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An Evolving Algorithm to Select and Sequence
Therapies in EGFR Mutation-positive NSCLC:

A Strategic Approach
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Abstract
The optimal treatment sequence for patients with metastatic epidermal growth factor receptor (EGFR) mutation-
positive (EGFR-Mþ) nonesmall-cell lung cancer (NSCLC) continues to evolve, related largely to an increasing
number of breakthroughs and studies in the field. The efficacy of tyrosine kinase inhibitors in the treatment of these
patients is well established; however, the treatment decision-making process is becoming more complex as our
knowledge of EGFR mutations and resistance pathways grows and more treatment options become available. Thus,
treating physicians must consider an increasing number of factors. We present a stepwise approach to personalizing
the treatment of patients with EGFR-Mþ NSCLC, emphasizing some of the real world challenges faced by treating
physicians. We reviewed the decision criteria for selecting the best first-line therapy, highlighted the importance of
repeat biopsy on disease progression to determine the most appropriate next-line therapy, and discussed the options
for third-line therapy and beyond. We also present an algorithm designed to optimize the sequencing strategies for
prolonging survival and maintaining quality of life in our patients with EGFR-Mþ NSCLC.
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Introduction
For many years, standard first-line systemic treatment of meta-

static nonesmall-cell lung cancer (NSCLC) consisted of 2-drug
platinum combination chemotherapy. The typical interval to
progression for patients receiving mutation-unselected chemo-
therapy was 4 to 6 months and the median survival was 10 to 12
months. The discovery of driver mutations in genetically defined
subsets of NSCLC has changed this paradigm.

First-line Treatment of Epidermal
Growth Factor Receptor
Mutation-positive NSCLC

When epidermal growth factor receptor (EGFR) tyrosine kinase
inhibitors (TKIs) were first introduced, clinicians observed that a
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small number of patients experienced a dramatic and prolonged
response to this new therapeutic agent. Subsequent studies revealed
that this patient subset had an activating mutation in the EGFR
tyrosine kinase domain and that EGFR mutation status was a pre-
dictive biomarker for TKI efficacy.1 Subsequently, the treatment
paradigm changed, and, for the first time for NSCLC, care was
dictated by the results of molecular testing. The typical first-line
treatment schema is shown in Figure 1.

A number of treatment guidelines2-4 have recommended
universal EGFR mutation (EGFR-M) testing for patients with
advanced-stage lung cancer of nonsquamous histologic features.
Approximately 10% to 40% of patients with nonsquamous NSCLC
will have a sensitizing EGFR/HER1 gene mutation; the incidence
might be as great as 60% in Asian NSCLC patients with adeno-
carcinoma histologic features and a history of never or light
smoking.5

Randomized clinical trials have demonstrated superior response
rates and progression-free survival (PFS) with EGFR TKIs
compared with chemotherapy in EGFR-Mþ populations
(Table 1).6-15 These EGFR-targeted therapies are now the standard
of care for first-line therapy. However, none of the individual
randomized trials of EGFR TKIs for EGFR-mutant NSCLC have
shown statistically significant improvement in overall survival (OS)
for the overall population of EGFR-mutant patients. This might
1525-7304/$ - see frontmatter ª 2017 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.cllc.2017.05.019

olumbia from ClinicalKey.com by Elsevier on October 29, 2020.
 Copyright ©2020. Elsevier Inc. All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.cllc.2017.05.019&domain=pdf
mailto:bmelosky@bccancer.bc.ca
http://dx.doi.org/10.1016/j.cllc.2017.05.019


Figure 1 First-line Therapy for Epidermal Growth Factor Receptor (EGFR) Mutation-positive NoneSmall-cell Lung Cancer (NSCLC).
Treatment and Care in the First Line Should Be Directed by the Results of Molecular Testing and Patient-related Factors
Such as Age, Performance Status (PS), and Symptomatic Load

EGFR

Abbreviations: 19Del ¼ deletion in exon 19; L858R ¼ point mutations in exon 21; TKI ¼ tyrosine kinase inhibitor.
have resulted from the high crossover rate from chemotherapy to an
EGFR TKI, confounding the detection of any OS advantage.

Patient-related Factors and Side Effect Profiles in
First-line Therapy Selection

Some treating oncologists believe that patient-related factors are
important criteria for selecting first-line therapy. The patient’s age,
performance status, symptomatic load, and communication skills
should be considered, because the therapeutic ratio of the different
first- and second-generation EGFR TKIs vary. Thus, the TKI
selected for 1 individual patient might differ from that selected for
another patient. First-line TKIs bind reversibly and selectively to the
EGFR. The most common toxicities of first-generation EGFR TKIs
are rash and diarrhea. Although uncommon, EGFR TKIs can also
lead to liver enzyme elevation and interstitial lung disease (ILD),
predominantly in Asian patients. Second-generation, irreversible
pan-HER inhibitors, such as afatinib, can result in an increased
incidence of mucositis and grade 3 diarrhea. Patient and treating
physician education are keys to improving compliance and quality
of life with the use of these agents. Dose reductions according to
patient tolerability are recommended for both erlotinib and afatinib,
because the plasma levels achieved might exceed the inhibitory
concentrations required. Preventative strategies such as prophylactic
minocycline or loperamide are also options to improve TKI toler-
ance, without diminishing efficacy.16 The PAN-Canadian Rash
trial, although negative for its primary endpoint of the incidence of
rash, showed a significant decrease in the severity of rash and
delayed onset of rash with the use of prophylactic minocycline as
exploratory endpoints.

EGFR Mutation Subtype in First-line Therapy Selection
The 2 most common EGFR mutation subtypes are a deletion in

exon 19 (Del19) or point mutations in exon 21 (L858R). These
constitute approximately 90% of activating mutations. Patients with
advanced NSCLC whose tumors harbor different types of EGFR
mutations experience variable responses to the currently available
EGFR TKIs. Subgroup analysis from a number of the trials listed in
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Table 1 have shown that a Del19 mutation is generally predictive of
better efficacy than an L858R mutation.17

A preplanned subgroup analysis of the LUX-Lung 3 and 6
clinical trials demonstrated that afatinib-treated patients whose tu-
mors had Del19 mutations had statistically significant OS im-
provements compared with those receiving chemotherapy (Table 2),
with balanced postprogression EGFR TKI use. For LUX-Lung 3,
the hazard ratio (HR) was 0.54 (95% confidence interval [CI],
0.36-0.79; P ¼ .0015). For LUX-Lung 6, the HR was 0.64 (95%
CI, 0.44-0.94; P ¼ .023).18 The LUX-Lung 3 and 6 studies are the
first randomized trials to show statistically significant OS
improvements with first-line EGFR TKI use. Del19 and L858R
mutations, therefore, constitute different populations, and future
trial designs should stratify patients for the different mutations. For
the treating physician, the EGFR-mutation genotype is an
additional factor to consider in the EGFR TKI selection process and
might have implications for both initial drug selection and the
sequencing of drug therapy.

First- Versus Second-Generation EGFR TKI for First-line
Therapy

Previously, little information was available that directly compared
first- and second-generation EGFR TKIs. LUX-Lung 7 is a ran-
domized phase IIb trial that compared afatinib and gefitinib in the
first-line treatment setting for advanced NSCLC with common
EGFR mutations.19,20 LUX-Lung 7 was powered for the
co-primary endpoint of a HR of 0.75 for PFS. This endpoint was
met for the superiority of afatinib (HR, 0.74; P ¼ .0178). This
observed PFS benefit for afatinib was independent of the mutation
subtype. In the L858R mutation subgroup, the PFS HR was 0.71
(range, 0.48-1.06) and in the Del19 subgroup, the HR was 0.76
(range, 0.55-1.06).19 A secondary endpoint, the tumor response,
was 73% versus 56% (P ¼ .002) in favor of afatinib, with an
improved response rate observed for both L858R and Del19
genotypes.20 No significant OS advantage was demonstrated in
patients with exon 19 mutations. A 3-month OS improvement
favored afatinib, although the difference was not statistically
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Table 1 Randomized Trials Showing Efficacy (ORR and PFS) of EGFR TKIs Versus Chemotherapy for First-line Therapy for EGFR
Mutation-positive NSCLC

Study; Agent
EGFR-MD

Subjects (n) ORR (TKI vs. CT)

Common Mutations

PFS (TKI vs. CT; mo) OS (TKI vs. CT; mo)

EURTAC6; erlotinib 174 58% vs. 15% 9.7 vs. 5.2; HR, 0.37 (0.25-0.54) 19.3 vs. 19.5; HR, 1.04 (0.65-1.68); P ¼ .8702

OPTIMAL7; erlotinib 165 83% vs 36%; P <.0001 13.1 vs. 4.6; HR, 0.16 (0.10-0.26) 22.8 vs. 27.2; HR, 1.19 (0.83-1.71)

NEJGSG_0028; gefitinib 228 74% vs. 31%; P <.001 10.8 vs. 5.4; HR, 0.30 (0.22-0.41) 27.7 vs. 26.6; HR, 0.89 (0.63-1.24)

WJTOG 34059; gefitinib 172 62% vs. 32%; P <.0001 9.2 vs. 6.3; HR, 0.50 (0.34-0.71) 34.8 vs. 37.3; HR, 1.25 (0.88-1.78)

IPASS10,11; gefitiniba 261 71% vs. 47%; P <.001 9.5 vs. 6.3; HR, 0.48 (0.36-0.64) 21.6 vs. 21.9; HR, 1.00 (0.76-1.33); P ¼ .990

LUX-Lung 312,13; afatinib 345 60.8% vs. 22.1%;
P <.0001

13.6 vs. 6.9; HR, 0.47 (0.34-0.65);
P <.0001

31.57 vs. 28.16; HR, 0.78 (0.58-1.06);
P ¼ .1090

LUX-Lung 613,14; afatinib 364 67% vs. 23% 11.0 vs. 5.6; HR, NR 23.6 vs. 23.5; HR, 0.83 (0.62-1.09); P ¼ .1756

Data in parentheses are 95% confidence intervals.
Abbreviations: CT ¼ chemotherapy; EGFR-Mþ ¼ epidermal growth factor receptor mutation-positive; HR ¼ hazard ratio; NR ¼ not reached; NSCLC ¼ nonesmall-cell lung cancer; ORR ¼ overall
response rate; PFS ¼ progression-free survival; TKI ¼ tyrosine kinase inhibitor.
aEGFR-Mþ subset only.
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significant (27.9 vs. 24.5 months; P ¼ .2580). The toxicities
experienced were as expected, with a preponderance of diarrhea and
rash for afatinib and liver transaminitis for gefitinib. Although these
results suggest that irreversible pan-ErbB blockade might be supe-
rior to reversible EGFR inhibition in the treatment of EGFR-Mþ

NSCLC, the phase IIb study design limits definitive interpretation.
Also, we do not have randomized data comparing erlotinib and
afatinib. The results of the ARCHER 1050 study (A study of
dacomitinib vs. gefitinib in 1st-line treatment of advanced
NSCLC), a 452-patient phase III randomized trial of first-line
treatment EGFRþ NSCLC comparing gefitinib with dacomitinib,
another second-generation EGFR TKI, might shed light on this
question.21

Dual Inhibition of EGFR and Angiogenesis Pathways
The results of a randomized phase II trial from Japan illustrated

the benefit of the combination erlotinib plus bevacizumab
compared with erlotinib alone for common EGFR mutations.22 The
median PFS for the combination was 16.0 months versus 9.0
months for erlotinib monotherapy, with no statistically significant
difference in the response rate or OS.23 Based principally on these
results, in June 2016, the European Commission approved the
combined use of erlotinib and bevacizumab for first-line treatment
of NSCLC patients with EGFR mutations. A larger phase III trial of
this EGFR TKIebevacizumab combination would ideally confirm
Table 2 Influence of EGFR Mutation Subtype on Survival When Trea

Mutation Subtype

LUX-Lung 3

Median OS (mo) HR (95% CI);

Del19 0.54 (0.36-0.7

Afatinib 33.2 (26.8-41.5)

CT 21.1 (16.3-30.7)

L858R 1.30 (0.80-2

Afatinib 27.6 (19.8-41.7)

CT 40.3 (24.3-NE)

Abbreviations: CI ¼ confidence interval; CT ¼ chemotherapy; Del19 ¼ deletion in exon 19; EGFR ¼ e
not estimable; OS ¼ overall survival.
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and quantify the benefit.23 This rationale equally supports the
combination of other EGFR TKIs and bevacizumab in this setting,
although robust Phase III data are lacking.

Use of Third-generation EGFR Inhibitors in the First-line
Setting

Although first- and second-generation TKIs currently dominate
the first-line treatment algorithm, studies are ongoing to test the
efficacy of third-generation inhibitors in this setting. Although the
primary target of these drugs is the T790M resistance mutation,
they are also active against the common activating EGFR mutations
Del19 and L858R. These agents are associated with a favorable
toxicity profile owing to the relative sparing of wild-type EGFR.
Multiple third-generation EGFR inhibitors are being developed,
including AZD9291 (osimertinib)24,25 and ASP8273.26 Head-to-
head trials in the first-line setting are ongoing. The FLAURA trial
(AZD9291 vs. gefitinib or erlotinib in patients with locally
advanced or metastatic non-small cell lung cancer) is randomizing
treatment-naive patients with EGFR-mutated NSCLC to osimerti-
nib or an EGFR TKI (gefitinib or erlotinib). The trial is closed to
accrual, and we look forward to learning the results. In the phase I
expansion cohorts of the AURA trial (AZD9291 first time in pa-
tients ascending dose study), 60 patients who were EGFR TKI-
naive received osimertinib as first-line therapy. Their overall
response rate was an impressive 77%, and the median PFS was 19.3
ted With Afatinib

LUX-Lung 6

P Value Median OS (mo) HR (95% CI); P Value

9); .0015 0.64 (0.44-0.94); .023

31.4 (24.2-35.3)

18.4 (14.6-25.6)

.11); .29 1.22 (0.81-1.83); .34

19.6 (17.0-22.1)

24.3 (19.0-27.0)

pidermal growth factor receptor; HR ¼ hazard ratio; L858R ¼ point mutations in exon 21; NE ¼
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months for the 160-mg dose.25 To replace both first- and second-
generation EGFR inhibitors, the benefits in survival parameters
must exceed those observed with sequential use of a first- and
second-generation agent followed by a third-generation drug.

Uncommon Mutations
Although Del19 and L858R mutations constitute 90% of

EGFR mutations, a number of uncommon mutations account for
the remaining 10%. An analysis of outcomes for the 75 patients
with uncommon mutations identified from the LUX-Lung 2,
LUX-Lung 3, and LUX-Lung 6 trials demonstrated that 31% had
exon 20 insertions, 19% had de novo T790M mutations (usually
with a concurrent sensitizing mutation), and 51% had other
activating rare mutations, primarily point mutations and/or du-
plications in exons 18 to 21.27 The response rate to afatinib in
patients with de novo T790M mutations or exon 20 insertions
was 14% and 9%, respectively. For patients with point mutations
or duplications in exons 18 to 21, the response rate was 71%.
These results are consistent with other data demonstrating that
not all uncommon EGFR mutations are associated with poorer
outcomes and might, indeed, predict a good outcome with
erlotinib.28

EGFR Mutation-uncharacterized Patients
During regular practice, patients will occasionally present with a

very aggressive disease that requires immediate therapy, but the
results of EGFR mutation testing will not yet be available. If patients
have received � 1 cycles of chemotherapy, therapy can be switched
to an EGFR TKI if the results of mutation testing confirm their
EGFR-Mþ status. Lending some credence to this approach are the
results from the EURTAC trial (erlotinib vs. standard
Figure 2 Progression After First-line Therapy for Epidermal Growth
Cancer (NSCLC). Treatment for Patients With Progression
Progression Subtype: Central Nervous System (CNS) Sanc

Abbreviations: SBRT ¼ stereotactic body radiotherapy; WBRT ¼ whole body radiotherapy.
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chemotherapy as first-line treatment for European patients with
advanced EGFR mutation-positive nonesmall-cell lung cancer),
which demonstrated that OS was equivalent whether patients were
treated with an EGFR TKI as first-line therapy or second-line
therapy after crossover.6

Progression After First-line Therapy
Although first- and second-generation EGFR TKIs have been

proved highly effective, acquired resistance is almost universal,
typically occurring within a 10- to 14-month period.6,8-10 Patients
with progressive disease will have 1 of 3 different progression sub-
types: central nervous system (CNS) sanctuary progressive disease
(PD), oligo-PD, and systemic PD.29 The treatment paradigm varies
for each of these types (Figure 2).

Oligo-PD
Some patients experience CNS sanctuary PD disease, charac-

terized by isolated CNS failure in the absence of systemic pro-
gression. For these patients, the treatment strategy is to continue
the initial TKI and apply local treatment to the brain with
stereotactic radiosurgery and/or surgical resection. A retrospective
trial showed that weekly treatment with high-dose erlotinib showed
a partial CNS response in 67% of subjects.30 This finding should
be confirmed in a prospective trial. Although whole brain radio-
therapy is sometimes necessary owing to lesion number or size, it
will not improve OS after either stereotactic body radiotherapy or
surgical resection and might lead to a decrease in cognitive func-
tion.31,32 In the BLOOM trial, high-dose osimertinib was shown
to be efficacious in patients with leptomeningeal disease.33 This
approach is not yet approved by the Food and Drug Administra-
tion or European Medicines Agency.
Factor Receptor (EGFR) Mutation-positive NoneSmall-cell Lung
After First-line Tyrosine Kinase Inhibitor (TKI) Depends on
tuary Progressive Disease (PD), Oligo-PD, or Systemic PD
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Oligo-PD refers to progression in a limited number (� 4) of new
or in previously responsive areas outside the CNS. Oligo-PD can be
treated using the same principles as CNS sanctuary PD, by
continuing the initial TKI and applying local treatment with
stereotactic body radiotherapy and/or surgical resection. However,
the magnitude of additional benefit gained by local therapy has yet
to be prospectively evaluated in a randomized trial. To answer this
question, a randomized trial is planned in Europe.34 In most
patients with EGFR-mutated lung cancer, acquired resistance will
manifest as systemic PD, with multiple new lesions or regrowth in
multiple areas not amenable to locoregional therapy. In these
patients, new systemic therapy is needed. With the recent approval
of the third-generation TKI osimertinib for T790M-positive
recurrence, the practice of continuing first-line treatment beyond
progression will change for a subset of these patients with more
aggressive disease.

Leptomeningeal Disease
Leptomeningeal disease is often devastating to patients when it

presents, and survival is often short. Neurologic abnormalities are
common, and the local treatment options are few because the
disease is often disseminated. Limited case reports and series have
supported pulsed dosing of first- and second-generation TKIs.35

Other therapeutic options are currently being explored for
leptomeningeal disease. BLOOM is a multicohort phase I study
specifically designed to examine treatment of brain and
leptomeningeal metastases with AZ3579, a reversible first-generation
TKI designed for CNS permeability. When the osimertinib study
data revealed responses in brain metastases, this indication was added
as a cohort to the BLOOM study at a higher dose of 160 mg daily.
Data from patients treated with both drugs were presented at the
American Society of Clinical Oncology 2016 meeting.33 In the cohort
of 29 patients treated with AZ3579, all patients had received � 1 line
of an EGFR TKI plus chemotherapy, 22 had measurable brain
metastases, and 5 had leptomeningeal disease. Among the 22 patients
with measurable brain metastases, a response was seen in 6 (27%).
Among the 5 patients with leptomeningeal disease, 4 had a > 50%
tumor cell number decrease in the cerebrospinal fluid.33 In the cohort
of 20 patients treated with osimertinib, all patients had confirmed
cerebrospinal fluid cytology. The data presented were exciting but
preliminary, with activity in heavily pretreated patients demonstrated.
Of the 12 patients evaluable at 12 weeks for imaging, 7 had had a
radiologic response, and 7 showed improvement in their neurologic
assessment.36 Further evaluation of both AZ3579 and osimertinib in
this difficult clinical scenario is anticipated.

T790M-acquired Mutation
All patients will eventually experience loss of clinical benefit from

first-line EGFR TKI, with symptomatic multisite progressive
disease. On repeat biopsy, an acquired mutation in EGFR exon 20,
specifically T790M, can be found in � 60% of patients.37 Several
other mechanisms of acquired resistance have been demonstrated,
including the emergence of MET or HER2 amplification or BRAF
or PI3K mutation, among others. Testing for the T790M mutation
is now recommended as routine practice in many guidelines,
including the National Comprehensive Cancer Network.38

Furthermore, it is becoming clear that the presence of the T790M
Clinical Lung Cancer January 2018
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mutation does not necessarily cause resistance in some patients.
Determining when T790M is the cause of resistance versus an
artifact is an area of increasing research interest, because the pres-
ence of T790M might identify a relatively more indolent tumor
subtype.39 Small-cell lung transformation can occur and can be
identified when repeat biopsy is conducted.40 In these patients,
appropriate treatment should be considered.

Third-generation EGFR TKIs have demonstrated impressive
response rates of > 60% and prolonged PFS in T790M-positive
disease, resulting in the approval of osimertinib (AZD9291) in
several countries. Recently, the results of 2 AURA studies of osi-
mertinib conducted in patients with T790M-positive disease who
had developed progression during previous EGFR TKI therapy were
presented. Patients experienced a response rate of 71% and a PFS of
9.1 months in a phase I dose-expansion cohort of 63 patients and a
response rate of 66% and a PFS of 11 months for 411 patients from
a pooled result of 2 phase II studies.41 The confirmatory phase III
AURA 3 trial randomized 419 patients in whom first-line EGFR
TKI had failed and who had a T790M mutation to either
osimertinib or a platinum-pemetrexed doublet.42 PFS favored
osimertinib at 10.4 months versus 4.4 months for chemotherapy
(HR, 0.3; 95% CI, 0.23-0.41; P < .001).

Another emerging third-generation EGFR TKI, olmutinib (BI
1482694), showed clinical activity in the second-line setting in
EGFR-Mþ NSCLC patients with an acquired T790M mutation. In
that trial, 34 patients (54%) experienced a confirmed overall
response, with a median duration of response of 8.3 months (range,
5.7-9.7 months). This drug has been approved only in Korea, and
clinical development in other countries has stopped.

As promising as these results are, the side effect profiles of these
third-generation agents should be considered. A history of ILD with
first- or second-generation EGFR TKI is a contraindication for the
use of third-line agents. However, of > 1200 patients across studies
treated with osimertinib, only 35 patients (2.9%) experienced
ILD.41

The influence of the T790M-resistance mutation highlights the
importance of retesting for mutation status at each subsequent
progression. An algorithm for a multidisciplinary approach to repeat
biopsy is shown in Figure 3. In the algorithm, the biopsy results
dictate the initial therapy, and on each determination of PD, a
repeat biopsy is performed to inform the next treatment decision.
Careful planning is required regarding repeat biopsy because
molecular failures can occur in � 40% of cases.

Most recently, the use of plasma cell-free DNA has been pro-
posed as an alternative to repeat biopsy. Technological advances
have resulted in single gene testing and next generation sequencing
platforms for plasma, although this has low sensitivity and high
specificity compared with paraffin-embedded tumor material.43

These advances led to the European Medicines Agency label
extension for gefitinib to include cell-free DNA in the first-line
setting. Plasma samples from the AURA 2 study were tested using
4 different platforms, and high concordance was found between
cell-free DNA and tumor tissue.44 Using the cobas assay, the
concordance between tumor and plasma determination of T790M
was 70%.45 The cobas EGFR mutation test recently obtained Food
and Drug Administration approval to use a liquid biopsy specimen
(plasma) for EGFR testing of NSCLC patients. Another study using
olumbia from ClinicalKey.com by Elsevier on October 29, 2020.
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Figure 3 Current Paradigm: Rebiopsy. An Algorithm for a Multidisciplinary Approach to Rebiopsy in Which Biopsy Results Dictate
Initial Therapy. On Each Determination of Progressive Disease, a Repeat Biopsy Is Performed to Inform the Next Treatment
Decision

Abbreviations: EGFR ¼ epidermal growth factor receptor; TKI ¼ tyrosine kinase inhibitor.
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a more sensitive technique found that plasma cell-free DNA had
81% (155 of 192) concordance with the tissue analysis.46 In
addition, increasing evidence has shown that plasma cell-free DNA
assessment of T790M, which reflects globally on tumor DNA shed
into plasma, might be more accurate than tumor biopsy, which is
fraught with the problems of tumor heterogeneity.44 Clinicians are
starting to accept cell-free DNA as the standard first test. However,
repeat tissue biopsy is necessary if the plasma findings are negative
owing to the relatively high rate of false-negative results with plasma
testing. How the liquid biopsy approach might influence our
treatment algorithm is shown in Figure 4.

Treatment Beyond Progression
The concept of “treatment beyond PD” was based on the desire

to have patients continue oral low-toxicity TKI therapy versus
switching to chemotherapy. Anecdotal observational studies have
supported this concept.47,48 To evaluate this concept prospectively,
the IMPRESS study (gefitinib plus chemotherapy vs. placebo plus
chemotherapy in EGFR-mutation-positive nonesmall-cell lung
cancer after progression on first-line gefitinib) randomized patients
progressing with EGFR TKI therapy (gefitinib) to either switching
to chemotherapy or adding chemotherapy to the TKI.49 No benefit
was seen in the primary PFS endpoint; however, a trend toward
worsening OS was observed. Subsequent subset analysis revealed
that continuing the EGFR TKI with chemotherapy provided a
modest increase in PFS only in those patients with T790M-negative
cancer, refuting the concept of treatment beyond PD.49 The
ASPIRATION study (first-line erlotinib therapy until and beyond
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response evaluation criteria in solid tumors progression in Asian
patients with epidermal growth factor receptor mutation-positive
nonesmall-cell lung cancer) was a single-arm phase II trial in
which patients with EGFR-mutated cancer were either switched to
chemotherapy or continued with TKI plus chemotherapy, at the
physician’s discretion. Despite the inherent biases in the study
design, the trial demonstrated that many physicians decided to
continue EGFR TKI therapy for patients with slow progression.50

The IMPRESS and ASPIRATION studies were both conducted
before the proved efficacy of third-generation EGFR TKIs,
emphasizing the importance of repeat analysis for acquired EGFR
mutations, as new effective therapy emerges.

Dual Blockade
In preclinical models, dual blockade of the EGFR pathway with

afatinib (an EGFR TKI) and cetuximab (an anti-EGFR mono-
clonal antibody) might be a promising strategy for overcoming
T790M-mediated resistance.51 In a trial in the acquired resistance
setting, combining cetuximab with afatinib in patients with pro-
gression during first-generation TKI therapy resulted in a response
rate of 30% in the T790M mutation-positive tumors.51 The
response rate was equivalent for those with T790M-negative dis-
ease, implying that this approach might target other mechanisms of
resistance such as those associated with bypass pathways, given the
pan-HER kinase activity of afatinib. Studies are ongoing to
determine whether this approach might circumvent or delay the
onset of resistance when applied with first-line therapy for EGFR-
mutated lung cancer.52
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Figure 4 New Paradigm: Plasma Cell-free (cf) DNA Testing First Showing How the Treatment Algorithm Is Likely to Be Influenced by
the Liquid Biopsy Approach in the Future

Abbreviations: EGFR ¼ epidermal growth factor receptor; TKI ¼ tyrosine kinase inhibitor.
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T790M Mutation Negative
For patients with progression during first-line EGFR TKI ther-

apy, whose tumors do not demonstrate the T790M mutation,
chemotherapy with a platinum-based doublet with or without
bevacizumab remains the standard of care. Non-T790M resistance
mechanisms are poorly understood and are the focus of much
ongoing research. The limited, but positive, activity of the third-
generation EGFR TKIs observed in patients with T790M wild-
type cancer illustrates our limited understanding of the resistance
mechanisms but might also reflect difficulties in truly identifying
the T790M mutation using routine paraffin-embedded diagnostic
biopsy material. This could be explained by the false-negative re-
sults, because any patient with T790M-negative tumor found by
biopsy examination might actually have T790M-positive cancer by
plasma analysis owing to tumor heterogeneity. Novel combinations
of EGFR TKIs, immune checkpoint inhibitors, and new third-
generation EGFR TKIs are other strategies being tested to over-
come resistance mutations.

Third-line Treatment
Rechallenge

For patients with progression after multiple lines of therapy,
rechallenge with an EGFR inhibitor might be an option, in
particular, if the patient has had a “TKI-free” period in between the
first and subsequent EGFR TKI treatment. The LUX-Lung 1 and 5
clinical trials revealed PFS advantages when gefitinib- and erlotinib-
treated patients were rechallenged with afatinib, although neither of
these studies were specific for EGFRþ patients.53,54 Although
Clinical Lung Cancer January 2018
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common practice, rechallenge with TKI has still not shown an OS
benefit in randomized trials. Also, the duration of benefit with
rechallenge will never be as long as in the first-line setting.53

Immunotherapy
To date, no data are available to support the routine early use of

immunotherapy for the subset of patients with EGFR mutations.
The second- and third-line trials Checkmate 057 [study of BMS-
936558 (nivolumab) compared to docetaxel in previously treated
metastatic non-squamous NSCLC],55 KEYNOTE 010 [study of
two doses of pembrolizumab (MK-3475) versus docetaxel in pre-
viously treated participants with non-small cell lung cancer],56 and
OAK (atezolizumab vs. docetaxel in patients with previously treated
nonesmall-cell lung cancer)57 all favored docetaxel chemotherapy
over checkpoint inhibitors for patients with EGFR mutations.
Thus, subsequent first-line trials excluded lung cancer patients with
EGFR mutations.58,59 Because of a lack of superiority for immune
checkpoint inhibitors compared with docetaxel chemotherapy, these
should be used in later lines of therapy after failure of
chemotherapy.

Conclusion
EGFR TKI therapy has emerged as the standard of care in the

first-line setting for patients with NSCLC whose tumors harbor an
EGFR mutation. Efficacy, safety profiles, and patient factors should
be considered when selecting treatments, in addition to the specific
EGFR mutation type. With impressive efficacy and very favorable
toxicity profiles, the emergence of third-generation EGFR TKIs is
olumbia from ClinicalKey.com by Elsevier on October 29, 2020.
 Copyright ©2020. Elsevier Inc. All rights reserved.
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changing the treatment strategy and should be made available to
appropriate patients. Other strategies when the third-generation
inhibitors are not available or approved for patients with T790M-
negative disease include local therapies, systemic chemotherapy, or
total blockade of the EGFR pathway. This could also apply for
patients who experienced ILD during first- or second-generation
EGFR TKI therapy. Further prospective clinical trials are required
to precisely define the optimal treatment sequences, with the goal of
converting lung cancer to a chronic disease.
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