 67.0±10.3 69.4±10.9 67.8±9.1 67.3±10.7 0.78

Gender 0.74

Male 73 (76.8%) 13 (86.7%) 19 (76.0%) 41 (74.5%)

Female 22 (23.2%) 2 (13.3%) 6 (24.0%) 14 (25.5%)

Indications of interventional therapy 0.23

Resistance to standard treatments 57 (60.0%) 7 (46.6%) 16 (64.0%) 24 (43.6%)

Intolerance to standard treatments 38 (40.0%) 8 (53.3%) 12 (48.0%) 31 (56.4%)

Comorbidity

Hypertension 36 (37.9%) 4 (26.7%) 7 (28.0%) 25 (45.5%) 0.20

Cardiocerebrovascular diseases 24 (25.3%) 4 (26.7%) 6 (24.0%) 14 (25.5%) >0.99

Tumor subtype 0.96

Adenocarcinoma 42 (44.2%) 6 (40.0%) 11 (44.0%) 25 (45.5%)

Squamous cell carcinoma 44 (46.3%) 8 (53.3%) 11 (44.0%) 25 (45.5%)

Others 9 (9.5%) 1 (6.7%) 3 (12.0%) 5 (9.1%)

Tumor stage 0.84

III 50 (52.6%) 7 (46.7%) 14 (56.0%) 29 (52.7%)

IV 45 (47.4%) 8 (53.3%) 11 (44.0%) 26 (47.3%)

Treatment history

Surgery 6 (6.3%) 0 1 (4.0%) 5 (9.1%) 0.59

Systemic chemotherapy 35 (36.8%) 4 (26.7%) 7 (28.0%) 24 (43.6%) 0.27

TKIs 22 (23.2%) 1 (6.7%) 6 (24.0%) 15 (27.3%) 0.28

Radiological feature

Tumor diameter (cm) 6.0±2.5 5.9±1.8 5.4±2.2 6.4±2.7 0.22

Location 0.30

Lower or middle lobe 39 (41.1%) 7 (46.7%) 7 (28.0%) 25 (45.5%)

Upper lobe 56 (58.9%) 8 (53.3%) 18 (72.0%) 20 (36.4%)

Tumor number 0.70

1 78 (82.1%) 13 (86.7%) 19 (76.0%) 46 (83.6%)

≥2 17 (17.9%) 2 (13.3%) 6 (24.0%) 9 (16.4%)

Number of metastases 0.86

<2 61 (64.2%) 9 (60.0%) 17 (68.0%) 35 (63.6%)

≥2 34 (35.8%) 6 (40.0%) 8 (32.0%) 20 (36.4%)

Laboratory examination

WBC (×109/L) 7.5±2.6 8.8±2.8 7.2±2.6 7.3±2.6 0.13

PLT (×109/L) 249.0±93.0 281.9±57.3 261.1±98.7 260.2±98.8 0.71

PT (s) 11.6±1.5 11.4±0.8 11.5±2.3 11.8±1.0 0.52

Table 1 (continued)
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Table 1 (continued)

Variable Overall (n=95) Group A (n=15) Group B (n=25) Group C (n=55) P value

Further treatment

Radiotherapy 8 (8.4%) 1 (6.7%) 2 (8.0%) 5 (9.1%) >0.99

Anlotinib 26 (27.4%) 3 (20.0%) 7 (28.0%) 16 (29.1%) 0.90

Immunotherapy-related factors

Cycles of PD-1 blockade – 10.3±8.6 – – –

MWA-related factor

Maximum power (W) – 50.7±12.2 46.4±10.8 – –

Ablation time (min) – 13.5±6.7 12.6±6.7 – –

DEB-BACE related factor

Diameter of microsphere (μm) >0.99

100–300 11 (11.6%) 1 (6.7%) 3 (12.0%) 7 (12.7%)

300–500 84 (88.4%) 14 (93.3%) 22 (88.0%) 48 (87.3%)

Number of embolized arteries 1.0±0.3 1.1±0.4 1.1±0.3 1.1±0.3 0.99

DEB-BACE/BAI cycles 2.0±1.2 2.5±1.6 1.6±1.1 1.8±1.1 0.06

Frequencies and percentages are reported for categorical variables, and the mean ± SD are reported for continuous variables. Group A: MWA 
+ DEB-BACE + PD-1 blockade. Group B: MWA + DEB-BACE. Group C: DEB-BACE alone. NSCLC, non-small cell lung cancer; TKI, tyrosine 
kinase inhibitor; WBC, white blood cell; PLT, platelet; PT, prothrombin time; PD-1, programmed cell death protein 1; MWA, microwave 
ablation; DEB-BACE, drug-eluting bead bronchial artery chemoembolization; BAI, bronchial artery infusion; SD, standard deviation.

Table 2 Details of AEs and outcomes for patients with advanced NSCLC in the three groups 

Variable Overall (n=95) Group A (n=15) Group B (n=25) Group C (n=55) P value

Overall AEs 35 (36.8) 8 (53.3) 9 (36.0) 18 (32.7) 0.42

irAEs

Grade 1 – – – – –

RCCEP – 3 (20.0) – – –

Fever – 1 (6.7) – – –

Pneumonia – 1 (6.7) – – –

Grade 2 – – – – –

RCCEP – 2 (13.3) – – –

Pneumonia – 2 (13.3) – – –

DEB-BACE-related AEs

Grade 1

Chest congestion or pain 18 (18.9) 3 (20.0) 5 (20.0) 10 (18.2) >0.99

Fever 11 (11.6) 2 (13.3) 3 (12.0) 6 (10.9) >0.99

Myelosuppression 10 (10.5) 2 (13.3) 3 (12.0) 5 (9.1) 0.72

Table 2 (continued)
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Table 2 (continued)

Variable Overall (n=95) Group A (n=15) Group B (n=25) Group C (n=55) P value

Grade 2

Chest congestion or pain 8 (8.4) 1 (6.7) 2 (8.0) 5 (9.1) >0.99

Fever 6 (6.3) 1 (6.7) 1 (4.0) 4 (7.3) >0.99

MWA-related AEs

Grade 1 – – – – –

Pneumothorax – 4 (26.7) 0 – –

Pleural effusion – 0 3 (12.0) – –

Postablation syndrome – 3 (20.0) 4 (16.0) – –

Grade 2 – – –

Pneumothorax – 4 (26.7) 6 (24.0) – –

Pleural effusion – 0 1 (4.0) – –

Postablation syndrome – 1 (6.7) 3 (12.0) – –

Pneumonia – 0 1 (4.0) – –

Hemothorax – 1 (6.7) 1 (4.0) – –

Response <0.001

Complete response – – – –

Partial response 9 (9.5) 5 (33.3) 2 (8.0) 2 (3.6)

Stable disease 50 (52.6) 10 (66.7) 17 (68.0) 23 (41.8)

Progressive disease 36 (37.9) 0 6 (24.0) 30 (54.5)

DCR 59 (62.1) 15 (100.0) 19 (76.0) 25 (45.5) <0.001

PFS status 0.003

Progression or death 77 (81.1) 8 (53.3) 19 (76.0) 50 (90.9)

Progression and death free 18 (18.9) 7 (46.7) 6 (24.0) 5 (9.1)

OS status 0.01

Survival 25 (26.3) 8 (53.3) 8 (32.0) 9 (16.4)

Death 70 (73.7) 7 (46.7) 17 (68.0) 46 (83.6)

1-year PFS rate 22 (23.2) 8 (53.3) 6 (24.0) 8 (14.5) 0.007

2-year PFS rate 8 (8.4) 7 (46.7) 0 1 (1.8) <0.001

1-year OS rate 42 (44.2) 12 (80.0) 14 (56.0) 16 (29.1) 0.001

2-year OS rate 13 (13.7) 8 (53.3) 0 5 (9.1) <0.001

Data are represented as number (%). Group A: MWA + DEB-BACE + PD-1 blockade. Group B: MWA + DEB-BACE. Group C: DEB-BACE 
alone. AE, adverse event; NSCLC, non-small cell lung cancer; irAE, immune-related adverse event; RCCEP, reactive cutaneous capillary 
endothelial proliferation; DEB-BACE, drug-eluting bead bronchial artery chemoembolization; MWA, microwave ablation; DCR, disease 
control rate; PFS, progression-free survival; OS, overall survival; PD-1, programmed cell death protein 1.
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Figure 2 Comparison of median PFS or OS for patients with advanced NSCLC in the three groups. (A) The median PFS was 15.0, 7.0, 
and 3.0 months for patients in group A, B, and C, respectively. (B) The median OS was 24.0, 13.0, and 6.5 months in groups A, B, and 
C, respectively. Group A: MWA + DEB-BACE + PD-1 blockade. Group B: MWA + DEB-BACE. Group C: DEB-BACE alone. PFS, 
progression-free survival; OS, overall survival; NSCLC, non-small cell lung cancer; MWA, microwave ablation; DEB-BACE, drug-eluting 
bead bronchial artery chemoembolization; PD-1, programmed cell death protein 1. 

Table 3 Univariate and multivariate analyses for PFS in patients with advanced NSCLC treated with DEB-BACE 

Variable
Univariate analysis Multivariate analysis

Estimated median PFS (95% CI) P value* HR (95% CI) P value**

PD-1 blockade 0.001 0.006

Yes 33.0 (6.052–59.948) 0.345 (0.162–0.733)

No 4.0 (3.213–4.787) 1

Number of metastases 0.01

<2 6.0 (3.495–8.505)

≥2 3.0 (2.054–3.946)

Tumor number <0.001 0.01

1 5.0 (3.295–6.705) 2.126 (1.184–3.815)

≥2 2.0 (0.848–3.152) 1

DEB-BACE/BAI cycles 0.003 0.04

1 3.0 (2.182–3.818) 1

≥2 9.0 (3.388–14.612) 0.622 (0.388–0.997)

*, log-rank test was used; **, Cox proportional hazards regression analysis was used. PFS, progression-free survival; NSCLC, non-small 
cell lung cancer; DEB-BACE, drug-eluting bead bronchial artery chemoembolization; HR, hazard ratio; CI, confidence interval; PD-1, 
programmed cell death protein 1; BAI, bronchial artery infusion. 
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Table 4 Univariate and multivariate analyses for OS in patients with advanced NSCLC treated with DEB-BACE 

Variable
Univariate analysis Multivariate analysis

Estimated median OS (95% CI) P value* HR (95% CI) P value**

PD-1 blockade 0.004 <0.001

Yes 33.0 (9.759–56.241) 0.221 (0.096–0.508)

No 8.0 (4.714–11.286) 1

Number of metastases 0.002 <0.001

<2 14.0 (9.379–18.621) 2.699 (1.589–4.585)

≥2 3.0 (0.551–5.449) 1

Tumor diameter 0.02 <0.001

<4 Not reached 4.324 (1.971–9.488)

≥4 9.0 (6.140–11.860) 1

Tumor number 0.007

1 11.0 (6.305–15.695)

≥2 3.0 (0.000–8.042)

DEB-BACE/BAI cycles 0.001 0.02

1 3.0 (1.529–4.471) 1

≥2 17.0 (12.248–21.752) 0.550 (0.333–0.908)

*, log-rank test was used; **, Cox proportional hazards regression analysis was used. OS, overall survival; NSCLC, non-small cell lung 
cancer; DEB-BACE, drug-eluting bead bronchial artery chemoembolization; HR, hazard ratio; CI, confidence interval; PD-1, programmed 
cell death protein 1; BAI, bronchial artery infusion.

0.388–0.997; P=0.04; Figure 4C), while the predictors of OS 
included PD-1 blockade (HR: 0.221, 95% CI: 0.096–0.508; 
P<0.001; Figure 5A), number of metastases (HR: 2.699, 
95% CI: 1.589–4.585; P<0.001; Figure 5B), tumor diameter 
(HR: 4.324, 95% CI: 1.971–9.488; P<0.001; Figure 5C), and 
DEB-BACE/BAI cycles (HR, 0.550; 95% CI: 0.333–0.908; 
P=0.02; Figure 5D). 

Discussion

This study revealed superior outcomes for the maintenance 
treatment of PD-1 blockade after MWA plus DEB-BACE, 
with the estimated median PFS and OS of both being 33.0 
months. Meanwhile, most patients in group A had received 
1–2 cycles of immunotherapy before the first evaluation, 
which could explain the higher DCR in group A compared 
to the other two groups. It is worth noting that 50% of 
patients survived until the last follow-up in group A, which 
indicates a possible improved survival if the follow-up had 
been continued. Moreover, the incidence of any grade of 
AEs was 37.9% in this study, and the risk of AEs was not 

significantly increased with the addition of therapeutic 
methods. An incidence of 37% for SAEs was previously 
reported in patients with NSCLC who were treated with 
platinum-based systemic chemotherapy (5). In contrast, in 
our study, group A had a milder degree of AEs although the 
incidence of any grade AEs was 53.3%. 

The tolerance and efficacy of systemic chemotherapy 
for advanced NSCLC might be influenced by the 
accompaniment of severe comorbidities or poor PS (8,22). 
Thus, an effective and well-tolerated systemic treatment 
besides chemotherapy is still required for patients with 
systemic chemotherapy-resistant/intolerant advanced 
NSCLC. Unlike chemotherapeutic drugs, PD-1/L1 
blockade can disturb the binding between PD-1 on T cells  
and PD-L1 on cancer cells and thus improve T cell-
mediated immune response (3). 

Patients with stage IA NSCLC are optimal candidates 
for thermal ablation (4,19), and MWA has demonstrated 
the superiority of a higher temperature, a larger ablation 
scope, and reduced treatment interval compared to other 
ablative techniques (7). A previous study found that 81.3% 
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Figure 3 A typical case of advanced NSCLC treated with the maintenance treatment of PD-1 blockade after MWA and DEB-BACE. 
(A,B) A 47-year-old patient with NSCLC with a primary tumor stage of IV (T4N1M1) received first-line chemotherapy (pemetrexed plus 
carboplatin) and anti-angiogenesis therapy (bevacizumab). The CT scans revealed an enlarged pulmonary lesion with a tumor diameter of 
9.7 cm × 9.5 cm (white arrow), which revealed resistance to systemic chemotherapy. (C,D) CT-guided MWA was performed to inactivate 
the tumor as much as possible, with three MWA antennas being used, a maximum power of 60 W being released, and a total ablation 
time of 27 minutes. (E) DEB-BACE was performed 1 week after MWA, with the superselective catheterization being performed via a 
microcatheter (white arrow). Sequential angiography revealed that the right bronchial artery was the main tumor-feeding artery with the 
presence of abundant tumor staining (black arrow). (F) Chemoembolization was performed with 300- to 500-μm CalliSpheres loaded with 
gemcitabine (600 mg) via the microcatheter (white arrow). Angiography indicated the disappearance of tumor staining. PD-1 blockade of 
toripalimab (240 mg) was administered 1 month after DEB-BACE, and a total of 27 cycles of immunotherapy were performed per month. 
(G) CT reexamination at 3 months after DEB-BACE showed an obvious reduction in tumor size and cavity formation (white arrow) 
and PR response. (H) The CT scan at 15 months revealed a continued reduction in the primary lesion and the absorption of the cavity 
(white arrow). (I) CT reexamination at 36 months after MWA showed a continuous reduction of tumor size (white arrow). Neither local 
progression nor distant metastases had occurred as of the last follow-up. NSCLC, non-small cell lung cancer; PD-1, programmed cell death 
protein 1; MWA, microwave ablation; DEB-BACE, drug-eluting beads bronchial artery chemoembolization; CT, computed tomography; 
PR, partial response.

of the local recurrence after MWA occurred in patients with 
NSCLC with a tumor diameter ≥3 cm, with the potential 
related mechanisms including the limited tumor necrosis 
scope offered by thermal ablation and the heat-sink effect 
induced by tumor-feeding arteries (23). A phase III trial 
compared systemic chemotherapy with or without upfront 
MWA in advanced NSCLC, reporting a higher median 

PFS of 10.3 months and an unreached median OS in the 
combination therapy, which supports the effectiveness of 
MWA plus systemic treatments for advanced NSCLC (8). 

DEB-BACE shows milder toxicity than does systemic 
chemotherapy and has been used as salvage/replacement 
treatment for systemic chemotherapy-resistant/intolerant 
advanced NSCLC, demonstrating a median PFS of 
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Figure 4 Kaplan-Meier analyses of PFS in patients with advanced 
NSCLC treated with DEB-BACE. (A) The estimated median 
PFS was 33.0 months for patients treated with PD-1 blockade, 
compared with 4.0 months for those patients without. (B) The 
estimated median PFS was 5.0 months for patients with 1 tumor 
and was 2.0 months for patients with ≥2 tumors. (C) The estimated 
median PFS was 9.0 months for patients treated with one cycle of 
DEB-BACE and was 3.0 months for those treated with no less than 
two cycles of DEB-BACE/BAI. PFS, progression-free survival; 
PD-1, programmed cell death protein 1; DEB-BACE, drug-
eluting bead bronchial artery chemoembolization; BAI, bronchial 
artery infusion; NSCLC, non-small cell lung cancer.

4.0–6.3 months and a median OS of 8.0–15.6 months  
(10-15). Dual therapeutic effects can be achieved in DEB-
BACE, including a continuous delivery of loaded drugs from 
the DEB microspheres to tumor sites within 1–2 months  
and the tumor ischemia or necrosis produced by artery 
embolization, which provide better local efficacy and 
reduced systemic toxicity (9). However, the heterogeneity of 
techniques and distribution of tumor-feeding arteries, along 
with the absence of evidence, limits the application of DEB-
BACE (4,24). The combination therapy of DEB-TACE 
and MWA for early-stage liver cancer was attempted, and 
a superior prognosis than that of MWA monotherapy was 
found (25). A retrospective study examined the use of DEB-
BACE plus MWA in 77 patients with advanced NSCLC 
and found a prolonged median PFS compared with that 
of DEB-BACE monotherapy. This superior effect was 
attributed to the necrosis of tumor tissues via direct thermal 
ablation, the reduction of the collateral arteries, and the 
synergistic anticancer effects on residual tumor tissue 
achieved by DEB-BACE (13).

In theory, the combination of immunotherapy and 
locoregional interventional therapy can simultaneously 
achieve both local and systemic efficacy. Ablation or TACE 
can directly induce tumor necrosis, which is a form of 
tumor cell death. The potential processes of antitumor 
immunity modulated by thermal ablation or TACE 
include the releasing of neoantigen, sequential activation 
of antigen-presenting cells and effector immune cells, 
upregulation of immune cells in peripheral blood, increase 
in the abundance of tumor-infiltrating lymphocytes, and 
decrease in abundance of regulatory T (Treg) cells (26-30).  
Of these, Treg cells can promote tumor growth via 
inhibiting antitumor immunity (31). An increased number 
of CD8+ T cells and a reduction of Treg cells after MWA 
in lung cancer have been reported (32), with the changes 
in Treg cells being associated with prolonged PFS. Some 
chemotherapeutic drugs, including gemcitabine, possess 
immunogenic properties and can trigger a significant 
tumor-specific immunological effect (33). 

Three studies have examined the combination of ICIs 
and a single interventional technique for advanced NSCLC 
(17,34,35). A retrospective study reported a median PFS 
of 5.1 months and an unreached median OS for MWA 
plus PD-1 blockade in advanced NSCLC (34). Another 
retrospective study performed DEB-BACE/BAI plus 
sintilimab in 10 patients with advanced NSCLC, reporting 
a median PFS and OS of 11.0 and 8.0 months, respectively. 
Meanwhile, a median PFS and OS of 12.0 and 27.0 months, 
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Figure 5 Kaplan-Meier analyses of OS in patients with advanced NSCLC treated with DEB-BACE. (A) The estimated median OS 
was 33.0 months for patients treated with PD-1 blockade and 8.0 months for patients who were not. (B) The estimated median OS was  
14.0 months for patients with <2 metastases and 3.0 months for those patients with ≥2 metastases. (C) The estimated median OS was not 
reached for patients with a tumor diameter <4 cm and was 9.0 months for patients with a tumor diameter ≥4 cm. (D) The estimated median 
OS was 3.0 months for patients treated with one cycle of DEB-BACE and was 17.0 months for those patients treated with fewer than two 
cycles of DEB-BACE/BAI. OS, overall survival; PD-1, programmed cell death protein 1; DEB-BACE, drug-eluting bead bronchial artery 
chemoembolization; BAI, bronchial artery infusion; NSCLC, non-small cell lung cancer.

respectively, was found in a study with identical therapeutic 
strategies, but with more cases and longer follow-up 
(17,35). The potential mechanisms of the effectiveness 
of PD-1 blockade after MWA plus DEB-BACE are as 
follows: (I) direct local tumor necrosis and synergistic 
antitumor effects induced by MWA and DEB-BACE, (II) 
dual synergistic antitumor immunity induced by MWA and 
embolization, and (III) chemotherapeutic drugs delivered 

from DEB microspheres inducing the chemotherapy-
related inflammation and triggering the upregulation of 
immunogenic cell death markers (36).

Our study involved certain limitations that should be 
noted. First, the retrospective nature of the design might 
have introduced a degree of patient selection bias. Second, 
the superiority of the combination DEB-BACE, MWA, 
and immunotherapy needs to be further validated with 
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a larger sample size. Third, a heterogeneity in enrolled 
patients and immunotherapy regimens may exist owing 
to the different treatment histories and PD-1 blockade 
manufacturers. Fourth, the treatment sequence of the three 
strategies might have influenced the outcomes, and the 
optimal sequence needs to be further investigated. Finally, 
this study lacked comparative groups of patients treated 
with monoimmunotherapy or immunotherapy plus a single 
interventional technique, which might better indicate the 
superiority of the combination of immunotherapy and 
multiple interventional techniques.

In conclusion, compared with MWA plus DEB-
BACE or DEB-BACE alone, the maintenance treatment 
of immunotherapy after MWA plus DEB-BACE might 
provide superior prognosis for those with advanced NSCLC 
without increasing the risk of AEs.
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