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Abstract

Feasibility and clinical impact of rebiopsy for a new mutational profile in metastatic non-small-cell lung cancer
patients with oncogenic driver progressing after tyrosine kinase inhibitors (TKIs) is poorly studied. In this
retrospective multicentric analysis, rebiopsy was performed in 53.4% of cases, providing a new information in
40.3% of cases and enabled identification of resistance mechanisms in 20% of cases. Overall survival did not
differ between patients with and without rebiopsy.

Background: For metastatic non-small-cell lung cancer (MNSCLC) patients with oncogenic driver progression after
tyrosine kinase inhibitors (TKIls), obtaining a new mutational profile is recommended to assess the mechanism of
resistance. The feasibility of that recommendation and its clinical impact remain poorly studied. Methods: mNSCLC
patients with EGFR mutation and ALK or ROS translocation progressing on optimal TKI therapy were screened for
inclusion in an immunochemotherapy trial not requiring a new molecular profile determination. This analysis evalu-
ated the rebiopsy rate and its clinical impact. Results: Among 148 patients, 79 (53.4%) analyzable re-biopsies showed
72/132 (54.6%) with EGFR mutations, 7/13 (53.8%) had ALK translocations and no (0/5) ROS translocations. Seventy-
nine re-biopsies were tissue (37, 46.8%), liquid (26, 32.9%) or both samples (16, 20.3%). For patients harboring EGFR
mutations, the rebiopsy was not contributive for 12/72 (16.7%), the initial mutation was not found for 9/72 (12.5%) and
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only the unchanged initial profile was detected for 22/72 (30.6%); new information was provided for 29/72 (40.3%).
Among patients with ALK-translocated mNSCLCs, re-biopsies enabled identification of resistance mechanisms for
20%. Overall survival did not differ between patients with rebiopsy and those without. Conclusions: In this popula-
tion of patients with oncogenic driver progression under optimal targeted TKIls and in sufficiently good general condition
to be included in an immunochemotherapy trial, only half were re-biopsied. Rebiopsy does not seem to improve the

outcomes of these patients.

Clinical Lung Cancer, Vol. 000, No.xxx, 1-7 © 2025 Elsevier Inc. All rights are reserved, including those for text and data
mining, Al training, and similar technologies.
Keywords: Outcomes, Biopsy, Target therapy, Management, Chemotherapy

Introduction

Over the past several years, the demonstration of oncogene
mutations in certain patients with metastatic non-small-cell lung
cancers (NSCLCs) has transformed their prognoses.' The most
frequent activating mutation was in the epidermal growth factor
receptor (EGFR), ranging according to the country from 12% to
> 50% of the patients.""> Those patients received first-line therapy
with first- or second-generation tyrosine-kinase inhibitors (TKIs)
and, more recently, since the publication of the FLAURA trial
results, third-generation TKIs.? Patient outcomes of that phase 3
trial, comparing first-line osimertinib to first-generation erlotinib
or gefitinib TKI for patients with an exon-19 deletion (exon19del)
or exon-21 L858R mutation, showed osimertinib significantly
prolonged progression-free survival (18.9 vs. 10.2 months; hazard
ratio (HR) 0.46; P < .001) and overall survival (OS; 38.6 vs. 31.8
months; HR 0.799, P = .0462).* More recently, first-line treat-
ment options for patients with EGFR-positive NSCLC are evolving
and now include also combination therapy with osimertinib and
chemotherapy or amivantamab and Lazertinib.’

Although only 6% to 8% of the patients had metastatic
NSCLCs with an anaplastic lymphoma kinase (ALK) or proto-
oncogene tyrosine-protein kinase (ROS) translocation, they are now
treated with TKIs.®'> Current recommendations start their first-line
therapy with second- or third-generation TKI.!

Despite the major progress targeted TKIs achieved, the majority
of patients’ cancers will progress, with various progression mecha-
nisms, linked or not to the initial oncogenic pathway or by histolog-
ical transformation.'® Thus, although osimertinib-resistance mecha-
nisms predominantly arise via mesenchymal-to-epithelial transition
(MET) amplification, numerous other resistance-acquisition possi-
bilities have been described.'>' The multiplicity and complex-
ity of those resistance mechanisms suggest that redetermination of
the “progression” molecular profile would help orient subsequent
management.'%>1310

Indeed, the rapidly expanding diagnostic and therapeutic
landscape of precision oncology for NSCLCs may provide thera-
peutic options at disease progression that simply were not avail-
able at diagnosis. However, rebiopsy rates for patients with NSCLC
progression remain low, between 15% and 40%, for a variety of
reasons.'”!” Moreover, information on feasibility of establishing a
new molecular profile at progression after optimal TKI adminis-

20-

tration is scarce.”’”*? Hence, patients and physicians are increas-

ingly requesting postprogression (re) biopsies and their analysis with
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the aim of identifying options for targeted therapy to control the
lung cancer. While this strategy is based on good clinical and scien-
tific reasoning, few comprehensive real-world data supporting this
concept are available.

This study was undertaken to analyze the rebiopsy rate and
its clinical impact on patients with metastatic NSCLCs harbor-
ing EGFR/IALKIROS alterations that progressed under optimal TKI
administration. The study population comprised patients screened
to be included in an immunochemotherapy trial for which a new
molecular biology work-up was not required.*

Materials and Methods

The analysis was based on patients with stage IIIB/IV nonsqua-
mous NSCLCs with EGFR mutation or ALK/ROS]I translocation
screened for entry into the multicenter, open-label, nonrandom-
ized phase II GFPC trial 06-2018.% Patients’ NSCLCs had to
have progressed during or after treatment with one or more EGFR,
ALK or ROS1 TKIs, with an Eastern Cooperative Oncology Group
performance status (ECOG PS) of 0 or 1 and measurable disease
(RECIST v1.1), no prior chemotherapy, and adequate hematologi-
cal and organ function. Patients with inactive brain metastases were
eligible for screening. For patients included after 2 lines of TKI only
the period of the last TKI progression was analyzed.

Information collected from patients’ medical records stored in
electronic case-report forms included sociodemographic character-
istics, medical and surgical history, previous oncological treatments,
histology, somatic genetic alterations (EGFR mutations, ALK or
ROS]I translocation or other relevant alterations), and numbers
and locations of metastatic sites. All results of tissue and/or liquid
samples taken for molecular biology purposes and their source
results were retrieved.

Outcomes

The primary objective of this real-world study was to determine
the percentage of re-biopsies after progression with optimal TKI
administration. The secondary objective was to describe the TKI-
resistance mechanisms, according to the therapeutic sequences and
rebiopsy impact of subsequent management choices on median OS.

Statistical Analyses

Dichotomous variables are expressed as number (%) with 95%
confidence interval (CI), and continuous variables as mean or
median with range, 95% CI and/or interquartile range (IQR).
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Statistical analyses were computed with R Studio statistical software
(version 2022.12.0 4 353). Each group’s OS rate was estimated
with the Kaplan—-Meier method. OS was defined as the time from
the date of progression under last TKI line to death from any cause. Table 1  Patient Characteristics According to Rebiopsy

Status

Results — - .

Between September 2019 and October 2021, 148 patients Charaﬂe"s‘_lc No Biopsy 7 = 69 Rebiopsy n=179
followed in 27 centers were screened: 131 harbored EGFR A e (1) 63(11) 63.(10)
mutations, 13 carried an ALK translocation and 5 a ROS transloca- Female 41 (59.4%) 49 (62.0%)
tion. The median age of patients was 63 years, 60.8% were female, ECSG JETBI TGRS 34 (19.3%) 37 45.5%
and 52.7% were never-smokers. The median interval between stage ; . (50'702) o (53'20/:)
IIIb/TV NSCLC diagnosis and screening was 2.4 years. Among the Smoking stlus : :
148 patients analyzed, 79 (53.4%) had 1 rebiopsy at progression and
6 (9%) had 2. Rebiopsy rates were 54.6% (72/132) for patients with Former 28 (40.6%) 36 (45.6%)
EGFR mutations, 53.8.% (7/13) for those with ALK translocation Current 2(2.9%) 4(5.1%)
and none (0/5) had a ROS translocation. Never-smoker 39 (56.5%) 39(49.4%)

According to management rebiopsy-rate rate varies from 0 to Adenocarcmoma 68 (98.6%) 78(98.7%)
100% (Supplemental Table 1). Rebiopsy samples were tissue, liquid Molecular prof!Ie
or both, respectively for 46.8% (37/79), 32.9% (26/79) or 20.3% EGFR mutation 59 (85.5%) 72 (91.1%)
(16/79). Biopsy sites were mostly the lung (29/79, 37%) and pleura Exon 19 35 (50.7%) 47 (59.5%)
(6/79, 8%) (Table 1). No differences between patients with rebiopsy Lessr 14(20.3%) 22(27.8%)
or not were observed for initial characteristics, the numbers of Exon 18 . 0 6(7.6%)
metastatic sites, or initial molecular profiles or therapeutic strategy. Exon 20 Insertion 0 2(2.5%)

Rebiopsy results are reported in Table 2 for the 72 patients Cr97s 0 2(2,5%)
with NSCLCs harboring EGFR mutations: 16.7% (12/72) had 1750M 9(13.0%) 9(11.4%)
no interpretable data and, for 9 (12.5%) of them, the initial ALKrearrlangemenl 6(8.7%) 7(8.9%)
mutation was no longer detected. Intriguingly, the same profile R0ST fusion, 5(5.8%) 0
as initially was found for 22 (30.6%), while 29 (40.3%) patients’ Stage llIB 5(7.2%) 0
rebiopsies had new markers. Median OS did not differ signif- Stage lV' . 64 (92.8%) 79 (100%)
icantly between patients with rebiopsy or without: 6.6 vs.14.6 Metastatic disease
months (P = .85), respectively. The re biopsy of the 7 ALK 1 19(27.5%) 30(38%)
patients showed the same histology compare to baseline, with 2 25 (36,2%) 22 (27.8%)
always ALK translocation and no evidence of a resistance >3 25(36.2%) 27 (34.2%)
mechanism. Metastasis sites

Bone 46 (66.7%) 40 (50.6)

Discussion Lung 23 (33.3%) 30 (40%)

The rebiopsy rate was 53.4% for patients with an initial PIeLIJra 8(11.6%) 22 (31.9%)
oncogenic anomaly whose NSCLCs progressed under optimal Brain 27 (39.1%) 18 (22.8%)
latest-generation TKI administration. No significant differences Lymph nodes 24 (34.8%) 21(26.6%)
were found according to rebiopsy status between patients’ character- Liver 13 (18.8%) 19(24.1%)
istics or the centers where they were managed. Rebiopsies provided Adlrenal gland 10514.5%) 11(13.9%)
new information compared to the initial sample for 40.3% of those Sk'r] . 0 1(1.3%)
harboring alterations but analysis did not reveal any impact on OS Per!cardmm 3(4.3%) 3(3.8%)
according to rebiopsy status. ‘ Pento.neum 1(1.4%) 3(3.8%)

Our rebiopsy rate was higher than that previously reported. Biopsy site
In the prospective ELIOS study, whose primary objective was to Lung 29(36.7%)
compare molecular profiles of advanced NSLCL patients with EGFR Pleulra ‘ 6(7.8%)
mutations before and after progression on first-line osimertinib, the Mediastinal node 4(5.1%)
rebiopsy rate was only 34%.%° Those authors explained that low rate Bone 2(2.5%)
to patient refusals, difficulty obtaining specimens, and in associa- Liver 1(1.3%)
tion with patients’ general clinical condition, lesion location but Breast 1(1.3%)
also the managing team’s motivation (120). For patients without Skin 1(1.3%)

identified oncogene anomalies at the time first-line therapy was g6 are n (%), unless stated ofhervise.
decided, the rebiopsy rate was even lower. Among 17,477 nonse-
lected stage IV NSCLC patients, only 403 (2.3%) had at least

1 rebiopsy of a primary tumor or metastasis.”> Biomarker profile
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changes, compared to baseline, were observed in 48.9% and 31.3%
of patients, revealing findings of potential therapeutic relevance,
including a targetable marker, detected in only in 4.4% of the
patients’ rebiopsies. The greatest impact of rebiopsy in that study
was found in the subgroup of patients harboring EGFRIALKIROS1
alterations. In contrast to our results, those authors found that OS
for rebiopsied patients was significantly longer that for controls,
regardless of the presence or absence of therapeutically targetable
anomalies.

Table 2

Rebiopsies in this setting pose several challenges in clinical
practice. The new specimen may contain insufficient material to
obtain a new molecular profile of good quality, as was the case for
16.7% of our patients who had inconclusive results. That eventu-
ality was also reported for a prospective study on 86 NSCLC
patients with first-line EGFR-TKI resistance who underwent tissue
rebiopsy with 30% having inadequate samples. Rebiopsies were also
a source of morbidity in a prospective study’” that enrolled 113
NSCLC patients who underwent lung biopsy initially and were

Results of Rebiopsy According to the Initial Molecular Profile and Therapeutic Sequence

A. Only 1 line of tyrosine kinase inhibitor.

Exon 18 | exon19 L858R
H MI:

Patient Re biopsy Site Treatement
1 Solid Lung Gefitinib
2 Solid Lung Gefitinib
3 Solid Lung Gefitinib
4 Solid node Gefitinib
5 Liquid X Gefitinib
6 Both Lung Gefitinib
7 Solid node Erlotinib
8 Solid Lung Erlotinib
9 Both Lung Erlotinib
10 Both Lung Erlotinib
11 Solid Liver Erlotinib
12 Both plevra Afatinib
13 Solid Lung Afatinib
14 Solid Lung Afatinib
15 Solid Plevra Afatinib
16 Sol Liquid id Lung Osimertinib
17 Liquid X Osimertinib
18 Liquid X Osimertinib
19 Solid Lung Osimertinib
20 Both Lung Osimertinib
21 Both Lung Osimertinib
22 Liquid X Osimertinib
23 Solid Bone Osimertinib
24 Liquid X Osimertinib
25 Liquid X Osimertinib
26 Both Lung | Osimertinib
27 Solid Node | Osimertinib
28 Solid Lung | Osimertinib
29 Both Lung |Osimertinib
30 Solid Lung |Osimertinib
31 Solid Plevra | Osimertinib
32 Both ganglions | Osimertinib
33 Both Node Osimertinib
34 Solid Lung |Osimertinib
35 Solid Lung |Osimertinib
36 Liquid X Osimertinib
37 Solid Lung | Osimertinib
38 Solid Lung | Osimertinib
39 Solid Lung | Osimertinib
40 Solid Lung | Osimertinib
41 Llquid X Osimertinib
42 Liquid X Osimertinib
43 Liquid X Osimertinib
44 Liquid X Osimertinib
45 Solid Lung |Osimertinib
48 Llquid X Osimertinib
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Table 2 | (continued)

B. Two lines or more.

Patient | Biopsy Site Line 1 Line 2 Line 3 L858R | T790M
1 Liquid X Erlotinib Osimertinib
2 Solid Lung Gefitinib Osimertinib
3 Solid Node Afatinib Osimertinib
4 Solid Breast Gefitinib Osimertinib
5 Liquid X Afatinib Osimertinib
6 Solid Lung Erlotinib Osimertinib Erlotinib
7 Both Liver Gefitinib Osimertinib
8 Both Bone Erlotinib Osimertinib
9 Both Lung Erlotinib Osimertinib
10 Solid Spinal fluid Gefitinib Osimertinib
11 Both Lung Gefitinib Osimertinib
12 Both plevra Afatinib Erlotinib Osimertinib
13 Liquid X Erlotinib Osimertinib
14 Liquid X Erlotinib Osimertinib
15 Solid Bone Erlotinib Osimertinib
16 Both Bone Erlotinib Erlotinib
17 Liquid X Afatinib Osimertinib
18 Liquid X Erlotinib Osimertinib
19 Solid Lung Erlotinib Afatinib Osimertinib
20 Solid Lung Erlotinib Osimertinib
21 Liquid X Afatinib Gefitinib
22 Solid Node Afatinib Osimertinib
23 Liquid X Erlotinib Osimertinib
24 Liquid X Osimertinib Capmatinib
25 Solid Pleuvra Erlotinib Osimertinib
26 Solid Lung Osimertinib Crizotinib
27 Liquid x Erlotinib Osimertinib
28 Liquid [ x Gefitinib Osimertinib | | ]

APC, adenomatous polyposis coli; BRCA2, breast cancer-2; CTNNB1, g-catenin;
HER2, human epidermal growth factor receptor-2; HRAS, Harvey rat sarcoma;
KRAS, Kirsten rat-sarcoma viral oncogene;

MET amp, mesenchymal-to-epithelial transition amplification;

NRAS, neuroblastoma rat-sarcoma viral oncogene; PBRM1, polybromo-1;
PIKC3A, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit-alpha;
PTEN, phosphatase and TENsin homolog; tumor-suppressor gene;

RET, rearranged-during-transfection translocation; ROS1, proto-oncogene tyrosine-protein kinase-1;
STK11, serine/threonine kinase-11; TET2, ten-eleven-translocation; TP53, tumor protein-53.

Pre existin? New mut, Solid bioisi New Mut, Liquid biospy Mut disaieared

rebiopsied after progression on EGFR-TKIs and/or chemother-
apy, with respective complication rates of 22.1% and 32.7%.
The pulmonary hemorrhage frequency rose from 7.1% initially
to 10.6% at rebiopsy, while that of pneumothorax increased from
14.2% to 20.4%. Compared to the initial biopsy, the respective
overall complication, parenchymal hemorrhage and pneumothorax
rates rose by 10.6%, 3.5% and 6.2%. Their multivariate logistic-
regression analysis retained male sex, tumor size < 2 c¢cm, combi-
nation EGFR-TKI-chemotherapy and trans-fissural approach as
independent risk factors for overall complications after rebiopsy.
The discussion of the indication for these re-biopsies in a multi-
disciplinary board meeting, the careful choice of the technique
and the site of biopsy according to progression modalities and the
wider use of liquid biopsies should reduce the morbidity of these
re-biopsies. At the time of the study, access to liquid biopsy was
limited in most centers, making comparison between tissue and
liquid biopsy difficult. While the patterns of resistance mutations
and other alterations reported in this study are consistent with exist-
ing work, the clinical impact of these rebiopsies is difficult to estab-

lish. It depends on treatment accessibility, which varies according to
country. The appearance of a targetable alteration, known or a new
oncogene mutation, theoretically guides the therapeutic choices.
That is particularly true when the tumor progresses under first- or
second-generation EGFR-TKIs, with the most frequently appear-
ing resistance mechanism being 7790M, for which third-generation
TKI efficacy has been documented.”

Acquired resistance to all 3 EGFR-TKI generations by activa-
tion of bypass signaling through the selection of MET amplifica-
tion has also been clinically validated. That amplification was effec-
tively targeted in prospective clinical studies combining EGFR- and
MET-TKIL.>* In fact, rebiopsy molecular-profile changes outside
the main oncogenic driver showed greater variety with a specific
spectrum for some molecular subclasses and statistical noise for
others. Among the more frequently observed acquisitions were
tumor protein 53 (7P53) mutations, high-level MET or membrane-
bound Erb-B2-receptor tyrosine kinase-3 EGFR family of recep-
tor tyrosine kinase-2 (ERBB2) amplifications. The loss of previ-
ously detected, accompanying alterations, such as 7”53 mutations,
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intermediate-level MET amplifications or phosphatase and TENsin
homolog (P7TEN) alterations, was also a common phenomenon.
However, for the time being, the clinical and therapeutic reper-
cussions of this modified molecular profile are limited, especially
because interpretation of this new information is sometimes diffi-
cult.

Some alterations, such as MET and ERBB2 amplifications,
are well-known resistance mechanisms of EGFR-targeted treat-
ment. Others should be considered putative resistance mecha-
nisms still lacking convincing clinical validation (acquisition of
B-catenin (CTNNBI), phosphatidylinositol-4,5-bisphosphate 3-
kinase catalytic subunit alpha (PIK3CA) or PTEN mutations).
TP53-mutation acquisition is a common phenomenon. Indeed,
it apparently is an epiphenomenon of resistance to EGFR-TKIs.
The loss of a preexisting 7P53 mutation that we observed in
some patients could reflect technical problems or subclonal evolu-

. 2 7
tion.”%?

In the future, there will be more therapeutic options,
whether combinations of targeted therapy, such as the associa-
tion of savolitinib or tepotinib with osimertinib’®*’ or new drugs
such datopotamab- deruxtecan, which already encouraging antitu-
mor activity in heavily pretreated EGFR NSCLC patients.”” The
situation is also complex for patients with ALK or ROS transloca-
tions.'”?” According to a real-world analysis of rebiopsies obtained
from patients with ALK-harboring NSCLCs progressing on second-
generation anti-ALK-TKIs, the dominant resistance mechanism was
secondary mutation in the ALK domain (56.8%, 25/44), with
G1202R being the most frequent (27.2%, 12/44), but many other
potential resistance mechanisms were also identified: MET amplifi-
cation, A-kinase anchoring protein-9—-v-RAF murine sarcoma viral
oncogene homolog B (AKAP9-BRAF) fusion, BRAF®%E mytation,
or Kirsten rat-sarcoma viral oncogene (KRAS) amplification and
KRASC*4 mutation. '

Our study has several limitations, primarily its retrospective
design, nonstandardization of the molecular analyses run accord-
ing to each center’s local practices. Furthermore, for a given center,
the period between initial diagnosis and progression is sometimes
long, so the tests may have evolved, generally with in-depth research.
Likewise, liquid biopsy uses the same targets than tissue for a
given center, but again, there may be differences between centers.
In addition, the first-line therapeutic strategies relied, as much for
patients with EGFR mutations as those with ALK or ROS transloca-
tions, on last-generation TKIs. It must also be emphasized that test
performances have evolved and more relevant information is proba-
bly obtained today Finally, this is a selected population, remain-
ing at progression in a performans status which allows platinum-
based chemotherapy to be considered. In conclusion, this analysis
of practices showed that more than half of the metastatic NSCLCs
harboring EGFR, ALK or ROS oncogenic anomalies that progressed
on TKIs were rebiopsied. Those new samples provided new infor-
mation compared to the initial biopsies for 40.3% of them but with
no impact on median OS according to rebiopsy status.
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