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Induction chemo-immunotherapy followed
by chemo-radiotherapy and immunotherapy
maintenance in stage III NSCLC (APOLO): a
phase 2 trial

Mariano Provencio 1 , Begoña Campos 2, María Guirado3, Laia Vila4,
Rosario García Campelo5, Miriam Dorta6, Sergio Vázquez Estévez2,
Asia Ferrández3, M. Ángeles Sala7, Ana Laura Ortega 8, Ana Blasco9,
Amelia Insa10, María Carmen Areses11, Ivana Sullivan 12, Rafael Lopez13,
Virginia Calvo1, Delvys Rodriguez-Abreu14, Joaquim Bosch-Barrera15,
Ana López-Martín16, Raquel Marsé17, Laura Torrado2, Kirill Matskov3, Júlia Giner4,
Manuel Fernández Bruno5, Emilio Sánchez Saugar6, Cristina Martínez-Toledo1,
Pilar Mediavilla1, Atocha Romero 1 & Alberto Cruz-Bermúdez 1

Unresectable stage III NSCLC standard treatment is chemo-radiotherapy (CT-
RT) followed by immunotherapy (IO) with durvalumab. We investigated add-
ing an induction phase with chemo-immunotherapy (ChIO). APOLO was a
multicentre, single-arm, phase 2 trial (NCT04776447). Non-resectable stage
IIIA–IIIC NSCLC patients received induction ChIO (atezolizumab + carboplatin
+ paclitaxel, for 3 cycles), followed by concurrent CT-RT (3 cycles), and IO
maintenance (atezolizumab for 16 cycles). Primary objective was 12-month
progression-free survival (PFS). Secondary endpoints included 12- and 24-
month overall survival (OS), ORR, first-site failure pattern, and safety.
Exploratory endpoints included PD-L1, TMB, and ctDNA. 38 patients were
enrolled. Median follow-up was 29.6 months (data cutoff, February 2024). PFS
was 68.4% (95% CI, 51.1–80.7) at 12 months (statistically significant compared
to null hypothesis of 55%) and 50.0% at 24 months; OS was 86.8% and 60.5%,
respectively. After induction, 18 (47.4%) had partial response, 14 (36.8%) stable
disease, and 5 (13.2%) progressive disease. Overall, 18 patients had disease
progression: 8 local (44.4%) and 10distant (55.6%). Grade≥3TRAEsoccurred in
11 (28.9%) during induction, 10 (26.3%) during CT-RT, and 2 (5.3%) during
maintenance. ChIO induction before CT-RT and IO maintenance showed
activity and safety, warranting confirmation in larger studies.

At least one-third of patients with non-small cell lung cancer (NSCLC)
are diagnosed with locally advanced disease (stage III)1. Stage III dis-
ease is highly heterogeneous, with ongoing debate regarding the
optimal treatment approach, which may include surgery or

chemoradiation in combination with neoadjuvant or adjuvant sys-
temic therapy.

Until the approval of immune checkpoint inhibitors, the standard
of care for patients with unresectable stage III NSCLC and good
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performance status was platinum-based doublet chemotherapy with
concurrent radiotherapy (chemo-radiotherapy, CT-RT), which sig-
nificantly improved survival and provided better locoregional disease
control compared with radiotherapy alone2,3. However, survival rates
in this setting remain poor.

In the PACIFIC study, maintenance therapy with durvalumab fol-
lowing CT-RT demonstrated progression-free survival (PFS) rates at 12
and 18 months of 55.9% (95% CI, 51.0–60.4) and 44.2% (95% CI,
37.7–50.5), respectively, compared with 35.3% (95% CI, 29.0–41.7) and
27.0% (95% CI, 19.9–34.5) in the placebo arm4. Despite these advances,
other treatment regimens combining CT-RT with concurrent or con-
solidation immunotherapy have failed to improve PACIFIC trial results
(GEMSTONE-3015, DETERRED6, NICOLAS7, KEYNOTE-7998, CheckMate-
73L9 or PACIFIC-210).

However, the potential of immunotherapy as an induction treat-
ment—capable of eliciting an earlier and more robust antitumor
response11—remains largely unexplored in the setting of unresectable
NSCLC12, despite its results inphase II trials (suchasNADIMandNADIM
II trials from our group13–16) and its approval based on phase III studies
for the operable scenario17,18.

Furthermore, even less is known about the role of baseline bio-
markers, such as PD-L1 expression or tumormutational burden (TMB),
as well as the potential utility of post-induction circulating tumor DNA
(ctDNA) clearance19 in unresectable cases, which may be critical for
guiding subsequent adjuvant therapy in the absence of pathological
response data.

Here (APOLO trial) we show the activity and safety of chemo-
immunotherapy induction before chemo-radiotherapy and immu-
notherapy maintenance in patients with unresectable stage III NSCLC.

Results
Patient characteristics
Between July 8, 2021, and March 16, 2022, 38 patients were evaluated
for eligibility and enrolled across 17 centers (Supplementary Table 1).
Of the 38 patients, 11 (28.9%) were female, 24 (63.2%) were stage IIIB or
IIIC, 34 (89.5%) were clinical stage N0, N1 or N2, and 15 (39.5%) had a
PD-L1 negative tumor (Table 1 and Supplementary Table 2).

All 38 patients (100%) initiated induction treatment. Six (15.8%)
received only one cycle and discontinued due to toxicity (n = 3, 7.9%),
disease progression (n = 2, 5.3%), or investigator decision (n = 1, 2.6%).
Thus, 32 (84.2%) were included in the per-protocol (PP) population, all
of whom started concurrent CT-RT, receiving ≥60Gy. Among these 32
patients, three (9.4%) did not complete CT-RT due to toxicity (n = 2,
6.3%) or disease progression (n = 1, 3.1%). Of the 29 patients (76.3% of
the intention-to-treat [ITT] cohort) who initiated atezolizumab main-
tenance, 16 (55.2%) completed treatment, while 13 (44.8%) dis-
continued due to death (n = 1, 3.4%), toxicity (n = 3, 10.3%), disease
progression (n = 7, 24.1%), or investigator decision (n = 2, 6.9%) (Sup-
plementary Fig. 1).

Treatment outcomes
As of the data cutoff (February 12, 2024), 16 patients (42.1%) had
died—14 (36.8%) due to disease progression and 2 (5.3%) from
other causes—while 22 (57.9%) remained in follow-up. Of the 38
patients, 16 (42.1%) completed the protocol-defined treatment.
Among them, 1 (6.3%) died from disease progression, while 15
(93.8%) were alive, including 11 (68.8%) who remained
recurrence-free.

Themedian follow-up was 29.6months (95%CI, 28.8–29.8). In the
ITT population, 18 of 38 patients (47.4%) experienced disease pro-
gression, including 14 (36.8%)who died and 4 (10.5%) who remained in
follow-up. Two (5.3%) progressed in the induction phase, 1 (2.6%) in the
concurrent CT-RT phase, 7 (18.4%) in the maintenance phase, and 8
(21.1%) in follow-up. The median duration of overall survival was not
reached in the ITT population nor in the PP population.

The trial met its primary endpoint. PFS at 12 months in the ITT
population, was 68.4% (95% CI, 51.1–80.7) (Fig. 1A), which is sig-
nificantly higher than the null-hypothesis of 55% (z = 1.77, p = 0.038).

Secondary endpoints analyses showed that PFS at 24 months was
50.0% (95% CI, 33.4–64.5) (Fig. 1A). Overall-survival (OS) was 86.8%
(95% CI, 71.2–94.3) at 12 months and 60.5% (95% CI, 43.2–74.0) at
24 months (Fig. 1B).

Overall Response Rate (ORR) according to RECIST Version 1.1. was
assessed by investigators after receiving induction atezolizumab plus

Table 1 | Baseline characteristics of intention-to-treat (ITT)
population (n = 38)

Characteristics Patients

Age – median years (IQR) 67 (60.5–71.2)

Sex – No. (%)

Male 27 (71%)

Female 11 (29%)

Race – No. (%)

Caucasian 38 (100%)

ECOG – No. (%)

0 18 (47%)

1 20 (53%)

Smoking History – No. (%)

Former smoker (≥1 year) 25 (66%)

Smoker 13 (34%)

Pack-years – median (IQR) 50 (40–60)

Histology – No. (%)

Adenocarcinoma 20 (53%)

Squamous 18 (47%)

PD-L1 TPS

<1% 15 (39%)

1–49% 12 (32%)

≥50% 8 (21%)

Unknown 3 (8%)

TNM classification (AJCC 8th edition) – No. (%)

IIIA 14 (37%)

IIIB/IIIC 24 (63%)

Clinical Stage N – No. (%)

N0/N1/N2 4/3/27 (90%)

N3 4 (11%)

Comorbidities – No. (%)

Heart disease 4 (11%)

Mellitus diabetes yes 8 (21%)

Dyslipidemia 16 (42%)

Alcoholism 1 (3%)

Hypercholesterolemia 1 (3%)

Hypertension 17 (45%)

Obesity 3 (8%)

Depressive syndrome/anxiety 5 (13%)

Vasculopathy 3 (8%)

Osteoporosis 1 (3%)

Hyperthyroidism 1 (3%)

Hypothyroidism 2 (5%)

Benign prostatic hypertrophy 4 (11%)

COPD 9 (24%)

COVID19 3 (8%)

ECOG Eastern Cooperative Oncology Group, IQR interquartile range, i.e. percentile 25 and
percentile 75, COPD Chronic Obstructive Pulmonary Disease.
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chemotherapy and after concurrent CT-RT. After induction, investi-
gators identified in the ITT population: 18 (47.4%) patients with partial
response (PR), 14 (36.8%) with stable disease (SD) and 5 (13.2%) with
progressive disease (PD). After receiving the concurrent CT-RT, there
were: 1 (2.6%) patient with complete response (CR), 23 (60.5%)with PR,
8 (21.1%) with SD and 1 (2.6%) with PD. Data weremissing for induction
response in 1 patient (2.6%) and for CT-RT response in 5 patients
(13.2%). We observed that 9 patients (23.7%) improved their response
following CT-RT, 23 patients (60.5%) maintained their response, and
only 1 patient (2.6%) experienced a worsening of response.

Regarding the sites of first failure, of the 18 patients who had
disease progression, 8 (44.4%) were local and 10 (55.6%) were distant.
From8patients whohad local progression, 2 (25.0%) progressed in the
induction phase, 2 (25.0%) in the maintenance phase and 4 (50.0%)
during follow-up. From 10 patients who had distant disease progres-
sion, 1 (10.0%) had disease progression in the concurrent CT-RT phase,
5 (50.0%) in the maintenance phase and 4 (40.0%) during follow-up.
Total new lesions in the ITT population occurred in 14 cases (36.8%),
with brain being the site with the highest incidence of new lesions (4
cases, 10.5%), followed lung (3 cases, 7.9%), bone and pleural effusion
(2 cases each site, 5.2%) and pulmonary lymph nodes, liver and brain
plus bone (1 case each site, 2.6%) (Supplementary Table 3).

Post-hoc survival analysis in the PP population (n = 32) showed
PFS rates of 78.1% (95% CI, 59.5–88.9) at 12 months and 56.2% (95% CI,
37.5–71.3) at 24 months, with their corresponding OS rates of 90.6%
(95% CI, 73.6–96.8) at 12 months and 68.7% (95% CI, 49.7–81.8) at
24 months (Supplementary Fig. 2).

In subsequent post-hoc evaluations, the PFS after induction, cal-
culated for the 32 (84.2%) patients who completed treatment induc-
tion, was calculated according to ORR and no differences were found
between them (log-rank p = 0.55): PFS after induction at 12months was
76.5% (95% CI, 48.8–90.4), 66.7% (95% CI, 33.7–86.0) and 66.7% (95%
CI, 5.4–94.5) for patients with PR, SD or PD, respectively (Fig. 2A).

The PFS “PACIFIC-related”, calculated for all patients who started
maintenance treatment (n = 29, 76.3%), was 68.9% (95%CI, 48.8–82.5%)
at 12 months and 51.7% (95% CI, 32.5–67.9) at 24 months (Fig. 2B). We
also evaluated PFS “PACIFIC-related” based on whether patients
completed maintenance treatment (n = 16, 55.2%) or not (n = 13,
44.8%). At 24months, PFS “PACIFIC-related”was significantly higher in
those who completed treatment (68.8%, 95% CI, 40.5–85.6) compared
to those who did not (30.8%, 95% CI, 9.5–55.4, p =0.0056) (Supple-
mentary Fig. 3A). No differences in PFS “PACIFIC-related” were found
according to ORR after CT-RT period (Supplementary Fig. 3B)

Safety
All patients (38 cases, 100%) had at least one adverse effect (AE) of any
cause and grade; 29 (76.3%) patients had grade 3 or 4 AEs (Supple-
mentary Dataset 1). One (2.6%) patient had a grade 5 AE during main-
tenance phase that was not related to atezolizumab treatment.

Considering those Treatment-Related Adverse Events (TRAEs)
with an incidence of at least ≥10% of patients, we observed that during
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interval. Source data are provided as a Source Data file.
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nduction phase 26 (68.4%) patients had TRAEs related to atezolizu-
mab, 34 (89.5%) related to carboplatin and 36 (94.7%) related to
paclitaxel (Table 2). The most common grade 3 or 4 AES related to
atezolizumab were febrile neutropenia (2 [5.3%] of 38 patients) and
fatigue (1 [2.6%]) (Supplementary Table 4).

Through concurrent CT-RT phase, 11 (28.9%) and 23 (60.5%)
patients had AEs related to chemotherapy or radiotherapy, respec-
tively (Supplementary Tables 5, 6).

During maintenance phase, 17 (44.7%) of 38 patients had AEs
related to atezolizumab (Table 3 and Supplementary Table 7). Two
(5.3%) of 38 patients had grade 3 or 4 AEs related to atezolizumab; the
most common were pneumonitis (1 [2.6%]) of 38 patients, and anemia
(1 [2.6%]).

Discontinuation of treatment due to AEs related to atezolizumab
occurred in 3 (7.9%) patients in the induction phase and 2 (5.2%) in the
maintenance; and serious TRAE occurred in 1 (2.6%) and 1 (2.6%),
respectively. No deaths due to adverse events related to any treatment
occurred during the trial (Tables 2 and 3).

Exploratory endpoints
Regarding exploratory endpoints, baseline clinical characteristics (i.e.
sex, age, smoking history, stage, N3 disease, histology, ECOG, were not
associated with PFS or OS in ITT population. (Supplementary Fig. 4).

Concerningmolecular markers, no associationwas observed with
PD-L1 levels using different cutoffs (Supplementary Fig. 5); however,
some associations with genomic markers such as TMB or ctDNA
were found.

For tissue TMB (tTMB), 26 of 38 (68.4%) patients included in the
trial had tumor samples available for tTMB assessment, and 16 (42.1%)
had valid next-generation sequencing data for tTMB calculation
(Supplementary Data 2). Of the 7 patients with high tTMB (≥9,89 mut/
Mb), only 1 experienced disease progression, and none died. In con-
trast, among the 9 patients with low tTMB (<9,89 mut/Mb), 5 had
disease progression and 4 died (PFS Log-rank p =0.089 and OS Log-
rank p = 0.056, Supplementary Fig. 6A). For blood TMB (bTMB) at
baseline, of the 36 samples analyzed, 27 (75%) were considered valid
(Supplementary Data 2). Patients with low bTMB (<16,5 mut/Mb) had
significantly lower OS compared to patients with high bTMB (≥16,5
mut/Mb) (HR: 5.6, 95% CI: 1.7–18.3, p =0.013). A similar trend was
observed for PFS (HR: 2.5, 95% CI: 0.9–7.3, p =0.081) (Supplementary
Fig. 6B). Finally, Baseline ctDNA levels (n = 27) were significantly
associated with clinical stage (p = 0.013). However, neither baseline
ctDNA levels nor clinical stage were prognostic for patient survival
outcomes (Supplementary Fig. 7). Regarding baseline specific muta-
tions in tissue, no mutations associated with poor prognosis to
immunotherapywere identified, except for onepatient (Patient 4)with
KRAS p.Gly12Cys/STK11 p.Ser69Ter, who experienced progression at
6 months and died at 14 months. On the other hand, both BRAF-
mutated patients (Patients 16 and 36, with p.Gly469Arg and
p.Gly596Val, respectively) remain progression-free and alive at data
cutoff (Supplementary Fig. 8). Prevalent mutations in these patients,
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Table 3 | TRAEs in themaintenance phase in the intent to treat
population related to atezolizumab (n = 38)

TRAE category, n (%) Any grade Grade 1–2 Grade 3–4

Anya 17 (44.7) 16 (42.1) 2 (5.3)

Leading to discontinuation of
treatment

2 (5.2) 2 (5.2) 0 (0)

Serious 1 (2.6) 0 (0) 1 (2.6)

Treatment-related deaths 0 (0) 0 (0) 0 (0)

TRAE treatment-related adverse events.
aTRAEs reported in more or equal to 10% of patients.
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such as KRAS (5 cases) and TP53 (8 cases), were not associated with
poorer survival (Supplementary Fig. 9).

Regarding ctDNA monitoring, valid paired plasma samples from
baseline and post-induction treatment were available for 17 patients.
The induction phase alone, or including CT-RT, significantly reduced
ctDNA levels (p =0.035 and p =0.0044, respectively; Supplementary
Fig. 10A). In our cohort, a substantial reduction in ctDNA levels after
induction (i.e a reduction of at least 92% of ctDNA; first quartile) was
associated with improved PFS (p =0.037, Supplementary Fig. 10C).
Notably, none of these patients who exhibited a substantial reduction
in ctDNA levels died or experienced disease progression. Similarly,
fluctuations in ctDNA levels were concordant with clinical responses
observed on imaging (Supplementary Fig. 10B). Similarly, a reduction
of ctDNA between post-induction and post-CT-RT also identified
patients with improved PFS (p =0.022, Supplementary Fig. 10D), with
survival estimated from the timepoint after completion of induction
treatment. The treatment also led to a reduction in bTMB levels after
induction, and a decrease in bTMB (Fold change <1) was associated
with better prognosis (PFS Log-rank p =0.013 and OS Log-rank
p =0.022) (Supplementary Fig. 11).

Discussion
Our study tested the activity of chemo-immunotherapy induction
followed by concurrent chemo-radiotherapy and subsequent con-
solidationwith atezolizumab in unresectable stage III disease. This trial
met its primary endpoint with a PFS of 68.4% (95% CI 51.1–80.6%) at
one year and an OS of 60.5% (95% CI 43.3–74.0%) at 24months, with a
high maturity of the data. The PFS data after definitive combined
treatment, which we have termed “PACIFIC-Related PFS”, are similar,
with a 12-month PFS of 68.9% (95% CI: 48.8–82.4%). Although cross-
trial comparisons must be interpreted with caution, these results are
numerically higher than those reported by PACIFIC, which in its first
publication reported a PFS at one year of 55.9% (95% CI 51.0–60.4%)4.
Other phase II studies, such as DETERRED6, NICOLAS7, and KEYNOTE-
7998, that aimed to improve outcomes in this scenario failed to do so
closing the door to further studies that combine CT-RT and
immunotherapy.

Recently, a phase II trial (AFT 16) with induction atezolizumab
prior to CT-RT was published12, showing PFS at one and two year
outcomes very similar to our results. However, their population was
predominantly stage IIIA, whereas in our cohort, 63% of patients were
stage IIIB/C. Notably, the decision on resectability varies by region and
group. In our study, unresectability was determined by a multi-
disciplinary committee, and given that this trial runs parallel to NADIM
II15 for potentially resectable N2 in the same hospitals, we believe our
cohorthas highhomogeneity in locally advancedunresectabledisease.

Another consequence of our study is the evidenceof its feasibility.
Compared to the AFT-16 study, we did not observe higher toxicity or
more treatment discontinuations. On the contrary, the percentage of
withdrawals before CT-RT was 29%, with 17% due to disease progres-
sion in the AFT-16 study12, compared to 16% in our study, with only 5%
due to disease progression. Similarly, induction chemo-
immunotherapy does not seem to compromise radical local treat-
ment, with only 9% withdrawals during CT-RT, compared to 18% in the
AFT-16 study. Moreover, early progression, prevents and selects a
population that would never have benefited from the full radical
treatment, as they would have progressed during it. One of the most
concerning issues is the increase in pneumonitis after chemo-radio-
therapy, which in our case was only 2.6%.

Furthermore, the OS data in the ITT population, with very high
maturity, are very encouraging, with more than 86% remaining alive at
12 months, alsomore favorable than those published to date in similar
studies4.

PD-L1 expression did not impact trial outcomes, supporting that
PD-L1-negative patients can still achieve meaningful results with

immunotherapy18,20.We observed a trend between high TMB and better
prognosis, assessed both in tissue and blood, which methodologically
strengthens our findings. High TMB has been linked to improved out-
comes following CT-RT with durvalumab maintenance21, as well as to
post-operative radiotherapy without immunotherapy22, making it a
promising biomarker in this scenario that combines both therapies.

Tumor response assessed by RECIST criteria did not correlate
with survival, reflecting a limitation similar to that observed in the
resectable setting13–15. This limitation is even more crucial in the
unresectable scenario, where the prognostic information provided by
pathological response is absent19. In contrast, ctDNA clearance at the
endof neoadjuvant therapy showspromise as a potential alternative to
guide patient management in both unresectable and resectable stage
III NSCLC neoadjuvant setting14,19.

The main limitations of this study stem from its design as a non-
controlled single-arm phase II trial and its sample size. Consequently,
comparisons with historical controls should be approached with cau-
tion. Additionally, the limited number of cases restricts the translational
analysis to an exploratory nature, requiring all findings to be validated.

APOLO trial findings highlight the activity and safety of induction
chemo-immunotherapy prior to chemo-radiotherapy and subsequent
immunotherapy maintenance. Further randomized phase III studies
are needed to clarify the role of neoadjuvant chemo-immunotherapy
in the treatment of non-surgical stage III NSCLC.

Methods
Study design and patients
This study was conducted in accordance with EU Clinical Trial Direc-
tive and all relevant clinical trial regulations in Spain and also, the
Declaration ofHelsinki. The trialwas authorizedby the SpanishAgency
for Medicines and Health Products (AEMPS) and approved by an Ethic
Committee of Hospital Puerta de Hierro (Madrid, Spain; ref. 8/2021)
acting as reference ethic committee. All patients provided written
informed consent prior to any trial-related procedures. Patients did
not receive financial compensation for their participation. The study
was preregistered at ClinicalTrials.gov (NCT04776447; protocol
registered on February 24, 2021). Original protocol, final protocol,
summary of changes and statistical analysis plan are described in
Supplementary Note.

This open-label, non-randomized, phase 2 trial was conducted at
17 hospitals in Spain. Patients were enrolled between July 8, 2021, and
March 16, 2022. Eligible patients were aged 18–80 years, and had his-
tologically or cytologically confirmed non-resectable (determined by a
multidisciplinary tumor board at each site) Stage IIIA-IIIB-IIIC NSCLC
withN2/3disease (American Joint Committee onCancer eighth edition
criteria). Sex was considered in the study design. Self-reported sex
information was collected for all participants and included in the
clinical database. Analyses were conducted to explore potential dif-
ferences in clinical outcomes between male and female patients.
Patients were required to have an Eastern Cooperative Oncology
Group (ECOG) performance status of ≤1, adequate lung function and
noprior treatmentwith anti-neoplastic drugs or thoracic radiotherapy.
Exclusion criteria were the presence of a known pathogenic alterations
in EGFR, ALK, STK11,MDM2 or ROS1. PET-CT and brain CT or MRI were
mandatory for patient inclusion. Complete details regarding the
inclusion and exclusion criteria are available in the study protocol
(Supplementary Note).

Procedures
During the inductionphase, patients received intravenous atezolizumab
(1200mg), paclitaxel (200mg/m²), and carboplatin (area under the
curve [AUC] 5mg/mL/min) onday 1 of a 3-week cycle. After three cycles,
patients proceeded to concurrent chemo-radiotherapy according to
local guidelines. A platinum-based doublet regimen was recommended
(carboplatin-paclitaxel, carboplatin-vinorelbine, or carboplatin/
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cisplatin-pemetrexed), along with radiotherapy at a total dose of 66Gy,
delivered in 33 once-daily fractions. Preferably, radiotherapy was initi-
ated on day 1 of cycle 1 of concurrent CT-RT. Following the third cycle of
concurrent CT-RT (i.e., the sixth cycle of chemotherapy), maintenance
therapy with intravenous atezolizumab (1200mg) was initiated for
12 months, administered every 3 weeks for a total of 16 cycles.

For all patients, tumor response was assessed locally until disease
progression using a CT scan, MRI or full-body PET at baseline and at
approximately every 9 weeks from cycle 1 day 1 during treatment.
Progression-free survival was centrally reviewed.

All adverse events were assessed at baseline, continuously while
on treatment, at the treatment discontinuation visit, and at the safety
follow-up visit. Adverse events were graded in accordance with the US
National Cancer Institute Common Terminology Criteria for Adverse
Events (NCI-CTCAE), version 5.0. Patients had laboratory blood tests at
baseline visit and within 3 days prior to day 1 administration of each
cycle. Adverse events were recorded and followed from the day of
enrolment to 30 days from last dose of administration.

Patient withdrawal criteria included intolerable toxicities, symp-
tomworsening fromdiseaseprogression, severe inter-current illnesses
impacting assessments, patient decision, or non-adherence to
protocol.

End points
The primary endpoint was to assess the activity of the treatment in
terms of Progression Free Survival (PFS) at 12 months according to
RECIST Version 1.1. PFS was defined as the time from inclusion until
objective tumor progression or death.

Secondary endpoints included: PFS at 24 months from the inclu-
sion, Overall Survival (OS) at 12 and 24 months (time from inclusion
until death from any cause), Overall Response Rate (ORR) asmeasured
by investigator-assessed according to RECIST v1.1, the sites of first
failure, and the safety and tolerability of atezolizumab in combination
with chemotherapy and atezolizumab as maintenance treatment.

Exploratory endpoints included the prognostic PFS and OS value
ofmolecularmarkers related to immune response at diagnosis (i.e. PD-
L1 TPS, TMB, and specific mutations), ctDNA levels, and ORR upon
induction therapy.

PD-L1
Formalin-fixed paraffin-embedded (FFPE) tissue samples were
obtained from primary tumor or metastatic sites at diagnosis. PD-L1
expression was quantitatively assessed at each center according to
clinical practice guidelines. PD-L1 protein expression was determined
by using Tumor Proportion Score (TPS, percentage of viable tumor
cells showing partial or complete membrane staining at any intensity).
A tissue sample was considered adequate for assay interpretation if it
contained at least 50 viable tumor cells. PD-L1 TPS was categorized
using different thresholds for statistical analysis (<1% vs ≥1%; <1% vs
1–49% vs ≥50%; <50% vs ≥50%).

Tissue TMB and specific mutations
For tissue TMB 26 of 38 (68%) patients included in the trial had tumor
samples available for TMB assessment, and 16 (42%) had valid next-
generation sequencing data for TMB calculation. Library generation
and sequencing of samples was performed on an Ion Chef System and
S5 Sequencer (ThermoFisher, Palo Alto, CA). DNA was extracted from
10-µm-thick paraffin sections using the truXTRAC® FFPE total Nucleic
Acid (Covaris). Extracted DNA was quantified using the Qubit® dsDNA
HS Kit in combination with a Qubit® 2.0 fluorometer (Thermo Fisher
Scientific). To remove deaminated bases before target amplification,
20 ng of FFPE DNAwas treated with heat labile Uracil-DNA Glycosylase
(UDG). Library preparation was performed, on an Ion Chef™ System
(Thermo Fisher Scientific), using 20 ng of input DNA and the Onco-
mine Tumor Mutation Load Assay (Thermo Fisher Scientific). The

panel covers 1.7 megabases of 409 genes with known cancer associa-
tions. The final barcoded libraries were pooled and adjusted to a final
concentration of 50 pM. Eight samples were loaded onto an Ion 540
chip. Template preparation and chip loading were carried out on an
Ion Chef System. Finally, the Ion 540 chips were sequenced on an Ion
S5 Sequencer. Readswere aligned to hg19 using Torrent Suite 5.20 and
BAMfileswere transferred to IonReporter 5.20 for variant calling. TMB
was computed using the TMB filter chain and the TMB algorithm 3.4
(Thermo Fisher Scientific) and secondary analysis including TMB cal-
culation. Briefly, germline variants were filtered out using a germline
filter-chain basedonpopulationdatabases: variant alleles present from
the 1000GenomeProject, NHLBI GO Exome Sequencing Project (ESP),
and ExAC. Different empirical cut points for TMB were evaluated for
PFS studies.

ctDNA measurement and blood TMB
Peripheral whole-blood samples were collected in two 8.5-mL PPT™
tubes (BectonDickinson) before and after induction treatment. Plasma
was separated from the cellular fraction through two consecutive
centrifugations: first at 1600 × g for 10min and then at 6000 × g for
10min. The samples were then divided into four 2.0mL aliquots and
sent to the central laboratory for analysis. Circulating free DNA
(cfDNA) was isolated using the QIAamp Circulating Nucleic Acid Kit
(QIAGEN, Valencia, CA, USA). Libraries were prepared from at least
30 ngof cfDNAusing the hybrid capture-basedTruSightOncology 500
ctDNA next-generation sequencing (NGS) assay, following the manu-
facturer’s instructions. The libraries were subsequently pooled, dena-
tured, and diluted to the appropriate loading concentration. Six
librarieswere sequenced per lane on an S4 flow cell, allowing for a total
of 24 samples per run, with a read length of 2 × 151 bp. Data analysis
was performed using the DRAGEN TSO 500 ctDNA Analysis Software
v1.2, utilizing the TSO 500 pipeline. Briefly, sequencing reads were
aligned to the hg19 reference genome. For liquid tumor mutational
burden (TMB) calculation, germline variants were filtered out using
public databases, including GnomAD exome and genome databases,
as well as the 1000 Genomes Project database. A post-database filter-
ing strategy was employed that used allele frequency information and
considered variants in close proximity. Variants eligible for TMB
computation were those in the coding region with a minimum variant
allele frequency (VAF) ≥0.2% and below 40%, and with coverage
≥1000X. Mutations in TET2, TP53, DNMT3A, and CBL were excluded,
as they were categorized as mutations derived from clonal hemato-
poiesis (CH). Multiple nucleotide variants were also excluded from the
analysis. A receiver operating characteristic (ROC) curve was used to
select the best cutoff value for mortality status (high bTMB defined as
≥16.5 mut/Mb). ctDNA was quantified using themean of themaximum
somatic variant allele frequency (VAF) (MaxSomaticVAF), which was
calculated as the 4th highest variant allele frequency among the
remaining variants after excluding germline and CH-derived muta-
tions. ctDNA clearance were calculated as the log2 ratio of MaxSoma-
ticVAF after induction to MaxSomaticVAF at baseline for the paired
plasma samples.

ΔctDNA maxMAF = log2

ctDNAaf terIND

ctDNAbaseline

� �

Statistical analysis
It was estimated that the study would have a power of 80% to detect a
PFS at 12 months of 75% (p1), corresponding to an extension of PFS of
20% from null hypothesis (p0, 55%), based on a log-rank test with one-
sided significance level of 5%. Assuming a 15% of withdrawals a sample
size of 37 patients was estimated. Informative censoring was not
observed in the study data.
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The intention-to-treat (ITT) population included all enrolled
patients, while the per-protocol (PP) population comprised those who
received at least two induction cycles or underwent the first tumor
response evaluation. Safety population included all patients that were
exposed to study treatment (atezolizumab).

To assess the primary and secondary objectives Kaplan-Meier
method was used to estimate survival functions at 12 and 24 months,
with 95% CIs and to draw the corresponding survival curves. A Z-test
rejected the null hypothesis if z ≥ 1.645, where z = (Kaplan–Meier
estimate at 12 months − null hypothesis value [55%])/standard error.
Descriptive analysis was performed for first failure sites, ORR, and
safety outcomes. Median follow-up was estimated using the reverse
Kaplan–Meier method. Survival curves were compared using the log-
rank test.

Post-hoc analyses included PFS and OS in the PP population, PFS
after induction, and “PACIFIC-related” PFS (i.e., PFS after definitive
combined treatment) at 12 and 24 months.

PD-L1 TPS was categorized using different published thresh-
olds (<1% vs ≥1%; <1% vs 1–49% vs ≥50%; and <50% vs ≥50%). For
TMB thresholds determination, ROC curves for exitus status were
used to select the best cutoff value in survival analysis. Baseline
ctDNA was categorized using 0.01 Max MAF threshold and ctDNA
clearer patients were defined as those in the upper quartile for
ctDNA clearance.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
De-identified individual participant data, along with a data dictionary,
will be accessible under restricted access following the publication of
this study for research purpose only in compliance with patient con-
sent for data sharing. Researchers wishing to access the data should
submit a research proposal to the corresponding author. The proposal
will be reviewed by the Spanish Lung Cancer Group and the ethics
committee for clinical investigation. A response to requests will be
providedwithin 4–6weeks. The remaining data are availablewithin the
Article, Supplementary Information, Supplementary Data, or Source
Data file. Source data are provided with this paper.
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