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Simple Summary: Targeted therapies have emerged as newer systemic options for certain cancers.
EGFR-directed Tyrosine Kinase Inhibitors (EGFR-TKIs), which have several generations, have been
found effective in a type of lung cancer called non-small cell lung cancer (NSCLC) when compared to
conventional, platinum-based chemotherapy. More recently, EGFR-TKIs have shown promise in those
NSCLC patients where the tumor has developed brain metastases. However, first-generation EGFR-
TKIs and novel EGFR-TKIs have also been shown to differ regarding blood-brain-barrier penetration
and mutation resistance. In this study, we analyzed the differences between the two generations of
EGFR-TKIs in NSCLC patients with brain metastases. Our work did not find differences in overall
survival and progression-free survival between the two generations of EGFR-TKIs. However, being a
retrospective and single institutional analysis, this study had some limitations, which may have led
to an underpowered comparison.

Abstract: Introduction: Up to 50% of non-small cell lung cancer (NSCLC) harbor EGFR alterations,
the most common etiology behind brain metastases (BMs). First-generation EGFR-directed tyrosine
kinase inhibitors (EGFR-TKI) are limited by blood-brain barrier penetration and T790M tumor
mutations, wherein third-generation EGFR-TKIs, like Osimertinib, have shown greater activity.
However, their efficacy has not been well-studied in later therapy lines in NSCLC patients with
BMs (NSCLC-BM). We sought to compare outcomes of NSCLC-BM treated with either first- or third-
generation EGFR-TKIs in first-line and 2nd-to-5th-line settings. Methods: A retrospective review of
NSCLC-BM patients diagnosed during 2010–2019 at Cleveland Clinic, Ohio, US, a quaternary-care
center, was performed and reported following ‘strengthening the reporting of observational studies in
epidemiology’ (STROBE) guidelines. Data regarding socio-demographic, histopathological, molecular
characteristics, and clinical outcomes were collected. Primary outcomes were median overall survival
(mOS) and progression-free survival (mPFS). Multivariable Cox proportional hazards modeling and
propensity score matching were utilized to adjust for confounders. Results: 239 NSCLC-BM patients
with EGFR alterations were identified, of which 107 received EGFR-TKIs after diagnosis of BMs.
77.6% (83/107) received it as first-line treatment, and 30.8% (33/107) received it in later (2nd–5th) lines
of therapy, with nine patients receiving it in both settings. 64 of 107 patients received first-generation
(erlotinib/gefitinib) TKIs, with 53 receiving them in the first line setting and 13 receiving it in the
2nd–5th lines of therapy. 50 patients received Osimertinib as third-generation EGFR-TKI, 30 in first-
line, and 20 in the 2nd–5th lines of therapy. Univariable analysis in first-line therapy demonstrated
mOS of first- and third-generation EGFR-TKIs as 18.2 and 19.4 months, respectively (p = 0.57), while
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unadjusted mPFS of first- and third-generation EGFR-TKIs was 9.3 and 13.8 months, respectively
(p = 0.14). In 2nd–5th line therapy, for first- and third-generation EGFR-TKIs, mOS was 17.3 and
11.9 months, (p = 0.19), while mPFS was 10.4 and 6.08 months, respectively (p = 0.41). After adjusting
for age, performance status, presence of extracranial metastases, whole-brain radiotherapy, and
presence of leptomeningeal metastases, hazard ratio (HR) for OS was 1.25 (95% CI 0.63–2.49, p = 0.52)
for first-line therapy. Adjusted HR for mOS in 2nd-to-5th line therapy was 1.60 (95% CI 0.55–4.69,
p = 0.39). Conclusions: No difference in survival was detected between first- and third-generation
EGFR-TKIs in either first or 2nd-to-5th lines of therapy. Larger prospective studies are warranted
reporting intracranial lesion size, EGFR alteration and expression levels in primary tumor and brain
metastases, and response rates.

Keywords: brain tumor; brain metastasis; lung cancer; lung malignancy; progression-free survival;
epidermal growth factor receptor

1. Introduction

Lung cancer is the second most common type of cancer worldwide and the leading
cause of cancer-related mortality in both male and female adults [1]. Non-small cell lung
cancer (NSCLC) accounts for 80% of all lung cancers and is the most common cause
of brain metastases [2]. With nearly 10–30% of patients with NSCLC developing brain
metastasis, contributing to poorer prognosis and more symptoms, research in the field of
brain metastasis has dramatically increased over the last decade [3].

In more recent years, the management of NSCLC has shifted from platinum-based
chemotherapy to targeted molecular therapies. While multiple immunohistochemical
markers have been studied, only a handful have been shown to be reliable targets and
prognostic markers [3]. Epidermal growth factor receptor (EGFR) is a transmembrane
receptor tyrosine kinase that is mutated in 40% to 60% of NSCLC with brain metastasis
(NSCLC-BM) [4]. The signaling pathway, prompted by several growth factors, leads to
autophosphorylation, causes tumor proliferation, and boosts cell survival [5]. The risk of
developing brain metastases is higher in EGFR-altered patients, though providentially, the
EGFR signaling pathway is being increasingly targeted [6]. There exist multiple known
EGFR-related mutations, including deletion of exon 18, deletion of exon 19, exon 21-point
mutation, and exon 20 insertion mutation [5]. Different mutations cause different structural
alterations in the EGFR protein, which leads to differential sensitivities from targeted
therapies [7].

While there exist multiple treatment options for treating NSCLC-BM, including whole-
brain radiotherapy (WBRT), stereotactic radiosurgery (SRS), and, more rarely, surgical
resection, the standard of care has shifted to the use of EGFR-directed tyrosine kinase
inhibitors (EGFR-TKIs) [8–10]. EGFR-TKIs are reversible TKI inhibitors that target the
adenosine triphosphate (ATP) cleft within the receptor [11]. First-generation EGFR-TKIs,
such as erlotinib and gefitinib, were introduced in the early 2000s and have proven more
effective than standard chemotherapy [12,13]. However, the efficacy of first-generation
EGFR-TKIs for treating NSCLC-BM is limited by blood-brain barrier (BBB) penetration
and exon 20 (T790M) tumor mutations [14,15]. Previous reports have shown the cere-
brospinal fluid (CSF) concentration levels of first-generation EGFR-TKIs were low when
given standard doses [5]. Though higher concentration levels could be achieved with
higher doses, their peak was short-lived [5,15]. More frequent dosing, from weekly to daily,
was also tested but was associated with more toxicity [16]. Even in patients with good re-
sponses to first-generation EGFR-TKIs, efficacy may be lost due to acquired resistance from
T790M mutations [17]. Third-generation EGFR-TKIs, such as Osimertinib, introduced in the
mid-2010s, have shown better BBB penetration and efficacy against T790M mutations [18].

Multiple studies, including the FLAURA and OCEAN trials, have demonstrated the
efficacy of Osimertinib in NSCLC-BM. Data from the initial FLAUR publication and its
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follow-up demonstrated improved progression-free survival (PFS) and overall survival
(OS) with Osimertinib compared to first-generation EGFR-TKIs. These findings have led to
Osimertinib being increasingly used as first-line treatment in patients with EGFR-mutant
NSCLC and NSCLC-BM [19,20]. These studies still leave a gap in comparing the efficacy of
EGFR-TKI when given as first-line versus later-line therapies. Given the limited data and
publications, we sought to compare the OS and PFS in NSCLC-BM patients treated with
first versus third-generation EGFR-TKIs, in both first and later-line therapies.

2. Methods
2.1. Patient Selection and Data Collection

A retrospective cohort study involving EGFR-altered NSCLC-BM patients treated at
Cleveland Clinic (Cleveland, OH, USA), a quaternary-care institution, was conducted and
reported following ‘strengthening the reporting of observational studies in epidemiology’
(STROBE) guidelines. The work was approved by the Cleveland Clinic, Ohio Institutional
Review Board (reference number 09-911) before commencement. Inclusion criteria for our
study included all patients ≥18 years of age with EGFR-altered NSCLC-BM treated with
erlotinib, gefitinib, or Osimertinib at any point after the diagnosis of brain metastases from
2010 to 2019 at our institution.

Patient demographics, initial diagnostic and genomic testing information, and treat-
ment details were collected from the institution’s electronic medical record. Among the
information collected was Karnofsky Performance Score (KPS), age, race, and sex. Collected
treatment details include the date of initiation, date of progress, line of therapy, and genera-
tion of EGFR inhibitor used. Data was recorded in REDCap, a secure database. Patients
included in our study were followed in the outpatient setting every three months. The start
of a new line of therapy, the use of SRS during EGFR inhibitor treatment, or death were
also used to define disease progression. In patients with questionable pseudo-progression,
the case was assessed at the hospital’s interdisciplinary tumor board.

2.2. EGFR-TKI Data

Only patients treated with erlotinib, gefitinib, and Osimertinib were primarily in-
vestigated in this study. Treatment with first- versus third-generation EGFR-TKIs was
primarily due to temporal effects. Third-generation TKIs are increasingly utilized as rele-
vant literature, and recommendations gradually accumulated regarding their utility. We
did not exclude patients who received erlotinib and gefitinib prior to the diagnosis of brain
metastases if they received Osimertinib after the diagnosis of brain metastases, as we only
evaluated response rates after the diagnosis of brain metastases. First-line therapy was
defined as EGFR-TKI treatment given as the first systemic therapy after the diagnosis of
brain metastases. Later (2nd to 5th) lines of therapy were defined as the initial EGFR-TKI
given after the diagnosis of brain metastases but not as the first systemic therapy. Any
patients experiencing breaks during the treatment due to symptoms were not excluded as
long as there was no progression. We included patients who received EGFR-TKI, then had
progression, and later also received EGFR-TKI. We also included patients who were taking
EGFR-TKI, then had intracranial progression for which local control was attempted while
EGFR-TKI was continued.

2.3. Statistical Methods

Categorical clinical and pathologic variables were summarized as frequency counts
and percentages. Continuous variables were summarized as medians and ranges. Kruskal-
Wallis Tests and Fisher’s exact test was used to compare the quantitative and factor variables
among treatment groups. OS was measured from the start date of the first treatment
received to the date of the last follow-up or date of death and was summarized using
the Kaplan-Meier method. PFS was measured from the start date of the treatment to the
start date of a new line of therapy, the start date of the following SRS, or the date of the
last follow-up or date of death. 1-year and 2-year survival rates and estimated median
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survivals for each treatment cohort were reported. Log-rank tests were used for univariable
comparisons between treatments. The Cox proportional hazard model with a two-sided
Wald test was used to evaluate the impact of the treatment on OS and PFS. The survival
model was adjusted by clinical variables selected by the random forest method. The
primary model was adjusted by the variables which were mostly identified as prognostic
factors in patients with NSCLC-BM in previous studies [20]. These variables were age
at diagnosis of brain metastases, gender, number of brain metastases, the existence of
extracranial metastases, the existence of leptomeningeal metastases, KPS, and the duration
from the date of diagnosis of brain metastases to the date of treatment. The first-generation
EGFR-TKI cohort was used as the reference group for comparing OS and PFS due to being
the older medication group with a long use history. Propensity score matching was also
performed. Statistical significance was defined as a p-value of <0.05. All statistical analysis
was performed using R Statistical Software version 4.1.0 (R Foundation for Statistical
Computing, Vienna, Austria).

3. Results
3.1. Patient Characteristics

Between 2010 and 2019, we found 239 eligible patients who had NSCLC-BM with an
EGFR alteration in the primary tumor. Overall, the median PFS (mPFS) was 6.3 months.
The 1-year OS rate for EGFR-positive patients was 68% (95% confidence interval (CI) = 59%,
75%). The 2-year OS rate was 31% (95% CI = 23%, 40%). The 1-year PFS rate for the same
overall encompassing group was 34% (95% CI = 27%, 42%), with a 2-year PFS rate of 14%
(95% CI = 9%, 21%). The patient population was split into cohorts based on treatment
with first-generation EGFR-TKIs and treatment with third-generation EGFR-TKIs (Figure 1,
Table 1). 107 EGFR-mutant patients received EGFR-TKIs after diagnosis of BMs. 77.6%
(83/107) received it as first-line treatment, and 30.8% (33/107) received it in later (2nd–5th)
lines of therapy, with nine patients receiving it in both settings.

Figure 1. Flow diagram of the current study.
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Table 1. Number of patients with EGFR-mutant NSCLC patients with brain metastases who received
EGFR-TKI after BM diagnosis.

Group n Follow-Up Time

Total EGFR-mutant NSCLC patients treated with EGFR-TKI after BM diagnosis 107 17.1 months

Treated with first-generation EGFR-TKI (erlotinib/gefitinib), n 64 18.03 months

Treated with first-generation EGFR-TKI (Osimertinib), n 50 17.95 months

A total of 64 of 107 patients received first-generation (erlotinib/gefitinib) TKIs, with
53 receiving them in the first line setting and 13 receiving it in the 2nd–5th line of therapy
(Table 2). 50 patients received Osimertinib as third-generation EGFR-TKI, 30 as first-line,
and 20 as the 2nd–5th line of therapy. (Table 3). Later-line therapy was defined as systemic
therapy given as the 2nd–5th line of therapy. The characteristics of the cohort are separately
documented in Tables 2 and 3.

Table 2. Characteristics of patients with NSCLC brain metastases who received EGFR-directed
Tyrosine Kinase Inhibitors (EGFR-TKIs) in the first-line setting.

Variable Erlotinib/Gefitinib Osimertinib

Cohort population (n) 53 30

Age in years, median (range) 63.1 (29.9, 90.7) 72.77 (31.92, 84.83)

Female, n (%) 32 (60.4) 23 (76.7)

KPS ≥70, n (%) 48 (96.0) 29 (96.7)

Multiple brain metastases, n (%) 42 (84.0) 21 (72.4)

Single brain metastases, n (%) 8 (16.0) 8 (27.6)

Extracranial metastases, n (%) 42 (80.8) 13 (44.8)

Leptomeningeal spread, n (%) 5 (9.4) 1 (3.3)

Received WBRT, n (%) 33 (62.3) 7 (23.3)

Received Surgery, n (%) 6 (11.3) 1 (3.3)

Received SRS, n (%) 29 (54.7) 20 (66.7)

Median Number of SRS (Range) 0 (0–10) 0 (0–8)
KPS, Karnofsky Performance Status; WBRT, Whole Brain Radiotherapy; SRS, Stereotactic Radiosurgery.

Table 3. Characteristics of patients with NSCLC brain metastases who received line EGFR-directed
Tyrosine Kinase Inhibitors (EGFR-TKIs) in later (2nd to 5th) lines of therapy.

Variable Erlotinib/Gefitinib Osimertinib

Cohort population (n) 13 20

Age in years, median (range) 59.7 (46.8, 72.8) 62.7 (28.4, 83.5)

Female, n (%) 8 (61.5) 11 (55.0)

KPS ≥ 70, n (%) 11 (84.6) 19 (100.0)

Multiple brain metastases, n (%) 8 (72.7) 15 (78.9)

Single brain metastases, n (%) 3 (27.3) 4 (21.1)

Extracranial metastases, n (%) 9 (69.2) 18 (90.0)

Leptomeningeal spread, n (%) 1 (7.7) 1 (5.0)

Received surgery, n (%) 3 (23.1) 1 (5.0)

Received WBRT, n (%) 6 (46.2) 11 (55.0)

Received SRS, n (%) 9 (69.2) 14 (70.0)

Median Number of SRS (Range) 1 (0–3) 1 (0–5)
KPS, Karnofsky Performance Status; WBRT, Whole Brain Radiotherapy; SRS, Stereotactic Radiosurgery.
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3.2. Overall Survival

When erlotinib or gefitinib was given as first-line therapy, the unadjusted median
OS (mOS) was 18.2 months, while patients given Osimertinib in the first-line setting had
an mOS of 19.4 months (Table 4). Kaplan-Meier curves for overall survival are provided
in Figure 2. For the erlotinib/gefitinib cohort, the 1-year OS rate was 63% (95% CI 48%,
75%), and the 2-year OS rate was 32% (95% CI = 19%, 46%). The 1-year OS rate for the
Osimertinib cohort was 82% (95% CI = 63%, 92%), and the 2-year OS rate for NSCLC-BM
patients treated with Osimertinib as first-line therapy was 36% (95% CI = 13%, 61%).

Table 4. Overall survival (OS) of patients with NSCLC brain metastases treated with first-generation
and third-generation EGFR-directed Tyrosine Kinase Inhibitors (EGFR-TKIs) in the first line and
2nd-to-5th line treatment settings. NA: Not Available.

Therapy EGFR-TKI Median OS (Months) 1-Year OS (95% CI) 2-Year OS (95% CI)

1st line
erlotinib/gefitinib 18.2 63%

(48%, 75%)
32%
(19%, 46%)

Osimertinib 19.4 82%
(63%, 92%)

36%
(13%, 61%)

2nd–5th line
erlotinib/gefitinib 17.3 NA NA

Osimertinib 11.9 NA NA

Figure 2. Kaplan-Meier curves for overall survival, with results of first-line therapy in (A) and
outcomes of later-line therapy in (B).

Univariable Cox Proportional Hazards modeling of OS, using both categorical and
continuous variables, is demonstrated in Table 5. After adjusting for age, KPS score,
extracranial metastases, receipt of WBRT, and leptomeningeal metastases in multivariable
analysis, there was no statistically significant OS difference found between the two first-
line therapy cohorts (HR 1.25, 95% CI 0.63, 2.49, p = 0.52). For the 2nd-to-5th line of
therapy, unadjusted comparison demonstrated no significant difference in mOS (p = 0.19).
Multivariable analysis once again showed no statistical significance in mOS between the
two cohorts (HR 1.60. 95% CI 0.55–4.69, p = 0.39) (Tables 6 and 7).
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Table 5. Univariable Cox Proportional Hazards modeling of overall survival.

Variable Level
1st Line 2nd-to-5th Line

HR (95% CI) p-Value HR (95% CI) p-Value

Number of Brain Metastases
Multiple Reference Reference

Single 0.67 (0.42, 1.07) 0.09 0.24 (0.05, 1.05) 0.057

Extracranial Metastases
Present at Time of Diagnosis

No Reference Reference

Yes 2.29 (1.44, 3.64) <0.001 4.23 (0.92, 19.48) 0.064

Leptomeningeal metastases
No Reference Reference

Yes 1.83 (0.95, 3.52) 0.071 43.10 (3.81, 487.17) 0.002

Whole Brain Radiation Received
No Reference Reference

Yes 1.83 (1.24, 2.69) 0.002 2.13 (0.89, 5.10) 0.091

Surgery Received
No Reference Reference

Yes 0.96 (0.55, 1.69) 0.88 0.78 (0.26, 2.40) 0.67

Karnofsky Performance Status
≥70 Reference Reference

70 1.92 (0.92, 4.03) 0.083 0.97 (0.13, 7.39) 0.98

SRS frequency
≥1 Reference Reference

0 1.37 (0.92, 2.04) 0.12 1.24 (0.47, 3.29) 0.66

Sex
Female Reference Reference

Male 0.98 (0.67, 1.45) 0.93 0.58 (0.23, 1.47) 0.25

Generation of EGFR-TKI received
1st Reference Reference

3rd 0.84 (0.45, 1.55) 0.57 1.83 (0.74, 4.56) 0.19

Number of Brain metastases - 1.06 (0.99, 1.12) 0.08 1.07 (0.88, 1.31) 0.51

SRS Total Number - 0.78 (0.67, 0.92) 0.003 1.05 (0.73, 1.50) 0.79

Age - 1.00 (0.98, 1.02) 0.99 0.98 (0.95, 1.02) 0.31

Table 6. Multivariable Cox-Proportional Hazards Modelling of overall survival (OS) for EGFR-altered
NSCLC patients with brain metastases in first-line EGFR-TKI.

Variable Level HR (95% CI) p-Value

Karnofsky performance status
≥70 Reference

<70 2.03 (0.57, 7.20) 0.28

Extracranial metastases at diagnosis
Absent Reference

Present 3.10 (1.42, 6.76) 0.004

Whole-brain radiotherapy
No Reference

Yes 1.58 (0.83, 3.01) 0.17

Age - 1.01 (0.99, 1.03) 0.46

Leptomeningeal metastases
Absent Reference

Present 0.71 (0.26, 1.92) 0.50

Generation of EGFR TKI
1st Reference

3rd 1.25 (0.63, 2.49) 0.52
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Table 7. Multivariable Cox-Proportional Hazards Modeling of overall survival (OS) for EGFR-altered
NSCLC patients with brain metastases in 2nd-to-5th-line EGFR-TKI.

Variable Level HR (95% CI) p-Value

Leptomeningeal metastases Absent Reference

Present 26.30 (1.91, 362.80) 0.015

Extracranial metastases at diagnosis Absent Reference

Present 4.06 (0.62, 26.71) 0.14

Generation of EGFR TKI erlotinib/gefitinib Reference

Osimertinib 1.60 (0.55, 4.69) 0.39

Sex Female Reference

Male 0.32 (0.10, 0.97) 0.045

Whole-brain radiotherapy No Reference

Yes 1.81 (0.62, 5.26) 0.28

Age - 0.97 (0.93, 1.02) 0.23

3.3. Progression-Free Survival

For first-line therapy in NSCLC-BM patients, the unadjusted median PFS (mPFS)
of first-generation and third-generation EGFR-TKIs was 9.27 months and 13.77 months,
respectively, with no significant difference (Table 8). The 1-year PFS rate for first-generation
EGFR-TKIs was 41% (95% CI 28%, 55%), while the 2-year PFS rate was 16% (95% CI 7%,
27%). NSCLC-BM patients treated with third-generation EGFR-TKIs as first-line therapy
showed a 1-year PFS rate of 66% (95% CI = 46%, 80%) and a 2-year PFS rate of 34%
(95% CI = 15%, 55%) (Figure 3).

Table 8. Unadjusted Progression-free survival (PFS) of patients with NSCLC brain metastases
treated with first-generation and third-generation EGFR Tyrosine Kinase Inhibitors (EGFR-TKIs).
NA: Not Available.

Therapy EGFR-TKI Median PFS (Months) 1-Year PFS (95% CI) 2-Year PFS (95% CI)

1st line
erlotinib/gefitinib 9.27 41% (28%, 55%) 16% (7%, 27%)

Osimertinib 13.77 66% (46%, 80%) 34% (15%, 55%)

2nd–5th line
erlotinib/gefitinib 10.43 NA NA

Osimertinib 6.08 NA NA
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Univariable Cox Proportional Hazards modeling of OS, using both categorical and
continuous variables, is demonstrated in Table 9. There was also no statistically significant
difference in PFS between the two cohorts when given as 1st line systemic therapy, with the
adjustment of age, sex, extracranial mets, and WBRT treatment (HR 1.0, 95% CI 0.54–1.83,
p = 0.99). When given as the 2nd to 5th line of systemic therapy in NSCLC-BM patients,
the mPFS demonstrated no statistically significant difference (HR 1.12, 95% CI 0.43–2.93;
p = 0.82) (Tables 10 and 11).

Table 9. Univariable Cox Proportional Hazards modeling of progression-free survival.

Variable Level
1st Line 2nd-to-5th Line

HR (95% CI) p-Value HR (95% CI) p-Value

Number of Brain Metastases
Multiple Reference Reference

Single 1.05 (0.70, 1.55) 0.82 0.20 (0.06, 0.70) 0.012

Extracranial Metastases
Present at the time of diagnosis

No Reference Reference

Yes 1.68 (1.13, 2.49) 0.01 3.19 (0.94, 10.84) 0.064

Leptomeningeal metastases
No Reference Reference

Yes 0.82 (0.43, 1.53) 0.53 6.19 (1.27, 30.05) 0.024

Whole Brain Radiation Received
No Reference Reference

Yes 1.38 (0.97, 1.94) 0.07 2.94 (1.31, 6.64) 0.009

Received Surgery
No Reference Reference

Yes 1.20 (0.70, 2.06) 0.51 0.82 (0.28, 2.42) 0.72

Karnofsky Performance Status
≥70 Reference Reference

70 1.42 (0.74, 2.72) 0.29 0.79 (0.18, 3.39) 0.75

SRS frequency
≥1 Reference Reference

0 0.86 (0.60, 1.24) 0.41 0.73 (0.30, 1.73) 0.47

Sex
Female Reference Reference

Male 1.55 (1.10, 2.18) 0.013 1.12 (0.51, 2.45) 0.79

Generation of EGFR-TKI received
1st Reference Reference

3rd 0.66 (0.38, 1.15) 0.14 1.39 (0.63, 3.04) 0.41

Number of Brain metastases - 1.05 (0.98, 1.12) 0.14 1.03 (0.89, 1.18) 0.72

SRS Total Number - 0.95 (0.85, 1.07) 0.37 1.19 (0.88, 1.62) 0.25

Age - 0.99 (0.98, 1.01) 0.29 0.98 (0.95, 1.01) 0.14

Table 10. Multivariable Cox-Proportional Hazards Modelling of progression-free survival (PFS) for
EGFR-altered NSCLC patients with brain metastases in first-line EGFR-TKI.

Variable Level HR (95% CI) p-Value

Sex
Female Reference

0.016
Male 1.9 (1.13, 3.23)

Extracranial metastases at diagnosis
Absent Reference

0.092
Present 1.7 (0.91, 3.34)

Whole-brain radiotherapy received
No Reference

0.013
Yes 2.1 (1.17, 3.93)

Age - 1.7 (0.91, 3.34) 0.95

Generation of EGFR TKI received
1st Reference

>0.99
3rd 1.0 (0.54, 1.83)
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Table 11. Multivariable Cox-Proportional Hazards Modelling of progression-free survival for EGFR-
altered NSCLC patients with brain metastases in 2nd-to-5th-line EGFR-TKI.

Variable Level HR (95% CI) p-Value

Leptomeningeal metastases
Absent Reference

0.03
Present 22.14 (1.35, 364.28)

Extracranial metastases at diagnosis
Absent Reference

0.35
Present 1.96 (0.48, 7.98)

Generation of EGFR TKI Received
1st Reference

0.82
3rd 1.12 (0.43, 2.93)

Brain Metastases
Multiple Reference

0.046
Single 0.25 (0.07, 0.98)

Age - 1.12 (0.43, 2.93) 0.40

3.4. Outcomes after Propensity Score Matching

Propensity score matching was also performed to reduce baseline confounding, whose
results are given in Table 12.

Table 12. Propensity score matching between first- and third-generation EGFR-TKI cohorts.

EGFR-TKI No. of
Obs.

No. of
Events

Median Duration
(Month)

1-Year Rate
(95% CI)

2-Year Rate
(95% CI) HR (95% CI) p

OS
erlotinib/gefitinib 28 23 18.2 64%

(44%, 79%)
28%

(13%, 46%) Reference
0.55

Osimertinib 28 14 23.9 82%
(62%, 92%)

38%
(13%, 63%)

0.81
(0.40–1.63)

PFS
erlotinib/gefitinib 28 26 9.37 43%

(24%, 60%)
18%

(6%, 35%) Reference
0.26

Osimertinib 28 17 13.77 64%
(43%, 79%)

32%
(12%, 55%)

0.69
(0.36–1.31)

4. Discussion

In recent years, novel EGFR inhibitors, specifically Osimertinib, have taken precedence
as the first-line treatment for EGFR-altered NSCLC over first-generation EGFR-TKIs [19,20].
In this work, we attempted to evaluate the efficacy of these drugs in NSCLC-BM patients at
a single institution. Recent animal studies have shown better BBB penetration with Osimer-
tinib than gefitinib, rociletinib, or afatinib, suggesting Osimertinib may have better survival
outcomes in NSCLC-BM patients [18]. However, our study failed to show any statistically
significant difference in PFS or OS between novel EGFR-TKI and erlotinib/gefitinib when
treating EGFR-altered NSCLC-BM patients, either as first-line treatment or as a later line
of treatment.

The FLAURA trial showed a clear survival benefit in NSCLC patients treated with
third-generation EGFR-TKIs compared to first-generation EGFR-TKIs [20]. The FLAURA
trial included patients with locally advanced or metastatic NSCLC, required to have proof
of EGFR exon 19 deletions or p.Leu858Arg EGFR mutation. This Phase III trial random-
ized 556 patients in a 1:1 ratio to either Osimertinib or the standard of care (physician’s
choice of erlotinib or gefitinib). Osimertinib was found to improve median PFS from
10.2 months with the erlotinib/gefitinib to 18.9 months with Osimertinib (HR 0.46; 95%
CI 0.37 to 0.57; p < 0.001). More specifically, when a subgroup of 116 patients with CNS
metastases was evaluated, median PFS in NSCLC-BM patients treated with Osimertinib
treatment (53 patients, PFS 15.2 months) was also found to be significantly higher than
those provided the standard of care (63 patients, PFS 9.6 months) (HR 0.47; 95% CI 0.30–0.74;
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p < 0.001). However, the FLAURA trial sub-analysis included patients who were treated
previously with intracranial radiation [21,22]. The OCEAN study was a prospective study
that evaluated Osimertinib in radiation-naive NSCLC-BM, again showing good efficacy
with an overall response rate (ORR) of 40.5% and a median brain metastasis-related PFS of
25.2 months [23]. However, all the participants in the OCEAN trial were previously treated
with older EGFR-TKIs [23]. The phase I BLOOM study further demonstrated Osimertinib’s
favorable CSF efficacy by analyzing radiological and symptomatic responses in NSCLC
with leptomeningeal disease [24,25].

Only a few studies have evaluated the intracranial efficacy of EGFR-TKIs, generally
reporting the benefit of 3rd generation EGFR-TKI use. Huang et al. compared the efficacy of
Osimertinib and afatinib in treating EGFR-altered NSCLC and NSCLC-BM in the Taiwanese
population. Interestingly, they reported a significant increase in PFS using Osimertinib
(22.1 months vs. 12.9 months, p = 0.045) in patients with brain metastasis. However,
there was no difference in median PFS in patients without brain metastasis (HR 1.02,
95% CI 0.56–1.85). When analyzed without subgroups, no statistically significant difference
in median progression-free survival was found [26]. In another Asian cohort with NSCLC,
Gen et al. studied 388 patients treated with EGFR-TKIs as 1st line therapy at five institutions.
In a subgroup analysis of 118 patients with metastatic NSCLC disease in the brain, this
study reported a longer PFS with Osimertinib compared to 1st gen TKIs erlotinib/gefitinib
and 2nd gen TKI afatinib (16.3 vs. 7.9 vs. 8.3 months respectively). An improvement in OS
was also noted to be trending towards significance with the use of Osimertinib compared
to erlotinib/gefitinib (not reached vs. 20.9 months, p = 0.0725) [27].

Zhao et al. evaluated a Chinese cohort of 367 patients with NSCLC-BM subjected
to either first-generation EGFR TKIs or Osimertinib as the first line of treatment. This
study demonstrated a superior OS and intracranial ORR with the use of Osimertinib,
despite the patients receiving it having a greater number and size of BMs than 1st gen TKIs
(37.7 vs. 22.2 months, 68% vs. 50%, respectively) [28]. Meanwhile, Zhou et al. findings
from a different approach. They chose a cohort of 813 diagnosed with EGFR-altered NSCLC
without baseline CNS metastases who were treated with a 1st gen TKI or Osimertinib.
38 patients in the cohort developed CNS metastasis during treatment. They observed a
decrease in risk of subsequent development of CNS metastases in patients treated with
Osimertinib vs. 1st gen TKIs gefitinib or erlotinib. However, this result was not statistically
significant (p = 0.059) [29]. In another study, Reungwetwattana et al. analyzed 200 brain
metastases patients as a subset of the FLAURA trial. They found that the median CNS
progression-free survival in patients with measurable or non-measurable CNS lesions was
not reached with Osimertinib (95% CI, 16.5–NA) and 13.9 months (95% CI, 8.3–NA) with
standard EGFR-TKIs (HR 0.48; 95% CI, 0.26–0.86; p = 0.014). These results were named
nominally statistically significant, and further analysis showed that objective response rates
were also improved in the patients receiving Osimertinib [30]. There are not many studies
on this issue, and the existing studies have smaller sample sizes than would be ideal to
fully elucidate the effect of 3rd generation EGFR TKIs in NSCLC-BM patients, as is our
work. An underpowered comparison may partially explain the variability in outcomes,
including progression-free survival.

The discrepancy between this work and prior literature may also be due to various
reasons. First, our study had a small sample size of the first-line Osimertinib cohort;
this led to a much higher median age, a known prognostic variable for brain metastases.
However, interestingly the first-line Osimertinib treatment group also had fewer patients
with extracranial metastasis and leptomeningeal spread. Secondly, there may have been
confounding systemic therapies for EGFR-TKIs analyzed as 2nd to 5th line. Since our study
was a retrospective cohort, considerable selection bias was likely present. Multivariable
analysis, like the one performed in this work, can only adjust for the known confounders,
typically just some of them. Finally, the complexity of defining PFS may have led to a lack
of statistical difference between the two cohorts. PFS was defined as SRS after treatment,
the start date of the next line of treatment, the date of death, or the date of the last follow-up.



Cancers 2023, 15, 2382 12 of 14

No MRI brain metastases measurements were collected in our study, which would have
provided the most accurate way to assess tumor progression. Nevertheless, our study
provides another important data point in assessing targeted therapies in brain metastases
from lung cancer.

Though some studies have shown promise for Osimertinib’s BBB penetration, muta-
tion resistance, and overall efficacy in NSCLC-BM, further studies need to be conducted
to show intracranial efficacy by examining MRI measurements [18–20]. Large prospective
studies are warranted that examine, along with the variables mentioned above, the deter-
mination of the genetic alteration(s) (e.g., EGFR) and level of expression in both primary
tumors and brain metastasis. EGFR-altered NSCLC-BM treatments continue to evolve, as
there are currently ongoing studies with Osimertinib and combination therapy, includ-
ing SRS or immune checkpoint inhibitors [10,31]. With advances in precision medicine,
strategic management approaches in the use of EGFR, especially for lung cancer-related
metastasis in neuro-oncology, will continue to change.

5. Conclusions

This study found no survival benefit between the novel EGFR-TKIs and first-generation
EGFR-TKIs when given either as first-line therapy or an alternative line of therapy in pa-
tients with EGFR-altered NSCLC with brain metastases. Larger studies, with rigorous,
prospective data collection, are warranted, with reporting for intracranial lesion size, de-
termination of the type of EGFR alteration, and level of EGFR expression in both primary
tumors and brain metastases, along with intracranial and extracranial response rates.
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