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The importance of re-biopsy in the era of molecular therapy
for lung cancer

3Hauaj pebuoricuje y epu MoJieKyJapHe Tepanuje KapuuHoma riyha

SUMMARY

Introduction Recent epidemiological data highlight that
lung cancer incidence and mortality rates remain
alarmingly high globally for both men and women. Over
the last 10 years, the evolution in treatment corresponds
with identifying specific driver mutations within lung
tumors and developing inhibitors targeting these
mutations.

Case outline A 73-year-old woman was diagnosed with
lung adenocarcinoma staged as TAN2M1b in February
2019 at the Institute for Pulmonary Diseases of
Vojvodina. The Oncology Board recommended
molecular analysis of the tumor and palliative radiation
therapy for spinal metastases. Molecular testing
identified an Exon 19 deletion in the epidermal growth
factor receptor (EGFR) gene. Following radiation
treatment of the spine metastases, the patient began
treatment with afatinib in May 2019. After 35 cycles of
mentioned therapy, in April 2022, a computed
tomography scan of the thorax and abdomen showed that
the disease had progressed. Despite three liquid biopsies
failing to detect the T790M mutation, a subsequent
bronchoscopy and tissue re-biopsy  confirmed  its
presence, prompting the initiation of osimertinib
treatment. Twelve months into osimertinib therapy, the
patient continues to be monitored.

Conclusion EGFR is-a-crucial predictive biomarker for
non-small cell lung cancer. The.introduction of specific
tyrosine kinase‘inhibitors — first-generation agents like
gefitinib.and erlotinib, second-generation afatinib, and
introduction of third-generation (osimertinib or lolatinib)
when initial treatments are met with resistance, has led to
significant therapeutic breakthroughs.
Keywords: lung adenacarcinoma;
T790M; tissue biopsy

liquid Dbiopsy;

INTRODUCTION

CAXKETAK

YBoa [Ipema nocienmuM enuIeMHOJIOIIKUM HOaluMa,
MHIUICHIIA KapIIMHOMa TTyha y CBeTy je U Jajbe BHCOKa,
Kao M cTome MopTanuTeTa 3a oba moma. Ilpe Bume ox
JIelleHHje OTKpHlieM TaKO3BaHUX TTOKPETAYKHX MYyTaIlH]ja
y TKUBY TyMOpa OMOTryheHO je Tepamujcko Jel0Bame
BUXOBUM HHXHOUTOPUMA.

ITpuxa3 Oosiechnka Kopn OomecHune crapoctd 73
roauHe je y ¢pedbpyapy 2019. ronuHe GpOHXOCKONHjOM Y
Nucturyty 3a miyhine 6onectn BojBoauHe nobujeHo na
ce pagd o aJeHOKapUuHOMY Iuiyhia, KIHMHHUYKO-
pamMoNOMIKOT  CTaaujyma  Oosectd .~ CT4N2MIDb.
OHKoOJIOMIKY KOH3MHjyM MHCTHTYTa 32 1utyliHe 6osecTr
BojBoanHe TOHEO je OJUTYKY 32 MOJIEKYJIapHO TECTHPAE
TKHBa TyMmoOpa ¥ TPHMEHY IajJHjaTHBHOT 3pauerme
MeracTaza y  kuumui TectupameM — penenrtopa
enuaepMaiHOr (paKTopa pacta HJOOHMjeH je pe3yaTar
nenenuje .y er3oHy 19. HakoH npumemeHe 3payHe
Tepanvja Ha MeTacrase y KHYMEHHM NPIIJLEHOBUMA, Y
Majy meceny 2019. 3amodera je Tepamnuja NMPUMEHOM
neka aparnaud. Ha xommujytepuzoBanoj ToMorpaduju
Topakca W abmomeHa y anpwiy 2022, omnmcaHa je
nmporpecuja 6osectu. HakoH no0ujama TpH Hajla3a TEUHE
Ouorcuje y KojuMa HHje aoOWjeHa MyTaiuja Tymopa
T790M mpuctyna ce OPOHXOCKONHUJU U PEOUOTICHJU U
notBphyje ce mpucycrso mytamuje T790M y TkuBy
TyMOpa ¥ OTIIOYHELE Teparnuja JICKOM OCHUMEPTHHHOOM.
Jlo objaBibuBama paja NalMjeHTKH®ba je 12 Mecenn Ha
TEPAITUjH JIEKOM OCHMEPTHHHOOM.

3akspyuak Penentop emuaepmaiHor dakropa pacra —
Epidermal Grow Factor Receptor — jecte npeuKTHBHH
Ouomapkep 3a HEMHKpPOLCNIYJIapHH KapuuHoM Iutyha.
[Mpumemenu cienuUIHI HTHXUOUTOPU THPO3WH KUHA3E
(TKW) mpBe reHepaliyje Kao mTo Cy JEKOBU reuTHHHUO,
epiIoTHHMO, Jpyre reHepaudje — Jek adaTHHUO u
mojaBom pesucrenimje Ttymopa Ha TKU, Tpehe
reHepaIyje — JICKOBU OCUMEPTUHHO ¥ JIOpIaTuHKO, 1ajy
OJUTMYHE TEPAITHjCKe OATOBOPE.
KibyyHe peunm: aJcHOKapLUHOM
ouorcuja; T790M; TkrBHA OHOTICH]a

wiyha; TeuHa

Current international guidelines recommend conducting molecular testing at the initial
diagnosis of advanced non-small cell lung cancer (NSCLC), and it is considered obligatory for
cases of lung adenocarcinoma (ADC) [1]. Over recent decades, there has been a significant
increase in the identification of oncogenic drivers, facilitating the prediction of clinical

responses to targeted therapies in NSCLC. The molecular characterization of lung
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adenocarcinoma, as opposed to mere histological classification, has paved the way for fully
personalized treatment strategies [2]. In 2004, the epidermal growth factor receptor (EGFR)
was recognized as a predictive biomarker for NSCLC [3]. EGFR, a 170-kDa tyrosine kinase
receptor and member of the ERbB family, has been associated with mutation-driven
oncogenesis in NSCLC. Approximately 10-15% of NSCLC patients with mutations
predominantly in Exons 19 and 21 exhibit profound responses to targeted inhibition by first-
generation tyrosine kinase inhibitors (TKIs) such as gefitinib and erlotinib, the second-
generation drug afatinib, and third-generation drugs like osimertinib and lorlatinib [4].
However, prolonged treatment with these TKIs can lead to the development of resistant
neoplastic cells due to mutations in the targeted EGFR gene, consequently diminishing the
initial high expectations for targeted therapy. Specific mechanisms which lead to acquired
resistance to TKIs were uncovered. A notable example is the T790M mutation within the EGFR
gene in lung ADC, which is found in over 50% of patients after treatment with first or second-
generation EGFR TKIs [5]. Subsequent generations of drugs, like osimertinib, have been
designed to precisely target this specific.mutation [6].\Re-biopsy of the lung tumor tissue has
proven to be useful in identifying particular genetic changes and targeted mutations. This
process offers more detailed information compared to liquid biopsy and is essential for
reassessing patients to-ensure the continuation of effective treatment [7]. Illustrating the
potential for long=term success with this approach, we report the case of a female patient with
metastatic ADC. After developing resistance to the first line of molecular therapy, she was
administered a new generation TKI in her second-line treatment regimen, highlighting the

evolving landscape of personalized cancer treatment.

CASE REPORT

A 73-year-old non-smoking female with a history of hypertension, complete right bundle
branch block, and type 2 diabetes, developed symptoms in the form of difficulty breathing and
persistent dry cough in January 2019. An initial chest X-ray disclosed a sizable tumor,
approximately 7 cm in diameter, located in the right parahilar region. Further investigation
using a computed tomography (CT) scan of the chest and abdomen identified an infiltrative
mass in the S3 segment of the right upper lung lobe, with dimensions of 78x53 mm. The lesion
extended into the mediastinal pleura, mediastinal fatty tissue, and interlobar fissure,
accompanied by pronounced pneumonitis and lymphangitis. Additionally, bilateral nodular

alterations in the lung were evident (Figure 1). There was a suspicion of involvement with
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potential secondary deposits in the left iliac bone, as well as vertebral levels, VTh1l and VL3-
5.

In February 2019, bronchoscopy was performed and the cytological analysis of samples
obtained via transbronchial needle aspiration of tumor bronchial compression confirmed the
presence of lung ADC. The disease was clinically and radiologically staged as TAN2M1b. In
the following month, March 2019, the Oncology Board at the Institute for Pulmonary Diseases
of Vojvodina (OB IPBV) recommended molecular testing of the tumor biopsy to identify
potential targets for therapy. The patient's tumor sample was tested for EGFR mutations using
the Cobas EGFR Mutation Test v2 (CE-IVD). This test confirmed a deletion.in Exon 19 0f the
EGFR gene. In April 2019, the patient underwent conformal radiation.therapy, targeting the
tumor metastases in the thoracic and lumbar vertebrae. Following radiotherapy, the patient
began treatment with afatinib in May 2019. The first follow-up CT scan of the chest and
abdomen in July 2019, assessed according to the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1, documented partial regression of both target and non-target lesions

(Figure 2), indicating a positive responseto the afatinib therapy.

For an extended period of 35 months from the beginning of afatinib therapy, according
to RECIST criteria, stable disease (SD) was observed on all control findings of the CT of the
chest and abdomen In April 2022, however, a chest and abdomen CT scan showed a
progression of the disease (PD) per RECIST criteria (Figure 3).

In‘fMay and June 2022, a liquid biopsy was carried out on the patient's blood plasma to
check for EGFR mutation status. These tests reaffirmed the presence of a deletion in Exon 19
of the EGFR gene, while at the same time, the circulating tumor DNA (ctDNA) plasma result
was negative for the T790M mutation. The progression of the disease at this stage was
classified as oligoprogression and the decision was made to continue with the afatinib
treatment. However, a subsequent CT scan of the chest and abdomen in July 2022 verified
further disease progression according to the RECIST criteria. The OB IPBV suspended the
administration of the drug afatinib and made a decision for repeated bronchoscopy and
rebiopsy.

The bronchoscopy performed in August 2022 confirmed endoscopic evidence of disease
progression, Subsequent pato-histological analysis confirmed the diagnosis of lung
adenocarcinoma. Molecular testing identified the previously detected deletion in Exon 19 and
an additional T790M mutation in Exon 20. With the emergence of the T790M mutation, the
OB IPBV advised initiating treatment with osimertinib, a third-generation EGFR TKI, as a
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second-line therapy. The patient has been adhering to the prescribed osimertinib regimen in
October 2022. As of the latest check-up control CT scan of the thorax and abdomen was
performed in September 2023, described partial regression (PD) according to RECIST (Figure
4).

Summarized, the beginning of the application of molecular therapy in our patient in
whom metastatic deaseas existed since the date of established the diagnose, was in May 2019
as the first line therapy with the drug afatinib for 35 months and second line of therapy-with
the drug osimertinib for 12 months, up to the date of publication the paper. She. feels well,
regularly performs all daily activities, and has no side effects from the currently applied
therapy.

We confirm that we have read the journal’s position. on issues involving ethical
publication and affirm that this work is consistent with those guidelines. Written consent to

publish all shown material was obtained from the patient.

DISCUSSION

According to the most recent epidemiological data, the global incidence of lung cancer
remains alarmingly high. It.is the most common cancer among men and the second most
common among women. In 2020, there were approximately 2.2 million new cases of lung
cancer diagnosed worldwide [8]. NSCLC is the predominant form, and the past decade has
seen significant advances in the treatment of lung cancer type due to the identification of driver
mutations, facilitating a. personalized approach to therapy [9]. Tyrosine kinase inhibitors
targeting the epidermal growth factor receptor (EGFR TKIs) have been notably effective in
patients with mutations in the EGFR gene. Among these ,,positive patients*, especially those
with lung adenocarcinoma, response rates to EGFR TKIs can be as high as 80%, with
progression-free survival (PFS) typically ranging between 10 to 14 months [5]. The most
prevalent activating mutations in the EGFR gene are deletions in Exon 19 and the L858R point
mutation in Exon 21, which combined, make up over 80% of all known activating EGFR
mutations [10]. The presence of deletions in Exon 19 or the L858R point mutation in Exon 21
of the EGFR gene correlates with an enhanced response to targeted therapy using EGFR TKIs
[11]. For our patient, who was diagnosed with metastatic ADC of the lung, the OB IPBV
recommended molecular profiling using the real-time PCR Cobas EGFR Mutation Test v2
(CE-IVD). This test is capable of detecting 42 distinct mutations across Exons 18, 19, 20, and
21 of the EGFR gene, including the T790M resistance mutation but it has a reduced sensitivity
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for detecting 50% of EGFR Exon 20 insertion mutations when compared to the more
comprehensive next-generation sequencing (NGS) method [12], which our Institution has not
yet adopted. Upon receiving the molecular test results indicating an EGFR Exon 19 deletion,
our patient commenced targeted treatment with the second-generation tyrosine kinase inhibitor
(TKI), afatinib. Second-generation TKIs, including afatinib and dacomitinib, have been
evaluated in phase 11l randomized trials. Results from Lux-Lung 3 and Lux-Lung 6 and Lux-
Lung 7 trials consistently demonstrated a significantly longer median progression-free survival
(MPES) for patients treated with afatinib [13]. For the patient under discussion, the PFS reached
impressive 35 months. Throughout this period, based on the Response Evaluation Criteria.in
Solid Tumors version 1.1 (RECIST 1.1), our patient’s follow-up imaging consistently showed
either a partial regression (PR) or stable disease (SD).

Acquired resistance to EGFR TKIs eventually develops in.most patients undergoing this
treatment modality. Typically, resistance that is EGFR-dependent arises in patients who have
been treated with first or second-generation TKIs. In contrast, resistance associated with third-
generation TKIs occurs less frequently {14]. The T790M mutation in Exon 20 of the EGFR
gene is particularly notable, emerging in about 50-60% of patients treated with first or second-
generation TKIs. Interestingly, this mutation-appears more commonly in patients who initially
present with a deletion in Exon 19 of the EGFR gene as opposed to those with the L858R
mutation [15]. The detection of the T790M mutation can be conducted through two principal
methods:.a liquid biopsy of the patient’s blood plasma or a re-biopsy of the tumor tissue. By
examining blood plasma or other body fluids such as pleural effusion, circulating tumor DNA
(ctDNA) carrying the mutation can be identified. However, the sensitivity of liquid biopsies
might be lower in some metastatic lung adenocarcinomas since ctDNA might not be present in
large quantities in peripheral blood, which can lead to false-negative results. For the patient in
question, three liquid biopsies failed to detect the T790M mutation, yet a re-biopsy of the tumor
obtained during a new bronchoscopic procedure did reveal the mutation in Exon 20 and the
T790M mutation. In the AURA2 study, the sensitivity and specificity of liquid biopsy for
detecting the T790M mutation were 61% and 79%, respectively. compered to tissue biopsy,
which boasts a higher sensitivity of 90% and a specificity of 91% [16]. The AURA2 study
explored the efficacy and safety of osimertinib, a third-generation EGFR-TKI, for patients who
had developed resistance to first-and second line EGFR-TKI treatments and had the T790M
mutation in Exon 20 of the EGFR gene. AURAS phase I1I clinical trial demonstrated that for
patients harboring the T790M mutation and treated with osimertinib, the median PFS ranged
from 10.1 to 14.2 months [17]. The detection of T790M mutations varies based on the method
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employed: 30-40% are identified through pathological or cytological examination of tumor
tissue, while plasma samples account for about 20% of detections [18]. This disparity
highlights the ongoing need to re-biopsy as the refine diagnostic tools to ensure accurate
mutation status assessment and to guide therapeutic decision-making.

Conflict of interest: None declared.
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Figure 1. Initial chest CT at the time of diagnosis
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Figure 2. Chest CT after four months of treatment with afatinib
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Figure 3. Chest CT at the time of disease progression to the drug afatinib
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Figure 4. Chest CT after 12 months of treatment with osimertinib
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