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Abstract
Background: Epidermal growth factor receptor (EGFR) mutations and anaplastic lymphoma kinase (ALK)
rearrangements are two driver alterations and are generally considered mutually exclusive in non-small
cell lung cancer (NSCLC). The prevalence of EGFR/ALK co-alterations in patients with NSCLC is low, and
the clinicopathological features and optimal targeted therapies of these subtype of patients are still
controversial.  

Methods: We describe three cases of NSCLC harboring EGFR mutation and ALK rearrangement. All of
them received more-line therapies and showed the long-term survival bene�t from targeted therapies.

In addition, we searched PUBMED, EMBASE and MEDLINE up to September, 2020. 91 EGFR/ALK co-
altered patients of NSCLC included for analysis in our study. Survival curves were created by Kaplan-
Meier method and group comparison analyses of progression free survival (PFS) were using log-rank
test.

Result: A total of 91 patients were summarized in our study from previous literatures. The patients of
NSCLC with coexisting EGFR mutations and ALK rearrangements are more likely to occur in female, non-
smoker, Asian origin, adenocarcinoma, and IV stage. The disease control rate (DCR) of tyrosine kinase
inhibitors (TKIs) which targeted EGFR and ALK as �rst-line targeted therapy was 62% and 78%,
respectively. The median PFS on �rst EGFR-TKI and �rst ALK-TKI therapy were 5.3 months (95%
con�dence interval [CI] 1.20 – 9.40 months) and 6.0 months (95% CI 0.00 – 14.69 months) in EGFR/ALK
co-altered NSCLC patients. Among patients who were treated with EGFR-TKI as �rst-line targeted therapy,
univariant analysis showed that PFS have no signi�cant difference between male and female (p = 0.22),
and there is also no difference between Asian and Caucasian (p =0.939). The median PFS between �rst-
and second-line targeted therapies was 7.0 months (95% CI 4.83 -9.17 months) and 2.0 months (95% CI
0.96-3.05 months) (p = 0.075). Survival curves showed the signi�cantly prolonged PFS between patients
without and with CNS metastasis (p = 0.036).

Conclusion: Both EGFR-TKIs and ALK-TKIs have been proved their effectiveness to EGFR/ALK double-
positive NSCLC patients. The curative effect of combination targeted therapies and sequential treatment
regimens are still in exploration. 

Introduction
Lung cancer is the most common malignant tumor in the worldwide and remines the leading cause of
cancer-related death, and non-small cell lung cancer (NSCLC) patients account for 80%-85% of all Lung
cancer patients (1). It is transformed dramatically in the therapy regimens of NSCLC since the discovery
of several critical activating pathways (2). In recent years, with the advent of targeted therapies for
different oncogenic drivers, molecular analysis is routinely performed in NSCLC to seek for major
therapeutic targets, especially in adenocarcinoma which accounts for approximately 40% of NSCLC.
Epidermal growth factor receptor (EGFR) mutation occurring in almost 10–30% of the patients with
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NSCLC, which is the most common driving oncogene (3). The reported incidence of anaplastic lymphoma
kinase (ALK) rearrangements ranges from 3–5% in NSCLC patients and echinoderm microtubule-
associated proteinlike4 (EML4-ALK) accounts for more than 90% of ALK-rearrangement (4). Generally,
these two driver genes are considered mutually exclusive in NSCLC(5), and we have little know about
clinicopathologic feature and treatment. There are several studies and case reports have reported the
coexistence of EGFR mutations and ALK rearrangements(6–33), both EGFR TKIs and ALK TKIs show
their therapeutic effects. Patients of NSCLC with EGFR/ALK double-positive show different sensitivities to
various therapeutic strategies. But there is no general consensus on the optimal target therapy for
EGFR/ALK double-positive patients.

The central nervous system (CNS) metastasis, including brain metastasis (BM) and Leptomeningeal
metastasis (LM), occurs in 30–50% of advanced NSCLC patients and associated with poor prognosis(34,
35). Cumulative reports have showed that the third-generation EGFR tyrosine kinase inhibitors (TKIs) as
well as second- and third-generation ALK TKIs have intracranial activity(36–39), but their response to
NSCLC with LM is con�icting.

Herein, we present a case series of 3 NSCLC patients with double EGFR/ALK positive that all received
targeted therapies. In addition, we summarized 91 patients with this type of genotype, and analyzed their
clinicopathological characteristics and response to targeted therapies. Our study aimed to access the
effectiveness of targeted therapies in EGFR/ALK double-positive patients especially those with CNS
metastasis.

Case Description
Case 1

A 45-year-old male, asymptomatic, heavy smoker (10 cigarettes a day) had an incidental �nding of a lung
occupying lesion from a computed tomography (CT) scan performed for health examination in March
2018. The chest CT revealed a mass which was 23 mm in maximum diameter in his superior lobe of right
lung and enlargement of lymph nodules of the mediastinum and right hilar. He underwent right upper
lobectomy with systematic nodal dissection. Acinar adenocarcinoma and papillary adenocarcinoma were
con�rmed by the pathological examination, and the right paratracheal and subcarinal lymph nodules
were invaded by tumor (pT1bN2M0, stage IIA). Next-generation sequencing (NGS) test for a large panel
showed a deletion of exon 19 of EGFR gene and EML4-ALK rearrangement and the mutation abundance
was 1.97% and 13.79%. Subsequently, EGFR exon 19 con�rmed by immunohistochemistry (IHC) and ALK
rearrangement veri�ed by �uorescence in situ hybridization (FISH). The patient Eastern Cooperation
Oncology Group performance score (ECOG-PS) was 1 at one month after surgery, and he initially received
adjuvant chemotherapy regimen with pemetrexed and nedaplatin (Day 1: 500 mg/m² + Day 1–2:
80 mg/m², 21 days/ cycle) in May 2018. After 6 cycles of chemotherapy, icotinib, a �rst generation of
EGFR-TKI, (125 mg thrice daily) was selected as maintenance regimen. In December 2018, there was no
inducement for the patient and he suffered headache, dizziness, nausea, projectile vomited and
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developed forced right lateral decubitus position. He had a positive Babinski sign and couldn’t complete
both hands alternating movement test and �nger-nose test. Brain magnetic resonance imaging (MRI)
revealed cerebellar metastasis (CM) and leptomeningeal carcinomatosis (LMC) (Fig. 1). The patient
began treatment with ALK-TKI alectinib (600 mg twice daily) combined with icotinib (125 mg thrice daily).
In the same time, mannitol was used to decrease intracranial pressure. Three days after treatment, the
patient was able to walk, and headache, dizziness, nausea as well as vomit was relieved. Brain MRI
scanning demonstrated a marked regression of LMC after 2 months. However, the therapy was ceased
after 3 months because the patient suffered from dizziness, and brain MRI revealed leptomeningeal
progression compared with before. Considering that alectinib was bene�cial for brain metastasis, he then
switched to take alectinib (600 mg twice daily) combined with Osimertinib (160 mg once daily). A month
later, this therapy was terminated after further CM progression showed in brain MRI and three new lesions
in cerebellum was con�rmed. A pulmonary nodule, meanwhile, was revealed by chest CT scanning which
was in left upper lobe. We tried to analyze circulating tumor cells and cell-free tumor DNA in cerebrospinal
�uid (CSF), but no valuable information found. Subsequently, he began treated both brigatinib (180 mg
once daily with 7-day lead-in period at 90 mg) and bevacizumab (Day 1:10 mg/kg, 21 days/ cycle) from
June 2019. After one cycle of this therapy, brain MRI scanning and chest CT scanning revealed a
decrease of brain metastasis and pulmonary metastasis. Nevertheless, brigatinib was discontinued after
6 months due to nausea, vomiting and loss of appetite. The patient was subsequently switched to
lorlatinib (25 mg once daily) combined with bevacizumab (7.5 mg/kg D1, 21 days/ cycle), and lorlatinib
followed was gradually incremented to 75 mg daily. Mild tachycardia and hallucinations were apparent
temporarily and recovered without any management. Brain MRI scan and chest CT scan were performed
bimonthly that showed stable disease in the next 8 months of this treatment, and the patient remains on
this therapy util reporting this case.

Case 2

A 48-year-old male non-smoker suddenly appear to be having an epileptic seizure and fell down in April
2018. Brian MRI revealed brain nodules and metastases cannot be rule out. FDG-PET scan was
performed next, revealing the presence of a lesion in the lower right lung and multiple brain lesions. The
pathological examination of CT guided percutaneous lung puncture biopsy revealed an adenocarcinoma,
and we made a diagnosis of right lower lobe adenocarcinoma at stage IV. The patient had a good
performance status and he was initially received �rst-line chemotherapy regimen of PP (pemetrexed
500 mg/m2 D1 + nedaplatin mg/ m2 D1, 21 days a cycle) in May 2018 every three weeks up to 4 cycles.
The patient had a stable disease (SD) and was performed NGS detection which identi�ed L858Q
mutation (0.30%) in exon 21 concomitant with ALK-SH3RF3 fusion gene (0.33%) in the tumor cell. Then,
based on the molecular �nding, he started to take �rst-generation ALK-TKI crozitinib (250 mg twice daily),
and disease stability was achieved for 8 months (Fig. 2). At progression, he received EGFR-TKI ge�tinib
(250 mg once daily), but the drug was stopped for skin toxicity after 1 month. In April 2019, whole-brain
radiation (WBRT) was given for 20 times. In June 2019, the patient started taking brigatinib (180 mg once
daily with 7-day lead-in period at 90 mg) combined with icotinib (250 mg thrice daily). 5 months later, CT
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scans evidenced a partial response in the brain lesions. However, the progressive disease (PD) was
con�rmed by brain MRI in May 2020, with a progression-free survival (PFS) of 11 months. The therapy
regimen was switched to alectinib (600 mg twice daily) combined with icotinib (250 mg thrice daily).
Unfortunately, the therapy response was assessed as PD with the e�cacy evolution showed an enlarged
tumor size after 2 months of this therapy. his cancer progressed again and he began taking ceritinib
(750 mg Daily) combine with icotinib for about 1 month and then experienced PD. Next, the patient was
treated with loratinib (100 mg daily) and the clinical response was not available util reporting this case.

Case 3

In March 2015, a 61-year-old female non-smoker who was asymptomatic was found a lung mass in the
right lower lobe with malignant pleural effusion in physical examination. Percutaneous pulmonary biopsy
was diagnosed of right lower lobe adenocarcinoma at stage IV, and the tumor tissue was too small to
perform the gene test. The patient worried about the side effect of chemotherapy. In April 2015, she
started to take ge�tinib (250 mg once a day) and had a partial response after 3 months (mutation status
was unknown) (Fig. 3). In August 2016, she began receiving temozolomide combined with ge�tinib
because of the discovery of brain lesions by MRI. In November 2016, pleural effusion was suddenly
increased and considered the progression disease. Then, plasma-based NGS was performed and the
EGFR mutation (T790M, exon20) was found. He was treated with AZD9291 since November 2016 and
the disease stability was achieved for 11 months. In October 2017, CT-scan revealed the progression of
pulmonary nodules as well as pleural effusion, and the patient was treated with CT-guided seed
implantation and AZD9291 treatment was continued simultaneously. Then, a new lung biopsy specimen
was obtained and NGS was performed, which showed the concomitant of EGFR exon 19 deletion and
EML4-ALK rearrangement and the mutation abundance was 16.69% and 22.29%, respectively. For this
reason, the treatment regimen was switched to crozitinib (250 mg twice daily) combined with AZD9291
(80 mg daily) in January 2018. After 7 months of this therapy, the drug was discontinued for the presence
of chest distress and breath obstruction. Followed CT scan revealed the massive right-side pleural
effusion and left-sided pneumonia, and disease progression again was con�rmed. We conducted re-
biopsy and NGS to the patient, and the result of NGS was consist with the previous one. A right thoracic
drainage and cis-platinum intrapleural infusion was performed in July 2018. Then, the patient initially
received chemotherapy of PP (pemetrexed 500 mg/m2 D1 + nedaplatin mg/ m2 D1, 21 days/cycle) plus
bevacizumab (7.5 mg/kg D1, 21 days/cycle) and continued taking AZD9291. However, cardiac
insu�cient was happened to her on the fourth day of 7th cycle chemotherapy with the left ventricular
ejection fraction of 44%. Thus, she ceased to take AZD9291 and continued the pemetrexed (pemetrexed
500 mg/m2 D1, 21 days/cycle) plus bevacizumab (7.5 mg/kg D1, 21 days/cycle) for another 22 cycles
and stable disease was achieved. In April 2020, the patient suffered with headache and dizziness with an
unsteady step, and LM) couldn’t be rule out but we were not obtained evidence from imaging test. From
May 2020 to reporting this case (September 2020), the patient was treated with Osimertinib (160 mg,
once a day). After 4 months, CT scan showed a right-side pleural effusion was increased again with
elevated levels of carcinoma embryonic antigen (CEA), and the Osimertinib was discontinued.
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Materials And Methods
We searched PUBMED, EMBASE and MEDLINE for the patients of NSCLC harboring both EGFR mutation
and ALK rearrangement. With this methodology, we found 24 literatures and total of 91 patients were
ful�lled these criteria (10–33). Clinical data including gender, age, ethnicity, smoking history, pathological,
tumor staging, CNS metastasis and the e�cacy of targeted therapies. The PFS was the primary endpoint
to assess the e�cacy of TKIs, and overall survival (OS) and DCR was the secondary outcomes. Statistical
Package for Social Science version 23.0 was used to perform statistical analysis. Survival curves were
created by Kaplan-Meier method and group comparison analyses of PFS were using log-rank test. We
de�ned statistically signi�cant was p value < 0.05.

Result
Table 1 summarizes detailed characteristics of 91 EGFR/ALK double-positive NSCLC patients which
described by published data. The baseline demographic and clinical characteristics was summarized in
Table 2, including age, gender, ethnicity, smoking history, pathology, tumor stage, EGFR mutation types
and CNS metastases. Among these people, the clinical information of 88 patients was described in
details. The median age of these patients was 59,4 years. 96.6% (85/88) of them were adenocarcinoma,
and they were more likely to occur in female, non-smoker, Asian origin, IV stage. Of all co-mutation
patients, 19 exon (-del) and 21 exon (-L858R) were frequently-occurring EGFR gene mutations, and CNS
metastasis were proved exist in 11 patients.

Most EGFR/ALK co-alteration NSCLC patients (78/90) were treated with at least one kind of TKIs.
Because of some patients not be able to get complete data, and only 53 patients could follow the
evaluating clinical effect. Among these patients, 23 of them only received EGFR TKIs, 12 patients only
received ALK TKIs, and 45 patients received combination or sequential therapy of both EGFR-TKI and
ALK-TKI. 29 out 53 patients were receiving EGFR TKIs as �rst-line targeted therapy and other 24 patients
choose ALK TKIs with a DCR of 62% and 78%, respectively.

The median PFS on �rst EGFR-TKI and �rst ALK-TKI therapy were 5.3 months (95% con�dence interval
[CI] 1.20–9.40 months) and 6.0 months (95% CI 0.00–14.69 months) in EGFR/ALK co-altered NSCLC
patients. Univariant analysis showed that PFS have no signi�cant difference (p = 0.132) (Fig. 4a.). Among
patients who were treated with EGFR-TKI as �rst-line targeted therapy, the median PFS was 7.0 months
(95% CI 0.75–13.25 months) and 7.7 months (95% CI 4.08–11.32 months) in male and female (Fig. 4b.),
and was 6.0 months (95% CI 2.91–9.10 months) and 7.0 months (95% CI 0.53–13.48 months) in Asian
and Caucasian (Fig. 4c.). We can draw a conclusion that there was no statistically signi�cant difference
between male and female (p = 0.22) as well as Asian and Caucasian (p = 0.939). Additionally, the median
PFS between �rst- and second-line targeted therapies was 7.0 months (95% CI 4.83–9.17 months) and
2.0 months (95% CI 0.96–3.05 months), which showed no statistically different between these two
groups (p = 0.075) (Fig. 4d.). Survival curves showed the signi�cantly prolonged PFS between patients
without and with CNS metastases (p = 0.036), which median PFS was 8.0 month (95% CI 0.53–13.48
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months) and 2.0 month (95% CI 0.53–13.48 month) (Fig. 4e). Only 14 patients can get the data of OS
while the other missing data were not available, the average OS was 56.18 months (95% CI 32.72–72.9
months) (Fig. 4f).

Discussion
EGFR/ALK double-positive is a relatively rare molecular subtype in NSCLC, which accounts for 0.1 to 1.6%
in NSCLC according to the former studies(9, 40–43), and present in 3.9% and 18.6% of patients with
EGFR mutation and ALK rearrangement respectively(29). The prevalence of concomitant EGFR mutations
and ALK alterations correlates with ethnic differences as well as detection sensitivity. Along with the
discovery of more sensitive gene detection technologies, such as NGS, the proportion of double-positive
patients may much higher and treatment strategies for NCSLC patients have a remarkable evolution.
EGFR mutation usually occurs in exon 19 deletion (60%) and L858R missense substitutions in exon 21
(35%). L861Q point mutation in exon21 accounts for only 2% of EGFR mutation(44).

NSCLC patients harboring driver gene mutations such as EGFR mutations and ALK rearrangements could
bene�t more from molecular targeted therapies than conventional chemotherapies(45). Now, EGFR- and
ALK-TKI are standard therapies for NSCLC patients with single gene alterations. Previous studies had
revealed the e�cacy of EGFR- and ALK-TKI in NSCLC patients with EGFR/ALK dule-positive, but the
sensitivity of these TKIs remains controversial. Based on previous research, EGFR mutations were
considered one of the important resistance mechanisms of ALK-TKI(28, 46), and EGFR-TKI combined
with ALK-TKI seems to receive more bene�t. While Koivunen et al. reported that ALK rearrangement is a
potential resistance mechanism to EGFR-TKI(47). Yang JJ et al. assessed the response of double-positive
patients to EGFR TKIs and �rst-generation ALK-TKI crozitinib. He came to a conclusion that the levels of
phospho-EGFR and phosphor-ALK could seem as the prognosis index of EGFR-TKI and crozitinib in
NSCLC patients who overlapping EGFR mutations and ALK rearrangement (29). Won et al. reported that
double-positive patients showed ge�tinib resistance but were sensitive to ALK-TKI(30), suggesting that
ALK-TKI can be selected �rstly in double-positive patients. Nevertheless, Schmid et al. found that
sensitivity to EGFR TKIs was higher than ALK TKIs in patients with EGFR/ALK co-alterations(48).
Furthermore, Zhao et al. reported that the OS of concomitant patients appears longer than those with
single EGFR mutation(43), while Luo et al. put forward to contrary option (40).

Here, we illustrate 3 NSCLC patients harboring EGFR mutation and ALK rearrangement who received
more-line targeted therapies. Patients 1 intracranial responded quickly to alectinib with neurological
symptoms recovered satisfactorily. The second-generation ALK-TKI alectinib showed clinically
meaningful in CNS metastasis ALK-positive NSCLC with a highly CNS-penetrant(49, 50). In patients of
NSCLC harboring EGFR-sensitive mutations, it was con�rmed that EGFR TKIs combined with humanized
monoclonal antibody targeting vascular endothelial growth factor (VEGF) bevacizumab can improve the
antitumor effect compared to EGFR therapy alone(51–53). Dule inhibition of both EGFR and VEGF
pathway could treat or delay the resistance to EGFR inhibitors(51). He received third-generation ALK-TKI
lorlatinib combined bevacizumab after failing on 3 previous targeted therapies and achieved SD for more
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than 8 months until the last follow-up time (September 2020). Patient 2 had a PR to second-line brigatinib
/icotinib combination therapy after �rst-line chemotherapy followed by icotinib as maintenance therapy.
However, he was primary refractory to third-line and fourth-line dual EGFR/ALK combination therapies
and received loratinib as �fth-line therapy. Patient 3 had massive system and intracranial progression,
who had a PR to �rst-line ge�tinib and second-line AZD9291. And she had a SD to �fth-line therapy of
third-generation EGFR-TKI osimertinib which showed ongoing tumor response. Until last follow-up, the OS
of our three cases was 29 months, 28 months, and 53 months.

To data, the clinicopathological features of EGFR/ALK co-altered patients were not been accurately
described in further studies. Cai et al.(8) proposed that EGFR/ALK double gene co-expressed due to
intratumor heterogeneity. While Sasaki et al(54) found that coexistence of EGFR signaling could occurs in
an ALK-rearrangement mutation cell line. We aim to help determine the clinicopathological features and
targeted therapeutic agent for NSCLC patients with EGFR/ALK double-positive and collect 91 cases were
identi�ed in this double-positive by September 2020 in previous publications. In our study no signi�cant
correlation in terms of response to targeted therapies in gender as well as ethnicity. Limited data were
available in the previous literatures. Luo et. al (40) reported that patients of NSCLC with EGFR/ALK
double-positive appears to be associated with shorter median OS compared with single EGFR mutation
and ALK rearrangement, and the median OS of was 18.5 months, 21.3 months and 23.7 months,
respectively (p = 0.06). Zhao et al. (55) reported that sequential treatment with EGFR- and ALK-TKIs were
effective in treatment of double-positive patients, and these patients toward increased long-term survival
compared with single positive of EGFR and ALK. Since of the limited numbers of patients can acquired
the data that we cannot draw �rm conclusions to evaluate overall survival of these EGFR/ALK co-altered
patients. Moreover, chemotherapy and radiation therapy might be interference factors with the results.

In our study, univariate analysis showed that PFS in non-CNS metastases subgroup was superior to that
CNS metastases. CNS metastases occurs in 22%-44% of patients with advance NSCLC, and it often
associated with poor prognosis and quality of life in advance NSCLC patients(56). The median survival
of NSCLC patients with BM and LM was 7 month and 3–10 months(57, 58), respectively. Patients of
NSCLC with targetable mutation such as EGFR mutation and ALK rearrangement seems to have higher
incidence of CNS metastases(59–61). LM occurs in approximately 3%-4% of patients with advanced
NSCLC and 9% in EGFR-mutant advanced NSCLC(58, 62, 63). Some EGFR- and ALK-TKIs such as
osimertinib, alectinib, brigatinib, ceritinib, lorlatinib have demonstrated their intracranial activity. All of our
three patients suffered from CNS metastasis, one of them have LM and another one suspected LM. It is
less known about the e�cacy of EGFR TKIs and ALK TKIs in patients with LM since that the patients are
often excluded from clinical trials. There are several case reports revealed the e�cacy of the second- and
third-generation of ALK-TKI on LM in NSCLC(64–66).

The third-generation EGFR-TKI osimertinib has the high CNS penetration with higher cerebrospinal �uid
(CSF) distribution compared with other EGFR TKIs(67–69), and NCCN has recommend osimertinib to
treat EGFR-mutant NSCLC patients with CNS metastases(70). Based on the phase III ALEX study, alectinib
shows an excellent e�cacy in ALK-rearrangement NSCLC including CNS metastases (30). A study by
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Gainor JF et al. demonstrated the e�cacy of alectinib in ALK-rearrangement NSCLC with LM (71).
Brigatinib, a second-generation ALK TKI, exhibits the e�cacy in osimertinib resistance of EGFR C797S
alteration(72). A meta-analysis shows that brigatinib may have some advantages over alectinib in CNS
metastasis, but it requires further validation(73). ALK-TKIs have demonstrated their clinical success in
tumors with activation of ALK but eventually limited by the development of drug resistance. The
mechanism of medicine resistance to TKIs may mutual independence in double-positive patient
population. The third-generation ALK-TKI lorlatinib was approved by the United State food and drug
administration (FDA) for the treatment of advance NCLC after progression on �rst- and second-generation
ALK TKIs including alectinib and ceritinib or after crozitinib and at least one other ALK-TKI(74). It has
excellent CNS penetration and e�cacy in CNS metastasis after disease progression on other �rst- and
second-generation ALK TKIs(75–77). We reported three patients of NSCLC with EGFR/ALK dual-altered
with LM who showed intra-cranial response to the third-generation EGFR-TKI and second- and third-
generation ALK-TKIs.

Conclusion
Here, we describe 3 cases and made a retrospective study with a relatively small sample because of the
low incidence of EGFR and ALK dual mutations. There are some limitations in our study since that we
can hardly acquire the large sample of this kind of genotype to analyze the biological behavior,
clinicopathologic features and the optimal therapeutic regimens. The implementation of sensitive
molecular genetic technology, such as NGS, led to the increase in frequency of these patients. The
researches of resistance mechanisms and sequential treatment regimens in EGFR/ALK double-positive
are little. Sasaki et al. found that EGFR/ALK double positive cancer cell line was expected to be resistant
to both EGFR- and ALK-TKIs(28). In our 3 cases, combination targeted therapies showed good prospect to
double-altered patients. It requires more researches to explore the optimal treatment regimen for this dual-
altered NSCLC in the future.
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Figure 1

Serial MRI and CT of case 1. (A) 2018.12,before took TKIs. (B) 2019.3, alectinib+icotinibfor 3 months, PD.
(C) 2019.5, alectinib+osimertinibfor 2 months, PD. (D) 2019.8, brigatinib+bevafor 2 months, PR. (E)
2020.2, loratinibfor 2 months, SD.
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Figure 2

Serial MRI and CT of case 2. (A) 2018.7 Before crozitinib; (B) 2018.9 crozitinibfor 2 months, SD; (C)
2019.3 crozitinibfor 8 months, PD; (D) 2019.10 brigatinib+ icotinibfor 5months, PR; (E) 2020.07
brigatinib+ icotinibfor 11months, PD.



Page 19/20

Figure 3

Serial CT of case 3. (A) 2015.4, baseline; (B) 2016.7, ge�tinib for 15 months, PR; 2016.11, ge�tinib for 19
months, PD; (D) 2017.7, AZD9291 for 8 months, PR; (E) 2017.11, AZD 9291 for 11 months, PD; (F) 2018.3,
AZD 9291 + crozitinibfor 2 months, SD;(G) 2018.7, AZD9291 + crozitinibfor 7 months, PD; (H) 2019.1,
Pem+ bevafor 7 cycles, SD; (I) 2020.04, before take osimertinib, PD; (J) 2020.08, Osimertinib for 4
months, PD.
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Figure 4

Univariant analysis showed that PFS have no signi�cant difference (p = 0.132) (Fig 4a.). Among patients
who were treated with EGFR-TKI as �rst-line targeted therapy, the median PFS was 7.0 months (95% CI
0.75 – 13.25 months) and 7.7 months (95% CI 4.08 – 11.32 months) in male and female (Fig 4b.), and
was 6.0 months (95% CI 2.91 – 9.10 months) and 7.0 months (95% CI 0.53 – 13.48 months) in Asian and
Caucasian (Fig 4c.). We can draw a conclusion that there was no statistically signi�cant difference
between male and female (p = 0.22) as well as Asian and Caucasian (p =0.939). Additionally, the median
PFS between �rst- and second-line targeted therapies was 7.0 months (95% CI 4.83 -9.17 months) and 2.0
months (95% CI 0.96-3.05 months), which showed no statistically different between these two groups (p
= 0.075) (Fig 4d.). Survival curves showed the signi�cantly prolonged PFS between patients without and
with CNS metastases (p = 0.036), which median PFS was 8.0 month (95% CI 0.53 – 13.48 months) and
2.0 month (95% CI 0.53 – 13.48 month) (Fig.4e). Only 14 patients can get the data of OS while the other
missing data were not available, the average OS was 56.18 months (95% CI 32.72 – 72.9 months)
(Fig.4f).
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