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ABSTRACT
Background Immunotherapies targeting the programmed 
death receptor- 1/programmed death ligand- 1(PD- 1/PD- 
L1) checkpoint have a major impact on the treatment of 
both resectable and advanced non- small cell lung cancer 
(NSCLC). Additional blockade of the T- cell immunoreceptor 
with immunoglobulin and immunoreceptor tyrosine- based 
inhibition motif domain (TIGIT)- receptor may synergistically 
foster the immune- related response. Several trials are currently 
investigating the combination of neoadjuvant platinum- based 
chemotherapy and dual checkpoint inhibition prior to curative 
surgery. The investigator- initiated NeoTRACK trial (EU CT 
number: 2022- 501322- 38- 00;  ClinicalTrials. gov identifier: 
NCT05825625; IKF056) aims to evaluate the feasibility and 
safety of perioperative anti-PD- L1 (by atezolizumab) and 
anti- TIGIT (by tiragolumab) treatment in combination with 
chemotherapy in patients with early stage NSCLC.
Methods and analysis NeoTRACK is an open- label, single- 
arm, prospective, bicentric phase II trial. Patients with NSCLC in 
clinical stages II, IIIA and IIIB (only T3N2) will receive two cycles 
of standard platinum- based chemotherapy in combination 
with the anti- TIGIT antibody tiragolumab and the anti- PD- L1 
antibody atezolizumab, followed by curative surgery. After 
surgery, patients without pathological complete response 
(pCR) will receive another two cycles of chemotherapy in 
combination with tiragolumab and atezolizumab, followed 
by tiragolumab/atezolizumab maintenance for up to 1 year 
(maximum 16 cycles). Patients with pCR will only receive 
dual immunotherapy. All patients will be followed- up for 30 
months after the last study treatment. The clinical study will be 
aligned with a translational research programme to investigate 
treatment- naïve tumour tissues, surgical specimens and 
longitudinally collected blood samples. 35 patients are planned 

for enrolment. Patient recruitment started in August 2023, and 
treatment of the last patient is estimated to start 2.5 years 
thereafter.
Discussion The NeoTRACK trial aims to assess the feasibility 
and efficacy of combining tiragolumab and atezolizumab 
as both neoadjuvant and adjuvant therapies in patients with 
resectable NSCLC. The concept of treatment personalisation 
based on postoperative pCR is of great clinical interest.
Ethics and dissemination The trial obtained ethical and 
regulatory approval in Germany through the Clinical Trials 
Information System (CTIS, ID: 2022- 501322- 38- 00) and the 
Paul Ehrlich Institute (PEI, competent authority for approval 
of clinical trials using medicinal products for human use in 
Germany, process number: PB00148) on 30 March 2023. A 
data safety and monitoring board will meet regularly to review 
ongoing treatment in terms of safety.
Study results will be published in peer- reviewed journals, 
presented at conferences and in the public registry of 
CTIS, following trial completion.
Trial registration number NCT05825625.

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Novel multimodality treatment for locally advanced 
resectable lung cancer.

 ⇒ Sampling of treatment-naïve and treated patients 
using blood and tumour samples.

 ⇒ Longitudinal radiological follow- up and biosampling.
 ⇒ Open label non- randomised phase II trial.
 ⇒ Small sample size without placebo- controlled com-
parator arm.
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BACKGROUND
The introduction of checkpoint inhibition therapy 
has revolutionised lung cancer treatment within the 
last few years for stage IV non- small cell lung cancer 
(NSCLC) but also in patients with limited disease 
eligible for surgical resection. Recently, the efficacy 
of PD- 1- targeted T- cell regulation by neoadjuvant 
immunotherapy was demonstrated in the phase III 
CheckMate 816 trial that included patients with resect-
able NSCLC. Induction treatment with nivolumab 
plus chemotherapy resulted in significantly longer 
event- free survival (EFS) and a higher proportion of 
patients with pathological complete response (pCR) 
as compared with chemotherapy alone. The trial also 
showed that the addition of nivolumab to neoadju-
vant chemotherapy did not increase the incidence of 
adverse events (AEs) or compromise the feasibility of 
surgery.1

Anti- PD- 1/anti PD- L1 therapies were also investigated 
in the postoperative setting showing positive benefit- risk 
for adjuvant atezolizumab2 and pembrolizumab.3

Recently, the results of the KEYNOTE-671 trial showed 
superior 3- year survival also for perioperative pembroli-
zumab (71%) as compared with placebo (64%; HR 0.72 
(95% CI 0.56 to 0.93)).4 Perioperative durvalumab consis-
tently showed meaningful benefit in EFS after 12 months 
however, overall survival data is immature.5

Another inhibitory receptor is the T- cell immuno-
receptor with immunoglobulin and immunoreceptor 
tyrosine- based inhibition motif domain (TIGIT), which 
is expressed on activated T cells and natural killer (NK) 
cells. It has been shown to play an important role in 
modulating immune responses in the context of autoim-
munity and cancer.6 7

TIGIT is co- expressed with other immune checkpoint 
receptors such as PD- 1 on tumour- infiltrating lympho-
cytes in various tumours, including early- stage primary 
NSCLC.8 9 As TIGIT blockade was shown to act syner-
gistically with PD- 1/PD- L1 inhibition to enhance T- cell 
antitumour activity and also reactivate NK cell antitu-
mour responses,10 we propose that combined administra-
tion of anti- TIGIT therapy with targeted PD- L1 therapy 
could reactivate antitumour immunity in NSCLC and 
provide clinical benefit to patients with anti- PD- 1 resistant 
tumours.

The investigator- initiated NeoTRACK trial 
(NCT05825625; EU CT number: 2022- 501322- 38- 00; 
IKF056) aims to assess the feasibility and efficacy of 
combining chemotherapy with tiragolumab and atezoli-
zumab as perioperative treatment for surgical patients 
with NSCLC.

METHODS
Trial design
This study is an open- label, single- arm, prospective, bicen-
tric phase II trial. A total of 35 patients with stage II/IIIA 
and IIIB (only T3N2) NSCLC who are eligible for curative 

surgery will be enrolled. The objective of the study is to 
evaluate the feasibility and efficacy of tiragolumab and 
atezolizumab in combination with platinum- based chemo-
therapy as neoadjuvant and adjuvant therapy in patients 
with resectable NSCLC. Study participants will receive 
two cycles of standard platinum- based chemotherapy in 
combination with the anti- TIGIT antibody tiragolumab 
and the anti- PD- L1 antibody atezolizumab, followed by 
curative surgery. After surgery, patients without pCR will 
receive two additional cycles of chemotherapy in combi-
nation with tiragolumab/atezolizumab, followed by 
tiragolumab/atezolizumab maintenance for up to 1 year 
(maximum of 16 cycles). Patients with pCR will receive 
dual immunotherapy antibodies (IO- IO) only (without 
additional chemotherapy). All patients will be followed- 
up for 30 months after the last treatment.

Outcome parameters will be correlated to the accompa-
nying translational analyses, which aim to understand and 
characterise the role of the tumour microenvironment in 
response to IO- IO therapies and to identify biomarkers 
that may be associated with response and resistance. 
Additionally, the safety of the therapeutic regimen will 
be described. Ethics committee approval was obtained 
(European Medicines Agency No: 2022- 501322- 38- 00). 
All study- related investigations and enrolment of patients 
will only be conducted after written informed consent 
(online supplemental file 1) was obtained using the ethics 
committee- approved patient information and consent 
forms.

Endpoints of this study
Primary endpoint
Major pathological response (MPR) after curative intent 
surgery: MPR is defined as ≤10% of residual viable tumour 
in lung and lymph nodes (evaluated by histopathological 
review).11

Secondary endpoints
 ► pCR.
 ► Radiological response by Response Evaluation Criteria 

in Solid Tumours (RECIST) V.1.1 criteria.
 ► EFS: defined as the time from first dose of the study 

drug to any of the following events: disease progres-
sion precluding surgery, or by RECIST V.1.1, or death 
from any cause.

 ► Overall survival (OS) is defined as time from treatment 
initiation (administration of first neoadjuvant cycle) 
to the date of death from any cause. A subject who has 
not died at the end of the trial will be censored at the 
last known date alive.

 ► Rate of AEs and serious AEs rate. Safety assessments 
will include physical examinations including perfor-
mance status (Eastern Cooperative Oncology Group 
(ECOG)), clinical laboratory profile and AEs.

All observed toxicities and side effects will be graded 
according to National Cancer Institute Common Termi-
nology Criteria for Adverse Events (CTCAE) V.5.0 for all 
patients and their relationship to the study treatment will 
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be assessed and summarised. The rate of AEs and serious 
adverse events (SAEs) rate as well as the frequency of 
abnormal laboratory parameters will be determined.

Sample size calculation
This is an exploratory trial without testing of statis-
tical hypotheses. No formal sample size calculation was 
conducted. Determination of sample size was based on 
the recruiting feasibility in this patient population.

A sample size of 35 with the assumption of an MPR 
rate of 36.9–57%1 12 results in an expected binomial 
proportion of 46.95%. The 95% Wilson- type CI for the 
MPR response rate is expected to have a width of 31.40% 
(the maximal width, which is observed if the MPR rate 
amounts to 50%, being 31.45%). The sample size calcula-
tion was conducted using the PASS V.16.03.

Assuming a screening failure rate of approximately 
25% due to unexpected events, and detection of molec-
ular alterations/mutations that at the time of this trial will 
presumably guide these patients to a different therapy 
scheme, it is planned to screen 46 patients for this study 
within a recruitment period of 30 months.

Patient selection/screening
Each patient must fulfil all inclusion criteria and none of 
the exclusion criteria for this study.

All patients (male and female, age: 18 years and older, 
ECOG performance status 0–1) with biopsy- proven 
NSCLC who are scheduled for surgical cancer therapy 
at the participating centres (Thoraxklinik Heidelberg, 
Universitätsklinikum Heidelberg and Ruhrlandklinik 
Essen, Universitätsmedizin Essen) will be screened for 
eligibility to participate in the NeoTRACK study.

The basic inclusion criterion is clinically confirmed 
stage II- IIIA and IIIB (only T3N2) NSCLC. The decision 
for curative surgical treatment must be made by an inter-
disciplinary tumour board with certification for thoracic 
malignancies.

At the same time, each potentially eligible patient will 
be re- evaluated by the investigator or authorised medical 
personnel. Only patients with adequate cardiopulmonary 
function according to current treatment guidelines will 
be included in the study.13 Main inclusion and exclusion 
criteria are listed in table 1 (refer to online supplemental 
file 2 for detailed in-/exclusion parameters).

Patient recruitment and allocation
The official study start is listed as on 26 May 2023. Patient 
recruitment started in August 2023. A time frame of 2.5 
years is estimated to allocate 35 participants. Assuming 
a duration of 1.5 years for treatment of the last patient 
included followed by an observation period of 2.5 years 
(follow- up), the total trial duration will be 6.5 years (first 
patient in to last patient last follow- up). Primary comple-
tion is estimated to be 1 November 2029. Study comple-
tion is estimated to be 1 February 2030.

Investigators will recruit patients directly during regular 
clinical consultation visits in the respective centre. All 

study- related investigations and enrolment of patients will 
only be performed after a written informed consent was 
collected using the ethics committee approved patient 
information and consent forms.

All patients who gave written informed consent will be 
captured online in the electronic case report form (eCRF) 
as screening patients to obtain a patient number which 
is used for pseudonymised identification throughout the 
study.

Provided that all other inclusion and exclusion criteria 
are met, the patient will be allocated and is allowed to 
start study treatment. The first treatment should be 
performed as soon as possible but not longer than three 
working days after allocation to the trial.

If one or more inclusion and/or exclusion criteria are 
not met or met, the patient will be marked as a screening 
failure in the eCRF.

Timeline
After successful enrolment, the treatment period will 
begin with the first IO- IO antibody application (day 1). 
The second application is scheduled for day 22. Cura-
tive surgery will be performed within 6 weeks after the 
last dosage of induction treatment. Preoperative direct 
imaging includes redo positron emission tomography 
(PET) scan for restaging and to assure continued tech-
nical resectability. Adjuvant therapy begins within the 
first 6 weeks postoperatively and depends on patholog-
ical response but is administered for a maximum of 16 
cycles. After completion of adjuvant therapy, patients are 
followed for 30 months with assessments every 3 months 
(figure 1).

Screening period
All eligible and consenting patients will have the following 
baseline/screening assessments performed prior to the 
start of study medication:
1. Tumour staging: contrast- enhanced CT scan of the 

chest for evaluation of local tumour situation; whole- 
body PET scan and an MRI scan of the brain to rule 
out distant metastases.

2. Histological confirmation of NSCLC is obtained by 
either transbronchial biopsy, transbronchial needle 
aspiration or transthoracic biopsy (ultrasound or CT- 
guided).

3. The mediastinum is assessed for enlarged and/or PET- 
positive lymph nodes using endobronchial ultrasound 
and transbronchial needle aspiration. Mediastinosco-
py is performed if clinically indicated.

4. Clinical staging is performed according to the current 
eighth TNM (tumour- node- metastasis) classification.

The investigator will confirm the patient’s eligibility 
after reviewing all baseline scans and laboratory results.

Neoadjuvant chemoimmunotherapy
Patients will receive two cycles of neoadjuvant chemo-
therapy (investigator’s choice of platinum derivative) in 
combination with atezolizumab 1200 mg and tiragolumab 
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600 mg administered as intravenous infusion every 3 
weeks. Chemotherapy is generally cisplatin or carbo-
platin combined with taxanes (paclitaxel, nab- paclitaxel, 
docetaxel), vinorelbine, gemcitabine or pemetrexed.

Surgery
Following neoadjuvant therapy, all study participants 
will undergo a new mandatory assessment by a multidis-
ciplinary team prior to curative surgery. All patients are 
operated under general anaesthesia using an endobron-
chial double lumen tube. Surgery itself is not a specific 
trial procedure. The surgical approach (open vs thoraco-
scopic) will be individually determined and performed by 
the attending thoracic surgeons according to the patient’s 
risk factors. All patients undergo anatomical resection by 
lobectomy or bilobectomy with systematic mediastinal 
and hilar lymph node dissection. Intraoperative inva-
sive lymph node dissection should follow the European 
Society of Thoracic Surgeons guidelines.14 Pathological 
examination includes local standard procedures for 

tumour staging and TNM classification. The resection 
margins (at least the bronchial stump) are examined 
intraoperatively for tumour remnants. The surgical spec-
imen will undergo a further standardised examination 
according to the study protocol and international recom-
mendations for specimen evaluation after neoadjuvant 
chemoimmunotherapy.15

Adjuvant therapy
All patients undergo a further multidisciplinary evalua-
tion postoperatively. Depending on physical recovery and 
pathological response, adjuvant therapy is determined 
and initiated within the first six postoperative weeks.

No pathological complete response → two cycles of 
atezolizumab+tiragolumab+chemotherapy followed by 
atezolizumab+tiragolumab as maintenance therapy for 
up to 1 year (maximum of 16 cycles of adjuvant treat-
ment) or until intolerable toxicity, disease progression or 
patient request, whichever occurs first.

Table 1 Main inclusion and exclusion criteria for NeoTRACK patients screening (refer to online supplemental file 2).

Main inclusion criteria Main exclusion criteria

1. Written informed consent
2. Patient* 18 years or older
3. Histologically confirmed NSCLC of squamous or non- 

squamous histology
4. Resectable clinical stage II, IIIA and IIIB (T3N2 only) NSCLC 

(according to UICC 8)
5. Adequate disease staging by PET/CT as per SOC (performed 

≤42 days prior to initiation of the study treatment)
6. ECOG performance status ≤1
7. Adequate lung and cardiac function for curative intent lung 

resection (R0) according to the German S3 guideline
8. Eligibility to receive a platinum- based neoadjuvant 

chemotherapy
9. The patient is willing and able to provide liquid and tissue 

samples for the accompanying translation project
10. Adequate bone marrow, hepatic and renal function
11. Female patients who are considered as women of 

childbearing potential must have a negative urine or serum 
pregnancy test within 7 days prior to the start of the trial

1. Treatment in any other clinical trial with an investigational 
product within 30 days before screening

2. Clinical stage I, IIIB (T4N2), IIIC, nodal NSCLC stage cN3 and 
stage IV NSCLC

3. Positive testing of activating (TKI- responsive) EGFR mutation, 
ROS1 mutation or known ALK fusion oncogene

4. Expected pneumonectomy at baseline to achieve curative- 
intent resection

5. Any concurrent chemotherapy, investigational product (IMP), 
biological or hormonal therapy for cancer treatment

6. Malignancies other than NSCLC within 3 years prior to study 
inclusion

7. History of allogeneic tissue/solid organ transplant or allogeneic 
stem cell transplantation

8. Clinical diagnosis of active tuberculosis
9. Positive testing for hepatitis B virus surface antigen, hepatitis 

C virus, HIV or known AIDS
10. Active, uncontrolled inflammatory bowel disease (eg, 

ulcerative colitis or Crohn’s disease)
11. Active or prior documented autoimmune or inflammatory 

disorders
12. Current or prior use of immunosuppressive medication within 

14 days before the first dose of atezolizumab/tiragolumab
13. Uncontrolled intercurrent illness that would limit compliance 

with study requirement, substantially increase the risk of 
incurring AEs or compromise the ability of the patient to give 
written informed consent

14. History of interstitial lung disease including organising 
pneumonia, drug- induced or active pneumonitis

15. Live vaccination within 30 days prior to the first dose of trial 
treatment

16. Known allergy or hypersensitivity to any component of the 
used therapy regimen

*There are no data that indicate special gender distribution. Therefore, patients will be enrolled in the study gender- independently.
AE, adverse event; ALK, anaplastic lymphoma kinase; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor 
receptor ; IMP, investigational (medicinal) product; KRAS, Kirsten rat sarcoma virus; NSCLC, non- small cell lung cancer; PET, positron 
emission tomography; ROS- 1, Proto- Oncogene Tyrosine- Protein Kinase 1; SOC, Standard of care; TKI, tyrosine kinase inhibitor.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 7, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
27 M

arch
 2025. 

10.1136/b
m

jo
p

en
-2024-096617 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://dx.doi.org/10.1136/bmjopen-2024-096617
http://bmjopen.bmj.com/


5Roesch RM, et al. BMJ Open 2025;15:e096617. doi:10.1136/bmjopen-2024-096617

Open access

Pathological complete response → atezolizumab+ti-
ragolumab as maintenance therapy for up to 1 year 
(maximum of 16 cycles of adjuvant treatment) or until 
intolerable toxicity, disease progression or patient 
request, whichever occurs first.

Follow-up
After completion of adjuvant therapy, patients will 
undergo routine assessments every 3 months for up to 30 
months, including chest and abdominal CT scans, pulmo-
nary function tests and physical examinations. Patients 
with clinical or radiological evidence of tumour recur-
rence will undergo whole- body restaging, including a new 
biopsy for histology and other individualised assessments.

The investigators are experienced medical or surgical 
oncologists who treat patients in routine clinical practice. 
Therefore, the investigators will also further care for the 
patient after completion of the study treatment in the 
event of disease progression.

(Serious) Adverse events
The International Conference on Harmonisation Guide-
line for Good Clinical Practice defines an AE as ‘any 
untoward medical occurrence in a patient or trial subject 
who has received a pharmaceutical product that is not 
necessarily causally related to that treatment’.

An SAE is defined as any event that poses a significant 
risk to the patient. This includes incidents/events that 
are fatal or life- threatening, that could hypothetically 
result in death, that require hospitalisation, that result in 
permanent disability.

Hospitalisation for procedures required by the protocol 
or for the administration of study medication, hospitalisa-
tion for procedures planned before the start of the trial 
and elective hospitalisation are not considered SAEs.

Progression of the underlying malignancy is not 
required to be reported as an SAE or AE within this 
protocol (ie, a ‘tumor progression’ SAE or AE is not 
required to be reported), even if it meets a seriousness 
criterion (ie, fatal, requiring hospitalisation), unless the 
progression or symptoms of progression are causally 
related to the study drug.

Study discontinuation
The study will be discontinued if there are medical or 
ethical reasons not to continue, if medically unacceptable 
risks occur, if SAEs occur that are unexpected in type, 
duration or severity, or if known SAEs are expected to 
adversely affect the benefit- risk assessment.

Translational research
Tumour tissue and blood from all patients enrolled 
in the study will be collected by and stored for future 
biomarker analysis. For the accompanying translational 
research (TR), newly obtained core or excisional biop-
sies of a tumour at baseline and resections from surgery 
will be collected (according to standard procedures). 
This includes formalin- fixed, paraffin- embedded (FFPE) 
tissue blocks and, if the tumour bed can be identified in 
the fresh specimen, cryopreservation.

Further blood samples for TR are taken periodically 
during the administration of the first and second cycle 

Figure 1 Study timeline. AE, adverse event; CHT, chemotherapy; DFS, disease free survival, EFS, event- free survival; EOT, end 
of treatment; MPR, major pathological response; NSCLC, non- small cell lung cancer; OS, overall survival; pCR, pathological 
complete response; RECIST, Response Evaluation Criteria in Solid Tumours; SAE, serious adverse event; SOC: standard of 
care.
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of induction therapy, at the preoperative visit, on day 1 
of cycle 1 and cycle 3 of adjuvant therapy and then every 
four cycles (approximately 12 weeks) during treatment 
and at the end of treatment. Blood samples will be taken 
before the study drug is administered. During follow- up, 
blood samples will be taken every 6–30 months as part of 
the TR project (figure 1).

In case of tumour recurrence before the end of the 
follow- up period, the last blood sample will be taken at 
the time of disease progression. If the recurrence occurs 
more than 30 months after the start of follow- up, the 
sample will be taken according to local practice. A tissue 
biopsy will be taken to confirm progression histologically 
and, if feasible and safe for the patient for the TR project. 
As part of ongoing longitudinal follow- up, these exam-
inations should be repeated in the event of recurrence/
progression.

Research summary of translational analyses
The effect of perioperative immunotherapy is influenced 
by a variety of parameters located within the tumour 
microenvironment, for example, tumourous PD- L1 and 
TIGIT expression as well as genetic alterations.16 The 
translational research programme therefore aims to char-
acterise the peritumoural milieu by analysis of the patient 
blood and tumour- accompanying tissue.

Investigations on tissue samples
Tumour- adjacent cells will be analysed and quantified 
by immunohistochemistry and digital pathology. Whole- 
exome next- generation sequencing of tumour tissue will 
help to detect relevant genomic alterations as well as to 
define the tumour mutational load. To characterise the 
tumour microenvironment at the transcriptional level, 
messenger RNA (mRNA) from FFPE material will be used 
to create gene- expression profiles and analyse the activity 
of various immune- relevant signalling pathways, involved 
for instance in antigen presentation and cytokine activity.

Investigations on blood samples
Tumour- related and therapy- related immunological 
effects can be read from the peripheral blood by inves-
tigation of immune cells that circulate between the 
tumour microenvironment and the periphery. Peripheral 
mononuclear cells (PBMC) will be phenotypically char-
acterised using flow cytometry. This may allow further 
analytical differentiation of T cells towards their state 
of activation (eg, T- cell exhaustion/reactivation/senes-
cence). PD- L1 blockade promotes the growth of certain 
antigen- specific T- cell receptor (TCR) clones17 18 most 
likely originating from highly specific, antitumourigenic 
CD8+T cells. In order to detect therapy- induced changes 
in certain antigen- specific TCR clones T- cell DNA from 
PBMC samples will be extracted using TCR sequencing.

Cytokines represent messengers of the immune system 
playing a key role in the antitumour immune response. 
To address the systemic immune status at the functional 
level, we will create gene expression profiles to capture 

the activity of various immune- relevant signalling path-
ways that, for example, regulate antigen presentation. To 
capture the gene signature, mRNA is isolated from whole 
blood.

The data obtained through the translational anal-
ysis will be correlated with the clinical course. The aim 
is to elucidate immune- related mechanisms underlying 
the potentially synergistic, immune- stimulating effect of 
the combination of PD- L1 and TIGIT blockade in order 
to identify new biomarkers for predicting treatment 
response and for therapy control.

Statistical analysis
All data describing the study population, efficacy and 
safety will be analysed descriptively. Categorical data will 
be summarised with frequencies and continuous data 
with median, IQR or mean, SD, minimum and maximum. 
Survival endpoints (OS, event free survival (ESF), modi-
fied event- free survival (mEFS)) will be described by 
Kaplan- Meier estimates (including the numbers at risk 
for different time points) and median survival time.

The primary efficacy endpoint, MPR, is analysed in 
the primary analysis population (PAP) defined as all 
enrolled patients who underwent surgery. The MPR rate, 
defined as the number of patients with ≤10% of residual 
viable tumour in lung and lymph nodes as evaluated by 
pathology review, divided by the number of all patients 
with post- treatment tumour tissue available,11 is presented 
with 95% CI (Wilson- type). As a sensitivity analysis, the 
impact of missing values for the primary outcome will be 
explored using multiple imputation methods. Secondary 
endpoints pCR, technical resectability and perioperative 
complications are analysed in the PAP as well, whereas 
other secondary efficacy and safety endpoints are analysed 
in the as- treated population (ATP) defined as all enrolled 
patients who received at least one dose of any of the inves-
tigational (medicinal) products. The per- protocol popu-
lation will be used for sensitivity analysis purpose and will 
comprise all patients of the ATP without major protocol 
violations such as wrong treatment received. Prognostic 
factors for MPR will be assessed via logistic regression, for 
which the area under the curve will be given with 95% CI. 
Factors of potential prognostic interest will be correlated 
to the outcomes MPR, pCR, EFS, mEFS and OS by means 
of calculating ORs or HRs by means of multivariable 
logistic or Cox regression models. Details of the statistical 
analyses are described in a statistical analysis plan finalised 
before database closure. All analyses will be performed in 
SAS V.9.4 (or higher).

Ethics and dissemination
The authors declare that they have followed the ethical 
standards of the responsible committees on human experi-
mentation. The regulatory committees have declared that 
all regulatory requirements are in place to start with the 
NeoTRACK trial (EU CT number: 2022- 501322- 38- 00). 
Approvals are available from the corresponding author 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 7, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
27 M

arch
 2025. 

10.1136/b
m

jo
p

en
-2024-096617 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


7Roesch RM, et al. BMJ Open 2025;15:e096617. doi:10.1136/bmjopen-2024-096617

Open access

on reasonable request. European Medicines Agency No: 
2022- 501322- 38- 00.

Written informed consent for scientific analysis of 
clinical details and/or associated medical data or study- 
related results is obtained from the participant.

The complete study protocol as well as all informed 
consent forms have been reviewed and approved by the 
sponsor and the ethical review committees. The rele-
vance of scientific content and the compliance with the 
regulations for research with human subjects involved 
have been investigated.

Any subsequent modifications and amendments will 
also be reviewed by the investigators, the sponsor as well 
as by the ethical review institutions where applicable.

A Data Safety and Monitoring Board (DSMB) will meet 
regularly to review ongoing treatment in terms of safety.

All patient data is entered into the eCRF. All investi-
gators and study nurses have been trained accordingly. 
Automatic validation during data entry checks the data for 
inconsistencies and enables confirmation or correction 
of this data by means of corresponding error messages. 
The validator must confirm that the data entered in the 
eCRF is complete and correct. After the database has 
been locked, the investigator receives a CD- ROM or paper 
copies of the patient data for archiving at the test centre. 
All patient- related data is recorded in pseudonymised 
form. Each patient is uniquely identified by a subject 
number, which is assigned upon enrolment in the study. 
The investigator must keep a patient identification log 
containing the full name and address of the subject and 
any other relevant personal data. Each participating site 
files the relevant documents (protocol, curriculum vitae 
(CVs), regulatory authorisations, etc) and trial- related 
correspondence in the site’s file, with an independent 
DSMB monitoring patient safety and performing a risk/
benefit assessment.

Patient and public involvement statement
Patients and the public were not involved in any of the 
following issues:
 – Planning of the design and conduct of the study
 – Choice of outcome measures
 – Recruitment to the study

DISCUSSION
The approval of immune checkpoint inhibitors has 
significantly changed the treatment options for patients 
with resectable NSCLC. The promising results of the 
CheckMate- 816 phase- III trial have consequently led to 
the approval of neoadjuvant immunochemotherapies in 
surgical candidates harbouring tumours with high risk for 
recurrence.1

In addition, treatment concepts with neoadjuvant and 
adjuvant (perioperative) application of immunochem-
otherapy were recently developed. This strategy used in 
the KEYNOTE- 671 trial demonstrated 3- year OS rates 
of 70–85% in patients with stage II to III NSCLC.18 But 
not all patients respond to anti- PD- 1/PD- L1 treatment 

and it is worth considering whether there are options for 
patients who develop resistance.19

This highlights the need to develop new treatment algo-
rithms, including the combination of different immuno-
therapies, to reduce the number of patients who develop 
recurrent or metastatic NSCLC.

Research indicates that TIGIT blockade combined with 
PD- 1/PD- L1 inhibition enhances antitumour activity of 
T cells and also reactivates the antitumour response of 
NK cells.10 First clinical data from the CITYSCAPE trial20 
showed promising results for dual immune checkpoint 
inhibition with tiragolumab and atezolizumab in patients 
with late- stage NSCLC. Dual checkpoint inhibitor therapy 
proved to be superior to atezolizumab monotherapy, 
especially in a subgroup of patients with high PD- L1 
expression (>50%).20 21 In addition, the combination of 
atezolizumab with tiragolumab was well tolerated in the 
phase Ib part of the GO30103 study (NCT02794571) 
and the addition of tiragolumab did not alter the safety 
profile of atezolizumab.20 22 Of note, negative outcomes 
have been very recently published regarding combinatory 
tiragolumab/atezolizumab treatment in phase III NSCLC 
trials (SKYSCRAPER- 01, KeyVibe).23 24 In brief, these 
trials aim to treat patients with stage IV NSCLC; some of 
them stratify towards PD- L1 expression levels. They there-
fore differ from the NeoTRACK population in terms of 
tumour stage, histology, therapeutic regimen.

Overall, improved multimodal treatment strategies 
are urgently needed to improve long- term survival 
after planned curative surgery. The safety profiles 
of anti- PD- L1 and anti- TIGIT antibodies generally 
compare favourably with classical platinum combi-
nation protocols, and there are no known specific 
adverse drug reactions (eg, wound healing problems) 
that would preclude the use of atezolizumab and 
tiragolumab in the (neo- )adjuvant setting.

We propose that combined administration of anti- 
TIGIT therapy with targeted PD- L1 therapy could reac-
tivate antitumour immunity in NSCLC and provide 
clinical benefit to patients with anti- PD- 1 resistant 
tumours. Furthermore, recent evidence questions 
the necessity and composition of additional adju-
vant therapy in patients with complete pathological 
response after neoadjuvant therapy.18 We hypothesise 
that therapy- induced antitumourity in pCR patients is 
driven by immunotherapy, not chemotherapy. Patients 
with pCR tumours will therefore enter the adjuvant 
phase of dual- IO without receiving two additional 
cycles of adjuvant platinum- based chemotherapy, in 
contrast to patients with non- pCR tumours.

To date, PD- L1 serves as the only putative predictive 
biomarker in a combinatorial treatment approach, 
and our current knowledge of other biomarkers suit-
able for predicting response to dual immunotherapies 
is still in its infancy. This study therefore aims to iden-
tify additional biomarkers that may serve as parame-
ters for response prediction. The spatial analysis of 
tumour samples that have undergone immunotherapy 
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will significantly improve the understanding of the 
role of the microenvironment in the development 
of checkpoint inhibitor response but also help eluci-
date the mechanisms of resistance to these therapies. 
Perioperative systemic treatment concepts provide 
an excellent opportunity for a complete longitudinal 
analysis of the necessary tumour and blood samples to 
answer the above- mentioned research questions.
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