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Abstract

After the advent of third generation epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs),
oncologists are called to face new challenges in everyday management of EGFR mutated non-small-cell-lung-
cancer (NSCLC) patients. These drugs, in particular Osimertinib (which is the only one currently available),
represent an extraordinary innovation. But while raising the bar of expectations, they pose us new challenges.
Mechanisms of resistance to Osimertinib are heterogeneous: from a "molecular point of view" they can be
categorized in EGFR-dependent and independent ones. In recent years many clinical reports have shown
interesting results with target treatments, mainly chosen on the basis of the "molecular resistance". However, in
common practice clinicians and patients must face off with the reality and with limited treatment options. It may be
helpful to classify different clinical patterns of disease progression during treatment with Osimertinib. Treating a
localized progression to a single organ certainly differs from treating a wide dissemination of disease, as well as
treating symptomatic progressions differs from treating non-symptomatic ones. This mini-review aims to analyse,
with a very practical approach, current options for clinical management of EGFR mutant NSCLC patient at the time
of disease progression during Osimertinib, by focusing particularly on maintenance strategies beyond progression.
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Introduction
Lung cancer represents the most common oncological cause of

death worldwide; non-Small-Cell-Lung-Cancers (NSCLCs) account for
more than 80% of lung cancers and among them adenocarcinomas
have become the most common histological type [1,2]. In NSCLC have
been identified some "druggable" driver mutations and among them
the most frequent and best-known ones are activating mutations of
epidermal growth factor receptor (EGFR). They occur in about 10-15%
of Caucasian patients with non-Squamous NSCLC [3] and they are
predictive for response to EGFR tyrosine kinase inhibitors (TKIs). The
latter are small molecules which inhibit the catalytic activity of the
intracellular domain of the receptor. While in EGFR wild type patients
without other actionable biomarkers (such as ALK translocations or
PD-L1 overexpression) chemotherapy (platinum-based doublets or
single agents, according to age, performance status and comorbidities)
is still the best treatment choice, in EGFR mutant patients these
compounds represent the standard of care [4]. The most common
mutations of EGFR, which predict favourable response to first- and
second-generation EGFR TKIs, are deletions in exon 19 and point
mutations in exon 21 (mostly L858R) [5]. Other "rare" mutations have
been identified and they are associated with de-novo resistance to first-
and second-generation TKIs; among them exon 20 mutations (mostly
T790M) are the best-known ones [6].

If we look at the availability of first- and second-generation EGFR
TKIs (such as gefitinib, erlotinib and afatinib) in nowadays clinical

practice, we can say "too much grace", because no one of them seems to
overcome the others [7]. Thus, the decision-making process still
follows a patient-by-patient algorithm, which is based on patient and
disease' characteristics and on the expected toxicity profile. After the
advent of third-generation EGFR TKIs, the clinical paradigm of these
patients has radically changed. Since Clovis Inc. has interrupted the
clinical development of Rociletinib in NSCLC [8], Osimertinib has
become the only choice among third generation EGFR TKIs [9]; even
considering other molecules which are in a much earlier phase of
development [10].

The phase III study, that compared first line Osimertinib with first-
generation EGFR TKIs in EGFR mutant advanced NSCLC patients,
has shown advantageous preliminary results for Osimertinib [11].
Furthermore, FDA has granted a priority review to a supplemental new
drug application to be used in this setting.

Nevertheless, current indication of Osimertinib is in patients who
have progressed on a prior EGFR TKI treatment, with T790M EGFR
mutation positive NSCLC [9,12,13]. Clinical management of these
patients at the time of disease progression, after the "honeymoon" with
the sequence of first EGFR TKI and Osimertinib, is now becoming a
stumbling block which is hard to handle both for clinicians and
patients. The aim of this mini-review is to find some firm points in this
new scenario by taking into account previous experiences with first-
and second-generation EGFR TKIs and by looking to the future
perspectives.
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Mechanisms of resistance and clinical patterns of progression
Being a target therapy, clonal selection phenomena are inevitable.

Thus, sooner or later, we have to reckon for every patient how to
manage the disease progression. Different resistance mechanisms can
arise during Osimertinib; in order to better understand them we can
divide them into EGFR-dependent and independent ones.

Among EGFR a dependent mechanisms, there are mainly tertiary
point mutations of exon 20; C797S is the best known one and it confers
resistance to other third-generation inhibitors [14-16]. A typical
feature of this kind of progression is that when C797S and the previous
T790M are in trans position (i.e. in the different allele), tumour cells
can retain sensitivity to the inhibition of EGFR axis by combining a
first-generation TKI to a third generation one [17]. Other EGFR point
mutations, described in plasma DNA, that confer resistance to
Osimertinib are: L798I [18] and a case of solvent-front mutation at
Gly796(G796S/R) combined with C797S/R and L792F/H, all in cis
position with previous T790M [19].

EGFR-independent resistance mechanisms are heterogeneous. First
of all, we have to consider EGFR wild-type amplification, which induce
an over-activation of the axis [20] but also an aberrant downstream
signal transduction can be involved. Activation of STAT3 and Src-
YAP1 has been described to be able to confer intrinsic resistance to
every kind of EGFR TKI [21], as well as HER2 and MET amplification
and KRAS G12D point mutations [22-24]. A loss of EGFR T790M
mutation was observed in addition to alternative pathways activation,
including MPK1, AKT3, FGFR1 amplification and PTEN deletion
[25]. In preclinical models a BRAF V600E mutation, a NRAS
mutations and a gain of copy number of wild-type NRAS and KRAS
have also been described [26,27]. Eventually even the transformation
to small cell lung cancer must be taken into account [28].

The radiological finding of a dimensional increase of present lesions,
the involvement of another organ or a new metastasis in the same
organ, was historically accepted as the main criteria to discontinue an
ongoing treatment. It is now clear that for a good management of
disease progression, other clinical factors must be considered (disease-
related and patient-related). RECIST and others evaluation criteria
[29] are commonly accepted as standard guidelines for the evaluation
of response. But sometimes, in the "real life", they can move
oncologists away from the real goal of such type of treatments. In a
metastatic disease, after two lines of therapy, the objectives of a
disease-oriented treatment are to relieve symptoms and to improve
quality of life, as well as prolonging survival. At the time of progression
clinicians must have this concept clear in mind: it is crucial for an
appropriate decision-making process and to properly weigh expected
outcomes and risk/benefit ratio. For a systematic evaluation, before
discussing the therapeutic choices, we have to categorize different
patterns of disease progression.

From a "radiological point of view", among progressions (which
have been defined according to commonly accepted evaluation
criteria) we can distinguish between oligo-progressions and systemic
progressions [30]. This differentiation between a localized progression
to a single organ and a wide dissemination of disease, leads not only to
clinical, biological and prognostic differences but also to different
possible therapeutic approaches. In the first case adding a loco-
regional ablative therapy, mainly radiotherapy, by maintaining the
same systemic treatment is a valid option (commonly used in clinical

practice) [31,32]. In the second case a radical change of the systemic
therapy is required.

A clinically useful differentiation is to distinguish between
symptomatic and non-symptomatic disease progressions. With this in
mind, a progression that leads to a worsening of disease-related
symptoms necessarily require an integration to the ongoing therapy.
Another differentiation can be made between life-threatening and
non-life-threatening progression. In this case a progression to a
"sanctuary site" (such as spinal cord, brain stem, or the involvement of
a large artery), even without symptoms, obviously require a therapeutic
adjustment.

Discussion
After the advent of target therapies, and even more of immune

checkpoint inhibitors, it is becoming clearer and clearer: in case of
indolent progression, maintaining the same treatment beyond disease
progression is sometime the best choice to obtain a better quality of life
and to prolong survival. Furthermore, these beyond progression
strategies are also based on clinical trials [33].

Historically in the setting of disease progression to standard EGFR
TKIs, among beyond progression strategies was included maintaining
the EGFR TKI alone: continuously or after a "drug holiday" (in order to
re-sensitize the molecular axis) in case of systemic indolent
progression. Other "more interventional" options were: continuing the
EGFR TKI adding chemotherapy (doublets or more frequently single
agent) and in case of oligo-progression, particularly to the brain
[34,35], continuing EGFR inhibition and adding a local-ablative
therapy (such as radiation therapy). For a comprehensive analysis we
have to keep in mind, not so much the lack of treatments options but,
the poor effectiveness of these treatments in this kind of patients: they
are often frail and with a worsening performance status at the time of
disease progression. A recent "real-life" study in Caucasian EGFR-
mutated NSCLC patients, clearly demonstrated the abovementioned
concept [36].

In the setting of disease progression during Osimertinib, after two
lines of EGFR TKI therapy, the clinical management become harder to
handle. Clonal selection could bring to a wide intra-tumoural
heterogeneity, so the questions are: do we need a sniper or an infantry?
Is it correct to look for a single druggable pathway, which explains
alone the disease progression? Or should we look for a less (or not at
all) clonal-targeted therapy such as chemotherapy? Or still, do immune
checkpoint inhibitors represent a better choice?

There are two aspects to be evaluated for each patient: therapeutic
alternatives and clinical pattern of progression.

Firstly, we have to admit that what we can do differs from what we
could do; indeed, current possibilities after Osimertinib are limited.
Some clinical experiences have reported interesting results with target
treatments, which were selected on the basis of the identified
molecular resistance pattern, such as re-challenges with first-
generation EGFR TKI [17,37] or switch to MET inhibitors [23].
Another interesting possibility among adaptive therapies are the so
called "drug holidays", which were already used in first- and second-
generation EGFR TKIs. Indeed, this kind of strategy is theoretically
applicable to all target therapy, in order to limit clonal selection [38].
However, in nowadays clinical practice there are just two choices:
continuing Osimertinib beyond progression (always by evaluating the
integration of a local therapy in case of oligo-progression) or switching
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to a chemotherapy regimen (a doublet when patient's clinical
conditions allow it), or to an immune-checkpoint inhibitor. When
considering treatment options, we have to face off with reality. Immune
checkpoint inhibitors, which have radically changed current scenario
of NSCLC, not seem to have done the same for EGFR mutant patients.
A meta-analysis confirmed that immune checkpoint inhibitors do not
improve OS over docetaxel in this population [39]. Since mutation
burden showed to be a predictor of clinical benefit for these kind of
treatments, the fact that EGFR mutant lung tumours have a low
mutational load could be part of the explanation [40]. Regarding
chemotherapy, there are neither prospective trials nor reported clinical
experiences in the setting of progression to Osimertinib. On the other
hand, considering that we have already discussed about the poor
clinical outcomes achieved with chemotherapy at progression to first-
generation EGFR TKIs, we are allowed to hypothesize that similar (or
even worst) results are achievable even in this case. In our opinion,
considering the favourable toxicity profile of Osimertinib (even more
favourable if compared to chemotherapy) and the poor clinical
conditions which often characterize this kind of patients, a
maintenance strategy should always be taken into consideration. In
case of indolent progression without symptoms or when an oligo-
progression, even symptomatic, can be overcome with a local-ablative
therapy, choosing a treatment with Osimertinib beyond progression
can represent the best choice in current clinical practice. It is up to
clinicians to discuss with patients and their families that it would not
only be an exercise of patience, but also a practice of wisdom. In the
unfavourable case of a wide spreading of disease, with symptoms
which cannot be handled, albeit with all its limitations, it is mandatory
to offer our patients a therapeutic alternative such as chemotherapy.

Following the logic of "the more you know the better you treat", a
re-biopsy is always recommended at the moment of disease
progression. However, in clinical practice, liquid biopsy is often a more
convenient choice, probably because it is easier to perform in fragile
patients thanks to its non-invasiveness. So, as clinicians have learned to
use it for the routine diagnosis of T790M mutation at the time of
disease progression during first line with standard EGFR TKIs [41],
liquid biopsy can become a valid diagnostic tool even at this time of
disease evolution. Furthermore, it can be a valuable support for
monitoring treatment response and for the evaluation of resistances, as
already shown in first line setting [42].

Future challenges in management of EGFR mutant NSCLC patients
are about how to overcome emerging EGFR-dependent and
independent forms of resistance. Many clinical trials are studying
combination strategies of Osimertinib with other agents (such as
immune checkpoint inhibitors, MET inhibitors, etc). Even if the most
guideline-generating data will probably come from ongoing trials with
third generation EGFR TKIs as first line treatment [10]. This strategy
as well as a better control of disease, and in particular of central
nervous system metastases, could delay the onset of molecular
resistance [43].

Conclusion
As we previously said, the aim of this manuscript is not to speculate

on future perspectives. Its purpose is to try to reflect, from a practical
point of view, about how to improve clinical management of EGFR
mutant NSCLC patients at the time of disease progression during
Osimertinib in current clinical practice. In our opinion, considering
the actual lack of available treatment options, a treatment with

Osimertinib beyond progression should always be taken into account,
especially in case of indolent or oligo-progressions.
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