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A B S T R A C T   

Objectives: Re-biopsy in progressive advanced Non-Small-Cell Lung Cancer (NSCLC) after first line treatment may 
reveal information about evolving tumor biology during treatment. Our study aims to investigate the feasibility, 
risk of complications, and clinical relevance of performing re-biopsy systematically. 
Materials and methods: NSCLC patients with advanced, non-targetable disease, receiving first line systemic 
treatment, were included in a prospective single-centre study (NCT03512847). A diagnostic biopsy was per-
formed at baseline and repeated at time of progression, preferentially from the progressive lesions as determined 
by CT or PET/CT. The primary endpoint was feasibility, including complication rate to re-biopsy. Secondary 
endpoints were clinical relevance, defined as a potential of changing treatment or follow-up, due to new his-
tological evidence, specifically a change in PD-L1 Tumor Proportion Score (TPS). 
Results: Fifty-one patients with progressive advanced NSCLC had re-biopsy performed. Median time from pa-
tients’ acceptance to biopsy was seven days (range: 0–31). Complication rate was 6% (n = 3) represented by 
pneumothorax, hydro-pneumothorax and pneumonia, respectively. No severe or chronic complications occurred. 
Sufficient material for PD-L1 analyses was obtained in 46 of 51 patients: the remaining five cases had insufficient 
tissue for analyses, no malignant cells/only suspected malignant cells, questioning whether progression was real. 
PD-L1 TPS change was observed in 33% of patients (n = 15) and 17% (n = 8) had potentially clinically relevant 
changes. A significantly higher chance of PD-L1 TPS change was observed in chemotherapy-treated patients. 
Conclusion: Our study showed that re-biopsy is feasible, with low risk of complications, and can be clinically 
relevant in patients with suspected progression in advanced NSCLC.   

1. Introduction 

Treatment options have evolved in advanced Non-Small-Cell Lung 
Cancer (NSCLC) during the last decades with introduction of immuno-
therapy and targeted treatments. The understanding that molecular 
characteristics and tumor biology is dynamic - and also influenced by 
treatment and resistance mechanisms - has raised an emerging debate 
about how monitoring of tumor biology should be performed. The 
introduction of immune-checkpoint inhibitor therapies in NSCLC in both 
first and further lines of treatment has increased the focus on potential 

changes in the predictive biomarker PD-L1 during treatment and the 
potential clinical implications. A recent review (2019) concluded that 
the significance of a re-biopsy varies depending on the clinical situation 
and in non-targetable advanced NSCLC it is obviously dependent on 
whether immunotherapy is considered for second line treatment [1]. 
Recent studies have demonstrated that the efficacy of second line 
immune-checkpoint inhibitors is independent of the PD-L1 TPS status, 
analysed at time of diagnosis [2–4]. Varying response rates raise the 
question if a new PD-L1 Tumor Proportion Score (TPS) at progression 
might predict response to second line immunotherapy. 
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Based on the knowledge of resistance mechanisms, evolving tumor 
biology including possible changes in PD-L1 TPS, it seems relevant to 
perform tissue biopsy at progression for treatment guidance. 

Arguments against re-biopsy include risk of complications, antici-
pated likelihood of getting sufficient amount of tumor tissue for analyses 
as well as the potential postponement of second line treatment. 

In this study, we aimed at evaluating feasibility and clinical rele-
vance of re-biopsy upon progression after first line treatment for patients 
with advanced or non-curative locally advanced NSCLC. In this publi-
cation, we focus specifically on reporting changes in PD-L1 TPS. 

2. Materials and methods 

2.1. Study design 

The study is a prospective, explorative single-centre study (Clin-
icalTrials.gov NCT03512847) conducted at Department of Clinical 
Oncology and Palliative Care, Zealand University Hospital (Naestved 
Hospital). The study was approved by The Regional Committee on 
Health Research Ethics (SJ-662) and The Danish Data Protection Agency 
(REG-006-2018), and was conducted according to the Helsinki Decla-
ration. All patients provided signed informed consent. The primary 
endpoint was feasibility, including complication rate, and secondary 
endpoints included clinical relevance of re-biopsy, defined as a potential 
of changing treatment or follow-up for the patients due to new histo-
logical evidence or changes in PD-L1 TPS. The protocol encompasses 
other endpoints including resistance mechanisms, prediction of treat-
ment response and the clinical utility of liquid biopsy by comprehensive 
molecular profiling of tissue and plasma. 

2.2. Patients 

Patients here reported were enrolled from 29th of June 2018 to 1st of 
December 2019. This publication pertains to feasibility of re-biopsy, but 
patient inclusion continues for other endpoints within genomic changes, 
resistance mechanisms and liquid biopsy. 

Patients with advanced NSCLC or non-curative locally advanced 
NSCLC, according to the International Association for the Study of Lung 
Cancer (IASLC) 8th edition lung cancer staging system, with no sensi-
tizing mutation of the Epidermal Growth Factor Receptor gene (EGFR) 
or translocation of the Anaplastic Lymphoma Kinase gene (ALK), 
referred to Department of Clinical Oncology and Palliative Care, 
Naestved Hospital, were screened for eligibility. Inclusion criteria were: 
age >18 years, Eastern Cooperative Oncology Group (ECOG) score of 
Performance Status (PS) 0–2, measurable disease according to the 
Response Evaluation Criteria in Solid Tumors, version 1.1 (RECIST), 
ability to understand spoken and written Danish, and written informed 
consent. Exclusion criteria were: other active cancers and contraindi-
cations for systemic treatment. 

The clinico-pathological characteristics, modality and complications 
of re-biopsy were collected consecutively from patient records. 

2.3. Treatment and evaluation 

According to national clinical guidelines, patients were treated with 
pembrolizumab if PD-L1 TPS ≥50%, ECOG PS score 0–1 and if no con-
tradictions to immunotherapy, until progression or unacceptable 
toxicity. Patients with a PD-L1 TPS <1% and ECOG PS 0–2 were treated 
with chemotherapy: carbo - or cisplatin and vinorelbine, or mono-
therapy vinorelbine – depending on renal function and comorbidity 
status. Four to six treatment cycles were administered, unless progres-
sion or unacceptable toxicity was observed. In case of stable disease/ 
partial response after platinum-dublet therapy and no significant 
toxicity or decline in ECOG PS score, patients with adenocarcinoma 
were offered maintenance treatment with pemetrexed until progression 
or unacceptable toxicity. An update of the national clinical guidelines in 

April 2019 led to a treatment change for patients with adenocarcinoma, 
ECOG PS score 0–1 and PD-L1 TPS ≥1 and <50% to a combination of 
chemotherapy and immunotherapy: carbo-/cis-platin, pemetrexed and 
pembrolizumab, four cycles, followed by maintenance treatment with 
pemetrexed and pembrolizumab up to 35 cycles or progression/unac-
ceptable toxicity. 

Computed Tomography (CT) scans were performed as prescribed 
after every second or third treatment cycle evaluating the efficacy of the 
treatment through the RECIST or iRECIST (immunotherapy-related 
RECIST). 

A clinical relevance of re-biopsy was defined as a potential of 
changing treatment or follow-up, due to new histological evidence, 
specifically a change in PD-L1 TPS from negative (<1%) to positive 
(>1%) or vice versa. 

2.4. Biopsy procedure 

At the time of progressive disease defined by RECIST/iRECIST on CT- 
scans during or in follow-up after first line treatment, patients were 
offered re-biopsy. The confirmation of progression and assessment of the 
location and possible complications of re-biopsy were evaluated at a 
multidisciplinary team meeting (MDT) with oncologists, pulmonolo-
gists, pathologists and radiologists present. The location of re-biopsy 
was preferentially chosen at one or more of the anatomic sites of 
determined progression by CT/PET-CT. Previously irradiated areas were 
excluded from biopsy. All re-biopsies were performed at the endoscopy 
suite at the Department of Respiratory Medicine, Naestved Hospital, 
within 2 weeks from MDT. The endoscopy unit offers same-day, guide-
line-based, individualized tissue sampling by one or more methods such 
as bronchoscopy (lung lesions), endoscopic ultrasound of peri- 
bronchial/-tracheal (endobronchial ultrasound, EBUS) or para- 
gastroesofagal (endoscopic ultrasound, EUS - either with the EBUS 
endoscope (EUS-B) or conventional EUS-scope) structures. Trans-
thoracic sampling from lung lesions is performed guided by Ultra Sound 
(US), fluoroscopy or CT, and percutaneous non-lung lesions (e.g. pe-
ripheral lymph nodes, liver, spleen, skin) are reached by US-guided bi-
opsy [5–8]. Whenever possible, histological biopsies were obtained (e.g. 
forceps, cutting-needle biopsies), and cytological biopsies such as 
fine-needle aspiration (FNA) biopsies and pleura fluid were prepared as 
smear and cell blocks to allow for immune-histochemical analyses. 
Modality and number of biopsies depended on the anatomic location 
and was to the choice of the responsible pulmonologist. Endoscopic 
sampling was performed under conscious sedation with midazolam and 
fentanyl according to international guidelines [9]. 

2.5. Histopathological analyses and PD-L1 TPS 

All histological biopsies/cell blocks were formalin-fixed and 
paraffin-embedded (FFPE) for histopathological analyses to confirm the 
diagnosis and the suitability and representativeness of the material. The 
cell blocks were made by taking at separate aspiration with a thick 
needle and place the material in neutral buffered formalin, which cor-
responds to histologic biopsy material [10]. The cell blocks contained 
more than 200 tumor cells. 

PD-L1 expression was examined by staining on the Dako Autostainer 
48 (Dako Omnis platform) using the PD-L1 IHC 22C3 pharmDx kit. The 
percentage of PD-L1 positive tumor cells were evaluated by two pa-
thologists, blinded to clinical outcome. TPS was calculated as the per-
centage of tumor cells showing partial or complete membrane staining 
relative to all viable tumor cells in the sample. Based on staining in-
tensity, a division into four main groups was performed: negative 
(<1%), weak (≥1 <5%), moderate (≥5 <50%) and strong (≥50%). No 
PD-L1 TPS was performed if no malignant cells or only suspected ma-
lignant cells were found. 

Of note, all patients with confirmed adenocarcinoma had analyses 
for ALK-rearrangement and EGFR mutations performed before screening 
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for inclusion. ALK re-arrangement analyses were performed by immu-
nohistochemistry, using monoclonal antibody OTI1A4, and EGFR mu-
tations through Next Generation Sequencing (NGS) by GeneRead QIAact 
AIT Panel, covering hotspot mutations in KRAS, NRAS, EGFR, BRAF, 
ERBB2, ERBB3, KIT, PIK3CA, PDGFRA, ESR1, ALK and RAF1. 

2.6. Statistical analysis 

For clinico-pathological characteristics, descriptive statistics were 
applied and presented as frequencies, percentages, and median (range). 
Time to biopsy was calculated as the interval from patient acceptance of 
biopsy to the performance of biopsy (days). Progression Free Survival 
(PFS) 1 was defined as the time from first line treatment initiation to 

radiologically verified progression. Patients with no progression by the 
cut-off date of August 28th 2020 were listed. PFS 2 was defined as the 
time from second line treatment initiation to radiologically verified 
progression or clinical progression, if no radiologic evaluation was 
performed, and was thus only calculated in patients receiving second 
line systemic treatment. PFS 2 in patients not yet progressing was 
calculated by a cut-off date of August 28th 2020. Overall survival was 
calculated from date of first line treatment initiation to date of death or 
until a cut-off date of August 28th 2020. The correlation of treatment 
type and change in PD-L1 TPS was calculated through Chi-square/ 
Fischer’s exact test, performed using SPSS Statistics software version 26. 

Fig. 1. Consort Diagram of patients screened for eligibility.  
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3. Results 

3.1. Patient characteristics 

From 29th of June 2018 to 1st of December 2019 a total number of 
138 patients were screened for eligibility and 89 patients met the in-
clusion criteria and were included for further analysis. Within this 
period 69 patients had progression and of these 51 were re-biopsied (see 
Fig. 1; Consort Diagram). Decline in ECOG PS was the main reason for 
not having re-biopsy performed. Table 1 depicts basic characteristics, 
Progression-Free Survival (PFS) and second line treatment of patients 
undergoing re-biopsy (n = 51). 

See Supplementary Fig. 1 for illustration of PFS 1 and 2 in all patients 
and subgroups of patients (chemotherapy/immunotherapy-treated and 
PD-L1-changers/no-changers). 

3.2. Feasibility and the rate of complications 

The median time from patients’ acceptance of re-biopsy to perfor-
mance of re-biopsy was seven days (range, 0–31). The reason for a bi-
opsy delay of 31 days (n = 1) was due to performance of a PET-CT-scan 
to optimize the choice of biopsy site. A second re-biopsy was performed 
in five of the 51 re-biopsied patients because of no malignant cells 
(n = 1) or insufficient material for PD-L1 TPS analysis (n = 4). In the 
second re-biopsy, sufficient material for analysis was obtained in four 
cases, but only suspected malignant cells were found in one case and 
thus no PD-L1 TPS analysis was performed. No complications occurred 
during the second re-biopsy in any of the patients. Fig. 2A shows the 
distribution of locations of progression, observed by imaging, and lo-
cations of performed re-biopsies including biopsies showing 
malignancy. 

The 51 patients underwent 78 biopsy procedures. Cytological biopsy 
sampling was the most frequent modality (n = 58, 74%) and histological 
biopsy sampling accounted for 20 procedures (26%). This resembles the 
ratios at the diagnostic setting where the cytological and histological 
biopsy sampling accounted for 76% and 24%, respectively. At re-biopsy, 
both cytological and histological biopsies were obtained in 16 patients 
(31%). Re-biopsy modalities and complications are illustrated in Fig. 2B 
and details in Suppl. Table 1. 

The rate of complications to biopsy was 6% (n = 3). Complications 
were pneumothorax, pneumonia, and hydropneumothorax, observed in 
three cases as illustrated in Fig. 2B. No severe complications or subse-
quent sequelae occurred in any of the patient cases. 

3.3. Change in PD-L1 TPS from base-line to progression 

All 51 patients had a baseline PD-L1 TPS performed at the diagnostic 
biopsy material. At progression, 46 patients (90%) had a PD-L1 TPS 
performed. In five patients the analyses were not performed due to 
insufficient tissue (n = 2), absence of malignant cells (n = 2) or sus-
pected malignant cells only (n = 1). 

Of the 46 patients with matched biopsies, a change in PD-L1 TPS was 
observed in 15 patients (33%) – including one patient who changed PD- 
L1 TPS in the range of the same PD-L1 TPS group from ≥10 <50% to ≥5 
<10% (patient ID: 030). In seven out of the 15 patients, a higher PD-L1 
TPS was observed, and in eight patients a lower PD-L1 TPS was 
observed, see Fig. 3. A significantly higher chance (p = 0.005) of having 
a change in PD-L1 TPS was observed in patients treated with chemo-
therapy (Fig. 4A). Of these, adenocarcinoma (n = 9) was more frequent, 
compared to SCC (n = 5) and one patient had carcinoma NOS. We 
observed a higher frequency of PD-L1 TPS changes in patients with a 
base-line PD-L1 TPS of ≥1 <50% (8 of 8 patients, 100%) compared to 
patients with a base-line PD-L1 TPS of <1% (5 of 16 patients, 31%) or 
≥50% (1 of 22 patients, 5%). 

In 11 of the 15 patients (73%), the re-biopsy was taken from another 
location than the diagnostic biopsy. Compared to patients without a 

change in PD-L1 TPS, a location change was present in 21 out of the 31 
patients (68%). Thus, a connection between change in location and 
change in PD-L1 TPS did not seem likely (Fig. 4B). 

3.4. Clinical relevance of re-biopsy 

A potential clinical relevance of re-biopsy was present in eight out of 

Table 1 
Basic characteristics (upper part), PFS and second line treatment (lower part) of 
patients undergoing re-biopsy.  

Basic characteristics of patients undergoing re- 
biopsy (n = 51)  

Sex, n (%)  
Male 23 (45.1) 
Female 28 (54.9) 
Age, years, median (range) 66 (50− 84) 
ECOG Performance score, n (%)  
PS 0 24 (47.1) 
PS 1 23 (45.1) 
PS 2 4 (7.8) 
Smoking status, n (%)  
Never 2 (3.9) 
Former 30 (58.8) 
Current 19 (37.3) 
Pack years, median (range) 30 (0− 90) 
Charlson Comorbidity Index, n (%)  
7 8 (15.7) 
8 14 (27.5) 
9 19 (37.3) 
10 6 (11.8) 
11 2 (3.9) 
12 2 (3.9) 
Histology, n (%)  
Adenocarcinoma 38 (74.5) 
Squamous Cell Carcinoma 10 (19.6) 
Not Otherwise Specified (NOS) 3 (5.9) 
Stage, IASCL, 8th edition, n (%)  
IIIB 5 (9.8) 
IIIC 3 (5.9) 
IVA 25 (49.0) 
IVB 18 (35.3) 
PD-L1 tumor proportion score, n (%)  
<1% 17 (33.3) 
≥1 <5% 1 (2.0) 
≥5 <50% 8 (15.7) 
≥50% 25 (49.0) 
Treatment type, n (%)  No of cycles 

(range) 
Cis-/carboplatin/vinorelbine (+/- maintenance 

pemetrexed) 
25 
(49.0) 

4 (2− 10) 

Vinorelbine monotherapy 2 (3.9) 4 (2− 6) 
Pembrolizumab 23 

(45.0) 
6 (2− 20) 

Carboplatin/pemetrexed/pembrolizumab 1 (2.0) 7 (one patient) 
Radiotherapy pre-/during treatment, n (%)  
Total 9 (17.6) 
Bones 4 (7.8) 
Lymph nodes 1 (2.0) 
Brain 7 (13.7) 
Progression-Free Survival (PFS) and second line 

treatment (n = 51)  
Median PFS 1, days (range)  
All patients (n = 51) 106 (23− 631) 
Chemotherapy treated (n = 27) 89 (23− 311) 
Immunotherapy treated (incl. combination therapy) 

(n = 24) 
158 (34− 631) 

Second line treatment, n (%)  
Chemotherapy 17 (33.3) 
Immunotherapy 9 (17.6) 
Radiotherapy only 13 (25.5) 
No treatment 12 (23.5) 
Median PFS 2, days (range)  
All treated patients (n = 26) 54 (11− 462+) 
Chemotherapy treated (n = 17) 59 (11− 462+) 
Immunotherapy treated (n = 9) 23 (14− 68)  
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the re-biopsied 46 patients (17%) with a PD-L1 TPS present at pro-
gression. Fig. 5 illustrates the time-line of these patients in details: 

4. Change from PD-L1 TPS positive to negative 

In three cases (patient ID 023, 025 and 059) we found a change from 
PD-L1 TPS positive to negative. Two of the patients (patient ID 025 and 
059) received pembrolizumab, one cycle, before clinical progression. 
One of these patients – a 58-year-old woman – died within one month 
and the other patient received thoracic irradiation and brain irradiation 
and died within three months. The third patient (patient ID 023) – a 73- 
year-old male – presented with cerebral metastasis at progression and 
received whole brain radiation and no further systemic treatment due to 
rapid decline in ECOG PS. 

5. Change from PD-L1 TPS negative to positive 

In five cases, we found a change from PD-L1 TPS negative to positive. 
One patient (patient ID 001) – a 56-year-old male – received two cycles 
of pembrolizumab before a rapid decline in ECOG PS and no further 

treatment was given. PD-L1 TPS status at time of diagnosis from tumor 
in left superior lobe was <1% and after first line chemotherapy, a 
resection of a brain metastasis revealed a PD-L1 TPS of ≥1 <50% and at 
the time of thoracic progression a PD-L1 TPS ≥ 50% from pleural fluid 
was found. In one patient case (patient ID 081), beside a change in PD-L1 
from <1% to ≥1 <5%, we also found a change from AC to SCC. The re- 
biopsy was taken from one of the same locations as the diagnostic bi-
opsies, thus possibly indicating a real histologic change. One patient 
(patient ID 087) with disease located only in lung and pleura at diag-
nosis, developed ascites and suspected abdominal carcinomatosis at 
progression, revealing a clear change from <1% (pleura) to 80% (asci-
tes). In two cases (patient ID 057 and 075), a change from PD-L1 TPS 
negative to positive (≥5 <10%) was observed and both were treated 
with pembrolizumab – one and three cycles, respectively, before CT- 
scan verified progression. 

In the remaining seven of the 15 cases, a change in PD-L1 TPS was 
observed within the positive range of PD-L1 TPS (Fig. 3). 

5.1. Three cases (6%) of non-malignant results at re-biopsy 

In three cases, no malignant cells were present in the re-biopsy, 
which raised doubt about real progression. In one patient, treated 
with a combination of chemotherapy and immunotherapy, pseudo- 
progression was suspected and later confirmed. One patient, presented 
with non-necrotizing granulomatous inflammation in the re-biopsies, 
had sustained stabile disease/regression for more than six months 
with no signs of progression, despite no second line systemic treatment, 
only palliative thoracic radiotherapy. One patient had no malignant 
cells in the first re-biopsy and only suspected malignant cells in the 
second re-biopsy, doubting the representativeness of the biopsies. 

6. Discussion 

This study explores the feasibility and clinical relevance of per-
forming re-biopsy systematically after first line treatment in advanced 
NSCLC. 

In daily clinical practice, imaging through CT/PET-CT-scans is the 
only approved method of evaluating treatment response, despite the 
knowledge that precise evaluation can be difficult, particularly after the 
introduction of immunotherapy, where radiographic pseudo- 
progression can occur. A biopsy can potentially reveal a precise clin-
ical statement of the disease including important biological information 
to guide in second line treatment decisions. Despite obvious clinical 
advantages of performing re-biopsy, it is not mandatory or regularly 
incorporated into daily clinical practice. This is likely due to challenges 
in performing biopsies within an acceptable time frame from different 
locations with the need of different biopsy-modalities including 
obtaining sufficient biopsy material for analyses. 

6.1. Feasibility of re-biopsy 

A relative high proportion of the patients (74%) in our study with 
suspected progression had a re-biopsy performed. A decline in ECOG PS, 
patient refusal and rapid progression/death were the main reasons for 
not having a re-biopsy performed (Fig. 1). Comparative studies have 
demonstrated re-biopsy rates from 54 to 82% [11–14]. 

Biopsies containing insufficient tumor tissue with none or too few 
tumor cells to perform molecular analysis can be a challenge and has 
previously been reported in 18% and 7% of cases, respectively [14]. We 
experienced a high success-rate of PD-L1 TPS analyses of the re-biopsies 
of 90%, not counting five cases of insufficient tissue/no malignant 
cells/suspected malignant cells with doubt of real progression. 

The median time to biopsy was seven days (range, 0–31) and the rate 
of complications was 6% (n = 3) with no severe complications observed. 
Although this report pertains to a patient group of only 51, it is esti-
mated that the complication rate is low and that complications were not 

Fig. 2. A Illustration of the locations of progression, observed by imaging (grey 
bar) and the location of biopsies performed including biopsies showing ma-
lignancy. Each patient could have more than one site of progression and more 
than one biopsy performed. B Illustration of the re-biopsy modalities and 
complications. Each patient could have more than one biopsy modality per-
formed. Complications are illustrated by grey dots including a description of the 
complication that occurred. TTNA = transthoracic needle aspiration (lung). 
Percutaneous FNA (Fine-Needle Aspiration) biopsy (non-lung). EBUS- 
TBNA = endobronchial ultrasound transbronchial needle aspiration biopsy. 
EUS/EUS-B = endoscopic ultrasound of para-gastroesofagal structures/per-
formed with EBUS-endoscope. Bronchial wash was performed by bronchoscopy. 
US (UltraSound)- and CT-guided biopsies were cutting needle biopsies. Bron-
choscopic biopsies were forceps biopsies. 
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related to a specific biopsy-modality. 
We experienced re-biopsy as feasible in a set-up based on experi-

enced pulmonologist, with the ability of performing biopsies from 
different anatomic locations with the use of various biopsy-modalities 
and a time-preserving workflow allowing biopsies and analyses to be 
performed within an acceptable time frame for second line treatment 
guidance. 

In this paper, we focused specifically on changes in PD-L1 as an 
important biomarker of potential clinical relevance. 

6.2. Changes in PD-L1 from baseline to progression 

6.2.1. Chemotherapy and PD-L1 TPS changes 
PD-L1 TPS changes were observed in one third (33%) of the patients 

with a significant and potentially clinically relevant change in almost 
one fifth (17%) of the patients. Additionally, in three cases only malig-
nancy suspected cells/no malignant cells were present. Patients treated 
with chemotherapy had a significantly higher chance of having a change 
in PD-L1 TPS in line with the findings in previous studies of 
chemotherapy-induced changes to PD-L1 TPS. 

The field of research in PD-L1 TPS changes in NSCLC is mainly 

dominated by retrospective studies including patients with localized/ 
resectable disease, having received neo-adjuvant or adjuvant chemo-
therapy [15–21]. To our knowledge, results from prospective studies are 
in general limited [14] and we have not been able to identify studies 
looking specifically at PD-L1 TPS changes. The retrospective studies 
have demonstrated a trend towards an up-regulation of PD-L1 TPS after 
chemotherapy/at time of recurrence [15–21]. 

In the present study, we observed an almost equal distribution of 
patients having up-regulation and down-regulation of PD-L1 TPS after 
treatment (Fig. 3). 

A higher proportion of chemotherapy-treated patients in our study 
(48%) had a change in PD-L1 TPS, compared to other studies, showing 
changes in 3–41% of the patients [15–20]. The findings support the 
theory of possible chemotherapy-induced changes in the immune 
microenvironment and increment of tumor antigenicity, leading to 
changes in PD-L1 TPS [22]. So far, no experiences regarding 
immunotherapy-induced changes to PD-L1 TPS have been described. 

6.3. Biopsy location and PD-L1 changes 

Differences in PD-L1 TPS between tumor sites have been explored in 

Fig. 3. Illustration of changes in PD-L1 TPS from baseline to progression of the patients (n = 15) with a change in PD-L1 TPS. Red lines depict a change to a higher 
PD-L1 TPS score and green lines depict a change to a lower PD-L1 TPS. (For interpretation of the references to colour in this figure legend, the reader is referred to the 
web version of this article.) 
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Fig. 4. Illustration of the PD-L1 TPS score (A) and location of biopsy (B) at baseline and at progression of patients receiving chemotherapy (left) and immunotherapy 
(right). Red and green lines/dots depict a change to a higher and lower PD-L1 TPS score, respectively, and grey lines/dots depicts no change. Abbreviations: 
Pt = Patient. St = Station. Inf = Inferior. Sup = Superior. Sin or L= Sinister/Left. Dxt or R= Dexter/Right. Sub.cut.met. = Subcutaneous metastases. Gl = Gland. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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Fig. 5. Illustration of the time-lines and events in patients with a potential clinically relevant change in PD-L1 TPS. Specifications of each patient including patient 
ID, TNM-classification, PFS and OS is stated in the left side. Each time-line illustrates the treatment (chemotherapy = blue, immunotherapy = green), time of 
diagnostic biopsy/re-biopsy including PD-L1 TPS (red text) and status at evaluation (imaging). Treatment with radiotherapy (purple bars) are denoted a description 
of location – see abbreviations. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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several studies and a general consensus of both inter- and intra-tumoral 
heterogeneity have been established [23–26]. The inter-tumoral het-
erogeneity has, amongst others, been investigated by Kim et al., evalu-
ating the concordance rate between primary and metastatic tumor sites 
in 146 NSCLC patients undergoing surgery. They observed an overall 
concordance of PD-L1 TPS of 75.2% with a higher concordance of 84.7% 
in primary tumors with a PD-L1 TPS of <1% or ≥50% and a lower 
concordance of 20.8% with PD-L1 TPS of ≥1% and <50% [26]. Our 
study supports these findings as we revealed that a change in PD-L1 TPS 
were more frequently observed in patients with a base-line PD-L1 TPS of 
≥1 and <50% (100%), than in patients with a base-line PD-L1 TPS of 
<1% (31%) or ≥50% (5%). 

Due to the known and widely explored heterogeneity, it could be 
questioned if the changes in PD-L1 TPS observed, could solely be 
explained by a different location of re-biopsy. Interestingly, we found a 
change in PD-L1 TPS with almost the same incidence in patients having a 
re-biopsy performed at the same location or another location as the 
diagnostic biopsy (Fig. 4B). 

6.4. Progression free survival 

Despite the imperfection of PD-L1 TPS due to heterogeneity, it has 
proven to be an independent predictive biomarker of response to 
immune-checkpoint inhibitors in guidance of first and second line 
treatment in advanced NSCLC [2–4,27–31]. Improvement in median 
PFS from 6.0 months (95% CI, 4.2− 6.2) with chemotherapy to 10.3 
months (95% CI, 6.7-NR) with pembrolizumab has changed first line 
treatment algorithm in advanced NSCLC patients with PD-L1 TPS ≥50% 
[27,28]. Our study specifically focused on biopsy at time of progression 
and, ipso facto, our patient group will not include long-term responders, 
leading to an artificially lower PFS and survival. In the group of patients 
treated with first line pembrolizumab, we observed a median PFS of 
approximately 5 months (158 days, range 34− 631). In patients treated 
with first line chemotherapy, we found a median PFS of approximately 3 
months (89 days, range 23− 311). 

6.5. PD-L1 TPS – in second line treatment guidance 

Second line treatment of advanced NSCLC is largely independent of 
PD-L1 TPS, according to European Society of Medical Oncology (ESMO) 
Clinical Practice Living Guidelines of Metastatic Non-Small-Cell Lung 
[32], although the type of immune-checkpoint inhibitor therapy can be 
affected. Hence, second line pembrolizumab is only recommended if 
PD-L1 TPS is ≥1% according to results of the KEYNOTE-010 study [29, 
30], and atezolizumab/nivolumab can be administered regardless of 
PD-L1 TPS according to results of the CHECKMATE 017/057 [2,3] and 
OAK trials [4,31]. These guidelines are primarily based on studies with 
no mandatory new biopsy for PD-L1 TPS analyses, although in 
KEYNOTE-010 (including patients with PD-L1 TPS ≥ 1%), a protocol 
amendment required a new biopsy for PD-L1 TPS, except when it risked 
patient safety. Differences in archival samples versus new biopsy for 
assessing PD-L1 TPS in relation to overall survival/PFS were performed 
and concluded, that a new biopsy was more predictive of the clinical 
benefit of pembrolizumab. However, it did not negate the utility of 
archival samples [33]. 

PD-L1 TPS has been explored and stated as a prognostic biomarker as 
recently reviewed by Takada et al. [34]. Several studies have demon-
strated that a post-chemotherapeutic up-regulation of PD-L1 TPS in-
dicates resistance to the given treatment and a poor prognosis [15,16,18, 
20]. 

This raises the question whether a re-biopsy at progression could 
contribute to a better prediction of second line treatment efficacy and a 
more precise estimation of the prognosis. We specifically looked into 
how patients with a change in PD-L1 TPS fared and observed that this 
patient group was more frequently treated with second line systemic 
treatment (10 out of 15) compared to patients without a change in PD-L1 

TPS (16 out of 35). Seven out of the 15 patients with a change in PD-L1 
TPS received second line immunotherapy and three received chemo-
therapy with an overall median PFS 2 of 25 days (range, 14–79 days). A 
median PFS of 59 days (range, 11− 462+ days) was observed in patients 
without a change in PD-L1 TPS, receiving second line treatment. See 
Suppl. Fig. 1. 

The difference between the “PD-L1-no-changers” and the “PD-L1 
changers” regarding PFS 2 is interesting and is worth of further explo-
ration in future studies. A longer period of follow-up could contribute to 
a view on overall survival and thereby the prognosis in relation to PD-L1 
TPS changes. 

6.6. Limitations and perspectives 

This study has limitations due to the small number of patients. The 
patient cohort consists of non-responders or short-term responders pri-
marily due to the focus of re-biopsy at progression. 

Finally, to answer the question if a re-biopsy is relevant in second 
line treatment guidance, it is essential to include the possibility of per-
forming comprehensive molecular analysis of the re-biopsies to reveal 
potential resistance mechanisms and targetable mutations. This could 
possibly strengthen the indication of a re-biopsy, as targeted treatment is 
a rapidly evolving field in the treatment of advanced NSCLC. 

7. Conclusion 

Based on our findings, re-biopsy at progression is feasible with a low 
rate of complications and a high success rate, if an optimized set-up for 
the biopsy-procedure is present. 

Our study revealed potentially clinically relevant changes in PD-L1 
TPS in 17% of the patients with paired PD-L1 expression analyses. A 
significantly higher chance of having a change in PD-L1 TPS was 
observed in patients treated with chemotherapy. In additionally three 
cases no malignant cells or only suspected malignant cells were present, 
which indeed is clinically relevant. 
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M. Gottfried, N. Peled, A. Tafreshi, S. Cuffe, M. O’Brien, S. Rao, K. Hotta, 
K. Vandormael, A. Riccio, J. Yang, M.C. Pietanza, J.R. Brahmer, Updated analysis 
of KEYNOTE-024: pembrolizumab versus platinum-based chemotherapy for 
advanced non-small-cell lung cancer with PD-L1 tumor proportion score of 50% or 
greater, J. Clin. Oncol. 37 (7) (2019) 537–546. 

[29] R.S. Herbst, P. Baas, D.W. Kim, E. Felip, J.L. Perez-Gracia, J.Y. Han, J. Molina, J. 
H. Kim, C.D. Arvis, M.J. Ahn, M. Majem, M.J. Fidler, G. de Castro Jr., M. Garrido, 
G.M. Lubiniecki, Y. Shentu, E. Im, M. Dolled-Filhart, E.B. Garon, Pembrolizumab 
versus docetaxel for previously treated, PD-L1-positive, advanced non-small-cell 
lung cancer (KEYNOTE-010): a randomised controlled trial, Lancet (London, 
England) 387 (10027) (2016) 1540–1550. 

[30] R.S. Herbst, E.B. Garon, D.W. Kim, B.C. Cho, J.L. Perez-Gracia, J.Y. Han, C.D. Arvis, 
M. Majem, M.D. Forster, I. Monnet, S. Novello, Z. Szalai, M.A. Gubens, W.C. Su, G. 
L. Ceresoli, A. Samkari, E.H. Jensen, G.M. Lubiniecki, P. Baas, Long-term outcomes 
and retreatment among patients with previously treated, programmed death-ligand 
1‒positive, advanced non‒small-cell lung cancer in the KEYNOTE-010 study, 
J. Clin. Oncol. 38 (14) (2020) 1580–1590. 

[31] L. Fehrenbacher, J. von Pawel, K. Park, A. Rittmeyer, D.R. Gandara, S. Ponce Aix, 
J.Y. Han, S.M. Gadgeel, T. Hida, D.L. Cortinovis, M. Cobo, D.M. Kowalski, F. De 
Marinis, M. Gandhi, B. Danner, C. Matheny, M. Kowanetz, P. He, F. Felizzi, 
H. Patel, A. Sandler, M. Ballinger, F. Barlesi, Updated efficacy analysis including 
secondary population results for OAK: a randomized phase III study of 
atezolizumab versus docetaxel in patients with previously treated advanced non- 
small cell lung cancer, J. Thorac. Oncol. 13 (8) (2018) 1156–1170. 

[32] D. Planchard, S. Popat, K. Kerr, S. Novello, E.F. Smit, C. Faivre-Finn, T.S. Mok, 
M. Reck, P.E. Van Schil, M.D. Hellmann, S. Peters, E.G. Committee, Metastatic non- 
small cell lung cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment 
and follow-up, Ann. Oncol. 29 (Suppl. 4) (2018) iv192–iv237. 

[33] R.S. Herbst, P. Baas, J.L. Perez-Gracia, E. Felip, D.W. Kim, J.Y. Han, J.R. Molina, J. 
H. Kim, C. Dubos Arvis, M.J. Ahn, M. Majem, M.J. Fidler, V. Surmont, G. de 
Castro Jr., M. Garrido, Y. Shentu, K. Emancipator, A. Samkari, E.H. Jensen, G. 
M. Lubiniecki, E.B. Garon, Use of archival versus newly collected tumor samples 
for assessing PD-L1 expression and overall survival: an updated analysis of 
KEYNOTE-010 trial, Ann. Oncol. 30 (2) (2019) 281–289. 

[34] K. Takada, G. Toyokawa, F. Shoji, T. Okamoto, Y. Maehara, The significance of the 
PD-L1 expression in non-small-cell lung cancer: trenchant double swords as 
predictive and prognostic markers, Clin. Lung Cancer 19 (2) (2018) 120–129. 

M.S. Frank et al.                                                                                                                                                                                                                                

http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0005
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0005
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0005
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0010
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0010
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0010
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0010
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0010
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0010
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0015
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0015
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0015
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0015
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0015
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0015
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0015
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0020
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0020
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0020
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0020
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0020
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0020
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0020
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0025
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0025
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0025
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0030
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0030
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0030
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0030
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0030
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0035
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0035
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0035
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0035
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0040
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0040
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0040
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0040
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0040
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0045
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0045
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0045
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0045
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0050
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0050
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0050
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0050
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0055
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0055
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0055
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0055
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0060
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0060
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0060
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0060
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0065
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0065
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0065
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0065
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0070
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0070
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0070
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0070
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0070
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0070
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0075
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0075
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0075
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0080
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0080
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0080
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0085
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0085
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0085
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0085
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0090
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0090
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0090
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0090
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0095
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0095
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0095
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0095
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0100
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0100
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0100
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0100
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0105
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0105
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0105
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0105
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0105
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0110
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0110
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0110
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0110
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0115
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0115
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0115
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0115
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0120
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0120
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0120
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0120
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0125
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0125
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0125
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0125
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0130
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0130
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0130
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0135
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0135
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0135
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0135
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0135
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0140
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0140
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0140
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0140
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0140
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0140
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0145
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0145
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0145
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0145
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0145
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0145
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0150
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0150
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0150
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0150
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0150
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0150
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0155
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0155
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0155
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0155
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0155
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0155
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0155
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0160
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0160
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0160
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0160
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0165
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0165
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0165
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0165
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0165
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0165
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0170
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0170
http://refhub.elsevier.com/S0169-5002(20)30594-8/sbref0170

	Re-biopsy after first line treatment in advanced NSCLC can reveal changes in PD-L1 expression
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Patients
	2.3 Treatment and evaluation
	2.4 Biopsy procedure
	2.5 Histopathological analyses and PD-L1 TPS
	2.6 Statistical analysis

	3 Results
	3.1 Patient characteristics
	3.2 Feasibility and the rate of complications
	3.3 Change in PD-L1 TPS from base-line to progression
	3.4 Clinical relevance of re-biopsy

	4 Change from PD-L1 TPS positive to negative
	5 Change from PD-L1 TPS negative to positive
	5.1 Three cases (6%) of non-malignant results at re-biopsy

	6 Discussion
	6.1 Feasibility of re-biopsy
	6.2 Changes in PD-L1 from baseline to progression
	6.2.1 Chemotherapy and PD-L1 TPS changes

	6.3 Biopsy location and PD-L1 changes
	6.4 Progression free survival
	6.5 PD-L1 TPS – in second line treatment guidance
	6.6 Limitations and perspectives

	7 Conclusion
	Declaration of Competing Interest
	Funding
	CRediT authorship contribution statement
	Appendix A Supplementary data
	References


