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Abstract. Aim: To assess the patterns of disease
progression in advanced/metastatic epidermal growth factor
receptor (EGFR)-mutant non-small-cell lung cancer
(NSCLC) on first-line treatment with erlotinib and identify
potential prognostic factors for progression-free survival
(PFS). Patients and Methods: Patients with stage IIIB/IV
EGFR-mutation-positive NSCLC receiving first-line erlotinib
were followed-up until 24 months after the last patient was
enrolled or until premature withdrawal for any cause.
Results: A total of 127 evaluable patients were enrolled. The
median PFS and overall survival were 8.8 and 19.1 months,
respectively. Disease progression was asymptomatic in
57.6% of patients and 53.3% developed new sites of
metastasis. The presence of liver metastasis was identified
as an independent prognostic factor for poor PFS.
Conclusion: Metastatic progression with asymptomatic
disease seems to be the predominant pattern of disease
progression on first-line erlotinib in real-life practice in
patients with advanced/metastatic EGFR-mutant NSCLC.
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Additionally, the presence of liver metastases may negatively
affect PFS in these patients.

Non-small-cell lung cancer (NSCLC), accounting for more
than 85% of lung cancer cases, is the leading cause of
cancer-related death worldwide (1). Most patients with
NSCLC present with locally advanced or metastatic disease
at initial diagnosis (1). The standard first-line treatment has
traditionally consisted of platinum-based combination
chemotherapy, but unfortunately, it provides a modest overall
survival (OS) benefit (2-4).

Increased knowledge of the molecular biology of lung
cancer has shifted the
individualized therapy based on molecular characterization
of the tumor. Accordingly, epidermal growth factor receptor
(EGFR) has become an important molecular target in
NSCLC, and has led to the development of tyrosine kinase
inhibitors (TKIs) such as gefitinib, erlotinib, afatinib, and the
third-generation TKI osimertinib. The presence of EGFR-
activating mutations has been associated with a superior
clinical benefit of EGFR-TKIs in patients with advanced
NSCLC (5-8). Compared to standard first-line platinum-
based chemotherapy, treatment with EGFR-TKIs has shown
a significantly improved clinical outcome in patients
harboring activating mutations in exons 18-21 which encode
the tyrosine-kinase domain of the EGFR gene (5-10). EGFR-
TKI therapy has, therefore, emerged as the standard of care
in the first-line setting for patients with NSCLC and EGFR-
activating mutations.
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However, despite the striking initial response and the
significant survival benefit obtained with EGFR-TKIs, most
patients treated with these targeted agents eventually develop
local progression or distant metastases (11, 12). Acquired
resistance to EGFR-TKIs typically occurs in most patients
within a 10- to 14-month period (5-7, 9, 13, 14). Acquired
EGFR T790M mutation in exon 20 is responsible for
resistance in up to 60% of patients treated with EGFR-TKIs
(15). However, other mechanisms have been identified to
account for resistance, including target gene alteration (i.e.
EGFR amplification); MET proto-oncogene, receptor
tyrosine kinase (MET) or human epidermal receptor 2
(HER2) amplification; B-Raf proto-oncogene, serine/
threonine kinase (BRAF) or phosphatidylinositide 3-kinase
(PI3K) mutation; and phenotypic transformation (16).
Updated data on tumor characteristics after development of
clinical resistance should, therefore, be used for clinical
decision making. Thus, re-biopsy on disease progression is
now recommended as routine practice in current clinical
practice guidelines, including those of the European Society
for Medical Oncology (17).

Discontinuation of EGFR-TKIs and a
chemotherapy is a common strategy used when progressive
disease (PD) occurs during treatment with EGFR-TKIs.
However, due to the better tolerability of EGFR-TKIs
compared with cytotoxic chemotherapy agents, continuing
EGFR-TKI therapy beyond radiological PD has emerged as
an adequate strategy for patients with EGFR-mutated
NSCLC (14). Indeed, discontinuing treatment with EGFR-
TKIs after disease progression may result in accelerated
tumor growth and worsening of lung cancer-related
symptoms, a phenomenon known as ‘disease flare’ (18).

There is growing evidence to suggest that continuing
EGFR-TKIs beyond disease progression might provide a
survival benefit (19) even after the development of
resistance, especially in patients who are asymptomatic at the
time of progression (20). Indeed, second-line treatment
selection for patients with EGFR-activating mutations who
progress on anti-EGFR therapy depends not only on their
T790M mutation status, but also on the pattern of
progression, including location (single versus multiple sites)
and the presence of cancer-related symptoms (asymptomatic
or symptomatic) (21). However, data about progression
patterns in patients with EGFR-mutant NSCLC are limited
and in particular, the characterization of patterns and
prognostic factors of disease progression on erlotinib in these
patients is lacking.

The present study was conducted to investigate the
patterns of disease progression in patients with advanced or
metastatic EGFR-mutated NSCLC on first-line erlotinib and
identify potential clinical and molecular characteristics that
may affect progression-free survival (PFS) in these patients.
Secondarily, this study also addressed the clinical outcome
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of first-line erlotinib treatment and the feasibility of re-
biopsy after disease progression on erlotinib.

Patients and Methods

Study design and patients. The ASPET study was a multicenter,
prospective, observational study conducted at 43 hospitals
throughout Spain. The study was approved by the Ethics Committee
of Miguel Servet Hospital (Zaragoza, Spain) (approval number:
10/2012), and written informed consent was obtained from all
patients before they were included in the study. The study was
carried out in accordance with the Declaration of Helsinki and
applicable regulatory requirements.

Patients with histologically or cytologically confirmed advanced
or metastatic (stage IIIB/IV) NSCLC with confirmed EGFR-
activating mutations (mutations in the exons 18-21 of the EGFR
gene) receiving erlotinib monotherapy as first-line treatment for
advanced or metastatic disease according to routine clinical practice
were eligible to be included in the study. Patients were excluded if
they had received prior systemic chemotherapy for advanced or
metastatic disease. However, the previous use of neoadjuvant or
adjuvant chemotherapy was permitted as long as it had been
completed more than 6 months before initiation of erlotinib
treatment. Patients who had received radiotherapy within 14 days
prior to starting erlotinib were also excluded.

Eligible patients were prospectively followed-up until 24 months
from the inclusion of the last patient in the study or until premature
withdrawal for any cause including death, whichever came first, in
order to characterize their clinical management and outcome. Study
visits were performed every 2 months during erlotinib treatment
according to routine clinical practice. After completion or
discontinuation of erlotinib, patients were followed-up every
3 months for evaluation of clinical outcome until death or study
completion (24 months after the inclusion of the last patient),
whichever was earlier.

Tumor response was evaluated according to local clinical practice
and using version 1.1 of the Response Evaluation Criteria in Solid
Tumors (RECIST) during erlotinib treatment (22). It was subsequently
assessed at the follow-up visits after treatment completion (every 3
months). Patients were evaluated for toxicity during erlotinib treatment
and for 30 days after the last administration of erlotinib.

Statistical analysis. The primary study endpoint was the description
of disease progression patterns and the association of clinical and
molecular characteristics with PFS after erlotinib treatment
initiation.

Disease progression patterns were characterized on the basis of
the presence of cancer-related symptoms (symptomatic or
asymptomatic) and location of progression as follows: i) Local
progression: defined as an increase in the size of a pre-existing
tumor lesion; ii) metastatic disease: at least one new lesion; iii)
general progression: defined as an increase in tumor size of two or
more tumor lesions that either initially responded to or progressed
on erlotinib treatment.

Secondary endpoints included the objective response rate (ORR)
according to RECIST criteria, OS and 1-year survival, and the
safety profile of erlotinib treatment based on the incidence of
adverse events (AEs) which were graded according to the National
Cancer Institute Common Toxicity Criteria (NCI-CTC) version 4.0
(23). The feasibility of performing re-biopsy of the tumor in routine
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clinical practice was also evaluated as a secondary endpoint on the
basis of physician responses to a questionnaire containing five
items. Patient attitudes to biopsy and potential re-biopsy were also
assessed through their responses to a 5-item questionnaire.

A descriptive statistical analysis was performed on the study
variables including calculation of measures of central tendency and
dispersion (meanzstandard deviation, median and interquartile
range) for quantitative variables, and frequencies and valid
percentages for qualitative variables.

The efficacy analyses were performed on all patients who met the
selection criteria and who started erlotinib treatment within 1 month
prior to study initiation. PFS was calculated as the time elapsed from
erlotinib treatment initiation until disease progression or death from
any cause. OS was assessed from erlotinib initiation to death. Time to
progression (TTP) was defined as the period of time between the start
of erlotinib treatment and the date of disease progression or death due
to progression, whichever occurred first. The probabilities of PFS, TTP
and OS were estimated using the Kaplan—-Meier method.

The following variables were assessed as potential factors
associated with PFS by bivariate COX regression analyses: age (<65
vs. >65 years), gender, baseline Eastern Cooperative Oncology
Group performance status (ECOG PS) (0 vs. 1 and vs. 2-3; 1 vs. 2-
3), smoking habit (never smoked vs. current smoker and vs. former
smoker), EGFR mutations in exon 19 and exon 21 (yes vs. no),
location of metastases (lung, pleura, central nervous system, lymph
nodes, bone, adrenal gland, liver, other) (yes vs. no). Variables with
associations of p<0.2 were analyzed in a multivariate COX
regression model with stepwise selection to determine independent
prognostic factors for PFS. Hazard ratios (24) and 95% confidence
intervals (CIs) were calculated.

All patients who had received at least one dose of the study
regimen were included in the safety analysis. Toxicities were graded
according to NCI-CTCAE (version 4.0).

The statistical analysis was performed using SAS statistical
analysis software version 9 (SAS Institute Inc., Cary, NC, USA).

Results

Patients. From January 2014 to June 2017, a total of 144
patients were enrolled in the study. Seventeen patients were
excluded either for not fulfilling the inclusion criteria (n=14),
because they did not receive erlotinib (n=1), or due to the
fact that they had been receiving erlotinib treatment for at
least 1 month prior to study initiation (n=2). Therefore, a
total of 127 patients were evaluable for efficacy and 143
patients for safety analyses.

The demographic and clinical characteristics of the
evaluable patients are shown in Table I. Briefly,
approximately half of the patients were over 65 years of age,
97% were Caucasian, 65% were female, and about 65% had
never smoked. The most common histological type was
adenocarcinoma (93%). ECOG PS was 0 or 1 in 71% of
patients at study initiation. Most patients (95.3%) had stage
IV disease at diagnosis, involving three or more metastatic
sites in about half of patients (48%). Metastases were mainly
located in the lungs (72.4%) and were treated with
radiotherapy in 28 (22.1%) patients.

Table 1. Patient demographics and clinical characteristics (n=127).

Characteristic Value

Age, years
Median (range)
Age distribution, n (%)

65.6 (63.7-67.6)

<65 Years 59 (46.5)
>65 Years 68 (53.5)

Gender, n (%)

Male 44 (34.7)
Female 83 (65.3)

Race, n (%)

Caucasian 123 (96.8)
Asian 3(124)
Missing data 1(0,8)
Smoking history, n (%)
Former smoker 31 (24.4)
Current smoker 9 (7.1)
Never smoked 82 (64.6)
Missing data 5(3.9)
ECOG PS, n (%)*
0 34 (26.8)
1 56 (44.1)
2 26 (20.5)
3 5@3.9)
Missing data 6 (4.7)

Weight loss, n (%)

Overall 24 (18.9)2
<10% 13 (54.2)
>10% 10 (41.7)
Missing specific data 1(4.1)

Tumor histology, n (%)

Adenocarcinoma 118 (92.9)
Squamous cell carcinoma 2 (1.6)
Large cell carcinoma 3124
Carcinoma NOS 3(24)
Missing data 10.7)

Clinical stage at diagnosis, n (%)
111B 6 (4.7)
v 121 (95.3)

Metastatic sites, n (%)

1 34 (26.8)
2 32 (252)
3 35 (27.6)
>3 26 (204)

Location of metastases, n (%)

Lung 92 (72.4)
Bone 55 (43.3)
Lymph nodes 53 (41.7)
Pleura 35 (27.6)
CNS 26 (20.5)
Liver 22 (17.3)

Treatment of primary tumor®
Surgery 8 (34.78)
Chemotherapyd 5(21.7)
Radiotherapy 2 (8.7)

CNS: Central nervous system; ECOG PS: Eastern Cooperative Oncology
Group performance status; NOS: not otherwise specified. *At diagnosis of
advanced disease. “Data missing for 40 (31.5%) patients. PMetastases
present in >10% of patients. “Calculated for the 23 patients with data
regarding primary tumor; 9One patient received neoadjuvant chemotherapy,
while four patients were treated with chemotherapy in the adjuvant setting.
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Figure 1. Location of metastases according to the type of epidermal growth factor receptor (EGFR)-activating mutation (mutations in exons 19 and

21, and rare mutations). CNS: Central nervous system.

Regarding EGFR mutational status, 69 (54.3%) patients
had exon 19 deletions and 51 (40.2%) had exon 21 L858R
point mutation. Rare mutations, defined as those present in
exons 18 and 20 were found in seven (5.5%) patients. EGFR
mutations in exons 19 and 21 were more frequently found in
those patients with metastases located in the lungs, lymph
nodes, and bone (>20% of patients) (Figure 1).

Study treatment. Dose adjustment of erlotinib was required
in 38 (29.9%) patients. Out of all dose adjustments
performed (n=54), 11 (8.6%) were due to skin toxicity while
three (2.4%) dose reductions were caused by transaminase
elevation. Temporary interruption of erlotinib treatment was
needed in 43 (33.9%) patients. The most common reasons
for erlotinib interruptions were skin toxicity (n=18; 20%),
diarrhea (n=6; 4.6%), and transaminase elevation (n=3;
1.5%). Erlotinib treatment was interrupted due to erlotinib-
related adverse events (AEs) in 12 (8.4%) patients. The
median relative dose intensity for erlotinib (ratio of doses
received to doses planned) was 1.0 (range=0.8-1.0).

The median duration of first-line treatment with erlotinib
was 8.5 (range=4.1-15.9) months. The most common reasons
for premature erlotinib discontinuation were disease
progression in 76 (59.8%) patients, AEs in 15 (11.8%)
patients, and death in 15 (11.8%). Discontinuation of erlotinib
was due to investigator decision in five (3.9%) patients and
patient’s decision in three (2.4%). Erlotinib was discontinued
due to losses to follow-up in two (1.6%) patients and because
of other unspecified reasons in three (2.4%) patients. Seven
(5.5%) patients completed the planned duration of erlotinib
treatment according to routine clinical practice.
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Efficacy. The ORR was 53.8% and the disease control rate
was 83%. Of 119 evaluable patients, three (2.5%) showed a
complete response and stable disease was reported in 35
(29.4%). The best confirmed response was partial response
in 51.3% of patients (n=61).

The median duration of follow-up from study treatment
initiation was 15.7 (range=7.8-27.2) months. The median PFS
was 8.7 (95% CI=8.0-10.9) months (Figure 2A) and the
median time to progression was 9.8 (95% CI=8.4-11.9)
months (Figure 2B). The median OS was 19.1 (95% CI=14.7-
20.8) months (Figure 2C). At the time of the analysis, 65
(76.5%) patients had died due to disease progression.

Disease flare was only observed in three (2.54%) patients
after discontinuing erlotinib treatment.

Safety. Overall, 136 (95.1%) patients suffered from AEs
related to erlotinib. Fewer than one quarter of patients (n=34;
23.8%) experienced at least one grade 3 toxicity, with skin
toxicity (10.5%) and diarrhea (4.2%) being the most
common toxicities reported (in more than two patients).
Grade 4 toxicities were detected in only three patients (skin
toxicity, gastrointestinal toxicity, and decreased lymphocyte
count in one patient each). Erlotinib-related AEs are
summarized in Table II.

Nine serious AEs considered to be related to erlotinib
were reported in 7 (5%) patients. The most frequent serious
AE was grade 3 diarrhea in four patients. Grade 3 skin
toxicity, asthenia, acute renal failure, and enteritis were
reported in one patient each. Only one patient experienced a
grade 4 serious AE (decreased lymphocyte count). None of
the patients died due to a serious AEs related to erlotinib.
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Figure 2. Kaplan—Meier curves for progression-free survival (A), time to progression (B), and overall survival (C). Patients were censored at the date of
last available follow-up if still alive or without disease progression at the time of the analysis. When analyzing progression-free survival, those patients
receiving a second-line treatment without disease progression on first-line erlotinib treatment were censored. CI: Confidence interval.
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Table II. Erlotinib-related adverse events (n=143) according to National Cancer Institute Common Terminology Criteria for Adverse Events (23).

Toxicity Grade 12 Grade 22 Grade 32 Grade 4°

N % N % N % N %
Diarrhea 47 329 28 19.6 6 42 - -
Skin toxicity 50 350 50 350 15 10.5 1 0.7
Asthenia 18 12.6 10 7.0 2 14 - -
Mucosal inflammation 12 8.4 7 49 1 0.7 - -
Pruritus 14 9.8 4 2.8 1 0.7 -- --
Paronychia 12 8.4 7 49 1 0.7 - -
Decreased appetite 12 8.4 5 3.5 0 0.0 - -
Dry skin 13 9.1 4 2.8 0 0.0 -- --
Conjunctivitis 11 7.7 2 1.4 0 0.0 - -
Abdominal pain 6 42 5 3.5 0 0.0 - -
Acne 6 42 4 2.8 0 0.0 -- --
Erythema 8 5.6 2 1.4 0 0.0 - -
Nausea 7 49 2 1.4 0 0.0 - -
Folliculitis 3 2.1 4 2.8 1 0.7 -- --
Alopecia 6 42 1 0.7 0 0.0 -- --
Nail toxicity 6 42 1 0.7 0 0.0 - -
Skin fissures 5 35 1 0.7 0 0.0 -- --
Stomatitis 5 35 1 0.7 0 0.0 -- --
Decreased lymphocyte count - - - - - - 1 0.7
Gastrointestinal toxicity - - - - - - 1 0.7

In order to assess toxicity per patient, the maximum grade for each adverse event recorded during the study was considered for evaluation. The
most common adverse events detected in more than 3% of patients (>5 patients) each. PAll grade 4 toxicities experienced by the patients are shown.

Patterns of disease progression. Disease progression
occurred during erlotinib treatment in 82 (89.2%) patients.
Three (3.3%) patients experienced disease progression
during the follow-up period after discontinuing erlotinib
treatment and before any subsequent systemic treatment was
administered. Six (6.5%) patients had disease progression on
second-line therapy initiated for reasons other than disease
progression to first-line erlotinib treatment.

Disease progression was asymptomatic in 53 (57.6%)
patients. In about half of the patients, disease progression
was defined by the presence of at least one new metastatic
lesion (n=49, 53.3%), while local progression was found in
15 (16.3%) patients. Local progression along with metastatic
progression was reported in 27 (29.4%) patients.

Demographic and clinical factors associated with PFS.
Among the sociodemographic and clinical variables, the
presence of liver metastasis (p<0.001) was the only one
significantly associated with PFS in the univariate analysis
(Table III). Gender, age, ECOG PS, exon 19 deletion
mutation, and the presence of metastases in lymph nodes and
bone were also retained in the multivariate model (p<0.2).
The multivariate analysis only identified the presence of liver
metastasis (hazard ratio=2.043; 95% CI=1.251-3.336;
p=0.004) as an independent prognostic factor for PFS.
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Patients with liver metastasis were more likely to have a
shorter PFS.

Re-biopsy. A total of 35 (27.6%) patients underwent re-
biopsy. Among those patients in whom biopsy was not
repeated (n=83), investigator decision (n=35, 42.2%) was the
most frequent reason for not performing re-biopsy, followed
by patient’s decision (n=5, 6%) and inaccessibility (n=5;
6%). Other non-specified reasons were reported in 38
(45.8%) patients.

Investigator attitudes to re-biopsy. Among the participating
investigators (n=115), approximately 70% stated they would
repeat biopsy for re-evaluation of mutational status at the
time of disease progression. When physicians were asked
about the second-line treatment-of-choice at the time of
disease progression on EGFR-TKI therapy (questionnaire
item 2), nearly half of the investigators (45.2%) would
maintain erlotinib and would try to perform a re-biopsy to
assess the mutational status. Discontinuation of erlotinib
treatment and initiation of chemotherapy was stated as the
strategy that would be adopted by nearly 34.8% of
investigators. Overall, 11.3% of physicians said they would
choose to add empiric chemotherapy to EGFR-TKI treatment
after disease progression. Most investigators (80%) believed
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that re-biopsy would be technically feasible in terms of
tumor tissue availability and sampling procedure (Table IV).

Patient attitudes to the first biopsy and potential re-biopsy.
A total of 104 (82%) patients answered the questionnaire.
Most patients considered that biopsy was bothersome or
painful (63.5%). However, only seven (6.7%) patients stated
they would refuse a repeat biopsy in the future (Table V).

Therapy after disease progression. Nearly 60% of patients
(n=74) received EGFR-TKI therapy after disease progression.
A total of 47 (37%) patients continued on erlotinib treatment.
Thirteen (10%) patients received gefitinib and seven (5.5%)
patients were treated with afatinib as second-line treatment.
Osimertinib was used in seven (5.5%) patients. Overall, 30%
of patients (n=37) received cisplatin or carboplatin-based
chemotherapy after disease progression. Pemetrexed and
platinum combination treatment was administered to 8% of
patients (n=10). Radiotherapy was administered to 28 (22%)
patients.

Discussion

The present study demonstrated that metastatic progression
with the development of new sites of metastasis and
asymptomatic disease are the predominant patterns of disease
progression on first-line erlotinib in real-life practice in
patients with advanced or metastatic NSCLC carrying
EGFR-activating mutations. Our findings also highlight the
feasibility of repeat biopsy on disease progression in order
to determine the most appropriate subsequent treatment. In
addition, our data suggest that the presence of liver
metastasis seems to be an independent prognostic factor for
PFS in these patients. This analysis also supports the benefit
of first-line erlotinib in patients with advanced or metastatic
EGFR-mutated NSCLC in a real-life setting.

Efficacy data obtained in the present study show that
erlotinib is an active treatment in terms of tumor response
and survival in patients with advanced EGFR mutation-
positive NSCLC. As a descriptive comparison only, our
efficacy results are in keeping with those previously reported
in the EUTARC trial with erlotinib first-line treatment in
European patients with EGFR mutation-positive NSCLC (7).
Thus, the median PFS achieved in this study with erlotinib
(8.8 months), although slightly shorter, was consistent with
that described in the EUTARC trial with this targeted agent
(9.7 months), wherein PFS with erlotinib was significantly
longer than that observed with chemotherapy (5.2 months)
(7). In addition, the median OS achieved with erlotinib in
our series (19.1 months) was in line with the survival data
described in the abovementioned trial with erlotinib (19.3
months), wherein no significant OS advantage was
demonstrated compared with chemotherapy, probably due to

Table III. Univariate analysis

of demographic and clinical

characteristics associated with progression-free survival in patients
treated with first-line erlotinib therapy.

Univariate analysis

Endpoint HR (95% CI) p-Value
Age
<65 vs. >65 years 0.772 (0.527-1.129) 0.182
Gender
Male vs. female 1.398 (0.947-2.065) 0.092
ECOG PS
0vs.2-3 0.584 (0.345-0.987) 0.101
1vs.2-3 0.665 (0.418-1.057) -—-
Smoking habit
Active smoker vs. never smoked 1.036 (0.498-2.155) 0.899
Former smoker vs. never smoked 1.110 (0.712-1.731) -—-
Mutation
Exon 19 1.301 (0.892-1.896) 0.172
Exon 21 0914 (0.622-1.341) 0.644
Location of metastases
(yes vs. no)
Lung 0.818 (0.536-1.248) 0.350
Pleura 1.182 (0.783-1.783) 0.426
CNS 0.966 (0.598-1.561) 0.887
Lymph nodes 1.441 (0.985-2.108) 0.059
Bone 1.453 (0.994-2.125) 0.054
Adrenal gland 1.160 (0.564-2.386) 0.688
Liver 1.716 (1.068-2.757) 0.025
Other 0.960 (0.585-1.575) 0.871

CI: Confidence interval; CNS: central nervous system; ECOG PS:
Eastern Cooperative Group performance status HR: hazard ratio.

the high crossover rate from chemotherapy to an EGFR-TKI,
confounding the detection of any OS advantage. It is
noteworthy that nearly 30% of patients were alive 36 months
after erlotinib treatment initiation in our series. Additionally,
the ORR of 54% was also comparable to that shown in the
EUTARC trial with erlotinib (58%). Of note, despite the
inclusion of approximately 6% of patients with mutations in
exon 20 which are less sensitive to EGFR-TKIs (25), the
clinical outcome data from this study are comparable to
those reported in the EUTARC trial in which only patients
with sensitizing mutations were included.

Our findings suggest that erlotinib, administered as first-
line treatment, is well tolerated in patients with advanced or
metastatic NSCLC. Toxicity related to erlotinib was
generally mild and manageable, and no treatment-related
deaths were reported. Fewer than one quarter of patients
experienced grade 3 toxicities and only three patients
suffered from grade 4 toxicities. Safety findings are in line
with phase III trials with erlotinib, with no new or
unexpected safety signals observed (7, 8). In keeping with
randomized trials using erlotinib, the most common grade 3
AEs were skin rash and diarrhea. Although erlotinib was
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Table IV. Results from physician questionnaire concerning re-biopsy (n=115).

Response, N (%)

Questionnaire items? Yes No I don’t know
Item 1. In the case of disease progression, would you be willing to repeat 83 (72.2) 8(6.7) 24 (20.9)
biopsy to re-evaluate the mutational status?
Item 3. Depending on the results of re-biopsy, would you change your 81 (704) 3(2.6) 31 (27.0)
decision about the treatment to be used in the second line?
Item 4. Do you think that re-biopsy would be feasible in terms of 92 (80.0) 3(2.6) 20 (17.4)
tumor availability and sampling procedure?
Item 5. Do you think the patient would be willing to repeat the biopsy? 29 (252) 83 (82.2) 3(2.6)
2The results of the questionnaire items 1, 3,4 and 5 are displayed.
Table V. Results from patient questionnaires regarding their attitude to biopsy and potential re-biopsy (n=104).
Response, N (%)

Questionnaire items Not uncomfortable Uncomfortable Painful Unbearable
Before the biopsy, you thought that it would be... 26 (25.0) 44 (42.3) 29 (27.9) 5(4.8)
The puncture was... 41 (39.4) 43 (41.35) 16 (15.4) 4(3.8)
Overall you consider the technique... 34 (32.7) 49 (47.1) 17 (16.4) 4 (3.8)
If you had undergone a previous biopsy, this has been... 7 (6.7) 45 (43.3) 13 (12.5) 39 (37.5)

I would do I would I would need Missing

it again refuse anesthesia response

If you needed a new biopsy in the future... 83 (79.8) 7(6.7) 14 (13.5) -

temporarily interrupted in about 30% of patients, this was
caused by erlotinib-related toxicity in fewer than 9% of
patients. The high relative dose intensity for erlotinib
treatment supports the tolerance of this regimen in a real
clinical setting.

In line with previous evidence, the liver seems to be a less
common site of metastasis than the brain and bone in
patients with NSCLC harboring EGFR mutations (26). Our
results suggest that the presence of liver metastasis is
independently correlated with PFS, with a higher risk of
shorter PFS in patients with liver metastases treated with
erlotinib in the first-line setting. These findings are therefore
in line with a previous report demonstrating a worse
prognosis associated with liver metastasis (27), although the
study was limited by a small number of patients with
NSCLC with metastasis in the liver. Hepatic metastasis has
also been shown to predict poor response to erlotinib as
second- and third -line treatment in patients with stage IV
lung adenocarcinoma (28). The worse prognosis associated
with the presence of liver metastasis is probably explained
due to more aggressive disease with liver metastasis usually
being associated with additional distant metastases and a
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higher number of metastatic sites which typically predicts
worse survival (29). Our findings suggest that management
of liver metastases should therefore be a priority in patients
with advanced EGFR-mutation-positive NSCLC for early
detection of disease progression.

However, other factors which have been associated with
prognosis in advanced NSCLC such as age, ECOG PS, and
EGFR mutation status were not identified as factors
predicting PFS in our study (29, 30). The lack of difference
in PFS by age and performance status may suggest that both
older patients (>65 years) and those with a poorer ECOG PS
(2-3) may benefit from erlotinib treatment in the first-line
setting. Additionally, in contrast with previous reports which
have shown that a Dell9 mutation is generally predictive of
better efficacy than an L858R mutation (31), we found that
the PFS benefit did not seem to differ between patients
carrying exon 19 mutations and exon 21 mutations.

The predominant pattern of first progression on erlotinib
was metastatic progression with development of new sites of
metastases in half of patients followed by local progression
along with metastatic progression in 30% of patients.
Overall, fewer than 20% of patients had local progression
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alone. Our results therefore suggest that erlotinib might be
more effective in preventing local progression than in
avoiding the development of new metastases as has
previously been reported with EGFR-TKIs in a retrospective
study in Asian patients (32). Additionally, nearly 60% of
patients progressed asymptomatically, in whom continuing
EGFR-TKI therapy is recommended (20). Indeed, 60% of
patients received an EGFR-TKI in the second-line setting,
with 40% of patients continuing erlotinib treatment after
disease progression.

After progression on EGFR-TKI therapy, a molecular
analysis of resistance should be performed. In this regard,
the feasibility of re-biopsy of patients with NSCLC at
disease progression has already been demonstrated, as well
as its potential benefit in the management of NSCLC and
reassessing treatment options (33). Unfortunately, re-biopsy
is not routinely used in clinical practice. Accordingly, we
found that fewer than 30% of patients underwent re-biopsy
on disease progression. However, when participating
physicians were asked about their willingness to perform re-
biopsy after disease progression, most of them (70%)
answered that they would perform a repeat biopsy in order
to evaluate the mutational status on disease progression.
These discrepant findings may be due to local clinical
practice and the fact that re-biopsy may have not been
generally adopted as a part of routine clinical practice. In
addition, this study began before the approval of osimertinib
for patients with EGFR-mutated NSCLC whose disease
progressed on EGFR-TKI therapy and who acquired
resistance due to T790M. Therefore, the fact that re-biopsy
to detect T790M mutation after PD was not performed at that
time may explain the relatively low rate of re-biopsy on
disease progression. However, the re-biopsy rate may have
increased in recent years after the incorporation of
osimertinib and may continue to rise in the future. In
addition, it is possible that liquid biopsy was used as an
alternative method to detect T790M mutation in those cases
in which tissue biopsy was not feasible, and only when
liquid biopsy showed a negative result for EGFR T790M
mutation (34) was tissue biopsy performed for confirmation
(17, 24). However, the fact that performance of liquid biopsy
was not recorded in the study does not allow us to know
whether the relatively low rate of re-biopsy is actually
explained by the performance of liquid biopsy instead of re-
biopsy on disease progression.

Nearly half the physicians affirmed that they would
maintain EGFR-TKI therapy after disease progression, while
switching to empiric chemotherapy would be the choice
made by 35% of physicians according to the questionnaire
findings. Accordingly, 60% of patients received an EGFR-
TKI in the second-line setting, with 40% of patients
continuing erlotinib therapy beyond disease progression.
These findings suggest a common treatment strategy used in

routine clinical practice. However, the conventional practice
of discontinuation of EGFR-TKI and initiation of platinum-
based chemotherapy remained the preferred approach for
30% of physicians despite the evidence on the feasibility and
survival advantage of continuing EGFR-TKI therapy after
PD compared to switching to chemotherapy (35). These
findings can be explained due to the fact that osimertinib was
not approved until 2016 and because there was limited and
conflicting evidence outlining the clinical benefit of
continuing an EGFR-TKI treatment at initial PD (35, 36).
Therefore, guidelines at the time recommended a switch to
platinum-based chemotherapy at the time of disease
progression on EGFR-TKI therapy (37). Additionally, despite
the limited effectiveness demonstrated by EGFR-TKIs used
in combination with a cytotoxic drug after radiological PD
(36), approximately 11% of physicians stated they would add
empiric chemotherapy to the EGFR-TKI therapy.
Nevertheless, most investigators affirmed that they may
change their decision about the treatment to be used as
second-line therapy based on the results of a re-biopsy.

Disease flare after EGFR-TKI therapy discontinuation is a
concern in patients with EGFR-mutant NSCLC progressing
on EGFR-TKI therapy. However, in this study the appearance
of disease flare was lower than that previously reported (18,
36), probably due to the continuation of erlotinib treatment
in around 40% of patients, while it might also be explained
by the rapid initiation of subsequent therapy.

Although re-biopsy can be challenging in routine clinical
practice due to limited tissue availability and the feasibility
of the procedure, most investigators believed that re-biopsy
would be technically feasible in terms of tumor tissue
availability and sampling procedure. In addition, the majority
of physicians assumed that the patient would be willing to
undergo a repeat biopsy on disease progression. Indeed,
although most patients considered that the biopsy at
diagnosis was bothersome or painful, fewer than 7% of
patients said they would refuse a repeat biopsy in the future.

Our findings, therefore, support the idea that re-biopsying
the tumor for molecular testing at the time of progression is
feasible and should become a routine procedure to guide
therapeutic decision-making by physicians in a real-life
setting. However, although the gold standard for the
detection of resistance mechanisms is tissue re-biopsy, liquid
biopsy is a useful and feasible technique when re-biopsy
cannot be performed (34).

The main limitation of this study mainly arises from the
limited sample population that was eventually analyzed in
relation to the sample initially considered (n=150).
Additionally, the time period during which patients should have
received erlotinib treatment was not initially defined as a part
of the inclusion criteria. Therefore, patients who had been on
erlotinib treatment for more than 1 month were removed from
the analyses at the time of the statistical analysis for the
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assessment of the primary and secondary endpoints, with the
exception of the safety evaluation. In addition, a further
limitation that should be acknowledged is the lack of data
regarding new sites of metastases on disease progression.

However, despite the abovementioned limitations, this
study provides useful real-world data on disease progression
patterns and the clinical outcomes of patients with advanced
or metastatic EGFR-mutant NSCLC undergoing first-line
erlotinib treatment. Indeed, to the best of our knowledge, this
is the first study evaluating the feasibility of re-biopsy on
disease progression according to physicians and the attitudes
of real-world patients with NSCLC regarding potential re-
biopsy. In addition, to our knowledge, this is the largest
prospective series focused on the assessment of patterns of
disease progression and factors associated with PFS with
erlotinib treatment for patients with advanced NSCLC
harboring EGFR mutations.

The population of patients with NSCLC included in this
real-world study reflects the demographic and clinical data
traditionally described as being associated with the presence
of EGFR-activating mutations. Thus, most patients were
females, had never smoked, and had adenocarcinoma
histology as previously seen in Caucasian patients with
EGFR-mutant NSCLC (38, 39). Additionally, most EGFR-
activating mutations were exon 19 deletions (54%) and exon
21 L858R point mutations (40%), which is consistent with
previous data in Caucasians. Our findings might, therefore,
be extrapolated to the general population with EGFR
mutation-positive NSCLC.

In conclusion, this study supports the use of erlotinib as an
effective first-line treatment option with manageable toxicity
in patients with advanced or metastatic NSCLC carrying
EGFR mutation. Furthermore, metastatic progression with
asymptomatic disease has been identified as the predominant
pattern of disease progression. This analysis also supports the
potential prognostic value of liver metastasis on PFS in this
population. Additionally, the feasibility of re-biopsy on disease
progression with erlotinib treatment has been emphasized.
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