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ABSTRACT
Background: Pacific trial has revolutioned the outcome and the approach in locally advanced (LA) unresectable 
Non Small Cell Lung Cancer (NSCLC). In 2018 the European Medicine Agency (EMA) approved the use of 
Durvalumab only in adults whose tumours on biopsy specimen expresses PD-L1 on ≥ 1% of tumour cells despite 
this cut-off was not provided by the original randomised study. In vitro and in vivo studies have recorded the 
up regulation of PD-L1 expression in the tumor microenviroment (TME) after  chemoradiation regrdless the 
expression on biopsy. Liquid biopsy could be helpful in detection of circulating PD-L1 in this set. Aim of this 
observational multicentre prospective study is to assess on liquid biopsy the up-regulation of PD-L1on serum and 
tumoral circulating extracellular vescicles (cEVS) from patients with LA NSCLC not expressing the PD-L1 on 
biopsy and treated with concurrent chemoradiation (CCRT). 

Methods: Locally advanced NSCLC PD-L1 < 1 % biopsy proven will be enrolled in this study. A blood sample 
will be taken the day before (T0), 14 days after CCRT (T1) and 1 months later (T2). Patients will be treated with 
CCRT with platinum-based doublet and 60-66 Gy total radiation dose. Soluble PD-L1 will be analysed by ELISA. 
PD-L1on cEVs will be isolated from serum and phenotyped by nanoparticle tracking analysis, microscopy and flow 
cytometry. The statistical significant improvement in PD-L1 expression in serum and cEVs at T0 -T1-T2 will be 
assessed by t-test for p= 0.05 ; for multiple test p-value will be corrected with FDR. 

Conclusions: The results of this study will be useful to assess by immunophenotype and liquid biopsy the PD-L1 
expression change after CCRT in biopsy proven PD-L1 negative LA-NSCLC as a surrogate of TME reverse from 
cold to hot tumor.
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Introduction 
Concurrent chemoradiation (CCRT) alone in LA NSCLC has 
been considered the standard of care for a long time [1,2]. 
Then PACIFIC trial has added a new milestone in the care of 
unresectable LA NSCLC providing a consolidation step. The phase 
III trial assessed the powerful role of Durvalumab, a selective anti-
PD-L1 antibody, in the consolidation phase after CCRT. The trial 
was conducted in patients with LA stage III NSCLC who were 
not selected based on histology or tumor PD-L1 score [3], Since 
his pubblication in 2017, Durvalumab consolidation after CCRT 
still continues to record an unprecedented benefit in OS and PFS 
[4]. In fact by the last up date, the estimated 5-year OS rates for 
Durvalumab and placebo have been 42.9% (38.2 to 47.4) versus 
33.4% (27.3 to 39.6). Moreover, PFS results have been  33.1% 
(28.0 to 38.2) versus 19.0% (13.6 to 25.2) [5]. These results were 
irrespective of PD-L1 status from diagnostic specimen biopsy. 
While regulatory agencies all over the world have approved 
Durvalumab as consolidation therapy after CCRT in unselected 
unresectable stage III NSCLC, in Europe the EMA has limited its  
use only for patients with PD-L1 expressing tumors ≥ 1% on the 
basis on an unplanned post hoc analysis of the original trial [6]. 
Thus in Europe this set of patients after CCRT has no other cure 
chances [7,8]. This decision has already evoked several concerns 
by the panel of the international lung cancer experts [9]. Among 
them, it should be taken into account that the PD-L1 expression 
in the tumor is not static but is a dynamic outcome of a cross talk 
between the cancer and immune system [10]. This cross talk is 
enhanced by radiotherapy as a result of the radiation induced 
immunogenic cell death [11]. As a confirmation, soluble forms 
of PD-1 and PD-L1 (sPD-1/ sPD-L1) have been detected in the 
blood of cancer patients at baseline . Its expression is enhanced 
by the cytokines cascade occuring with radiation as  interleukin-6 
(IL-6) and IFN-g [12,13] which have been found to regulate PD-
L1 expression. It has clearly been demonstrated in murine models 
by Dovedi et al how PD-L1 expression is up regulated during RT 
delivery with a synergistic antitumoral effect when it is delivered 
concurrently to an immunochekpoint-inhibitor [14]. Moreover 
Adams has evaluated in NSCLC patients undergone CCRT, the 
increase of PD-L1 expression in CTCs and a CStC subtype, 
cancer-associated macrophage-like cells (CAMLs), in response 
to DNA damage caused by radiotherapy on lung [15]. Further a 
predictive effect on immonochekpoint inhibitor sensitivity has 
been also evaluated with immunophenotype, showing the positive 
prognosticator effect with PDL1 positive an T CD8-positive 
tumour-infiltrating lymphocytes (TILs) at pre-CRT in patients 
[16]. PD-L1 is detected in free in solution and in tumoral exosomes 
or circulant Extracellular Vescicles (cEVs) depending on the sizes 
(15 nanometers and 10 microns ) which have  been found in cancer 
patients. [17,18]. Exosomes results from double invagination 
of the plasma membrane and the formation of intracellular 
multivesicular bodies. Thereafter, they are secreted into the 

extracellular space and microenvironment by exocytosis carrying 
all the information from the native tumor cell [19]. Tumor-derived 
exosomes may also act as regulatory elements that can reprogram 
the immune microenvironment as in the presenting antigens 
processes [20]. The isolation of serum cEVs has been validated 
and is suitable by nanoparticle tracking analysis, microscopy and 
flow cytometry [21]. Flow cytometry is the most evaluable method 
to assess the immunophenotype on lymphocytes to check a change 
from cold to hot tumor more sensitive to immunetherapy. In fact 
the  baseline  density of CD8-positive TILs before and after CRT 
as demonstrated by  Shirasawa M et al., seems tobe related to 
PD-L1 expressiona as a predictive factor for the efficacy of CRT 
followed by Durvalumab [16]. Given this background, aim of our 
study is to assess the change of lymphocytes population related 
to the up-regulation of PD-L1 in serum and cEVs through liquid 
biopsy as a surrogate of the TME changing after CCRT in LA PD-
L1 negative NSCLC patients as a rationale to extend Durvalumab 
prescription to all elegible patients. 

Design
The proposed study is a multicentric observational prospectic 
study. The flowchart is reported in Figure 1. Patients with biopsy 
proven locally advanced NSCLC unresectable stage IIIA-IIIB 
and PD-L1 < 1% will be included. Treatment is the standard care 
with CCRT as per guidelines, using a platinum based doublet 
chemotherapy concurrent to lung radiotherapy 60-66 Gy in IMRT 
o VMAT techinique. At baseline (T0) before CCRT , T1 (2 weeks 
after the CCRT end) and T2 (1 month later) a fresh blood and serum 
will be collected for immunophenotype and PD-L1 assessment.

The study has been approved by the local ethycal committee 
or Unique Regional Ethycal Committee (CEUR 20220039986 
N.58/2022).

Figure 1: Study design. Flow-chart of study design.
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Treatment description 
Patients selection 
The inclusion and exclusion criteria are listed in Table 1 according 
to guidelines for advanced unresectable stage IIIA-IIIB NSCLC. 
Eligible criteria are as follows: age 18 years or older, biopsy-
proven, newly diagnosed, primary, locally advanced NSCLC 
in CT scan and FDG-PET. Pulmonary biopsy will include the 
PD-L1 status. Patients must be mentally and physically fit for 
chemotherapy, have an Eastern Cooperative Oncology Group 
(ECOG) performance score of 0–1 at the time of radiotherapy being 
available for follow-up, and provide written informed consent. 
Moreover are required: white blood cell count of 4·0×10⁹ cells per 
L or higher, platelet count of 100×10⁹ per L or higher, a clinically 
acceptable haemoglobin level, a creatinine level indicating renal 
clearance of 50 mL/min or higher, and bilirubin level below 35 
μmol/L, FEV1 and DLCO in the normal range. Main exclusion 
criteria include extensive volumes not elegible to curative doses 
up 60 Gy; informed consent not provided. 

Table 1: Inclusion criteria.

Clinical evaluation
Elegible patients with LA NSCLC will be identified within a 
multidisciplinary board and then staged with CT scan and FDG-
Pet. The day before RT (T0), two weeks and 1 month later CCRT 
off a fresh blood sample for immunophenotype and serum for PD-
L1 will be taken. 

Radiation Treatment 
Technique and treatment doses
Image guided radiotherapy (IGRT) with VMAT or IMRT will be 
applied in all patients. A linear accelerator IGRT dedicated with 
energy of 6MV is required and image verification with digitally 
reconstructed radiography (DRR) or cone beam computed 
tomography (CBCT) should be done prior to treatment. The 
simulation CT scan will be performed in supine position with 
an immobilization device. The dose will be reported according 
to the ICRU (International Commission on Radiation Units 
and Measurements) report 83 [22,23]. The dose to OARs will 

be assessed according to the dose constraints ICRU [24]. The 
prescribed dose is 6-66 Gy at the level of PTV with a daily 
fractionation of 2 Gy over 5 week.

Treatment volumes 
According the international guidelines for NSCLC, the clinical 
target volume (CTV) should include the the primary tumour and 
relevant regional lymph nodes as defined on imaging plus a 0.5-
0.8 margins. Planning target volume (PTV) will correspond to the 
CTV with a variable margin 0f 0.5 -1 cm at the discretion of the 
center and image guided RT (IGRT) technique used. The organs 
at risk (OARs) will be both lungs, spinal cord, esophagus, heart 
according ESTRO guidelines [25]. 

Concurrent Chemotherapy 
A doublet platinum -based will be delivered . The choice of  
schedule (vinorelbine, gemcitabine, taxanes) is at the discretion of the 
individual center in relation to clinical and pathologic features [26].

Immunophenotype and PD-L1 assessment
Blood samples will be collected to assess  the impact on adaptive 
and innate immunity cells and PD-L1 expression at baseline and 
thereafter the CCRT. Immunophenotype characterization will 
be runned by cytophluorimetry assessing total T lymphocytes 
(CD3+), T helper (CD3+ CD4+), T cytotoxics (CD3+ CD8+),  T 
regolators (Tregs: CD4+ CD25+ CD127low ), T double negative 
(DNT: CD3+ CD4- CD8- CD16- CD56), T double positives (DPT: 
CD3+ CD4+ CD8+), T natural killer: CD3± CD16+ CD56+) and B 
(CD19+) with fluorochromes monoclonal antibodies. The isolation 
of extracellular vescicles (cEVs), the analysis of size distribution 
and concentration by nano-particle tracking analysis will follow. 
Thereafter the quantification and the PD-L1 phenotyping of cEVs 
by flow cytometer will be performed togheter to the quantification 
of soluble form of PD-L1 by ELISA assay. A statistical avalysis 
of results concerning the PDL-1 expression soluble and in the 
cEVs , immunophenotype correlation and clinical response will 
be evaluated. Thus cytofluorometry and soluble PD-L1 and ECVs 
will be analysed. The increase of expression of PD-L1 in serum 
and cEVs from baseline at T1 and T2 will be considered as a 
surrogate outcome of change from cold to hot tumor [27,28].

Endpoints 
The primary endpoint of this study is to evaluate in patients 
with LA NSCLC PD-L1 after CCRT the dynamic change of 
PD-L1 expression from cold tumor to hot tumor through liquid 
biopsy. The secondary endpoint is to relate the PD-L1 expression 
with immunophenotype as a predictive factor to response to 
immunotherapy.
 
Statistics 
Sample size 
Statistic significance is fixed for p < 0.05. Logistic regression 
model will be applied to relate the change fron cole tumor to hot 
tumor and the lymphocyte population. A sample size of 50 patients 
in 3 years is required . Data will be collected and analysed by 
t-test. Data analysis will last 5 years.
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Data collection procedure 
Data from each center will be collected in electronic case report 
forms (CRFs) and transfered into a single cloud-based database. 
Subsequently, the aggregated data will be processed by the 
promoter center.

Planned timeline 
It is scheduled as follows: 0–3 months: project organization; 18-
36 months: patient enrolment; 48-60 months: laboratory work 
assessment statistical analysis and publication of data about 
primary end-point. 

Ethics committee approval for ongoing research 
The protocol has been written according to the principles of good 
clinical practice (GCP). This study is conducted in accordance with 
the most recent version of the Declaration of Helsinki and with 
the Italian laws and regulations. The study protocol was approved 
by the ethics committee of promoter center (ethics committee 
identifier code CEUR). Approval by the respective ethics 
committee relevant to each site will be collected before opening 
new sites. Written informed consent, signed and personally dated 
is obtained from each patient before inclusion in the study.
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