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Background: While immune checkpoint inhibitors have revolutionized the treatment of non-small-cell lung cancer 
(NSCLC), many patients still suffer from either primary or acquired treatment resistance. Stimulation of antitumor 
cellular immunity with a therapeutic cancer vaccine in combination with anti-programmed cell death (ligand) 
protein 1 [PD-(L)1] may improve outcome. PDC*lung01 is a cancer vaccine made of irradiated plasmacytoid 
dendritic cells loaded with six NSCLC tumor antigens (NY-ESO-1, MAGE-A3, MAGE-A4, Multi-MAGE-A, MUC1, and 
Survivin), and available as a ready-to-use product.
Patients and methods: This open-label, dose-escalation, multicenter, phase I/II study assessed the safety profile, 
clinical activity, and immunogenicity of PDC*lung01 at low or high doses, either as a single agent in resected NSCLC 
(cohorts A) or with anti-PD-1 in metastatic NSCLC with PD-L1 ≥ 50% (cohorts B). The primary objective was 
vaccine-related dose-limiting toxicities (DLTs). Secondary objectives included safety profile, T-cell response against 
vaccine antigens in all cohorts, and clinical activity in cohort B2 (high-dose PDC*lung01 with anti-PD-1): objective 
response rate (ORR) and 9-month progression-free survival (9mPFS).
Results: Median follow-up was 20 months [95% confidence interval (CI) 14-26 months] in all enrolled patients 
(N = 73). Most adverse events were mild to moderate; only one patient (2%) in cohort B2 reported a related DLT. 
In the combination of PDC*lung01 (high-dose) with anti-PD-1 (N = 45), the confirmed ORR was 51% (80% CI 41% 
to 62%), the 9mPFS estimate was 47% (80% CI 37% to 57%), and the median PFS was 9 months (95% CI 5.0-24 
months). PDC*lung01 elicited tumor antigen-specific T-cell expansions in 50%-67% of patients and PFS duration 
correlated positively with immune response intensity (P = 0.04).
Conclusions: PDC*lung01 was immunogenic and had a manageable safety profile in all cohorts and met the predefined 
clinical objectives when combined with anti-PD-1 in metastatic NSCLC. Median PFS was positively correlated with 
antigen-specific T-cell expansions.
Key words: therapeutic cancer vaccine, plasmacytoid dendritic cells, immune checkpoint inhibitor, non-small-cell lung 
cancer, clinical trials phase I/II

INTRODUCTION

Immune checkpoint inhibitors (ICIs) targeting programmed 
cell death protein 1 (PD-1) expressed on the surface of 
activated T cells or programmed cell death ligand 1 (PD-L1) 
expressed by cancer cells have revolutionized the 
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treatment landscape of non-small-cell lung cancer 
(NSCLC).1-3 ICIs contribute to restoring the antitumoral 
activity of effector T cells by preventing the PD-1/PD-L1 
interaction, and therefore the inhibitory signal provided 
by cancer cells.1,4

Several studies in advanced or metastatic NSCLC have 
demonstrated the durable clinical benefit of anti-PD-1 and 
anti-PD-L1 immunotherapies used as monotherapy or in 
combination with chemotherapy, compared with chemo
therapy alone.1-3,5-7 However, a majority of patients suffer 
from either primary or acquired treatment resistance, 
limiting the benefit of ICIs.1,8,9 In particular, in the popu
lation of advanced and metastatic patients with high 
expression of PD-L1 (tumor progression score ≥50%), 
almost 60% do not respond to ICI.7,10 Low or inappropriate 
level of pre-existing antitumor immunity explains part of ICI 
therapy failure.11,12 Therefore, stimulation of antitumor 
cellular immunity with a therapeutic cancer vaccine in 
combination with anti-PD-1/anti-PD-L1 represents a 
promising approach to improve patient outcomes.

Therapeutic cancer vaccines induce antitumoral immunity 
by activating tumor antigen-specific CD8+ T cells (ASTCs) 
and eliciting immunological memory.8,11,13-15 Vaccine- 
induced immunity has the potential to improve effective
ness of ICIs by increasing the response rate, while ICIs could 
in turn strengthen the immunostimulatory potential of the 
vaccine, suggesting a potential synergy.8,11-13,15 Dendritic 
cells (DCs)-based therapeutic cancer vaccines activate naïve 
T cells through presentation of tumor antigen-derived 
peptides.8,11-13,15 Allogeneic DC-based antigen-presenting 
platforms are important alternatives to their autologous 
counterparts, as more reproducible and less cumbersome in 
production.11-13

PDC*line is an allogeneic antigen-presenting platform 
consisting of a plasmacytoid dendritic cell (PDC) line iso
lated from the blood of an HLA-A*02:01-positive patient 
with PDC leukemia.11-13,16 This technology leverages the 
high capacities of PDCs to stimulate strong antitumoral 
immune responses following antigen presentation.17 Pre
clinical functional in vitro assays and studies in humanized 
mice have demonstrated the potency of irradiated PDC*line 
cells loaded with selected tumor antigen-derived peptides 
to prime and expand naïve T cells into fully functional 
ASTCs with a specific anticancer activity.11,13,16,18-20 These 
promising preclinical results supported the development of 
the first therapeutic cancer vaccine candidate based on the 
PDC*line platform, PDC*mel, loaded with four melanoma 
antigen-derived peptides.16 In a first-in-human phase I trial 
in metastatic melanoma (NCT01863108), PDC*mel mono
therapy was well tolerated and was able to induce anti
tumoral immune responses (switch from naïve to memory 
ASTCs).16

A new PDC*line-based therapeutic product (PDC*lung01) 
composed of irradiated PDC*line cells loaded with six 
NSCLC antigen-derived peptides and one control peptide 
has been developed.11 In vitro experiments showed that 
PDC*lung01-like products can activate and expand anti
tumor circulating ASTCs in 85% of NSCLC patients, of whom 

69% presented a response for at least two tumor anti
gens.12 Additionally, a synergistic effect of anti-PD-1 ther
apy on the vaccine-induced antitumoral immune cell 
expansion was observed.12,16

The current clinical study evaluated the safety profile, 
tolerability, preliminary clinical activity, and immunoge
nicity of PDC*lung01 at two dose levels used as a single 
agent in the adjuvant setting or in combination with anti- 
PD-1 in patients with metastatic NSCLC.

PATIENTS AND METHODS

Study design and patients

This open-label, dose-escalation, multicenter, phase I/II 
study (NCT03970746) recruited patients between 
September 2019 and December 2023 (date of treatment 
completion for the last patient) in Belgium, France, Ger
many, The Netherlands, and Poland. The study was con
ducted in accordance with the protocol, its amendments, 
the Declaration of Helsinki, and the International Confer
ence on Harmonization Good Clinical Practice guidelines. 
The study protocol and all amendments were approved by 
the relevant ethics committees and regulatory authorities. 
All patients gave written informed consent.

The study included four distinct cohorts (Figure 1; 
Supplementary Figure S1, available at https://doi.org/10.10 
16/j.esmoop.2025.105844). A data safety monitoring board 
monitored the safety data of the four cohorts and provided 
recommendations about study progress (Supplementary 
Figure S1, available at https://doi.org/10.1016/j.esmoop. 
2025.105844). In cohorts A1 (low-dose, 14 million cells) 
and A2 (high-dose, 140 million cells), patients received 
single-agent PDC*lung01 in the adjuvant setting after 
complete resection. In cohorts B1 (low-dose) and B2 (high- 
dose), PDC*lung01 was administered as part of first-line 
combination therapy with pembrolizumab 200 mg intra
venous every 3 weeks.

Since PDC*line cells express the HLA-A*02:01 molecule, 
only patients with documented HLA-A*02:01 expression 
and absence of antibodies against human leukocyte anti
gen (HLA) molecules expressed by PDC*line cells were 
eligible. The patients eligible for cohorts A1 and A2 had 
completely resected stage IIa/IIb/IIIa NSCLC (tumor—
node—metastasis classification eighth edition)21 and 
adjuvant-based chemotherapy if indicated. The patients 
eligible for cohorts B1 and B2 had an untreated stage IV 
measurable NSCLC (PD-L1 ≥ 50%) and received anti-PD-1 
first-line monotherapy as per standard-of-care treatment. 
Patients who underwent radiotherapy/chemoradiotherapy 
for prior stage III disease were eligible if the treatment- 
free interval was >1 year. Inclusion and exclusion 
criteria are further detailed in the Supplementary 
material, available at https://doi.org/10.1016/j.esmoop. 
2025.105844.

During the treatment period [visit (V)1-V7], the patients 
received PDC*lung01 weekly via both subcutaneous and 
intravenous routes at each administration over 6 weeks 
(V1-V6). In cohorts A1 and A2, the first study dose was 
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administered at least 4 weeks after the last standard-of-care 
treatment. Occurrence of dose-limiting toxicities (DLTs) was 
assessed from V1 to V6 with a final measurement at V7, 1 
week after the last study dose. The end-of-treatment visit (V8) 
took place 4 weeks after the last vaccine administration.

Patients were followed up for up to 2 years after V8 to 
record serious adverse events (SAEs) related to study 
intervention, clinical response assessment according to 
RECIST, v1.1,22 next anticancer treatments, and survival 
(every 3 months during the first year and every 6 months 
during the second year).

As detailed in Supplementary material, available at 
https://doi.org/10.1016/j.esmoop.2025.105844, immuno
genicity was assessed before vaccination, at V7, V8, and 
during the follow-up phase at V9, 10 weeks after the last 
vaccine administration.

Study product

PDC*lung01 is a therapeutic vaccine comprising irradiated 
PDC*line cells,16 each loaded individually with one of seven 

HLA-A*02:01-restricted peptides derived from six NSCLC anti
gens i.e. NY-ESO-1, MAGE-A3, MAGE-A4, Multi-MAGE, MUC1, 
and Survivin, with Melan-A melanoma antigen as control. The 
vaccine is provided in ready-to-use aliquots containing a frozen 
suspension of a mixture, in equal proportions, of PDC*line cells 
loaded separately with one distinct peptide.

Study endpoints and assessments

The primary safety objective was the assessment of safety of 
PDC*lung01 vaccination at two dose levels in all cohorts, in 
terms of vaccine-related DLTs from V1 to V7. DLTs were 
defined as all grade 4 toxicities, grade 3 non-laboratory tox
icities, grade 3 laboratory toxicities (excluding hematological 
toxicity), grade 3 or higher cytokine release syndrome, grade 3 
or higher allergic reaction and/or anaphylaxis and/or infusion- 
related reaction occurring within 24 h after injection, and 
grade 5 toxicities (Supplementary Table S1, available at 
https://doi.org/10.1016/j.esmoop.2025.105844). DLTs were 
graded using the Common Terminology Criteria for Adverse 
Events (CTCAE) v5.0.23
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Figure 1. Flow chart presenting the disposition of patients. 
AE, adverse event; DLT, dose-limiting toxicity; DP, disease progression; HLA, human leukocyte antigen; PP, per-protocol.
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The secondary safety objectives included the assessment 
of safety profile of PDC*lung01 in combination with pem
brolizumab in terms of treatment-emergent adverse events 
(TEAEs) and SAEs, and assessment of the allogeneic hu
moral response against PDC*line cells (anti-HLA class I and 
II serum antibodies and allelic specificity).

The secondary efficacy objective was the clinical activity 
of PDC*lung01 in combination with pembrolizumab in 
cohort B2 in terms of objective response rate (ORR) and 
progression-free survival (PFS) at 9 months (9mPFS), based 
on RECIST v1.1 radiological assessments by investigators at 
screening, week 7, and confirmed 4-6 weeks later.

PDC*lung01 immunogenicity, as also a secondary objec
tive, was evaluated by assessing the specific cellular im
mune response against vaccine antigens through ex vivo 
detection and characterization of antitumor ASTCs by flow 
cytometry. A description of methods used for immuno
monitoring is provided in the Supplementary methods and 
in Supplementary Figure S2, available at https://doi.org/10. 
1016/j.esmoop.2025.105844.

Further details of the study objectives and endpoints, 
including exploratory objectives, are presented in 
Supplementary Table S1, available at https://doi.org/10.10 
16/j.esmoop.2025.105844.

Demographic characteristics, and medical and disease 
history were collected at screening. The performance status 
(PS), vital signs, and concomitant medications were recor
ded at screening and at V1-V8. A physical examination was 
carried out at screening and V8.

Statistical analysis

A total of 64 assessable patients (6 in cohort A1, 10 in 
cohort A2, 6 in cohort B1, 42 in cohort B2) were planned to 
be enrolled in this study. The primary safety endpoint was 
evaluated in the DLT assessment population. The other 
safety endpoints were assessed in the safety population. 
Efficacy endpoints were assessed in the per-protocol (PP) 
population. Analyses of immunogenicity endpoints were 
conducted in the immunogenicity population. Definitions of 
population sets are provided in Supplementary Table S2, 
available at https://doi.org/10.1016/j.esmoop.2025.105844.

The occurrences of DLTs, TEAEs, and SAEs were 
expressed as numbers and percentages of patients 
reporting each event. AEs were classified using the Medical 
Dictionary for Regulatory Activities terminology and graded 
according to the CTCAE v5.0 system.23

For the secondary objective of PDC*lung01 preliminary 
clinical activity in cohort B2, the results from the popula
tion with PD-L1 ≥ 50% in the Keynote-042 study7 were 
considered as expected baseline activity with pem
brolizumab (ORR of 39% and 9mPFS of 43%). The target 
benefit was an absolute increase of 15%, i.e. an ORR of 54% 
and a 9mPFS of 58% or more. The objective was considered 
as reached when the lower limit of the confidence interval 
(CI) of the ORR excluded the null hypothesis, i.e. 39% ORR 
in historical control. A Sargent two-stage design was 
considered, with type I error at one-sided 0.1 level and 

type II error level at 0.3 (corresponding to a power of 70%) 
with a sample size of 42 assessable patients.

The number and percentage of patients with an ORR and 
disease control rate (DCR) were calculated with 80% CIs. 
Details on statistical analysis are available in Supplementary 
Table S2, available at https://doi.org/10.1016/j.esmoop. 
2025.105844. Individual objective responses and best 
overall response (BOR) were represented using waterfall, 
swimmer, and spider plots. PFS, time to progression (TTP), 
and overall survival (OS) were assessed using Kaplan—

Meier methodology; median PFS/TTP/OS (95% CIs) and 
their estimates at 9 months (80% CIs) were computed. The 
number of events determining the duration of response 
(DOR) and median DOR (95% CIs) were documented.

The frequencies of antitumor ASTCs were compared 
before and after vaccination using non-parametric paired 
Wilcoxon tests. The correlation between PFS and immu
nological response (frequencies of antitumor ASTCs) was 
investigated with a non-parametric Spearman test.

Data were analyzed using SAS software (v.9.4 or higher, 
Cary, NC) or PRISM 10.0 (GraphPad software, LLC, Boston, 
MA).

RESULTS

Study patients

Of the 304 pre-screened patients, 142 (47%) were HLA- 
A*02:01-positive, 91 (30%) entered the screening phase, 
and 73 (24%) were allocated to the study cohorts. Study 
completion rates ranged from 15% in cohort B2 to 92% in 
cohort A2 (Figure 1).

In all cohorts, most patients were male, Caucasian, past 
smokers, and had a median age of 64-69 years (Table 1). At 
least half of the patients in cohorts A had a PS of 0, while 
most patients in cohorts B had a PS of 1 (Table 1). Three 
patients (50%) in cohort A1 and 11 (92%) in cohort A2 
received adjuvant chemotherapy. Five (10%) patients in 
cohort B2 received previous palliative radiotherapy. Brain 
metastases were present at baseline in 29% (cohort B1) 
and 25% (cohort B2) of patients. Those patients were 
required to have asymptomatic or stable brain metastases.

Safety

In the DLT assessment population (N = 68), only one pa
tient in cohort B2 experienced a DLT considered possibly 
related to the study intervention. This event was reported 
as a grade 4 anaphylactic reaction occurring within 24 h 
following PDC*lung01 administration, associated with 
complement component C3d elevation and increase in C- 
reactive protein; the patient recovered on the same day 
following anti-allergic treatment.

Most patients in the safety population (N = 73) received 
six doses of PDC*lung01 [6 (100%), 10 (83%), 6 (86%), and 
42 (88%) in cohorts A1, A2, B1, and B2, respectively], with a 
median treatment duration of 36 days in all cohorts. 
Overall, 71 (97%) patients experienced at least one TEAE, 
including 62 (85%) reporting at least one vaccine-related 
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TEAE, mostly of mild-to-moderate severity. Four patients 
reported at least one TEAE leading to treatment discon
tinuation: one (14%) in cohort B1 and three (6%) in cohort 
B2 (Table 2). The most common vaccine-related TEAEs were 
general disorders and administration-site conditions 
(mostly fatigue, fever, injection-site pain, and reaction), 
reported in 5 (83%) patients in cohort A1, 7 (58%) in cohort 
A2, 4 (57%) in cohort B1, and 26 (54%) in cohort B2.

Nineteen (26%) patients reported at least one SAE 
(Table 2). SAEs considered related/possibly related to study 
intervention were reported in four patients: one (14%) in 
cohort B1 [immune-mediated encephalopathy (possibly 
related)] and three (6%) in cohort B2 [fever (possibly 

related), anaphylactic reaction, and infusion-related reac
tion (both related)]. None of the 24 (33%) deaths reported 
in the safety population were considered related to study 
intervention. Three (6%) patients in cohort B2 experienced 
one non-Investigational Medicinal Product related fatal AE, 
including dyspnea, immune-mediated lung disease, and 
arrhythmia.

No anti-nuclear antibody was detected after vaccination, 
indicating that PDC*lung01 injections did not trigger auto
immune disorders. No trends or abnormalities were 
observed in the vital sign parameters during treatment (up 
to 4 h after administration) compared with the pre- 
vaccination period. In the safety population, 19 patients 

Table 1. Demographic characteristics of enrolled patients

Cohort A1 (N = 6) Cohort A2 (N = 12) Cohort B1 (N = 7) Cohort B2 (N = 48)

Gender (male), n (%) 5 (83) 10 (83) 4 (57) 27 (56)
Age (years), median (range) 64.0 (40-71) 65.5 (50-71) 64.0 (39-78) 68.5 (50-83)
Ethnicity, n (%)

Caucasian 4 (67) 8 (67) 6 (86) 47 (98)
Asian 0 (0) 0 (0) 1 (14) 0 (0)
Missing 2 (33) 4 (33) 0 (0) 1 (2)

Smoking status, n (%)
Current 0 (0) 1 (8) 1 (14) 12 (25)
Past 6 (100) 11 (92) 5 (71) 34 (71)
Never 0 (0) 0 (0) 1 (14) 2 (4)

Performance status, n (%)
0 3 (50) 7 (58) 3 (43) 13 (27)
1 3 (50) 5 (42) 4 (57) 35 (73)

PD-L1 expression (%), median (range) NA NA 80 (50-100) 70 (50-100)
Presence of CNS metastases, n (%) 0 0 2 (29) 12 (25)
Stage, n (%)

IIA ― 2 (17%) NA NA
IIB 3 (50) 6 (50.0) NA NA
IIIA 3 (50) 4 (33) NA NA
IVA NA NA 3 (43) 19 (40)
IVB NA NA 4 (57) 29 (60)

Histopathology subtype, n (%)
Squamous-cell carcinoma 1 (17) 5 (42) 2 (29) 10 (21)
Adenocarcinoma 5 (83) 7 (58) 3 (43) 36 (75)
Othera 0 0 2 (29) 2 (29)

CNS, central nervous system; N, number of patients in each cohort; n (%), number (percentage) of patients in a given category; NA, not available; PD-L1, programmed death- 
ligand 1.
aB1: pleomorphic and large cells not otherwise specified, B2: not otherwise specified for both.

Table 2. Summary of safety results in all evaluated cohorts (safety population)

Cohort A1 (N = 6) Cohort A2 (N = 12) Cohort B1 (N = 7) Cohort B2 (N = 48)

DLT, n (%) 0 0 0 1 (2)
≥1 TEAE, n (%) 5 (83) 12 (100) 7 (100) 47 (98)
≥1 related TEAE 5 (83) 11 (92) 6 (86) 40 (83)
≥1 TEAE leading to treatment discontinuation 0 (0) 0 (0) 1 (14) 3 (6)
≥1 TEAE leading to dose delay 0 (0) 1 (8) 0 (0) 9 (19)

≥1 SAE, n (%) 1 (17) 1 (8) 3 (43) 14 (29)
≥1 related SAE 0 (0) 0 (0) 1 (14) 3 (6)

≥1 grade 3 or higher AE, n (%) 0 (0) 1 (8) 3 (43) 15 (31)
≥1 related grade 3 or higher AE 0 (0) 0 (0) 1 (14) 3 (6)

≥1 fatal AE (all not related), n (%) 0 (0) 0 (0) 0 (0) 3 (6)
Related TEAE >15% of patients, n (%)

Fatigue 1 (17) 1 (8) 3 (43) 9 (19)
Pyrexia 1 (17) 1 (8) 1 (14) 10 (21)
Positive anti-HLA antibodies at V8 1 (17) 10 (83) 0 19 (37)

AE, adverse event; DLT, dose-limiting toxicity; HLA, human leukocyte antigen; N, number of patients in each cohort; n (%), number (percentage) of patients in a given category; 
SAE, serious AE; TEAE, treatment-emergent AE; V, visit.
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were tested positive for anti-HLA antibodies at V8: 1 (17%), 
10 (83%), and 19 (40%) in cohorts A1, A2, and B2, 
respectively (Table 2). These allogeneic humoral immune 
responses were not accompanied by any specific AEs.

Efficacy/clinical activity

In the B2 PP population (N = 45), the median follow-up time 
was 20 months (95% CI 14-26 months). In cohort B2, the 
confirmed ORR was 51% (80% CI 41% to 62%), excluding the 
null hypothesis defined in the statistical analysis plan (detailed 
in the ‘Patients and methods’ section). All 23 responders 
achieved a partial response (PR), 15 patients (33%) had stable 
disease (SD), and 7 (16%) had progressive disease (PD) 
(Supplementary Table S3, available at https://doi.org/10. 
1016/j.esmoop.2025.105844). Individual objective re
sponses and BORs are shown in Figure 2A-C. The estimated 
9mPFS in cohort B2 was 47% (80% CI 37% to 57%), and the 
median PFS was 9 months (95% CI 5.0-23.6 months) 
(Supplementary Table S3, available at https://doi.org/10. 
1016/j.esmoop.2025.105844, Figure 2D). Of the 45 patients 

of the PP population of cohort B2, 22 (49%; 80% CI 38% to 
59%) were disease progression free at 9 months.

In cohort B1, four (67%) patients had PR, one (17%) had SD, 
and one (17%) presented with PD, leading to a confirmed ORR 
of 67% (80% CI 33% to 91%) (Supplementary Table S3, 
available at https://doi.org/10.1016/j.esmoop.2025.105844). 
Individual objective responses and BORs in cohort B1 are 
represented in Supplementary Figure S3, available at https:// 
doi.org/10.1016/j.esmoop.2025.105844. The estimated 
9mPFS was 67% (80% CI 36% to 85%); the median PFS was not 
reached throughout the study period (Supplementary 
Table S3, available at https://doi.org/10.1016/j.esmoop. 
2025.105844).

Median DOR (months) was not reached in both cohorts 
(ranges, B1: 12-not reached; B2: 8-not reached). Among 
confirmed responders, one (25%) DOR event was recorded 
in cohort B1 and nine (39%) in cohort B2 (Supplementary 
Figure S4, available at https://doi.org/10.1016/j.esmoop. 
2025.105844). In cohort B2, median time to response 
was 2 months (range 1.2-8.7 months) (Supplementary 
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Figure 2. Clinical activity in the per-protocol population of cohort B2. (A) Swimmer plot presenting individual objective responses. (B) Waterfall plot presenting the 
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Table S3 and Figure S5, available at https://doi.org/10. 
1016/j.esmoop.2025.105844), TTP estimate at 9 months 
was 53% (80% CI 42% to 62%), and the median TTP was 11 
months (Supplementary Table S3 and Figure S6, available 
at https://doi.org/10.1016/j.esmoop.2025.105844). DCR 
was 67% (80% CI 33% to 91%) in cohort B1 and 76% (80% 
CI 65% to 84%) in cohort B2 (Supplementary Table S3, 
available at https://doi.org/10.1016/j.esmoop.2025. 
105844). OS analysis is still immature; median was not 
reached as 60% patients were alive at the study cut-off 
date, but OS estimate at 9 months in cohort B2 was 73% 

(80% CI 64% to 81%) (Supplementary Table S3 and 
Figure S7, available at https://doi.org/10.1016/j.esmoop. 
2025.105844).

Immunogenicity

In the immunogenicity population (N = 66), the frequency 
of antitumor ASTCs at baseline was not detectable for most 
patients [equal or lower than the limit of quantification 
(LOQ) in 67% and 57% of samples from cohorts A and B, 
respectively]. In a large proportion of patients, ASTC ex
pansions were observed after vaccination in contrast to 
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control viral-specific T cells (Figure 3A and B). Across all 
cohorts, targeted ASTC expansions were observed in 3 
(50%), 7 (64%), 4 (67%), and 24 patients (56%) in cohorts 
A1, A2, B1, and B2, respectively. ASTC responses were 
detected against all lung cancer antigens except for MAGE- 
A4, for which the frequency remained below the LOQ at all 
time points. Most expanded T cells displayed an effector 
memory phenotype suggesting their cytotoxic potential 
(data not shown).

Following expansion, the frequencies of antitumor ASTCs 
in individual patients ranged from 0.001% to 0.09% in 
cohort A1, 0.001% to 0.598% in cohort A2, 0.001% to 
0.233% in cohort B1, and 0.001% to 2.321% in cohort B2 
(Figure 3B). The mean fold changes of cell expansion versus 
baseline were 3, 15, 20, and 27, for cohorts A1, A2, B1, and 
B2, respectively. Statistically significant increases in the 
frequency of antitumor ASTCs were observed following 
PDC*lung01 vaccination versus baseline in patients with PR 
(P < 0.0001) or SD (P < 0.001), but not in those with PD 
(Figure 3C). In patients with PR or SD, a statistically sig
nificant positive correlation (P = 0.04) was found between 
PFS duration and the immune response intensity assessed 
by the antitumor ASTC cumulative frequencies (Figure 3D).

DISCUSSION

In this study, the new allogeneic PDC*line-based vaccine, 
PDC*lung01, was used as a single agent in the adjuvant 
setting or in combination with anti-PD-1 in patients with 
metastatic NSCLC. To our knowledge, this is the first time 
that clinical results are presented on the efficacy of a 
therapeutic cell vaccine in combination with first-line 
pembrolizumab in untreated metastatic NSCLC. The vac
cine was well tolerated by the patients either as a single 
agent or in combination with anti-PD-1 with most AEs of 
mild-to-moderate severity and provided meaningful clinical 
benefit in patients with metastatic NSCLC. Antitumor ASTC 
responses were observed in a large proportion of vacci
nees, with a dose effect and a combined effect with anti- 
PD-1 on the expansion of ASTCs.

PD-1 and PD-L1 inhibitors have become a standard of 
care for the first-line treatment of advanced NSCLC without 
oncogene addiction and PD-L1 ≥50%.24 However, a signif
icant proportion of those patients still do not benefit from 
ICIs.7,25,26

Here, we aimed to determine first the occurrence of DLTs 
when PDC*lung01 was used at low and high dose in 
monotherapy or in combination with anti-PD-1. Only one 
patient in cohort B2 had a high-grade anaphylactic reaction 
within 24 h after vaccination. The C3d elevation and the 
rapid recovery after anti-allergic medications were strongly 
indicative of a severe allergic reaction. An allergic reaction 
to an ingredient used to cryopreserve the cells could not be 
excluded, as reported previously for pharmaceutical-grade 
human serum albumin.27

Overall, our results show an acceptable safety profile of 
the PDC*lung01 vaccine when used in monotherapy, 
consistent with the phase I trial with the PDC*mel vaccine 

in patients with melanoma.16 No major safety concerns 
were observed when the vaccine was used in combination 
with anti-PD-1 therapy either. This is in line with expecta
tions for DC-based cancer vaccines, which rarely cause 
high-grade systemic adverse events.15,28,29 This is in 
contrast to other anticancer immunotherapy combination 
therapies, such as the combination of nivolumab plus ipi
limumab, for which the occurrence of grade 3 or higher AEs 
was 33%.30 In our study, only three (6%) patients who 
received the high-dose formulation of PDC*lung01 com
bined with pembrolizumab discontinued the treatment due 
to AEs. Higher treatment discontinuation rates due to 
treatment-related AEs were observed with ICI combination 
treatment or even pembrolizumab monotherapy (18%30

and 9%,7 respectively). SAEs related/potentially related to 
the study vaccine were only reported in patients who 
received combination therapy, of which only two, an 
infusion-related reaction and the aforementioned anaphy
lactic reaction, were considered vaccine related (the latter 
leading to treatment withdrawal). No safety issues were 
associated with the generation of anti-HLA antibodies.

Clinical activity of PDC*lung01 vaccine was assessed in 
patients with stage IV NSCLC who received high-dose 
PDC*lung01 in combination with pembrolizumab. 
Compared with the patients with PD-L1 ≥50% treated with 
pembrolizumab alone in the KEYNOTE-042 trial,7 our re
sults, even on only 45 patients, showed an improved ORR 
(51% versus 39%). Median PFS was longer than that in the 
KEYNOTE-042 publication in 20197 (8.5 versus 7.1 months) 
with a median follow-up of 20 versus 13 months, respec
tively, and even longer than the one published in 2022 (8.5 
versus 6.5 months).6 Efficacy analyses in cohort B1 (low- 
dose) also showed encouraging activity for PFS, ORR, and 
other clinical parameters, despite the very limited number 
of patients (N = 6).

Overall, our results suggest that PDC*lung01/pem
brolizumab combination may provide a clinically meaning
ful antitumoral response in a population with untreated 
stage IV NSCLC.

In addition, the clinical results of patients treated with 
the high-dose monotherapy vaccine (cohort A2) show 
encouraging signs in terms of disease-free survival events 
in line with the immune response (Supplementary 
Figure S8, available at https://doi.org/10.1016/j.esmoop. 
2025.105844).

Given their potential to generate/amplify antitumor re
sponses through activation or priming of naïve ASTCs by 
antigen-presenting cells, therapeutic cancer vaccines can 
increase the effectiveness of ICIs.11 Recently, neoantigen- 
based cancer vaccines have been developed for NSCLC 
patients, demonstrating the induction of neoantigen- 
specific T cells in combination with an ICI31 or in mono
therapy.28 In a phase I trial, the neoantigen-based cancer 
vaccine NEO-PV-01 in combination with nivolumab in 
maintenance led to an ORR of 39% and median PFS of 9 
months in 18 patients with NSCLC.31 In another study of a 
therapeutic vaccine composed of two peptides highly 
selected to induce CD4+ T-helper-1 response against 
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telomerase, disease control and improved OS were 
observed in immune responders with refractory metastatic 
NSCLC.14 In the study assessing the neoantigen-targeted 
autologous DC-based vaccine (Neo-mDCs), a durable 
neoantigen-specific T-cell response was observed in pa
tients with surgically resected NSCLC.28 This approach is 
similar to the PDC*lung01 vaccine, bypassing the recruit
ment or targeting of in vivo antigen-presenting DCs needed 
to properly prime and activate naïve antitumor ASTCs in 
lymph nodes.8 Finally, in a phase III study with a thera
peutic vaccine containing synthetic peptides from five 
tumor-associated antigens, a significant OS improvement 
was observed in HLA-A*02:01-positive patients with 
advanced NSCLC and secondary ICI resistance.32,33

By contrast to all other studies, the PDC*lung01 vaccine 
candidate’s efficacy was assessed directly in untreated 
metastatic NSCLC in combination with pembrolizumab. 
PDC*lung01 was able to efficiently prime and expand 
antitumor ASTCs, with frequencies up to 2% among the 
circulating CD8+ T-cell population (cohort B2). Furthermore, 
PDC*lung01 was biologically active in a substantial proportion 
of patients, as shown by targeted ASTC expansions observed 
in 50%-67% of patients across cohorts. The extent of the im
mune response was dose dependent and synergistic with 
pembrolizumab, confirming previous in vitro results.12,16

These findings support the use of high doses of PDC*lung01 in 
combination with ICIs to enhance the induction of functional 
antitumor response in patients with NSCLC.

In immune responders, we observed a statistically sig
nificant positive correlation between the PFS duration and 
the cumulative frequencies of antitumor ASTCs. These re
sults suggest a relationship between the induction of an 
immune response and the clinical activity of PDC*lung01. 
However, some patients did not achieve any detectable 
immune response, presumably linked to the limits of 
immunological assays or indicative of real lack of immune 
response. The latter may have several causes including 
absence of targeted tumor antigen expression or remaining 
treatment resistance. Immunotherapy resistance can also 
be linked to the immunosuppressive tumor microenviron
ment that includes infiltration of regulatory T cells, 
myeloid-derived suppressor cells, and macrophages, as well 
as alternative expression of immune checkpoints.9 Alto
gether, this could explain the lack of response even in pa
tients with PD-L1 ≥50%, for whom stimulation of 
antitumor ASTCs would not bring any benefit even in 
combination with anti-PD-1. Other combinations should be 
considered for these patients.

In addition, the PDC*lung01 vaccine candidate has the 
significant advantage to be ready to use compared with the 
time-consuming preparation of vaccines based on autolo
gous DCs, and it can be rapidly available for many patients, 
contrary to neoantigen-based vaccines. Furthermore, the 
vaccine homogeneity ensures consistent clinical results.

The limitations of this study include the lack of ran
domized design, the small number of patients, and a 
limited follow-up for OS assessment in cohort B2. 
Furthermore, the limited sensitivity of the immunological 

assay and the immune response kinetics did not allow 
appraising the full immunostimulatory potential of the 
vaccine. Finally, the study population was restricted to HLA- 
A*02:01-positive patients, but the PDC*line could be engi
neered to add other HLA molecules to enlarge the target 
population, as demonstrated in a previous study.20

Conclusion

Overall, this study indicates that PDC*lung01 has a 
manageable safety profile and could provide promising 
clinical benefit for patients with metastatic NSCLC in com
bination with anti-PD-1. This study also demonstrates the 
immunological activity of the PDC*lung01 vaccine despite 
the limitations of the assay and the sample size. This 
immunological response was associated with clinical 
benefit in patients without primary or acquired treatment 
resistance, and the intensity of the immune response was 
associated with PFS duration. This suggests that additional 
(consolidation/maintenance) injections might increase im
mune response and, thus, clinical activity. In this context, a 
randomized clinical trial with additional injections of the 
PDC*lung product in patients with untreated metastatic 
NSCLC is planned.

ACKNOWLEDGEMENTS

The authors thank all the patients and their family, as well 
as the investigators (DSMB members), the nurses, clini
cians, laboratory personnel, and other staff members for 
conducting this study, and in particular Isabelle Tabah- 
Fisch, Clarisse Maurin, Channa Debruyne, Vincent Bri
chard, Stéphane Depil, and Athos Gianella-Borradorias for 
their participation in the clinical trial implementation. We 
are grateful to Thierry Le Chevallier, Pierre Coulie, Chris
tophe Caux, and Claude Leclerc for their scientific advice. 
We also would like to thank people who participated at 
least in one DSMB: Dr Astrid Paulus, Dr Raafet Affi, Dr 
Friederike Althoff, Dr Kirsten Van Camp, Pierre Squiflet, and 
Lucy Palatin from IDDI, Haley Marsch, Pavan Kumar and 
Abeesh Kota from VCLS. We would like to thank Pedro 
Alves Rodriguez, Alix Debrogniez, Marjorie Lacourege, Kays 
Al Badawy, Jerome Willems, and Catherine Waltener for 
their assistance in setting and management of the immu
nomonitoring assay; and Séverine Planel and Guillaume 
Vayssière for their assistance in the analysis of humoral 
allogeneic response. We are grateful also to Alain Herrera, 
Jean-Pierre Bizzari, Mondher Majoubi, Jean-Paul Prieels, 
and Laurence Chaperot for their helpful discussions. We 
thank all the other staff members of PDC*line Pharma who 
helped in the management of the clinical trial and the team 
of the cell therapy platform of the French blood bank of 
Grenoble for product manufacturing. The authors would 
like to thank the Akkodis Belgium platform for writing and 
editorial assistance and design support, on behalf of 
PDC*line Pharma, Ad’hoc for their support and monitoring 
expertise in conducting the clinical trials for this study, and 
IDDI who carried out statistical analysis.

J. Vansteenkiste et al. ESMO Open

Volume 10 ■ Issue 11 ■ 2025 https://doi.org/10.1016/j.esmoop.2025.105844 9



FUNDING

This work was supported by the Walloon Region, Belgium 
[grant number 7823] and PDC*line Pharma (no grant 
number).

DISCLOSURE

JV (institution) received consulting fees from AstraZeneca 
(AZ), Bristol Myers Squibb (BMS), Daiichi Sankyo, Janssen, 
Merck, Merck Sharp and Dohme (MSD), and Hoffmann-La 
Roche; he gave lectures for Merck, MSD, Sanofi, and 
Pfizer; and has advisory functions in AZ, Boehringer Ingel
heim, Daiichi Sankyo, Immutep, and Transgene. KC received 
fees for serving on advisory boards in Amgen, AZ, BMS, 
Daiichi Sankyo, Hoffmann-La Roche, Iteos therapeutics, 
Janssen, MSD, Pfizer, and Pierre Fabre Oncology; he brings 
expert testimony to AZ and MSD; and was invited speaker 
by BMS, Hoffmann-La Roche, Janssen, and MSD. WSMET 
received fundings from MSD, AZ, and Sanofi/Regeneron. 
EW (institution) received support for attending meetings by 
AZ, Boehringer Ingelheim, MSD, BMS, Daiichi Sankyo, 
Roche, and Takeda; for advisory role by Boehringer Ingel
heim; for invited speaker by AZ, BMS, MediMix, and Roche; 
for research grant from AZ and MSD; for consulting func
tion by MSD; and for manuscript writing by BMS. DMS has 
advisory roles in AbbVie, AZ, Becton Dickinson, BMS, 
Boehringer Ingelheim, GlaxoSmithKline (GSK), Eli Lilly, MSD, 
Novartis, Pfizer, Hoffman-La Roche, Sanofi, and Takeda; and 
was invited speaker by Amgen; he also received Institu
tional funding without financial interest by AbbVie, AZ, 
Pfizer (French Cooperative Thoracic Intergroup clinical tri
als), and Hoffman-La Roche. MP has consultancy roles in 
Roche, Eli Lilly, Pfizer, Boehringer Ingelheim, MSD, BMS, 
Novartis, AZ, Takeda, Gritstone, Sanofi, GSK, Amgen, Abb
Vie, Janssen, Ipsen, Pierre Fabre, Esaï, Daïchi-Sankyo, 
AnHeart Therapeutics, and Nuvation Bio; he gave lectures 
in meetings or symposiums sponsored by Eli Lilly, Roche, 
AZ, Pfizer, Amgen, Boehringer Ingelheim, BMS, Takeda, 
MSD, Chugai, and Illumina; and received travel support 
from Roche, Pfizer, MSD, BMS, AZ, Takeda, Amgen, and 
Janssen. AS reports consulting or advisory role for 
Hoffmann-La Roche, BMS, MSD, and AZ; and travel, ac
commodation, or expenses from MSD and Johnson & 
Johnson (J&J), all for her institution. EB received travel 
grants from AZ, Takeda, and J&J; had advisory function for 
BMS, AZ, Takeda, and J&J; and grants for her institution 
from MSD, Gilead, BMS, Beigene, Daiichi, AZ, NovoCure, 
Bayer, J&J, and Roche. FCA reports having received a 
research grant from Novartis; research funding from 
Gilead; speaker’s honoraria from Roche and Amgen; sup
port for attending meetings and/or travel from Amgen; and 
consultant fees from IQVIA. EPT has advisory functions in 
Sanofi, Takeda, BMS, Roche, AZ, Daiichi Sankyo, and 
Amgen. MS holds two EU patents for molecular diagnostics 
solutions in oncology, is participating in several industry- 
sponsored trials, received honoraria from AZ for deliv
ering a lecture, and received a travel grant from Ipsen. JP, 

LL, and EH are cofounders of PDC*line Pharma. JP, LL, FC, 
KL, CD, MC, SM, FR, and SA are employed by PDC*line 
Pharma. EH, CD, BDV, and MG are consultants for PDC*line 
Pharma. All other authors have declared no conflicts of 
interest.

REFERENCES

1. Herbst RS, Morgensztern D, Boshoff C. The biology and management 
of non-small cell lung cancer. Nature. 2018;553(7689):446-454.

2. Ackermann CJ, Adderley H, Ortega-Franco A, Khan A, Reck M, 
Califano R. First-line immune checkpoint inhibition for advanced non- 
small-cell lung cancer: state of the art and future directions. Drugs. 
2020;80(17):1783-1797.

3. Doroshow DB, Sanmamed MF, Hastings K, et al. Immunotherapy in 
non-small cell lung cancer: facts and hopes. Clin Cancer Res. 2019;25 
(15):4592-4602.

4. Kamphorst AO, Ahmed R. Manipulating the PD-1 pathway to improve 
immunity. Curr Opin Immunol. 2013;25(3):381-388.

5. Antonia SJ, Balmanoukian A, Brahmer J, et al. Clinical activity, toler
ability, and long-term follow-up of durvalumab in patients with 
advanced NSCLC. J Thorac Oncol. 2019;14(10):1794-1806.

6. de Castro G Jr, Kudaba I, Wu YL, et al. Five-year outcomes with 
pembrolizumab versus chemotherapy as first-line therapy in patients 
with non-small-cell lung cancer and programmed death ligand-1 tu
mor proportion score ≥ 1% in the KEYNOTE-042 study. J Clin Oncol. 
2023;41(11):1986-1991.

7. Mok TSK, Wu YL, Kudaba I, et al. Pembrolizumab versus chemotherapy 
for previously untreated, PD-L1-expressing, locally advanced or meta
static non-small-cell lung cancer (KEYNOTE-042): a randomised, open- 
label, controlled, phase 3 trial. Lancet. 2019;393(10183):1819-1830.

8. Saxena M, van der Burg SH, Melief CJM, Bhardwaj N. Therapeutic 
cancer vaccines. Nat Rev Cancer. 2021;21(6):360-378.

9. Horvath L, Thienpont B, Zhao L, Wolf D, Pircher A. Overcoming 
immunotherapy resistance in non-small cell lung cancer (NSCLC) —

novel approaches and future outlook. Mol Cancer. 2020;19(1):141.
10. Reck M, Rodríguez-Abreu D, Robinson AG, et al. Pembrolizumab 

versus chemotherapy for PD-L1-positive non-small-cell lung cancer. 
N Engl J Med. 2016;375(19):1823-1833.

11. Plumas J. Harnessing dendritic cells for innovative therapeutic cancer 
vaccines. Curr Opin Oncol. 2022;34(2):161-168.

12. Hannani D, Leplus E, Laurin D, et al. A new plasmacytoid dendritic cell- 
based vaccine in combination with anti-PD-1 expands the tumor-specific 
CD8+ T cells of lung cancer patients. Int J Mol Sci. 2023;24(3):1897.

13. Hannani D, Leplus E, Laulagnier K, Chaperot L, Plumas J. Leveraging a 
powerful allogeneic dendritic cell line towards neoantigen-based 
cancer vaccines. Genes Cancer. 2023;14:3-11.

14. Adotévi O, Vernerey D, Jacoulet P, et al. Safety, immunogenicity, and 
1-year efficacy of universal cancer peptide-based vaccine in patients 
with refractory advanced non-small-cell lung cancer: a phase Ib/phase 
IIa de-escalation study. J Clin Oncol. 2023;41(2):373-384.

15. Stevens D, Ingels J, Van Lint S, Vandekerckhove B, Vermaelen K. 
Dendritic cell-based immunotherapy in lung cancer. Front Immunol. 
2021;11:620374.

16. Charles J, Chaperot L, Hannani D, et al. An innovative plasmacytoid 
dendritic cell line-based cancer vaccine primes and expands anti
tumor T-cells in melanoma patients in a first-in-human trial. 
OncoImmunology. 2020;9(1):1738812.

17. Hernández SS, Jakobsen MR, Bak RO. Plasmacytoid dendritic cells as a 
novel cell-based cancer immunotherapy. Int J Mol Sci. 2022;23(19):11397.

18. Aspord C, Charles J, Leccia M-T, et al. A novel cancer vaccine strategy 
based on HLA-A*0201 matched allogeneic plasmacytoid dendritic 
cells. PLoS One. 2010;5(5):e10458.

19. Aspord C, Laurin D, Richard M-J, Vie H, Chaperot L, Plumas J. Induction 
of antiviral cytotoxic T cells by plasmacytoid dendritic cells for 
adoptive immunotherapy of posttransplant diseases. Am J Transplant. 
2011;11(12):2613-2626.

ESMO Open J. Vansteenkiste et al.

10 https://doi.org/10.1016/j.esmoop.2025.105844 Volume 10 ■ Issue 11 ■ 2025



20. Lenogue K, Walencik A, Laulagnier K, et al. Engineering a human plas
macytoid dendritic cell-based vaccine to prime and expand multispecific 
viral and tumor antigen-specific T-cells. Vaccines. 2021;9(2):141.

21. Rami-Porta R, Bolejack V, Giroux DJ, et al. The IASLC lung cancer 
staging project: the new database to inform the eighth edition of the 
TNM classification of lung cancer. J Thorac Oncol. 2014;9(11):1618- 
1624.

22. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evaluation 
criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J 
Cancer. 2009;45(2):228-247.

23. U.S. Department of Health and Human Services. Common Terminol
ogy Criteria for Adverse Events (CTCAE) Version 5.0. Available at 
https://ctep.cancer.gov/protocoldevelopment/electronic_applications/ctc. 
htm. Accessed July, 2024.

24. Hendriks LE, Kerr KM, Menis J, et al. Non-oncogene-addicted meta
static non-small-cell lung cancer: ESMO Clinical Practice Guideline for 
diagnosis, treatment and follow-up. Ann Oncol. 2023;34(4):358-376.

25. Isla D, Sánchez A, Casal J, et al. PD-1/PD-L1 inhibitors as monotherapy 
in the first-line treatment of advanced non-small cell lung cancer 
patients with high PD-L1 expression: an expert position statement. 
J Clin Med. 2023;12(15):5063.

26. Özgüro�glu M, Kilickap S, Sezer A, et al. First-line cemiplimab monotherapy 
and continued cemiplimab beyond progression plus chemotherapy for 
advanced non-small-cell lung cancer with PD-L1 50% or more 
(EMPOWER-Lung 1): 35-month follow-up from a mutlicentre, open-label, 
randomised, phase 3 trial. Lancet Oncol. 2023;24(9):989-1001.

27. Gross S, Erdmann M, Haendle I, et al. Twelve-year survival and im
mune correlates in dendritic cell-vaccinated melanoma patients. JCI 
Insight. 2017;2(8):e91438.

28. Ingels J, De Cock L, Stevens D, et al. Neoantigen-targeted dendritic 
cell vaccination in lung cancer patients induces long-lived T cells 
exhibiting the full differentiation spectrum. Cell Rep Med. 2024;5(5): 
101516.

29. Hato L, Vizcay A, Eguren I, et al. Dendritic cells in cancer immunology 
and immunotherapy. Cancers (Basel). 2024;16(5):981.

30. Hellmann MD, Paz-Ares L, Bernabe Caro R, et al. Nivolumab plus 
ipilimumab in advanced non-small-cell lung cancer. N Engl J Med. 
2019;381(21):2020-2031.

31. Ott PA, Hu-Lieskovan S, Chmielowski B, et al. A phase Ib trial of 
personalized neoantigen therapy plus anti-PD-1 in patients with 
advanced melanoma, non-small cell lung cancer, or bladder cancer. 
Cell. 2020;183(2):347-362.e24.

32. Besse B, Felip E, Garcia Campelo R, et al. Randomized open-label 
controlled study of cancer vaccine OSE2101 versus chemotherapy in 
HLA-A2-positive patients with advanced non-small-cell lung cancer 
with resistance to immunotherapy: ATALANTE-1. Ann Oncol. 2023;34 
(10):920-933.

33. Liu SV, Dziadziuszko R, Viteri S, et al. ARTEMIA phase 3 study: a ran
domized, open-label trial comparing the efficacy and safety of 
OSE2101 versus docetaxel in HLA-A2 positive patients with metastatic 
non-small cell lung cancer and secondary resistance to immune 
checkpoint inhibitors. Lung Cancer. 2025;203:108516.

J. Vansteenkiste et al. ESMO Open

Volume 10 ■ Issue 11 ■ 2025 https://doi.org/10.1016/j.esmoop.2025.105844 11


