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INTRODUCTION

Management of advanced/metastatic nonsquamous
non–small-cell lung cancer (NSCLC) has undergone
remarkable transformation in the recent past. With the
advent of targeted therapy against specific genetic al-
terations and programmed death-1 (PD-1)/programmed
death-ligand 1 (PD-L1) immune checkpoint inhibitors
(ICIs), treatment algorithms have become increasingly
complex. This complexity is highlighted in 2 patients we
recently encountered in our lung cancer clinic. Consent
for publication was obtained from both patients de-
scribed in this Case Report.

CASE 1

A 45-year-old woman who had never smoked, with
no comorbidities, presented in August 2016 with a
2-month history of generalized body aches, fatigue, loss
of appetite, and loss of weight. She was initially eval-
uated by a local physician and underwent a whole-body
bone scan that revealed multiple lytic bony lesions.
This prompted an [18F]fluorodeoxyglucose (18-FDG)–
positron emission tomography (PET)/computed tomog-
raphy (CT) scan, which revealed FDG-avid mediastinal/
supraclavicular lymph nodes, lytic bone lesions (ap-
pendicular/axial skeleton), a soft tissue lesion in the
right lower lobe (RLL), and bilateral random lung
nodules (Fig 1A). Subsequently, she was referred to
our clinic.

PET-guided biopsy from the vertebral lesion confirmed
the presence of metastatic adenocarcinoma, whereas
immunohistochemistry (IHC) showed strong nuclear
positivity for thyroid transcription factor-1, suggesting
lung origin. She was clinically staged as T4N3M1c
(stage IVB; TNM classification, 8th edition). Molecu-
lar analysis was negative for epidermal growth factor
receptor (EGFR) mutations (EGFRm) by real-time-
polymerase chain reaction (RT-PCR), anaplastic
lymphoma kinase (ALK; D5F3 IHC), and ROS1 fluo-
rescence in situ hybridization (FISH) rearrangements.
Pemetrexed-carboplatin in standard dosages (every
3 weeks) and zoledronate (every 4 weeks) were started.

Repeat imaging after 4 cycles showed partial response
(PR; RECIST; Fig 1B). The patient received 2 addi-
tional cycles of platinum doublet, followed by main-
tenance pemetrexed (mPEM). Repeat imaging after
cycle 2 of mPEM showed disease progression (PD;
Fig 1C). At this stage, NGS (next-generation se-
quencing) on liquid biopsy was performed to look for
any other potentially targetable genetic alterations that
revealed exon 19 deletion (exon19del) EGFRmand led
to initiation of afatinib 40 mg once daily. Grade 2 skin
rash from afatinib mandated dose reduction to 40 mg/
30 mg alternate days.

Clinical and radiologic benefit (Fig 1D) was sustained
for 15 months, but then PD was documented for both
bony and adrenal lesions (Fig 1E). Repeat liquid
biopsy (droplet digital PCR [ddPCR]) detected
exon19del but no exon 20 T790M EGFRm. PET-
guided biopsy from the adrenal gland confirmed
metastatic adenocarcinoma. RT-PCR on rebiopsy
was similar to ddPCR liquid biopsy (presence of
exon19del but no T790M). To search for alternate
mechanisms for acquired EGFR tyrosine kinase in-
hibitor (TKI) resistance, FISH showed MET amplifi-
cation. Crizotinib was added to afatinib for targeting
the latter. However, the patient tolerated dual-TKI
combination poorly (grade 3 fatigue and nausea),
requiring frequent dose reductions. Within 3 months,
clinical and radiologic PD occurred, and both TKIs
were discontinued. Second-line chemotherapy (doce-
taxel 75 mg/m2 every 3 weeks) was started. After 2
cycles, the patient developed generalized tonic-clonic
seizures. Magnetic resonance imaging of the brain
revealed multiple brain metastases, with surrounding
edema. Antiepileptics and dexamethasone were star-
ted, and palliative whole-brain radiotherapy(8 Gy; single
fraction) was given. The patient was unwilling to receive
additional chemotherapy but willing to consider salvage
treatment with PD-1/PD-L1 ICIs. PD-L1 testing (SP263
IHC) on archival tissue showed no expression (0%). The
patient then opted for repeat NGS testing on liquid
biopsy, which revealed the presence of both exon19del
and T790M (mutation loads of 3.1% and 1.7%,
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respectively). Osimertinib was started (Fig 2) and led
to substantial clinical benefit within 4-6 weeks. Currently,
she is doing well, with follow-up imaging at 6 months
showing PR.

CASE 2

A 61-year-old man who never smoked, with no comor-
bidities, presented in November 2009 with right-sided
pleuritic chest pain. Contrast-enhanced CT of the thorax
revealed a 5.4-×-4-cm mass in the RLL, with right pleural
effusion (Fig 3A). CT-guided fine-needle aspiration cytology
(FNAC) from the RLL mass and pleural fluid cytology both
showed adenocarcinoma. In view of TNM stage IVA
(T2bN0M1a, 7th edition; T3N0M1a, 8th edition), 3 weekly
pemetrexed-cisplatin was started. Repeat imaging after 4
cycles showed PR (RECIST; Fig 3B), leading to adminis-
tration of two additional cycles of platinum doublet, followed
bymPEM. However, imaging after cycle 2 of mPEM showed
PD (new FDG-avid lesions in the right neck of the femur and
subcarinal lymphadenopathy). The patient was started on
erlotinib (150 mg by mouth once daily) and bevacizumab
(7.5 mg/kg q3wkly), along with zoledronate.

Repeat imaging after 6 months showed PR (Fig 3C). Dual
erlotinib-bevacizumab treatment was continued. However,
the patient chose to discontinue bevacizumab after 9 cy-
cles while erlotinib was continued. He was largely asymp-
tomatic and stable clinically and radiologically for the
next 6 years (with imaging being repeated every 6-12
months; Figs 4A and 4B). Although clinically stable while
receiving treatment and with facilities for EGFRm testing

becoming available at this time, liquid biopsy (ddPCR) was
performed because there was no tissue in the initial di-
agnostic specimen (FNAC). However, results did not show
the presence of any EGFRm. In the 7th year of erlotinib
treatment, radiologic PD was documented (Figs 4C and
4D). However, being asymptomatic and because endo-
bronchial ultrasound-guided transbronchial needle aspi-
ration from the subcarinal lymph node was negative, the
patient opted to continue erlotinib.

In the 9th year after diagnosis and while continuing to take
erlotinib, the patient developed increased cough, breath-
lessness, anorexia, and weight loss. Repeat imaging (Figs
4E and 4F) showed an increase in the size of the RLL mass
and right pleural effusion. Rebiopsy was performed to rule
out histologic transformation and to obtain tissue for mo-
lecular analysis. Adenocarcinoma (lepidic pattern) was
observed while testing for EGFRm (RT-PCR), ALK, and
ROS1 rearrangements (by D5F3 IHC and FISH, respec-
tively), and BRAFm (sequencing) and MET amplification
(FISH) were negative. With no evidence of any target-
able genetic alteration, standard 3 weekly pemetrexed-
carboplatin was started. After 4 cycles, repeat imaging
showed PR and mPEM, and local thoracic radiation was
given. Repeat imaging after cycle 4 of mPEM showed
PD (increase in primary lesion and pleural effusion).
Atezolizumab was started, but PD occurred after 5 cy-
cles, and subsequently, single-agent gemcitabine was
initiated, with stable disease being documented after
4 cycles. The patient declined additional chemotherapy.
At this point, NGS was requested on liquid biopsy (because
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FIG 1. Maximum intensity projection images of (A) initial staging positron emission tomography (PET; August 2016) revealed an [18F]fluorodeox-
yglucose (FDG)-avid soft tissue lesion in the right lower lobe (RLL; arrow) along with FDG-avid mediastinal/supraclavicular lymph nodes and multiple
lytic bone lesions (appendicular and axial skeleton). (B) Follow-up PET (November 2016) depicted interval decrease in the size of the RLL lesion (arrow)
and metabolic activity of the skeletal lesions. (C) Follow-up PET (March 2017) revealed an increase in metabolic activity of the RLL lesion (arrow) and
appearance of a new FDG-avid left adrenal nodule (dashed white arrows). (D) Follow-up PET (September 2017) showed complete resolution of the RLL
lesion and decrease in FDG avidity of the left adrenal nodule (dashedwhite arrow). (E) Follow-up PET (September 2018) revealed interval progression in
the metabolic activity of the left adrenal nodule (dashed white arrow) and new-onset FDG-avid lesion in the left femur.
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the previous tissue had been exhausted from prior pro-
cessing) to look for any other targetable genetic alterations.
NGS revealed the presence of classic exon19del, along with
T790M (mutation load, 0.33%). Osimertinib was started
(Fig 5), with symptomatic benefit within 4 weeks of treatment
initiation. The patient has been observed for past 6 months
and continues to derive clinical and radiologic benefit from
this third-generation EGFR TKI.

DISCUSSION

EGFR mutations are the most common type of targetable
genetic aberrations in advanced/metastatic NSCLC. In our

center, EGFRm prevalence varies from 40% in female
nonsmokers to 11% in male smokers.1 The most common
method for EGFRm testing is RT-PCR on tissue where
a specific number of probes are used for the diagnosis of
the most common type of EGFRm (exon19del and L858R
insertion). After the initiation of therapy with first- and
second-generation EGFR TKIs, patients invariably develop
resistance, albeit after varying time periods. Mechanisms of
resistance include acquired T790 exon 20 mutation (most
common), histologic transformation to small-cell lung cancer,
MET amplification, and so forth.2 The US Food and Drug
Administration (FDA) has approved liquid biopsy testing by
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FIG 3. High-resolution computed tomography of the thorax at (A) baseline showing the right lower lobe (RLL) mass reaching up to the pleura. Multiple
random nodules, some of which were subpleural, were also present in right lung, as was right-sided pleural effusion. (B) After 4 cycles of chemotherapy,
showing reduction in the size of the RLL mass, as well as the number and size of the lung nodules. (C) During erlotinib and bevacizumab treatment,
showing partial response in the form of decrease in size of the RLL mass, as well as size and number of lung nodules.

2016 2017 2018 2019

Diagnosed with metastatic
lung adenocarcinoma

Aug 2016

EGFR
(RT-PCR)
negative
Aug 2016

FDG-PET: PD
Mar 2017

Liquid biopsy NGS EGFR
exon19del mutation positive
Mar 2017

Repeat imaging:PR
Sep 2017

Imaging: PD
Apr 2018

Liquid biopsy ddPCR and tissue RT-PCR
negative for T790M

May 2018
NGS on tissue positive for MET
amplification Jun 2018

Repeat imaging: PD
Sep 2018

Unprovoked seizures with MRI brain
suggestive of brain mets
Oct 2018

NGS on liquid biopsy T790M mutation
positive
Oct 2018

Aug 2016-Feb 2017Started pem and carboplatin

Mar 2017-Sep 2018Started afatinib

June 2018-Sep 2018Crizotinib added to afatinib

Sep 2018-Oct 2018Started second-line chemotherapy (docetaxel)

Oct 2018Started osimertinib

Jan 2019-Jan 2019Radiation to brain

FIG 2. Timeline (case 1) of diagnosis, treatment received, response achieved, andmolecular testing (dates and respective durations). Molecular testing
methods (real-time polymerase chain reaction [RT-PCR], droplet digital polymerase chain reaction [ddPCR], next-generation sequencing [NGS]) listed
are for detecting epidermal growth factor receptor (EGFR) mutations only. Exon19del, exon 19 deletion; FDG-PET, [18F]fluorodeoxyglucose–positron
emission tomography; mets, metastases; MRI, magnetic resonance imaging; pem, pemetrexed; PD, progressive disease; PR, partial response.
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the ddPCR method for exon 20 T790M EGFRm.3 However,
a negative liquid biopsy mandates tissue rebiopsy.

Furthermore, NGS in lung adenocarcinoma has emerged
as a promising new tool to diagnose all targetable and
nontargetable genetic alterations on a single platform. NGS
can be applied on both liquid biopsy samples as well as
tissue specimens.4,5

In both our patients, EGFRm was either not demonstrable
or was proven to be negative by the currently recom-
mended FDA-approved methods. But given the clinical
profile of our patients (nonsmokers) and limited therapeutic
options after conventional chemotherapy, repeated at-
tempts were made to detect targetable mutations. Both the
International Association for the Study of Lung Cancer and
ASCO, in collaboration with other groups, have issued
recommendations that multiplexed genetic sequencing
panels are preferred over multiple single-gene tests to
identify treatment options beyond the first-line testing.6,7

Case 1 demonstrated 3 important learning points:

1. Testing for EGFRm on a specimen obtained from bone
can be falsely negative because of processing and
decalcifying methods of the biopsy sample.

2. Demonstration of MET amplification (after T790M test-
ing is negative) can provide an opportunity for dual-TKI
therapy. However, the significance as well as clinical
benefit of dual-TKI therapy remains unknown.8,9

3. In cases where clinical suspicion of EGFRm is high,
repeated attempts for testing, using various samples
(tissue/blood) and using various methods (RT-PCR,
ddPCR, NGS) may be worthwhile.

Case 2 demonstrated the following:

1. The utility of NGS in blood after proven negativity for
EGFRm in biopsy specimen. Tumor heterogeneity is one
of the proposed mechanisms for inability to demonstrate
EGFRm in tissue postprogression.10

2. Survival beyond 10 years after diagnosis with stage IV
NSCLC. The patient’s treatment was started in an era when
EGFRm testing was not freely available in our country, and
erlotinib was approved for treatment of relapsed NSCLC
(without knowing EGFRmstatus).11-14 Subsequently, based
on the patient’s clinical profile and with availability of newer
molecular testing platforms, multiple testing methods (RT-
PCR, ddPCR, NGS) were used to unravel the mystery of
unexpected and sustained clinical benefit with erlotinib, as
well as 10-year survival with metastatic disease.

3. Lack of benefit with PD-L1 ICIs is consistent with emerging
data about lack of efficacy of PD-1/PD-L1 ICIs in patients
with EGFRm, especially those with acquired T790M.15-17

Metastatic lung adenocarcinoma management in the era
of precision oncology offers opportunities for the astute
clinician to use increasingly sensitive molecular diagnostic
methods in an attempt to offer the most appropriate
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FIG 4. Transaxial fused [18F]fluorodeoxyglucose (FDG) positron emission tomography–computed tomography images. (A and B) After 3 years of erlotinib
treatment (May 2013), a 2.6-×-1.7-cm FDG-avid nodule (maximum standardized uptake value [SUVmax], 2.7) in the right lower lobe (RLL; arrow),
non–FDG-avid subcentimeter subpleural nodules, and non–FDG-avid right pleural thickening were visible. (C and D) After 6 years and 3 months of
receiving erlotinib treatment (August 2016), an interval increase in metabolic activity of the RLL nodule (arrow; SUVmax, 8.0) and subcarinal lymph node
(dashed arrow; SUV max, 9.8) were visible. (E and F) In February 2018, an interval increase in size and metabolic activity of the RLL mass (arrow), with
right subcarinal lymph node (dashed arrow) and reappearance of right pleural effusion, were visible.
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targeted therapy at each time point in the patient’s disease.
The results of such an approach are often rewarding both
for the clinician and the patient/caregivers, and the previous

concept of nihilism for stage IV NSCLC clearly needs to be
abandoned now, even in emerging economies with resource
constraints.
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2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Diagnosed with NSCLC
Nov 2009

Progression on imaging
May 2010

Bevacizumab stopped
Dec 2010

SD on follow-up imaging
Oct 2011

No tissue for testing EGFR and
liquid biopsy negative

Nov 2016

Follow-up CT
thorax: PD

Feb 2018

Rebiopsy adenocarcinoma,
EGFR/ALK negative, PD-L1 0%
Mar 2018

PD on imaging
Nov 2018

Clinical and
radiologic PD
Feb 2019

NGS liquid biopsy
positive for 
exon19del and T790M
Mar 2019

Nov 2009-Mar 2010Pemetrexed and cisplatin

May 2010-Feb 2018Erlotinib and bevacizumab

Apr 2018-Sep 2018Restarted pemetrexed and carboplatin

Nov 2018-Feb 2019Started atezolizumab

Feb 2019-Mar 2019Started gemcitabine

Mar 2019Started osimertinib

FIG 5. Timeline (case 2) of diagnosis, treatment, response, and duration, along with molecular testing. ALK, anaplastic lymphoma kinase; CT, computed
tomography; EGFR, epidermal growth factor receptor; exon19del, exon 19 deletion; NGS, next-generation sequencing; NSCLC, non–small-cell lung cancer;
PD, progressive disease; PD-L1, programmed death-ligand 1; SD, stable disease.

Singh et al

178 © 2020 by American Society of Clinical Oncology

mailto:singh.navneet@pgimer.edu.in
mailto:singh.navneet@pgimer.edu.in
www.asco.org/rwc
http://ascopubs.org/go/site/misc/authors.html
http://ascopubs.org/go/site/misc/authors.html
https://openpaymentsdata.cms.gov/
https://openpaymentsdata.cms.gov/


REFERENCES
1. Muthu V, Bal A, Gupta N, et al: P2.03-053 a five-year audit of EGFR and ALK testing at a tertiary care centre in North India: More sensitive methods do make

a difference! J Thorac Oncol 12:S2395, 2017 (suppl 2)

2. Gao J, Li HR, Jin C, et al: Strategies to overcome acquired resistance to EGFR TKI in the treatment of non-small cell lung cancer. Clin Transl Oncol
21:1287-1301, 2019

3. Kim E, Feldman R, Wistuba II: Update on EGFRmutational testing and the potential of noninvasive liquid biopsy in non-small-cell lung cancer. Clin Lung Cancer
19:105-114, 2018

4. Garinet S, Laurent-Puig P, Blons H, et al: Current and future molecular testing in NSCLC, what can we expect from new sequencing technologies? J Clin Med
7:144, 2018

5. Mathai RA, Vidya RVS, Reddy BS, et al: Potential utility of liquid biopsy as a diagnostic and prognostic tool for the assessment of solid tumors: Implications in the
precision oncology. J Clin Med 8:E373, 2019

6. LindemanNI, Cagle PT, Aisner DL, et al: Updatedmolecular testing guideline for the selection of lung cancer patients for treatment with targeted tyrosine kinase
inhibitors: Guideline from the College of American Pathologists, the International Association for the Study of Lung Cancer, and the Association for Molecular
Pathology. Arch Pathol Lab Med 142:321-346, 2018

7. Kalemkerian GP, Narula N, Kennedy EB, et al: Molecular testing guideline for the selection of patients with lung cancer for treatment with targeted tyrosine
kinase inhibitors: American Society of Clinical Oncology endorsement of the College of American Pathologists/International Association for the Study of Lung
Cancer/Association for Molecular Pathology Clinical Practice Guideline Update. J Clin Oncol 36:911-919, 2018

8. Li YQ, Song SS, Jiang SH, et al: Combination therapy of erlotinib/crizotinib in a lung adenocarcinoma patient with primary EGFR mutation plus secondary MET
amplification and a novel acquired crizotinib-resistant mutation MET G1108C. Ann Oncol 28:2622-2624, 2017

9. Deng L, Kiedrowski LA, Ravera E, et al: Response to dual crizotinib and osimertinib treatment in a lung cancer patient with MET amplification detected by liquid
biopsy who acquired secondary resistance to EGFR tyrosine kinase inhibition. J Thorac Oncol 13:e169-e172, 2018

10. Mlika M, Dziri C, Zorgati MM, et al: Liquid biopsy as surrogate to tissue in lung cancer for molecular profiling: A meta-analysis. Curr Respir Med Rev 14:48-60,
2018

11. Shepherd FA, Rodrigues Pereira J, Ciuleanu T, et al: Erlotinib in previously treated non-small-cell lung cancer. N Engl J Med 353:123-132, 2005

12. Tsao MS, Sakurada A, Cutz JC, et al: Erlotinib in lung cancer—Molecular and clinical predictors of outcome. N Engl J Med 353:133-144, 2005

13. Herbst RS, O’Neill VJ, Fehrenbacher L, et al: Phase II study of efficacy and safety of bevacizumab in combination with chemotherapy or erlotinib compared with
chemotherapy alone for treatment of recurrent or refractory non–small-cell lung cancer. J Clin Oncol 25:4743-4750, 2007

14. Herbst RS, Ansari R, Bustin F, et al: Efficacy of bevacizumab plus erlotinib versus erlotinib alone in advanced non-small-cell lung cancer after failure of standard
first-line chemotherapy (BeTa): A double-blind, placebo-controlled, phase 3 trial. Lancet 377:1846-1854, 2011

15. Lee CK, Man J, Lord S, et al: Checkpoint inhibitors in metastatic EGFR-mutated non-small cell lung cancer-a meta-analysis. J Thorac Oncol 12:403-407, 2017

16. Heigener DF, Reck M: PD-1 axis inhibition in EGFR positives: A blunt sword? J Thorac Oncol 12:171-172, 2017

17. Haratani K, Hayashi H, Tanaka T, et al: Tumor immune microenvironment and nivolumab efficacy in EGFRmutation-positive non-small-cell lung cancer based
on T790M status after disease progression during EGFR-TKI treatment. Ann Oncol 28:1532-1539, 2017

n n n

Case Report

JCO Global Oncology 179


	Unearthing EGFR Mutations and the Rewards of Persistence in Precision Oncology: Breaching the 10 ...
	INTRODUCTION
	CASE 1
	CASE 2
	DISCUSSION
	REFERENCES


