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ABSTRACT
Background

Epidermal growth factor receptor (egfr) tyrosine kinase inhibitors (tkis) are standard therapy for
patients with advanced or metastatic non-small-cell lung cancer harbouring an EGFR mutation. Upon progression,
50%–60% develop a secondary T790M mutation. Recent trials demonstrated outcome improvement with osimertinib
compared with standard platinum-based chemotherapy as second-line therapy for patients with secondary T790M
mutation. To identify T790M, a biopsy of the tumour or, more recently, plasma is necessary. This retrospective study
aimed to evaluate biopsy procedures and mutational analysis at 2 Canadian cancer centres.

Methods In a retrospective review of patients who were approached to enrol in the aura 2, aura3, or astris studies, demographics, eligibility for rebiopsy upon progression after an egfr tki, rebiopsy methods and complications,
number of rebiopsies, and incidence of the T790M mutation were collected.
Results

Of 84 patients considered for trial enrolment, 80 signed a consent. In 78 patients who underwent rebiopsy,
computed tomography or ultrasonography guidance were the most common methods used. The most common
biopsy sites were lung and lymph nodes. The median number of rebiopsies performed to find a T790M mutation was
2. Only 9% of patients experienced complications. Of samples obtained, 74% were adequate for testing after initial
rebiopsy. A T790M mutation was found in 47 patients, of whom 44 were enrolled on a trial. After multiple rebiopsies,
only 5% of samples were inadequate for molecular analysis.

Conclusions

In the Canadian setting, the acceptance of rebiopsy on progression was high. Multiple rebiopsies
were clinically feasible and could increase the yield for T790M mutation. The incidence of complications was low
despite the most common site for rebiopsy being lung.
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INTRODUCTION
An activating mutation in exon 19 or 21 of the kinase domain
of the EGFR gene, first reported in 20041,2, confers sensitivity to epidermal growth factor receptor ( egfr ) tyrosine
kinase inhibitors (tkis), including first-generation (gefitinib,
erlotinib) and second-generation types (afatinib and,
more recently, dacomitinib). Subsequently, randomized
phase iii trials showed superior median progression-free
survival, objective response rate, safety and tolerability, and
in some instances, median overall survival for egfr tki s
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compared with platinum-based chemotherapy 3–12 . As a
result, egfr tki s have been widely adopted into clinical
practice throughout the world for patients with recurrent
and metastatic nonsquamous non-small-cell lung cancer
(nsclc ) that harbours activating EGFR mutations: either
an exon 19 deletion or an exon 21 L858R point mutation.
Despite an initial rapid response to egfr tki treatment,
patients will inevitably experience disease progression after
a median duration of 10–20 months3–8,11,13. As summarized
by Gainor and Shaw14, multiple resistance mechanisms
found in post-progression biopsies have been documented
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in the literature. The most common secondar y resista nce mecha nism is a T790M mutat ion in exon 20 of
EGFR, which leads to steric hindra nce for binding of
both the first- and second-generation egfr tk i s at the
kinase domain. Osimertinib was found to yield improvements in t he overa l l response rate, prog ression-f ree
survival, and tolerability in phase i /ii studies ( aur a and
au r a 2) 15 –17 i nvolv i ng pat ients w it h t hat mutat ion.
Later, osimertinib was associated with superior clinical
outcomes (progression-free survival, overall response
rate, and tolerability) when compared with both stand ard platinum–pemetrexed palliative chemotherapy in
patients pre-treated with an egfr tki ( aur a 3)18 and with
first-generation egfr tkis in patients with treatment-naïve
EGFR mutation–positive (EGFRm+) recurrent and metastatic
nsclc (flaura)19.
To tailor subsequent therapy to resistant molecular
aberrations, including T790M, a new tissue or plasma
biopsy (“rebiopsy”) is necessary, and up to 7% of patients
refused to undergo biopsy for various reasons, including
perceived risk, occurrence of complications during an
earlier biopsy, and poor hea lth status, among others.
Approximately 20% –50% of patients did not undergo a
rebiopsy upon progression because of the absence of
a lesion that was amenable to rebiopsy, physician decision,
age of the patient, comorbidity that was deemed unsafe to
permit rebiopsy, and declining performance status20–26.
However, little research is available about how frequently
post-progression rebiopsies of recurrent and metastatic
EGFRm+ nsclc are used in clinical practice in the Canadian setting. In addition, little is known about the clinical
utility of post-progression rebiopsy procedures in terms
of acceptance by patients and of sufficiency and quality
to effectively guide treatment. Furthermore, the rate of
rebiopsy-related complications in Canada is not well documented. We therefore conducted a retrospective analysis of
biopsy-on-progression procedures and mutational analysis
in patients who were approached to enrol in the aur a 2,
aura 3, and astris trials at 2 Canadian centres.

METHODS
Study Design
This retrospective cohort study of patients who were
being considered for potential enrolment in the aur a 2
(NCT02094261 at https://Clinica lTria ls.gov/), au r a 3
(NCT02151981), or astris (NCT02474355) trials had the
primary objective to describe and characterize the acceptance rate by patients and the feasibility rate for rebiopsy on
progression of EGFRm+ nonsquamous nsclc at 2 Canadian
academic cancer centres. Data from June 2014 to February
2017 (based on date of progression) were included.
Secondary objectives included
■■

■■
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describing the demographic and clinical characteristics of patients with nonsquamous nsclc harbouring
activating EGFR mutations who were considered for
rebiopsy on progression.
describing the reasons for exclusion of, and barriers to
testing for, patients judged to be ineligible for rebiopsy
on progression.

■ ■ quantifying the timelines associated with rebiopsy
on progression.
■ ■ characterizing the procedure used for rebiopsy on
progression (for example, needle type, anatomic
localization).
■■ describing complications associated with rebiopsy on
progression and their clinical management.

Study Population
The study included patients with EGFRm+ nonsquamous
recurrent or metastatic nsclc from 2 Canadian institutions
(BC Cancer–Vancouver in British Columbia, and the Cross
Cancer Institute in Edmonton, Alberta) who were evaluated
to undergo post-progression rebiopsy for potential enrolment on the aura 2, aura3, and astris studies. Research ethics approval was obtained from the respective institutional
research ethics boards before study initiation. Patients who
were T790M-positive, -negative, or -unknown (that is, test
results were inconclusive) and those who did not undergo
rebiopsy on progression were included in the analysis.

Variables and Outcomes
Demographic and clinical characteristics were abstracted
from patient charts and electronic medical records. Study
measures, tied directly to each objective, included a full
description of the patient with respect to initial diagnosis,
treatment, biopsy history and T790M testing, summary of
acceptance or refusal to undergo rebiopsy on progression,
timelines for the rebiopsy procedure, eligibility or ineligibility for T790M-targeted therapy, and an overview of
complications for those who underwent rebiopsy.

Statistical Analysis
Descriptive analyses on the study measures were conducted.

RESULTS
Baseline Characteristics
The screening logs from aur a 2 (June–September 2014),
aur a 3 (November 2014–August 2015), and astris (April
2015–February 2017) were reviewed, and 84 patients with
an activating EGFR mutation who had progressed on an
egfr tki and who had been approached for trial enrolment
were identified.
Median age of the 84 patients was 63 years (range:
36–86 years), with 79% being women, 75% having an Eastern Cooperative Oncology Group performance status of
0–1, and 73% being never-smokers (Table i). Exon 19 was the
more common EGFR mutation (60%). Monotherapy with
an egfr tki was given as first-line treatment in 61 patients.
In 20 patients, prior platinum-based chemotherapy with or
without pemetrexed maintenance had been given for their
recurrent or metastatic EGFRm+ nsclc . Only 3 patients
received an egfr tki plus 2 or more lines of palliative systemic therapy. Furthermore, 68 patients had received an
egfr tki as their most recent line of therapy, and 14 had
received an egfr tki followed by platinum-based chemotherapy. Only 2 patients had received an egfr tki followed
by more than 1 line of prior therapy before their rebiopsy.
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TABLE I

Characteristics of Rebiopsy

Baseline patient characteristics

Characteristic

Value

Participants (n)

84

Age (years)
Median
Range

63
36–86

Sex [n (%)]
Men
Women

27 (31)
57 (79)

ECOG PS [n (%)]
0
1
2
Missing or not reported

9 (11)
54 (64)
19 (23)
2 (2)

Smoking status [n (%)]
Former smoker
Current smoker
Never-smoker

18 (21)
5 (6)
61 (73)

EGFR mutation [n (%)]
Exon 19 deletion
Exon 21 L858R
L861Q
Not reported

50 (60)
30 (36)
1 (1)
3 (4)

Prior curative therapy [n (%)]
Yes
No

15 (18)
69 (82)

Prior systemic therapy [n (%)]
EGFR TKI
Alone
Plus platinum-based chemotherapy
± maintenance pemetrexed
Plus platinum-based chemotherapy
± maintenance pemetrexed
+ other systemic therapy

61 (73)
20 (24)
3 (3)

Prior response to EGFR TKI [n (%)]
Complete response
Partial response
Stable disease
Progressive disease
Unknown or missing data

1 (1)
59 (70)
18 (21)
5 (6)
1 (1)

Prior palliative radiation [n (%)]
Yes
No

56 (67)
28 (34)

Managing site [n (%)]
BC Cancer–Vancouver
Cross Cancer Institute

60 (71)
24 (29)

Trial participation [n (%)]
ASTRIS
Assessed
Enrolled
AURA2
Assessed
Enrolled
AURA3
Assessed
Enrolled

Of 80 patients who signed consent for trial enrolment, 78
underwent rebiopsy, and of those 78, 58 (74%) had adequate dna for EGFR mutational analysis for both activating
and T790M mutations, with 33 patients being found to
be T790M-positive. Interestingly, T790M positivity was
more likely to be detected in samples from patients who
had undergone image-guided rebiopsy by either computed tomography (cr) or ultrasonography (48%–57% vs.
11%–36% in patients whose biopsy was not image-guided).
In 7 samples, insufficient tumour cells were obtained for
molecular analysis. An additional 11 rebiopsy samples
failed to yield adequate dna for molecular analysis. A 2nd
rebiopsy in 25 patients produced 15 samples deemed to be
adequate for testing, with 94% of patients having adequate
tissue after 2 attempts. Of 25 patients, 8 tested positive for
T790M mutation. A 3rd rebiopsy in 13 patients led to 9 specimens being deemed adequate for testing, with 5 additional
patients being found to harbour the T790M mutation. A 4th
rebiopsy by endoscopic bronchial ultrasonography (ebus)
in 1 patient was positive for T790M mutation. In total, 47
patients were found to have the T790M mutation after a
median of 2 rebiopsy attempts during the screening period
for the 3 osimertinib studies. Of the patients found to
be T790M-positive, 44 were successfully enrolled onto one
of the clinical studies (Figure 1).
Lung and mediastinal nodes (64%) were the most
common biopsy sites, followed by thoracentesis (14%),
liver (8%), bone (4%), and others (Table ii ). The 3 most
common methods of rebiopsy were ct-guided lung or liver
biopsy (32%), followed by bronchoscopy or ebus (32%) and
ultrasonography-guided biopsy of liver, lymph nodes, or a
chest wall lesion (18%). Core biopsy was the most common
pathology sample (48% of patients), followed by fine-needle
aspiration (18%), and transbronchial samples (14%). Plasma
T790M testing was performed for only 4% of patients.
Median time from documented radiologic progression
to first rebiopsy was 73.9 ± 171.3 days); median time from
rebiopsy to receipt of the sample at the central or local
molecular laboratory was 35 ± 161.7 days; and median time
from receipt at the molecular laboratory to result availability
was 19.8 ± 69.3 days.

Complications from Biopsy and Rebiopsy
Of the 84 patients, 9 (11%) experienced complications when
they underwent biopsy at the initial diagnosis of their nsclc.

49 (58)
27 (32)
14 (17)
6 (7)
21 (25)
11 (13)

ECOG PS = Eastern Cooperative Oncology Group performance status.
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FIGURE 1 CONSORT diagram of patient deposition in this analysis.
EGFRm = EGFR mutation; NSCLC = non-small-cell lung cancer; TKI =
tyrosine kinase inhibitor.
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The most common complications were pneumothorax with
or without bleeding [4% (2 patients undergoing ct-guided
lung biopsy, and 1 patient undergoing bronchoscopy or
ebus )], followed by desaturation post-bronchoscope (1
TABLE II Operational characteristics of biopsy
Characteristic
Patients (n)

Value
78

Sample type [n (%)]
Core needle

38 (48)

Fine-needle aspiration

14 (18)

Transbronchial biopsy

11 (14)

Pleural fluid cytology or cell block

6 (7.7)

Plasma

3 (3.8)

Reasons for Ineligibility for a Study

Brain resection

2 (2.6)

Lung resection

1 (1.3)

Othera

2 (2.6)

Of the 40 patients who were ineligible for the osimertinib
studies, reasons included T790M negativity (72.5%), decline
in performance status or death (15%), inadequate tissue
(5%), biopsy refusal by patient (2.4%), inability to biopsy
because of the absence of accessible metastatic lesions

Biopsy method [n (%)]
Overall

Bronchoscope or EBUS

25 (32)

Outcome

Ultrasonography-guided

14 (18)

Patients (n)

Plasma

3 (3.8)

Complications of rebiopsy [n (%)]

Other

9 (12)

Yes

7 (9)

Unknown/Not reported

2 (2.6)

No

67 (86)

Not reported

4 (5.1)

Computed tomography–guided

12 (15)

Bronchoscope or EBUS

9 (12)

Ultrasonography-guided

8 (10)

Plasma

1 (1)

Other

1 (1)

Unknown/Not reported

1(1)

Value
78

Adequacy of tissue for molecular analysis
after initial rebiopsy [n (%)]
Yes

58 (74)

No

18 (23)
Inadequate tumour tissue
Inadequate DNA in tumour tissue

Missing or not reported

7 (9)
11 (14)
2 (3)

Molecular testing facility used for
first adequate rebiopsy [n (%)]

Lung or lymph nodesb

50 (64)

Pleural fluid

11 (14)

Local

27 (35)

Liver

6 (7.7)

Central

18 (23)

Bone

3 (3.8)

Third-party

9 (12)

Plasma

3 (3.8)

Local and central

1 (1.3)

Brain

2 (2.6)

Unknown or not reported

Chest wall

1 (1.3)

Peritoneal mass

1 (1.3)

Tissue

58 (74)

Unknown or missing data

1 (1.3)

Plasma

3 (3.8)

Pleural or pericardial fluid

3 (3.8)

Missing or not reported

14 (18)

Endobronchial brushing or pericardial fluid cytology.
Mediastinal or supraclavicular.
CT = computed tomography; EBUS = endoscopic bronchial ultrasonography
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Outcome of biopsy samples

25 (32)

Biopsy location [n (%)]

b

TABLE III

Computed tomography–guided

Sample showing T790M positivity

a

patient), pain from puncture of the femoral cortex (1 patient),
and bleeding and pain at the biopsy site (1 patient). None
of the complications required invasive measures except
in the patient who developed pneumothorax and bleeding after the bronchoscopy or ebus (treated with balloon
tamponade and lavage).
Of the 78 patients (9%) who underwent rebiopsy for
T790M mutation analysis, 7 experienced complications;
all except 1 experienced the complication during the 1st
rebiopsy (Table iii). Pneumothorax occurred in 4 patients
after ct-guided biopsy of a lung lesion. All cases of pneumothora x resolved spontaneously without aggressive
interventions. After ct-guided lung biopsy, 1 patient each
experienced fever requiring antibiotics, minor bleeding in
the lung, and chest pain and cough requiring no further
therapy. No biopsy-related death was observed.

3 (4)

Sample type [n (%)]
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(2.5%), and symptomatic brain metastases requiring
radiation (2.5%).

DISCUSSION
Our study of rebiopsy for characterization of molecular signatures in patients with advanced EGFRm+ nsclc progressing on first- or second-generation egfr tkis demonstrated
a refusal rate of 5%, a successful biopsy rate of 74% on 1st
attempt and of 94% on 2nd attempt, and a complication rate
less than 10%. Those real-world data suggest that rebiopsy
is feasible and acceptable to patients when associated with
a need for clinical decision-making.
EGFR activating mutations occur in 15% – 40% of
patients with nonsquamous nsclc, with the highest incidence being seen in patients of Asian ethnicity, women, and
never-smokers27, which aligns with our retrospective study
population (79% women and 73% never-smokers). Of our
patients, 56% (47 of 84) were found to harbour the T790M
mutation after progression on gefitinib, afatinib, or erlotinib—an incidence comparable to that reported in aura318
and other contemporary series (33%–70%)20,21,23–25,28–30. In
addition, patients with an EGFR exon 19 deletion (60%) were
more commonly represented in our series—an observation
possibly related to their more prolonged response to an egfr
tki31. Of the 44 patients with a secondary T790M mutation
who were enrolled onto a clinical trial, 32 initially had an
exon 19 deletion mutation, which was similar to observations in some series20,21,25, but not others24,26,29. Prolonged
response to an egfr tki, especially in patients initially harbouring an exon 19 deletion, might predict the occurrence
of a secondary T790M mutation31. Interestingly, no small-cell
transformation was detected in the present series21,22.
At the time that the osimertinib studies in this series
were being conducted, tumour biopsy was the only validated method for detecting the T790M mutation. Only 2 of
the 84 patients who were approached for enrolment (2.4%)
refused to undergo a tumour biopsy. The refusal rate for
biopsy ranged from 1.2% to 7.1% in other studies22,23,30,32.
Mirroring other reports, further reasons that rebiopsy was
infeasible included absence of an accessible lesion, worsening performance status, physician decision, old age,
comorbidity, and the presence of brain metastasis alone
upon progression from prior therapy20,22,23,26,30,32. Overall,
patient input did not seem to be the major barrier to tumour
rebiopsy for the studies in question, nor was it a barrier in
our analysis. Patients are likely to be receptive to invasive
procedures if additional pathology information can gain
them access to novel therapies and significantly affect their
clinical outcomes.
In some series, a barrier to rebiopsy more commonly
arose from the risk of complications perceived by the
physician, based on patient comorbidity, age, and performance status 22,32 . In our study, rates of complications
at initial diagnosis and at the time of rebiopsy for T790M
analysis were low. The most common methods of tissue
acquisition were ct- or ultrasonography-guided biopsy,
and 30% of the patients (25 of 84) underwent more than 1
rebiopsy upon progression. Pneumothorax was the most
common complication. Most of the affected patients did
not require aggressive measures, as per prior studies22,24,25.
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To minimize risk, collaboration with radiologists, invasive
pulmonary physicians, and thoracic surgeons is important
so that the rebiopsy is performed on the most accessible
lesions, with the lowest risk of complications, and with
the highest chance of adequate sample acquisition and
detection of resistance mutations.
The likelihood of detecting T790M positivity can be
further improved if the lesion biopsied has documented
progression on imaging. In our study, image-guided biopsy
was the most common method used for tissue acquisition,
as in some other series20,21,30,32 ; still other series reported
use of bronchoscopy or ebus22–25. The predominant method
of tissue acquisition at an institution is probably related to
accessibility, local expertise, and wait times.
Even with a well-devised biopsy plan, the tissue acquired
might not have sufficient dna for a mutational analysis—a
situation that occurred in 23% of the initial rebiopsies
in our series (18 of 78) and that aligns with the expected
10% –40% previously reported 20,22–24,29. After repeated
rebiopsies, only in 5 patients could sufficient tumour tissue
for mutational analysis not be acquired. Repeated rebiopsy
was feasible and safe.
Although circulating tumour dna for EGFR and T790M
mutational analysis is being adopted into the clinic, with
sensitivity ranging from 50% to 80% depending on the
method used33,34, a substantial number of patients will still
require tissue biopsy to determine if they are candidates
for egfr tki therapy targeting both activating EGFR and
T790M mutations (for example, if circulating tumour dna
tests are negative or inconclusive). Thus, the findings of the
present report remain relevant for the foreseeable future.
The median time from detection of progression to
rebiopsy comprised imagining (7–10 days before the clinic
appointment), time to organize a biopsy (7–21 days after the
appointment, depending on the modality required), and
the practice of treatment beyond radiologic progression for
asymptomatic patients22,35,36. Median times from biopsy
to receipt by the laboratory and to result for EGFR T790M
mutation were longer than expected. In the present study,
biopsies were performed at the 2 Canadian centres, and
testing was performed at either a local or a central laboratory. The recommended time from receipt of the sample to
result is 10 business days according to evidence-based best
practice in Canada37. Ongoing communication between the
medical oncologists and the Molecular Pathology Laboratory has to be in place to ensure adherence to that guideline,
because substantial delay might compromise access to
osimertinib and thus outcomes in this patient population.
Because the present analysis is retrospective, some of
the data were incomplete, including the duration of benefit, details of the response to egfr tki treatment, and the
sites of metastatic disease at the time of biopsy for T790M
mutation. Those data might provide further insight into
the characteristics of the patients who were more likely to
harbour T790M mutation upon progression on an egfr tki.
In addition, the actual number of patients with EGFRm+
recurrent or metastatic nsclc who progressed during the
enrolment period for aur a 2, aur a 3, and astris might not
have been fully captured. Patients approached for trial
enrolment might represent a subset who were willing to
undergo biopsy or who had been determined to have more
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indolent and biopsy-feasible metastatic disease. Thus, the
rates of biopsy refusal, complication, and tissue inadequacy
might be underestimated.

7.

CONCLUSIONS
In this contemporary retrospective analysis, the incidence
of T790M mutation in patients with EGFRm+ nsclc who
had received prior egfr tki therapy was comparable to
incidences reported in the literature. The consent rate for
rebiopsy was high, and complication rates were clinically
acceptable, which supports the practice of precision medicine in nsclc treatment in Canada in addition to—or in
advance of—widespread use of testing based on circulating
tumour dna.
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