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Abstract: Genomic analysis of circulating tumor DNA (ctDNA) released from cancer cells into the

bloodstream has been proposed as a useful method to capture dynamic changes during the course of the

disease. In particular, the ability to monitor epidermal growth factor receptor (EGFR) mutation status in

cell-free circulating DNA (cfDNA) isolated from advanced non-small cell lung cancer (NSCLC) patients

EGFR can help to the correct management of the disease and overcome the challenges associated with tumor

heterogeneity and insufficient biopsied material to perform key molecular diagnosis. Here, we report a case

of long term monitorization of EGFR mutation status in ¢fDNA from peripheral blood in an NSCLC patient

in, with excellent correlation with clinical evolution.
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Introduction

Activating mutations in the epidermal growth factor
receptor (EGFR) gene are the first validated biomarker to
predict significant progression-free survival (PFS) benefit
with treatment with EGFR tyrosine kinase inhibitors (TKIs)
in non-small cell lung cancer (NSCLC) (1-5).

EGFR mutations are found in 10-15% of lung cancer
patients in European populations, particularly non-smokers
with adenocarcinoma histology. They occur in exons
18 to 21, which encode the EGFR kinase domain; and
approximately 90% are exon 19 deletions or exon 21 L858R
point mutations. The alteration of these exons causes
constitutive activation of the receptor and a pathological
activation of downstream molecular pathways, leading to
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proliferation and survival of cancer cells. The first TKIs
developed were gefinitib and erlotinib, which are highly
active in EGFR mutant lung tumors, but other drugs such as
afatinib have been also approved after showing comparable
activity. In spite of the high response rates to these drugs
in EGFR mutant lung cancer patients, resistance invariably
occurs after 12 to 24 months on treatment (6). Acquisition
of the T790M ‘gatekeeper’ mutation is one of the most
frequent mechanisms of resistance to the TKIs gefitinib and
erlotinib. With the recent development the so-called third-
generation EGFR TKIs, such as osimertinib, that effectively
target T790M, the need for effective methods to identify
this mutation has become ever more pressing (7-9).

EGFR mutation analysis at diagnosis is not always

Transl Lung Cancer Res 2016;5(5):532-537



Translational lung cancer research, Vol 5, No 5 October 2016

possible in all patients, often due to suboptimal quantity or
quality of biopsied material. In addition, assessing dynamic
changes in the tumor during treatment would require
serial biopsies, but this is an invasive, expensive and time-
consuming process, that it is often not feasible.

Peripheral blood samples, taken in a simple, non-
invasive blood draw, provide a source of cancer-derived
material such as circulating tumor DNA (ctDNA) which
could provide insights into the status of the primary tumor
and metastases in real time. These non-invasive ‘liquid
biopsies’ are easier to obtain than traditional tissue biopsies
and repeated samples can readily be taken at different
time points in order to monitor disease progression and
treatment response, overcoming the problems of tumor
heterogeneity and scarceness of material associated with
biopsy sampling (10,11).

We developed an in-house, highly sensitive and specific
method for analysis of EGFR and other mutations in cell-
free circulating DNA (cfDNA) based on a modified real-
time PCR analysis using a peptide-nucleic acid (PNA)
polymer in order to increase sensitivity (12,13). Here we
present a case of long-term monitorization of a NSCLC
patient through analysis of EGFR mutations in ctDNA.

Case presentation

The patient, a 57-year-old woman, former light smoker,
was diagnosed in January 2012 with L858R EGFR
mutation-positive metastatic lung adenocarcinoma by
direct sequencing analysis on tumor tissue. Radiologic
studies showed a lung mass in the right upper lobe,
malignant right pleural effusion, mediastinal lymph nodes,
lung carcinomatous lymphangitis and two subcentimetric
subpleural lung nodules. A single right cerebellar lesion of
2.8 cm x 2.2 cm was detected on brain MRI.

The patient was initially treated by surgical resection
of the cerebellar metastasis. Pathologic examination
reported a poorly differentiated lung adenocarcinoma
(immunohistochemistry positive for cytokeratins AE1/AE3,
CK8/18and TTF-1).

Treatment was initated on March 18", 2012, with erlotinib
100 mg per day plus bevacizumab 500 mg. The patient had a
complete response on CT scan of May 17", 2012.

After sixteen months on treatment, in July 2013,
the patient underwent the first blood extraction for the
analysis of EGFR mutations. Unexpectedly, we detected
in ctDNA the presence of a L858R mutations in exon
21 of EGFR and also the resistance mutation T790M. A
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confirmatory radiologic evaluation by PET/CT scan was
performed on August 30" showing disease progression
with hypermetabolic thickening of the pleura combined
with reappearance of right pleural effusion, as well as an
increase in the size of the lesion on the right lung. A pleural
biopsy by thoracoscopy was performed in August 2013.
Histological and molecular analyses of the pleural biopsy
confirmed a poorly differentiated lung adenocarcinoma,
harboring both the L858R and the T790M resistance
mutation (Figures 1,2). The patient started second line
treatment on October 3™ 2013 with cisplatin (75 mg/m’)
and pemetrexed (500 mg/m”®). In total, she received four
cycles of this treatment, with partial response and rapid
disappearance of circulating EGFR mutations (L858R and
T790M) in peripheral blood. After that, she continued
maintenance therapy with erlotinib + avastin + pemetrexed.

In June 2014, a new cfDNA analysis showed a significant
increase in L858R and T790M mutations in blood. A PET/
CT scan confirmed a new progression of pleural and lung
disease. Consequently, a third line therapy was started with
afatinib in July 2014 with a rapid progression of the disease
that included an increased size of lung tumor and the
appearance of two new brain lesions. On Sept 2014, a new
bronchoscopy was performed that confirmed the presence
of adenocarcinoma upon pathological examination. After
local treatment of the brain metastases with Gamma knife,
the patient was enrolled in the CO-1831 trial on January
23" 2015 and treated with rociletinib. Within three weeks
she improved dramatically, and the CT on February 26"
showed a partial response. In spite of this initial partial
response, the brain MR performed 2 months later showed
new multiple brain metastases, while lung disease response
was maintained. In consequence, the patient received
treatment with palliative whole brain irradiation from June
22" and July 14".

At this point, no EGFR mutations were detected in
cfDNA purified from blood, but the analysis of ctDNA
obtained from cerebrospinal fluid (CSF) determined the
presence of the L858R mutation. The T790M mutation was
absent. Interestingly, the cytological analysis was negative
for adenocarcinoma infiltration on CSFE.

The patient developed symptoms of meningeal
carcinomatosis, leading to exit 2 months later, December
2015, under supportive care at hospice.

Discussion

The acquisition of new molecular alterations has been
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Figure 1 Histological and molecular analysis of pleural biopsy at progression disease. (A) H&E stain. Below and to the right (magnification,

x20); (B) T790M positivity: amplification curve using a PNA-mediated 5’ nuclease real time Tagman PCR, blue amplification line

corresponds to the patient; (C) L858R mutation confirmed by Sanger sequencing. PNA, peptide-nucleic acid.

reported as a key mechanism in the development of
acquired resistance to specific TKIs, such as EGFRi. EGFR
mutant patients treated with first or second generation TKIs
frequently develop resistance through T790M mutation in
the exon 20 of EGFR (14). Therefore, serial tumor biopsies
would be necessary for the identification of underlying drug
resistance mechanisms in order to select specifically directed
therapeutic options following disease progression. However,
detection of these alterations in tumor tissue samples from
NSCLC patients has significant limitations, including
tumor heterogeneity and the difficulties associated with
obtaining samples by invasive procedures. Since cfDNA
is a BioSource that enables noninvasive identification of
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molecular changes, genomic analysis of ctDNA released
from cancer cells into the blood has been proposed as a
useful and practical method to detect dynamic molecular
changes in the disease.

Data from different studies recently published suggest
that clinical monitoring using ¢fDNA is useful for lung
cancer patients, not only in terms of diagnosis, but also for
evaluation of drug response and acquired resistance (15-17).
In all of these studies, the use of highly sensitive and specific
techniques is essential for the reliable detection in ¢fDNA of
somatic mutations that can be potential targets for therapy.
In the clinical case presented here, we used an in-house,
highly sensitive (75.8% vs. paired tissue) and specific (100%)
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Figure 2 Summary of evolution: correlation of clinical data and EGFR mutations status [LL858R mutation, in blue; T790M mutation, in red,

spinal fluid (CSF) in green] in a serial ctDNA analysis. PD [1]: pleural progression, PD [2]: pleural and lung progression, PD [3]: lung and

brain progression, PD [4]: brain progression. Different lines of treatments were indicated with specific colors. PD, progression disease; PR,

partial response; CSE, cerebrospinal fluid; EGFR, epidermal growth factor receptor; ctDNA, circulating tumor DNA.

methodology for the analysis of EGFR mutations in cfDNA
(PNA-mediated 5’ nuclease real time Tagman PCR) (12).
This methodology also allows quantifying the mutant allelic
fractions.

In the present case report, a good correlation was
observed between the clinical evolution of the patient and
the monitorization of EGFR mutations on ctDNA isolated
from serum/plasma or CSF, as summarized in Figure 2.
Using a similar highly sensitive methodology (Droplet
digital PCR), another group of investigators recently
demonstrated the feasibility of serial monitoring of EGFR
mutations in ¢cfDNA, and correlated it with the clinical
evolution of the disease (15-17). However, there are some
areas of concern still exist and this case report casts light on
some of them.

First, the possibility of detecting an early progression
or relapse of the disease in asymptomatic patients using
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ctDNA for analysis of EGFR mutations. In the present
case, progression to the first generation TKI erlotinib was
established by detecting L858R and T790M mutations in
ctDNA, which was later confirmed by image techniques.
Also, after second line treatment response, progression
was manifested as a reappearance of L858R and T790M
mutations in ctDNA isolated from blood.

Second, early identification of response, with rapid
disappearance of EGFR mutations in ¢fDNA was found,
matching response periods to chemotherapy and to
rocelitinib.

Third, the identification of progression exclusively at
CNS, while the response was maintained in extracranial
metastases, is a challenging situation. Analysis of ctDNA
from CSF could be helpful, especially as it has been
demonstrated that this technique has higher sensitivity for
capturing molecular alterations than analysis in ctDNA
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Figure 3 Analysis of ctDNA from CSF. (A) Allelic discrimination plots and amplification curves of L858R mutation in ctDNA from serum

and plasma samples versus CSFE, showing a positive amplification only in CSF; (B) allelic discrimination plots and amplification curves of

T790M mutation in ctDNA from serum and plasma samples versus CSE, without positive amplification in none of them. CSEF, cerebrospinal

fluid; ctDNA, circulating tumor DNA.

obtained from blood. In the case reported here, we were
able to detect the presence of L858R mutation exclusively
in ctDNA obtained from CSF analysis. T790M was not
found, as it has been described in patients under treatment
with third-generation TKIs (Figure 3) (7,9,18).

Conclusions

Analyses of circulating EGFR mutations have important
clinical implications and can be a useful surrogate biomarker
of response to therapy and early detection of mechanisms
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of resistance to TKIs, in advance of clinically detection.
Specifically, the status of EGFR T790M can be identified
non-invasively (by sensitive methodologies), and potentially
used to guide subsequent treatment decisions. In addition,
CSF can be employed as an alternative ‘liquid biopsy source’
with applications for the management of brain tumors and
metastases.
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