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Heterogeneity and Coexistence 
of T790M and T790 Wild-Type 
Resistant Subclones Drive Mixed 
Response to Third-Generation 
Epidermal Growth Factor Receptor 
Inhibitors in Lung Cancer

INTRODUCTION

Epidermal growth factor receptor (EGFR) 
tyrosine kinase inhibitors (TKIs) are effective 
therapies against advanced EGFR-mutant lung 
cancer, but outcomes are limited by acquired 
resistance.1 EGFR T790M accounts for 50% 
to 60% of resistance to erlotinib, gefitinib, and 
afatinib, whereas other mechanisms, including 
bypass pathway activation (eg, MET or ERRB2 
amplification, mutations in BRAF and PIK3CA) 
and lineage shifts (eg, small-cell transformation, 
epithelial-to-mesenchymal transition), are less 
commonly observed.2,3 Third-generation EGFR 
inhibitors yield responses in 40% to 60% of 
T790M-positive tumors, and osimertinib is US 

Food and Drug Administration approved in this 
setting.4 Other third-generation TKIs, includ-
ing nazartinib (EGF816; Novartis, Cambridge, 
MA),5 are in development. However, tumors 
can harbor extensive molecular heterogeneity, 
potentially affecting response to subsequent 
therapies.6

We present two cases of EGFR-mutant lung 
cancer treated with nazartinib after developing 
T790M. Serial tissue and liquid biopsies were 
collected during and after nazartinib treatment. 
These cases illustrate how T790M and T790 
wild-type (WT) subclones can coexist in individ-
ual patients and how serial liquid biopsies might 
provide insight into tumor heterogeneity and 
clonal dynamics during therapy.

Purpose Third-generation epidermal growth factor receptor (EGFR) inhibitors like 
nazartinib are active against EGFR mutation–positive lung cancers with T790M- 
mediated acquired resistance to initial anti-EGFR treatment, but some patients have 
mixed responses.
Methods Multiple serial tumor and liquid biopsies were obtained from two patients be-
fore, during, and after treatment with nazartinib. Next-generation sequencing and drop-
let digital polymerase chain reaction were performed to assess heterogeneity and clonal 
dynamics.
Results We observed the simultaneous emergence of T790M-dependent and -independent 
clones in both patients. Serial plasma droplet digital polymerase chain reaction illustrated 
shifts in relative clonal abundance in response to various systemic therapies, confirming 
a molecular basis for the clinical mixed radiographic responses observed.
Conclusion Heterogeneous responses to treatment targeting a solitary resistance mech-
anism can be explained by coexistent tumor subclones harboring distinct genetic sig-
natures. Serial liquid biopsies offer an opportunity to monitor clonal dynamics and the 
emergence of resistance and may represent a useful tool to guide therapeutic strategies.
JCO Precis Oncol. © 2018 by American Society of Clinical Oncology 
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METHODS

Patients

Patients were treated with nazartinib in a 
phase I/II trial (ClinicalTrials.gov identifier: 
NCT02108964) at Massachusetts General Hos-
pital (MGH; patient 1: 200 mg daily, patient  
2: 150 mg daily). Other therapies were adminis-
tered at standard doses. Patients provided informed 
consent under an institutional review board–
approved protocol allowing next-generation 
sequencing (NGS) and exploratory research on 
their biopsies.

Clinical Genotype Assessments

Tissue biopsies were genotyped at MGH with  
three Clinical Laboratory Improvement Amend-
ments (CLIA)-certified assays: SNaPshot ver-
sion 4, a multiplex polymerase chain reaction 
(PCR) allele-specific assay for somatic mutations 
in 23 cancer-related genes (Appendix Table A1; 
SNaPshot; Applied Biosystems7); a PCR sizing 
assay for in-frame EGFR insertions or deletions; 
and SNaPshot NGS, an anchored multiplex 
PCR assessing 39 (V1) or 91 (V2) genes (Appen-
dix Table A1). Foundation Medicine’s Founda-
tionOne NGS (Cambridge, MA) assesses the 
entire coding sequence of 315 genes and select 
introns of 28 genes.8

Tissue MET amplification was assessed at MGH 
with a CLIA-certified dual-color fluorescence 
in situ hybridization (FISH) assay using the 
07Q001B550 C-MET probe (chromosome 7q31 
MET, Leica Biosystems, Wetzlar, Germany) 
and a copy number probe (CEP7; Abbott-Vysis, 
Lake Bluff, IL). Signal quantitation generates a 
MET/CEP7 ratio, and 2.2 to 5.0 is considered 
low-level amplification, whereas > 5.0 or clus-
tered MET signals too numerous to count are 
considered highly amplified.

Where indicated, plasma was analyzed by the 
CLIA-certified Guardant360 targeted NGS cir-
culating tumor DNA (ctDNA) panel (coverage 
as described previously9). The remaining plasma 
samples were analyzed by droplet digital PCR 
(ddPCR).

Plasma ctDNA Isolation and ddPCR

ctDNA was extracted from plasma using the 
QIAamp Circulating Nucleic Acid Kit (QIAGEN,  
Hilden, Germany) per manufacturer’s instructions. 

A total of 3 μL circulating free DNA (cfDNA) 
was used in each reaction. All samples were 
analyzed in duplicate. PCR reactions were per-
formed using 10 μL final volume containing  
5 μL LightCycler 480 SYBR Green I qPCR 
Master Mix, 2X (Roche, Basel, Switzerland) and 
LINE-1 (12.5 μmol) forward and reverse prim-
ers. DNA at known concentrations was used to 
build the standard curve. Isolated ctDNA was 
amplified using ddPCR Supermix for Probes 
(Bio-Rad, Hercules, CA) with EGFR p.E746_
A750del, EGFR p.T790M, BRAF p.V600E, 
TP53 p.R273C (PrimePCR ddPCR Mutation 
Assay; Bio-Rad), EGFR p. C797S (T>A; custom 
designed) ddPCR assays for mutation detec-
tion, and MET, EGFR, and EIF2C1 (PrimePCR 
ddPCR Copy Number Assay; Bio-Rad) ddPCR 
assays for gene copy number variation.

An 8-µL DNA template was added to 10 µL 
ddPCR Supermix for Probes (Bio-Rad) and  
2 µL primer/probe mixture. This reaction mix 
and 60 µL Droplet Generation Oil for Probes 
(Bio-Rad) were added to a DG8 cartridge to 
generate droplets, then transferred to a 96-well 
plate (Eppendorf, Hamburg, Germany) and ther-
mal cycled as follows: 5 minutes at 95°C, 40 
cycles of 94°C for 30 seconds, 55°C (56.3°C for 
EGFR p.C797S and 54°C for TP53 p.R273C), 
for 1 minute followed by 98°C for 10 minutes 
(Ramp Rate 2°C/s). Droplets were analyzed with 
the QX200 Droplet Reader (Bio-Rad) for fluo-
rescent measurement of FAM and HEX probes.

QuantaSoft software (Bio-Rad) was used to 
obtain fractional abundance and copy number 
variations of mutant DNA alleles in wild-type/
normal background. Quantification of target 
molecules was presented as total copy number 
(mutant + WT) per sample in each reaction. 
Fractional abundance was calculated as (Nmut/
[Nmut + Nwt]) × 100, where Nmut is number  
of mutant events and Nwt is number of WT 
events per reaction. Positive and negative droplet 
counts were used to calculate the concentration 
of target and reference DNA sequences as previ-
ously described.10 Normal control DNA (human 
genomic DNA [Promega, Madison, WI]), and 
no DNA template controls were included. Sam-
ples with insufficient positive events were inde-
pendently repeated at least twice to validate 
results. Custom probe and primer sequences are 
available on request.
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RESULTS

Patient 1

A 68-year-old never-smoking woman presented 
with progressive neurologic symptoms and was 
found to have a lung mass with multiple brain, 
pulmonary, lymph node, and hepatic metastases. 
A trans-bronchial biopsy confirmed lung adeno-
carcinoma and multiplexed, allele-specific PCR 
(SNaPShot Version 4) identified an EGFR exon 
19 deletion (del19). A symptomatic brain metas-
tasis was resected, and erlotinib 150 mg daily 
was initiated with good response in all sites of 
disease.

The cancer progressed after 9 months of erlo-
tinib, and biopsy of a growing liver metastasis 
(Fig 1B; day −35) was analyzed via targeted NGS 
(SNaPshot NGS-V1), revealing both the orig-
inal EGFR del19 and acquired EGFR T790M. 
Hence, she began a clinical trial of nazartinib 
(ClinicalTrials.gov identifier: NCT02108964; 
Fig 1A, days 1 to 392) and achieved a partial 
response.11 After 11 months on nazartinib, she 
developed a solitary progressing liver metastasis 
in a location distinct from her prior lesion (Fig 
1B, day 332). Biopsy was performed on the oligo-
progressing site (confirming adenocarcinoma), 
and it was treated with percutaneous microwave 
ablation (Fig 1C, day 351). NGS (SNaPshot 
NGS-V1) again identified her EGFR del19, this 
time without T790M, suggesting outgrowth of a 
T790 WT subclone. In addition, a BRAF V600E 
mutation, not present on the pre- or post- 
erlotinib biopsy samples, was detected as the 
likely nazartinib-resistant mechanism within this 
lesion. Shortly after the ablation, further pro-
gression was noted within the thorax (day 388).

ctDNA analysis provides a noninvasive means 
of monitoring the genomic evolution of can-
cer during treatment. In this patient, multiple 
plasma samples were taken for ctDNA analy-
ses, including NGS (Guardant360; Guardant 
Health, Redwood City, CA) and ddPCR (Fig 
1D). On nazartinib initiation, ddPCR revealed 
a sharp decline in both EGFR del19 (Fig 1D, 
days 0 to 100, gray line), and T790M (red line), 
suggesting effective inhibition of the dominant 
EGFR del19/T790M subclone. By day 100, the 
mutant allele fraction (MAF) of del19 began 
to increase again, this time without rebound 
of T790M, suggesting outgrowth of a distinct 
T790WT subclone. The increase in EGFR del19 
was coincident with emergence of a previously 

undetected BRAF V600E mutation (ddPCR; 
blue line), consistent with the EGFR del19/
T790WT/BRAF V600E subclone detected in 
the contemporaneous biopsy of the progressing 
liver metastasis. Interestingly, ablation of the 
liver metastasis (Fig 1C, day 351) caused BRAF 
V600E levels to drop below detection in ctDNA, 
corresponding with radiographic regression, and 
suggesting this subclone was likely unique to the 
ablated metastasis.

Meanwhile, EGFR T790M (Fig 1D, red line) 
reappeared around day 200, accompanying a 
continued increase in total del19, emergence 
of EGFR C797S (ddPCR; gold line), and clini-
cal progression of disease in the thorax. C797S 
drives resistance to third-generation EGFR 
TKIs by disrupting the key cysteine residue at 
the drug-binding site.12-15 Although tissue biopsy 
was not obtained, we hypothesize based on 
increasing plasma levels of T790M and C797S 
that an EGFR del19/T790M/C797S clone may 
have been driving disease progression in the 
thorax. Consistent with this, Guardant360 NGS 
ctDNA analysis on day 402 revealed EGFR 
del19 (MAF 4.5%), T790M (1.1%), and C797S 
(0.6%) in cis configuration without detectable 
BRAF V600E (Fig 1C, day 402; Appendix Figs 
A1A and A1B).

Although several novel treatment strategies for 
EGFR C797S are being studied,16,17 there are 
currently no targeted therapies against T790M/
C797S available in the clinic. Thus, the patient 
discontinued nazartinib and started carboplatin/
pemetrexed chemotherapy (Fig 1A, days 400 
to 547) with an initial brief response, followed 
by disease progression in the liver and thorax  
5 months later (Fig 1B, day 547). A repeat plasma 
sample (Guardant360 NGS) demonstrated 
increasing MAF of EGFR del19 (44.8%) and 
T790M (12.3%), whereas EGFR C797S (0.5%) 
remained stable (Fig 1C, day 555; Appendix Fig 
A1C). EGFR amplification was also detected in 
the plasma at this time. The pattern of ddPCR- 
detected ctDNA clones during carboplatin/
pemetrexed chemotherapy (Fig 1D, days 400 to 
547) suggests there are (at least) two subclones 
present. We hypothesize that the EGFR del19/
T790M/C797S clone decreases after day 400, 
possibly because of its relative chemosensitivity 
to or withdrawal of the selective pressure from 
nazartinib, a scenario observed in other targeted 
therapy resistance paradigms.18 Another EGFR 
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Fig 1. (A) Treatment history of patient 1. (B) Computed tomography images of the patient’s lung nodule (top) and liver metastases (bottom) 
during treatment. (C) Results of clinical genotyping on days −35, 351 (tissue biopsies tested by SNaPshot next-generation sequencing [NGS] panel), 
and days 402 and 555 (liquid biopsies, Guardant360). For plasma results, the mutant allele fraction (MAF) for each mutation is shown in parenthe-
ses. (D) Serial circulating tumor DNA (ctDNA) droplet digital polymerase chain reaction (ddPCR) results during treatment. doce, docetaxel; osi, 
osimertinib; WT, wild type.
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del19/T790M clone (without C797S) may be 
more chemoresistant, as evidenced by increasing 
del19 and steady T790M levels during chemo-
therapy. It is also possible a third clone existed  
with more significant chemoresistance and no  
other detectable EGFR mutations besides del19. 
The decline in C797S abundance relative to 
overall del19 suggested a potential clinical 
opportunity to rechallenge with a third-generation  
EGFR TKI. On day 548, treatment was switched 
to docetaxel plus osimertinib (Fig 1A), which  
yielded a response in the thorax but progres-
sion in other sites, including the liver. Interest-
ingly, the high T790M levels quantified through 
ddPCR before reintroduction of a T790M- 
specific inhibitor (this time, osimertinib) may 
provide a molecular predictor of the retreat-
ment effect sometimes observed clinically, as in 
this patient.19

In summary, this case highlights the complexity 
and heterogeneity of resistance in EGFR-mutant 
lung cancer and provides insight into clonal evo-
lution via complementary longitudinal ctDNA 
and tumor analyses. Here, nazartinib resistance 
was attributed to two genetically distinct sub-
clones, one BRAF V600E/EGFR T790WT, the 
second EGFR T790M/C797S, each of which 
followed a distinct trajectory in response to sys-
temic and local therapies.

Patient 2

A 48-year-old never-smoking woman presented  
with flank pain and was found to have a lung 
mass with metastases to mediastinal lymph nodes, 
ovary, liver, adrenal gland, and bones, and several 
small brain metastases. A liver biopsy confirmed 
lung adenocarcinoma. The patient initiated 
cisplatin/pemetrexed chemotherapy before 
genotyping results but failed to respond. NGS 
(SNaPshot NGS-V1) revealed EGFR del19 
and TP53 R273C. MET FISH was negative for 
amplification (MET:CEP7 reference probe copy 
number ratio, 1.0). The patient began receiving 
afatinib 40 mg daily with initial response in all 
disease sites.

Progression occurred at 10 months, and a grow-
ing liver lesion underwent biopsy. NGS (Foun-
dationOne) showed EGFR del19, TP53 R273C, 
and the emergence of T790M (Fig 2C, day −29, 
core 1), prompting treatment with nazartinib. 
Interestingly, parallel NGS (SNaPshot NGS-V1) 
of a second core from the same liver biopsy 

demonstrated EGFR del19 without T790M, 
but MET amplification was detected by FISH 
(abnormal signal clusters, unquantifiable; Fig 
2C, day −29, core 2).

After 2 months receiving nazartinib (Fig 2A, 
days 1 to 57), a mixed response was observed, 
with progression of multiple liver metastases 
but reduction in mediastinal lymph nodes and 
lung mass (Fig 2B, day 54). Biopsy of the pro-
gressive hepatic metastasis on day 60 (Fig 2C) 
analyzed by NGS (SNaPshot NGS-V1) revealed 
EGFR del19 without T790M, TP53 R273C, and 
high-level MET amplification by FISH (abnor-
mal signal clusters, unquantifiable). Concurrent  
ctDNA NGS (Guardant360; Fig 2C, day 57)  
demonstrated EGFR del19 (MAF, 2.4%), T790M 
(1.1%), TP53 R273C (2.3%), and MET ampli-
fication (plasma copy number, 2.2; Appendix 
Fig A2).

Shortly thereafter, the patient suffered patho-
logic fractures requiring surgical intervention on 
the femur (Fig 2C, day 61) and humerus (Fig 2C, 
day 68.) Molecular testing (SNaPshot NGS-V2) 
of both bone lesions demonstrated EGFR del19 
without T790M; MET FISH was also negative. 
On the basis of MET amplification observed 
within the liver and ctDNA, nazartinib was dis-
continued and combination therapy initiated 
(Fig 2A, days 70 to 100) with erlotinib (100 mg 
daily) and crizotinib (250 mg daily), a regimen 
effective in another patient with EGFR-mutant, 
MET-amplified cancer.20 Scans 1 month later 
showed reduction in the MET-amplified liver 
metastasis that previously underwent biopsy but 
marked disease progression elsewhere (Fig 2B, 
day 100). The patient transitioned to hospice 
care.

In this case, ddPCR of longitudinal ctDNA 
confirmed the mixed molecular response to 
nazartinib. As expected, EGFR del19 and T790M 
declined on nazartinib initiation (Fig 2D, days 1  
to 25, gray and red lines), but we observed a 
coincident increase in normalized MET copy 
number (ddPCR; Fig 2D, blue line). Taken 
together with the biopsy and radiographic 
findings, the increasing MET signal likely cor-
responds to a clone residing within the hepatic 
metastases, whereas the decline in T790M may 
arise from a nazartinib-sensitive clone within 
the thorax. On withdrawal of the T790M- 
targeted nazartinib and initiation of erlotinib/
crizotinib (a combination expected to inhibit 
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MET-driven subclones but not capable of 
overcoming T790M), the MET copy number 
declined while T790M increased rapidly. Clin-
ically, we observed growth of the lung nodule 

but shrinkage of the MET-amplified liver lesion 
that previously underwent biopsy, highlighting 
the differential responses of genetically distinct 
resistant subclones.
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Fig 2. (A) Treatment history of patient 2. (B) Computed tomography images of the patient’s liver metastases (top) and lung mass (bottom) during 
treatment. (C) Results of tissue genotyping with SNaPshot next-generation sequencing (NGS) panel on days −29, 60, 61, and 68 and Guardant360 
plasma test (mutant allele frequencies [MAFs] in parentheses) on day 57. (D) Serial circulating tumor DNA (ctDNA) droplet digital polymerase 
chain reaction (ddPCR) results during treatment.
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DISCUSSION

These two EGFR-mutant lung cancer cases with 
serial tissue and plasma biopsies present a unique 
opportunity to study clonal evolution in depth 
during diverse molecularly targeted therapies. 
Our findings illustrate the critical role hetero-
geneity plays in resistance to targeted therapies 
and the clinical challenge posed by genetically 
distinct subpopulations that respond differen-
tially to treatment.

Heterogeneity in the context of EGFR resis-
tance has been documented in both autopsy and  
ctDNA-based studies.14,21,22 We previously 
described an afatinib-resistant pleural effusion, 
which was T790M positive on clinical testing, 
but single-cell cloning revealed both T790M- 
mutant and T790WT subclones. In a cohort of 
such patients, either subpopulation could spawn 
the dominant driver of subsequent resistance to 
third-generation EGFR TKIs.6 Recently, Blakely 
et al23 demonstrated increasing heterogeneity of 
an EGFR-mutant cancer across multiple lines 
of therapy through whole-exome sequencing of 
serial biopsies and autopsy specimens. The two 
cases reported here build on these observations 
and reveal that one can clinically document 
coexistent, genetically distinct subpopulations 
differentially responding as predicted by their 
genotype in real time to therapies. In patient 
2, EGFR T790M and MET amplification were 
both readily detected in tumor and plasma at 
the time of afatinib resistance. The presence of 
two resistant subclones may explain the overall 
lack of clinical benefit from nazartinib, a drug 
targeting T790M but not MET amplification. 
Indeed, Chabon et al14 also demonstrated that 
coexistence of T790M and MET amplification 
within ctDNA predicted poorer outcomes than 
T790M alone on a third-generation TKI.14 In 
contrast, patient 1 had only T790M detected 
on erlotinib progression and enjoyed a durable 
response to nazartinib. Her ultimate nazartinib 
resistance was driven initially by a T790WT/
BRAF-mutant clone localized to a solitary liver 
metastasis that was transiently eradicated from 
ctDNA by directed ablation and, subsequently, 
by a T790M/C797S subclone. In each case, the 
coexistent clones followed divergent trajectories, 
which were apparent within plasma, highlight-
ing the complementary role of ctDNA to tumor 
biopsies and radiographs to assess subclone- 
specific response to treatment.

Patient 1 also adds to a growing understand-
ing of third-generation EGFR TKI resistance. 
Although EGFR C797S has previously been 
described in osimertinib, olmutinib, and rocile-
tinib resistance,12-15 to our knowledge this is the 
first report of C797S emergent after nazartinib. 
Bypass pathway activation via BRAF V600E has 
also been described in resistance to both first- and 
third-generation EGFR TKIs.24,25 The observa-
tion of these bona fide resistance mechanisms in 
nazartinib resistance confirms the drug’s potency 
and effective target inhibition.5 However, despite 
broad molecular testing capable of detecting all 
described genomic mechanisms of EGFR TKI 
resistance, we have been unable to identify the 
etiology of progression within patient 2’s bone 
metastases. Previous studies of EGFR TKI 
resistance have focused primarily on genetic 
resistance mechanisms and histologic transfor-
mations but have been limited in characterizing 
epigenetic and other nongenomic contributors. 
Broader efforts may be required moving forward 
to more fully characterize resistance.

Locally ablative therapies (LAT) to treat sites 
of oligoprogression are often used to prolong 
disease control among patients with EGFR- and 
ALK-positive disease.26 In patient 1, microwave 
ablation of an oligoprogressive EGFR del19/
BRAF V600E-mutant liver metastasis caused 
the corresponding ctDNA signal to fall below 
detectable levels, suggesting local therapy can 
effectively eradicate a focally restricted resistant 
clone and lending biologic rationale to the use 
of LAT. In this patient, ablation did not provide 
sufficient overall disease control, likely because 
of the EGFR del19/T790M/C797S subclone 
already detectable in plasma at the time of abla-
tion, which emerged clinically shortly thereaf-
ter. ctDNA analysis before LAT may distinguish 
patients with a singular resistance mechanism 
from those with polyclonal resistance and steer 
patient selection, although additional prospective 
study is required to validate such an approach.

Tumor biopsies have formed the cornerstone of 
research on EGR TKI resistance and have sev-
eral advantages: they allow for histologic and 
immunohistochemical analyses, greater depth 
of molecular characterization including RNA 
and copy number analyses, and establishment 
of cell line models for functional studies. How-
ever, a single tumor biopsy is spatially limited to 
a minute fragment of a patient’s overall cancer 
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burden. Conversely, ctDNA is shed from mul-
tiple disease sites and thus may illustrate coexis-
tent subclonal genetic alterations. Sometimes, as 
in patient 1, plasma identifies resistance mecha-
nisms not detected in tissue (here, EGFR C797S), 
although its utility is limited in patients with low 
levels of ctDNA. Many plasma assays, on the 
basis of both ddPCR and NGS, are now clini-
cally available, and additional studies to define 
optimal strategies are needed. Here, we used a 
broad NGS-based ctDNA panel at key points of 
disease progression and ddPCR, which is gener-
ally more sensitive and cost-effective than serial 
NGS, to retrospectively quantify known genetic 
variants in plasma samples banked during treat-
ment. Although this strategy was well suited to 
our longitudinal analysis, in practice providers 
must select the most appropriate test on the basis 
of gene coverage, turnaround time, and cost.

Ultimately, our cases illustrate the critical role 
of cancer heterogeneity in targeted therapy–
acquired resistance and provide a glimpse of  
a future where real-time information gleaned 
from tracking resistant clones during treatment 
could be clinically meaningful. In each case, 
ctDNA revealed both T790M-positive and 
T790WT clones, providing a molecular ratio-
nale for nazartinib failure. Currently, T790M 

status is used to determine whether a patient 
should be treated with second-line osimerti-
nib,1 but our data suggest that looking beyond 
T790M might have relevance; incorporating 
broader tissue and plasma panels into routine 
testing may identify other clones influencing the 
success of subsequent therapies. More heteroge-
neous tumors may have less robust responses to 
singularly focused therapeutics. This paradigm 
also translates to other analogous situations, 
such as acquired resistance to first-line osim-
ertinib and selection of sequential ALK TKIs 
in patients with ALK rearrangements. Future 
clinical trials should incorporate longitudinal 
ctDNA- and tissue-based assessments during 
therapy to develop a more complete understand-
ing of dynamic evolution under the pressure of 
treatment and which clones survive and drive 
resistance. Ultimately, we expect a more sophis-
ticated understanding of resistance will better 
inform innovative strategies to reduce heteroge-
neity, eradicate the seeds of eventual resistance, 
and induce more durable remissions.
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Appendix

12� ascopubs.org/journal/po JCO™ Precision Oncology

Fig A1. (A) Results of next-generation sequencing of circulating tumor DNA (ctDNA) by Guardant360 for patient 1, day 402 (progression on 
nazartinib). The mutant allele fractions (percent cfDNA) are shown for each mutation detected. (B) Integrated Genomics Viewer figure demon-
strating that T790M and C797S are coexistent on the same allele (cis configuration). 
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Fig A1. (Continued). (C) Results of subsequent ctDNA analysis on day 555 (progression on carboplatin/pemetrexed) with an overall increase in 
the mutant allele fraction of EGFR del19 and T790, whereas EGFR C797S declined slightly. (‡) Synonymous variant.
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Fig A2. Results of 
Guardant360 ctDNA anal-
ysis obtained for patient 
2 on day 57 (progression 
on nazartinib) are shown. 
EGFR del109, T790M, and 
MET amplification are all 
detected. (‡) Synonymous 
variant
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Table A1. Genes Covered by SNaPshot NGS Testing, by Version

Assay/Version Genes Covered (exons, if applicable)

Snapshot v4 Hotspots of the following genes: AKT1, APC, BRAF, CTNNB1, EGFR, 
ERBB2 (Her2), FGFR3, GNA11, GNAQ, GNAS, HRAS, IDH1, IDH2, 
KIT, KRAS, MAP2K1 (MEK1), NOTCH1, NRAS, PIK3CA, PTEN, 
RET, TP53

Snapshot NGS V1 AKT1 (3), ALK (22, 23, 25), APC (16), BRAF (11, 15), CDH1 (1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16), CDKN2A (1, 2, 3), CTNNB1 (3), 
DDR2 (12, 13, 14, 15, 16, 17, 18), EGFR (7, 15, 18, 19, 20, 21), ERBB2 
(10, 20), ESR1 (8), FBXW7 (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11), FGFR1 (4, 
8, 15, 17), FGFR2 (7, 9, 12,14), FGFR3 (7, 8, 9, 14, 16), FOXL2 (1), 
GNA11 (5), GNAQ (4, 5), GNAS (6, 7, 8, 9), HRAS (2, 3), IDH1 (3, 4), 
IDH2 (4), KIT (8, 9, 11, 17), KRAS (2, 3, 4, 5), MAP2K1 (2, 3), MET 
(14, 16, 19, 21), NOTCH (25, 26, 34), NRAS (2, 3, 4, 5), PDGFRA (12, 
14, 18, 23), PIK3CA (2, 5, 8, 10, 21), PIK3R1 (1, 2, 3, 4, 5, 6, 7, 8, 9, 
10), PTEN (1, 2, 3, 4, 5, 6, 7, 8, 9), RET (11, 16), ROS1 (38), SMAD4 
(2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12), SMO (9), STK11 (1, 2, 3, 4, 5, 6, 7, 8, 
9), TP53 (1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11), and VHL (1, 2, 3)

Snapshot NGS V2 ABL1 (4-7), AKT1 (3, 6), ALK (21-23, 25), APC (16), ARID1A (1-20), 
ATM (1-63), ATRX (1-35), AURKA (2, 5-8), BRAF (11, 15), BRCA1 
(2-23), BRCA2 (2-27), CCNE1 (3-8, 10, 12), CDH1 (1-16), CDK4 
(2-7), CDKN2A (1-3), CIC (1-20), CSF1R (7, 22), CTNNB1 (3), DAXX 
(1-8), DDR2 (12-18), DDX3X (1-17), EGFR (3, 7, 15, 18-21), ERBB2 
(8, 10, 19-21, 24), ERBB3 (2-3, 7-8), ERBB4 (3-4, 6-9, 15, 23), ESR1 
(8), EZH2 (16), FBXW7 (1-11), FGFR1 (4,7-8,13,15,17), FGFR2 
(7,9,12,14), FGFR3 (7-9, 14-16, 18), FLT3 (11, 14, 16, 20), FOXL2 
(1), GNA11 (5), GNAQ (4-5), GNAS (6-9), H3F3A (2), HNF1A (3-4), 
HRAS (2-3), IDH1 (3-4), IDH2 (4), JAK2 (11, 13-14, 16, 19), JAK3 
(4, 13, 16), KDR (6-7, 11, 19, 21, 26-27, 30), KEAP1 (2-6), KIT (2, 
8-11, 13-15, 17-18), KRAS (2-5), MAP2K1 (2, 3, 6-7), MAP3K1 (1-20), 
MDM2 (2-4, 6, 8, 10), MEN1 (2-10), MET (2, 11, 14, 16, 19, 21), 
MLH1 (12), MPL (10), MSH6 (1-10), MSI, MYC (1-3), MYCN (3), 
NF1 (1-58), NF2 (1-15), NOTCH1 (25-27, 34), NPM1 (11), NRAS 
(2-5), PIK3CA (2, 5, 7-8, 10, 14, 19, 21), PIK3R1 (1-10), POLE (9-14), 
PTCH1 (1-23), PTEN (1-9), PTPN11 (3, 13), RB1 (1-27), RET (10-11, 
13-16), RHOA (2-3), RNF43 (2-10), ROS1 (38), SDHB (1-8), SMAD2 
(7), SMAD4 (2-12), SMARCA4 (3-36), SMARCB1 (2, 4, 5, 9), SMO (3, 
5-6, 9, 11), SRC (14), STAG2 (3-34), STK11 (1-9), SUFU (1-12), TERT 
(1), TP53 (1-11), TP63 (1-14), TSC1 (3-23), TSC2 (2-42), TSHR (10), 
VHL (1-3)

Abbreviation: NGS, next-generation sequencing.

ascopubs.org/journal/po JCO™ Precision Oncology 15

http://ascopubs.org/journal/po

