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Abstract
Background: There is limited data on the clinical outcome, long-term survival and
tolerability of sequential therapy of first-line crizotinib followed by alectinib in a real-
world setting for Chinese patients with advanced ALK+ NSCLC.
Methods: The medical records of patients who received sequential therapy with first-
line crizotinib followed by alectinib (no intermittent systemic therapy was allowed
between the two ALK-TKIs) were collected from six centers in China. Combined time
treatment to failure (C-TTF) was defined as the period from the start of crizotinib to
the complete discontinuation of alectinib due to any cause.
Results: A total of 61 patients were included in our study. Fifty-two patients were
switched to alectinib due to disease progression, seven as a result of toxicity, and two
due to patient preference. At the time of data cutoff, alectinib treatment was discon-
tinued in 31 patients on account of disease progression while severe adverse events
resulted in cessation of alectinib in another two patients. Rebiopsy was conducted in
21 patients following disease progression on alectinib in whom ALK secondary muta-
tion was found in 13 patients. Patients with ALK secondary mutation demonstrated
better PFS during treatment with subsequent ALK-TKIs compared with those without
(10.4 vs. 3.1 m, p = 0.0018, HR = 0.08). With a median follow-up of 34.3 months,
C-TTF was 39.2 months and estimated 5-year OS was 68.6% in the overall population.
Conclusion: Sequential therapy with first-line crizotinib followed by alectinib demon-
strated long-term benefits. Different efficacy in subsequent ALK-TKI between patients
with or without ALK secondary mutation further emphasized the importance of
rebiopsy to guide targeted therapy more precisely.
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INTRODUCTION

Lung cancer is the highest cancer-related cause of mortality
worldwide.1 Non-small cell lung cancer (NSCLC) accounts
for approximately 85% of lung cancer cases. Patients with
advanced NSCLC have experienced a dismal prognosis in

the era of chemotherapy. Over the past few decades, there
has been huge progress in tumor molecular biology. Several
driver gene mutations in NSCLC have been found which have
radically transformed the treatment landscape in NSCLC, from
the empirical use of chemotherapy to targeted therapy. ALK
gene rearrangement is called the “diamond mutation.”2–5 To
date, several ALK-TKIs have been established as standard
treatment options, and some real-world studies have suggested
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that patients with advanced ALK positive NSCLC may live for
approximately 7 years6,7 after sequential use of multiple gener-
ations of ALK-TKIs.

Moreover, sequential therapy with first-line crizotinib
followed by alectinib has also been substantiated to demonstrate
favorable long-term benefits both in a clinical trial (J-ALEX)8

and a real-world study (WJOG 9516L).7

However, there is limited data on the clinical outcomes,
long-term survival and tolerability of this treatment strategy
in Chinese patients, although the effectiveness of this sequen-
tial therapy has been substantiated in a Japanese population.
It should also be noted that analysis of treatment failure,
resistance mechanism and efficacy during the treatment of
subsequent ALK-TKIs was not conducted in the WJOG
9516L and J-ALEX studies. More importantly, as CNS is the
sanctuary site of crizotinib due to its poor penetration rate
across the brain–blood-barrier (BBB), CNS activity of subse-
quent ALK-TKIs is particularly important following the intra-
cranial progression of crizotinib. To date, more clinical
practice data is needed to further confirm the intracranial effi-
cacy of alectinib, as patients with symptomatic CNS metasta-
ses have been excluded in all alectinib clinical trials.9,10

Here, we report the clinical outcomes, long-term survival
and tolerability of sequential therapy of first-line crizotinib
followed by alectinib in Chinese patients. Furthermore, we
also analyze the resistance mechanism of alectinib and effi-
cacy of subsequent treatment with ALK-TKIs.

METHODS

Patients and data collection

Data of patients diagnosed with advanced ALK+ NSCLC
treated with first-line crizotinib sequential therapy followed
by alectinib (no intermittent systemic therapy was allowed
between the two ALK-TKIs) were collected in six hospitals
in China from September 2016 to March 2021. Patients with
symptomatic or active CNS metastases were included in this
study. An MRI scan for intracranial lesions, CT scan for
baseline extracranial lesions and during the period of
follow-up were required. Adverse events, reasons for discon-
tinuation of targeted therapy, progression pattern and ALK
secondary mutation at the progression of alectinib were also
recorded. The data cutoff date was June 1, 2021.

Assessments

The definition and evaluation of intracranial or extracranial
lesions were based on the Response Evaluation Criteria in
Solid Tumors version 1.1 (RECIST 1.1). In other words, up
to five target lesions (≥1 cm) in the whole body and up to
two target lesions (≥1 cm) in each organ were included;
progression-free survival (PFS) was calculated from the start
of targeted therapy to the date of disease progression. CNS
time to progression (CNS TTP) of alectinib was calculated

from the start date of alectinib in patients with intracranial
lesions until CNS progression. Time to treatment failure
(TTF) was defined as the period from the start of targeted
therapy to the complete discontinuation of treatment due to
any cause including disease progression, death, severe
adverse events or patient preference. Combined time to
treatment failure (C-TTF) was defined as the period from
the start of crizotinib to the complete discontinuation of
alectinib due to any cause. Overall survival (OS) was calcu-
lated as the period from the start of crizotinib to the date of
death due to any cause.

The extent of improvement in CNS-related symptoms
was mainly based on subjective reports from patients catego-
rized into four different levels (significant improvement,
moderate improvement, no improvement, and deterioration).
Pleural or pericardial effusion, metastases in the contralat-
eral lung, in nonregional draining lymph nodes or in
extrathoracic organs were deemed as distant metastases.
Metastases in symmetrical organs such as adrenal glands,
or in osseous tissues were considered as one distant organ
involved.

Statistical analysis

Statistical analysis was conducted using SPSS 26.0 statistical
software (SPSS, Inc.). Patient distribution and baseline
demographic/clinical characteristics are described using fre-
quency analysis. The objective response rate in intra- and
extracranial lesions was estimated with 95% confidence
interval (CI) based on the exact binomial distribution. Dif-
ferences between groups were compared using the Pearson’s
χ2 test for categorical data, and t-test for continuous data.
The survival curves were estimated using the Kaplan–Meier
method, while differences in the variables were calculated
using the log-rank test. Cox’s proportional hazard model
were used to estimate the hazard ratio (HR) and the
corresponding 95% CI for the covariate of interests. A two-
sided p-value <0.05 was considered statistically significant.

RESULTS

Baseline characteristics during treatment with
crizotinib

In total, 61 patients were included in our study. Detailed
baseline characteristics during treatment with crizotinib
are described in Tables 1 and 2. Patients with ECOG ≥2
points before the administration of crizotinib accounted
for nearly one fifth of the overall population. In addition,
87% of patients had distant baseline metastases and
metastases in ≥3 distant organs were found in nine
patients (14.7%). Ten patients were diagnosed with CNS
metastases before crizotinib and only one patient experi-
enced CNS related symptoms. One patient received local
treatment for intracranial lesions before first-line
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treatment while all patients diagnosed with CNS metasta-
ses had uncontrolled baseline CNS lesions (uncontrolled
CNS lesions meant either CNS metastases were not
treated before or progressed after local treatment). The
reasons for discontinuation of crizotinib are shown in
Table 3.

Efficacy during treatment with crizotinib

One patient received crizotinib only for several days because
of intolerable adverse events; therefore, 60 patients had at
least one radiological evaluation during first-line treatment.

Overall response rate (ORR) was 60% (1CR + 35PR) in these
patients (Table 4) as 85.7% (1CR + 35PR) of patients with
target lesions demonstrated a radiological response. Median
maximum tumor shrinkage rate was 56% (range �40%,
100%) (Figure 1a) in patients with measurable lesions and
over half had tumor reduction over 50% (Figure 1b). As for
patients with CNS metastases, intracranial ORR was 22.2%
(2PR), whereas 40% of patients (2PR) with measurable CNS
lesions were found to have an intracranial response (Table 4).
One patient with symptomatic CNS metastases experienced
no improvement in symptoms and required salvage brain
radiotherapy. Median PFS was 15.4 months (95% CI: 11.1–
19.6 m) in crizotinib-resistant patients (Figure 2a) (n = 52)
in whom 22 patients developed progression only in CNS,
while 18 patients experienced extracranial progression.
Twelve patients were reported to have progression both in
intra- and extracranial lesions.

T A B L E 1 Baseline characteristics before initiation of
crizotinib (n = 61)

Characteristics Number (percentage)

Gender

Male 29 (47.5%)

Female 32 (52.5%)

Median age 49 (range 25, 81)

<65 57 (93.4%)

≥65 4 (6.6%)

ECOG 0–1 50 (82.0%)

ECOG ≥2 11 (18.0%)

Smoking history

Never smoker 47 ((77.0%)

Smoker 14 (23.0%)

Pathology

Adenocarcinoma 58 (95.1%)

Nonadenocarcinoma 3 (4.9%)

Stage

III 5 (8.2%)

IV 33 (54.1%)

Recurrence after surgery 23 (37.7%)

CNS metastases

Yes 10 (16.4%)

No 51 (83.6%)

Distant organs involved

0 8 (13.1%)

1–2 44 (72.1%)

≥3 9 (14.8%)

Target lesions

Yes 42 (68.8%)

No 19 (31.1%)

Variants

Unknown 33

Non EML4-ALK fusion 3

EML4-V1 13

EML4-V3 10

Other EML4 variants 3

TAB L E 2 Characteristics of CNS metastases during treatment with
crizotinib (n = 10)

Local treatment before crizotinib n = 1

Uncontrolled CNS lesions before crizotinib n = 10

Symptoms related to CNS metastases before crizotinib n = 1

Measurable intracranial lesions n = 5

Radiological evaluation in CNS during treatment with crizotinib n = 9

TAB L E 3 Baseline characteristics before the initiation of
alectinib (n = 61)

Number (percentage)

Reasons for the discontinuation of crizotinib

Disease progression 52 (85.2%)

Severe adverse events 7 (11.5%)

Patient preferences 2 (3.3%)

Median age 49 (range 28, 81)

<65 53 (86.9%)

≥65 8 (13.1%)

ECOG

0–1 40 (65.6%)

≥2 21 (34.4%)

CNS metastases

Yes 38 (62.3%)

No 23 (37.7%)

Distant organs involved

0 3 (4.9%)

1–2 38 (62.3%)

≥3 20 (32.8%)

Target lesions

Yes 46 (75.4%)

No 15 (24.6%)
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Safety of crizotinib

A total of 57 patients had detailed safety records during
the treatment of crizotinib, and common adverse events
are listed in Table S1. The majority of patients experi-
enced grade 1–2 adverse events with grade 3–4 adverse
events found in 12.3% of patients. No symptomatic
bradycardia, ≥grade 2 elongation in QTc interval and inter-
stitial pneumonia were reported. Dose interruption was
observed in 24.6% of patients and grade 2–4 elevation in
transaminoferase (10 patients) was the most common
reason. A total of 15.8% of patients were reported to have at
least one dose reduction while seven patients had permanently
discontinued crizotinib treatment in whom five patients experi-
enced grade 3–4 elevation in transaminoferase.

Time to treatment failure during treatment with
crizotinib

A total of 52 patients were switched to treatment with
alectinib due to disease progression, while criztonib was
completely discontinued in seven patients because of severe
adverse events and the treatment option was changed in
another two patients on account of their own preferences.
Median TTF was 12.7 months (95% CI: 7.4–17.9 m) in the
overall population (Figure 2b).

Baseline characteristics during treatment with
alectinib

The number of patients with intracranial metastases rose to
38 before the initiation of alectinib with symptomatic CNS

metastases reported in 10 patients (Tables 3 and 5). Seven
patients underwent local treatment for CNS lesions at intra-
cranial progression of crizotinib while over 90% of patients
were found to have uncontrolled CNS metastases before
treatment with alectinib. Patients with ECOG ≥2 points
accounted for over 30% of overall population before admin-
istration of alectinib.

T A B L E 4 Efficacy during treatment with crizotinib

ORR in patients with at least one
radiological evaluation (n = 60)

60% (1CR + 35PR)
(95% CI: 46.5%–72.4%)

ORR in patients with target lesions
(n = 42)

85.7% (1CR + 35PR)
(95% CI: 71.5%–94.6%)

Median maximum tumor reduction
rate (n = 42)

56% (range: �40%, 100%)

Intracranial ORR in patient with CNS
metastases following at least one
radiological evaluation (n = 9)

22.2% (2PR)
(95% CI: 2.8%–60.0%)

Intracranial ORR in patient with
measurable CNS lesions (n = 5)

40% (2PR)
(95% CI: 5.3%–85.3%)

Improvement in CNS related symptoms
(n = 1)

Significant improvement 0

Moderate improvement 0

No improvement 1

Deterioration 0

F I G UR E 1 (a) Waterfall plots for patients with target lesions during
treatment with crizotinib (n = 42). (b) Extent of tumor reduction during
treatment with crizotinib (n = 42). (c) Waterfall plots for patients with
target lesions during treatment with alectinib. (d) Extent of tumor
reduction during treatment with alecitnib (n = 46)
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Efficacy during treatment with alectinib

All patients included in the study had at least one radio-
logical evaluation, and ORR in the overall population
was 47.5% (2CR + 27PR) (Table 6). A radiological

response was found in 28 patients (60.9%, 1CR + 27PR)
with target lesions. Median maximum tumor shrinkage
rate was 39% (Figure 1c) as over 30% of patients with
measurable lesions were found to have tumor reduction
of over 50% (Figure 1d). A total of 47.4% of patients with
CNS metastases demonstrated an intracranial response
while intracranial ORR was 68.4% in patients with mea-
surable CNS lesions (Table 6). As for patients with
symptomatic CNS metastases, nine patients were found
to experience significant improvement in CNS-related
symptoms and no patient was in need of further salvage
brain radiotherapy. PFS in crizotinib-resistant patients
during treatment with alectinib was 13.5 months (95%
CI: 8.3–18.6) with median follow-up of 17.1 months
(95% CI: 8.9–26.1) (Figure 2c). CNS TTP of alectinib

TAB L E 5 Characteristics of CNS metastases before initiation of
alectinib (n = 38)

Intracranial characteristics Number (percentage)

Local treatment before alectinib

Yes 7 (18.4%)

No 31 (81.6%)

Uncontrolled CNS metastases

Yes 36 (94.7%)

No 2 (5.3%)

Symptoms related to CNS lesions

Yes 10 (26.3%)

No 28 (73.7%)

Measurable CNS metastases

Yes 19 (50.0%)

No 19 (50.0%)

F I G U R E 2 (a) Progression-free survival during treatment with
crizotinib in crizotinib-resistant patients (n = 52). (b) Time to
treatment failure during treatment with crizotinib in the overall
population (n = 61). (c) Progression-free survival during treatment
with alectinib in crizotinib-resistant patients (n = 52). (d) CNS time
to progression during treatment with alectinib in crizotinib-resistant
patients (n = 35)

TAB L E 6 Efficacy during treatment with alecitnib

ORR in overall population
(n = 61)

47.5% (2CR + 27PR)
(95% CI: 34.6%–60.7%)

ORR in patients with target
lesions (n = 46)

ORR = 60.9% (1CR + 27PR)
(95% CI: 45.4%–74.9%)

Median maximum tumor
shrinkage rate (n = 46)

39% (range: �50%, 100)

Intracranial ORR in patients
with CNS metastases
(n = 38)

47.4% (7CR + 11PR)
(95% CI: 31.0%–64.2%)

Intracranial ORR in patients
with measurable CNS
lesions (n = 29)

68.4% (2CR + 11PR)
(95% CI: 43.4%–87.4%)

Improvement in CNS related
symptoms (n = 10)

Significant improvement 9 (90%)

Moderate improvement 1 (10%)

No improvement 0

Deterioration 0
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was 25.6 months (95% CI: 18.1–33.2) in crizotinib-
resistant patients with median follow-up of 22.6 months
(95% CI: 18.5–22.6) (Figure 2d) (38 patients had CNS
metastases before the administration of alectinib, in
whom three patients were switched to alectinib due to
adverse events).

Safety of alectinib

A total of 56 patients had detailed safety records during treat-
ment with alectinib. Table S1 shows the common adverse
events following treatment with alectinib. Most patients were
reported to have grade 1–2 adverse events while only two
patients experienced severe adverse events. A total of 17.8% of
patients (n= 10) had at least one dose interruption with a total
bilirubin increase being themost common reason. Dose reduc-
tion was reported in 8.9% of patients (n = 5) as total bilirubin
increased and elevation in creatine kinase contributed most to
dose adjustments. No symptomatic bradycardia or ≥grade
2 elongation in QTc interval were found. Grade 5 interstitial
pneumonia and grade 4 total bilirubin increase, which resulted
in permanent discontinuation of alectinib, were recorded in
two patients, respectively.

Progression pattern, resistance mechanism and
subsequent therapy at the progression of
alectinib

At the time of data cutoff, 36 patients developed progression
during treatment with alectinib. CNS progression was
reported in 11 patients, 22 patients experienced extracranial
progression and three patients were found to develop intra-
and extracranial lesion progression. Rebiopsy was conducted
in 21 patients in whom secondary mutation in ALK kinase
domain was found in 13 patients, and the specific mutation
site is described in Figure 4a. Nine patients with local or
gradual progression continued alectinib treatment as well as
other local treatment or antiangiogenic agents. As for
patients in whom treatment with alectinib had been discon-
tinued, 87.9% (29/33) of patients underwent more than one
line of subsequent therapy as 27 patients received further
treatment with other ALK-TKIs.

Time to treatment failure during treatment with
alectinib

At the time of data cutoff, treatment with alectinib had been
discontinued in 33 patients and 31 patients had switched to
other treatments due to disease progression, while severe
adverse events resulted in the cessation of treatment with
alectinib in two patients (Table S1). With median follow-up
of 18.6 months, TTF during treatment with alectinib was
17.2 months (95% CI: 8.9–26.1 m) in the overall population
(data was not shown in the Figure).

Overall survival and combined time to
treatment failure

For crizotinib-resistant patients, the median OS was not
reached as 3-year survival rate was 85.4% (95% CI: 71.6%–
92.8%), estimated 4-year survival rate was 73.6% (95% CI:
54.6%–85.7%), estimated 5-year survival rate was 66.7% (95%
CI: 44.6%–81.9%) with median follow-up of 36.3 months
(95% CI: 29.7–42.8 m) (Figure 3a). In the overall population,
duration of median follow-up was 34.3 months (95% CI: 28.9–
39.6 m), 3-year survival rate was 87.1% (95% CI: 74.5%–
93.7%), estimated 4-year survival rate was 75.4% (95% CI:
56.7%–86.9%), estimated 5-year survival rate was 68.6% (95%
CI: 46.0%–83.2%) (Figure 3b) and C-TTF was 39.2 months
(95% CI: 30.0–49.6 m) (Figure 3c).

Univariate and multivariate analysis of PFS for
crizotinib-resistant patients

Univariate analysis of PFS during treatment with crizotinib
is shown in Table 7, and covariates with p < 0.1 in the

F I G UR E 3 (a) Overall survival in crizotinib-resistant patients (n= 52).
(b)Overall survival in overall population (n= 61). (c) Time to treatment failure
during treatment with crizotinib to alectinib in the overall population (n= 61)
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univariate analysis are included in the Cox model. Results
from multivariate analysis suggested that females experi-
enced superior PFS to males (p = 0.010, HR = 0.454, 95%
CI: 0.248–0.830) and patients with worse ECOG (≥2 points)
had more unfavorable PFS compared with their counter-
parts (p = 0.006, HR = 2.811, 95% CI: 1.355–5.835). Uni-
variate analysis of PFS during treatment with alectinib is
shown in Table 8, and likewise covariates with p < 0.1 in the

univariate analysis are included in the Cox model. Although
no significant predictive factor was found in the multivariate
model, patients who experienced extracranial progression or
intracranial plus extracranial progression simultaneously
seemed to demonstrate worse PFS compared with those
who only developed progression in CNS following treatment
with crizotinib (p = 0.062 [borderline], HR = 2.509, 95%
CI: 0.955–6.592).

T A B L E 7 Predictive factors for PFS of crizotinib in crizotinib-resistant patients (n = 52)

Variable Univariable analysis, p-value

Multivariable analysis

Hazard ratio (95% CI) p-value

Age HR = 2.063 p = 0.211

≥65 vs. <65 0.05 (95% CI: 0.663–6.417)

Gender HR = 0.454 p = 0.010

Female vs. male 0.003 (95% CI: 0.248–0.830)

ECOG HR = 2.811 p = 0.006

≥2 vs. 0–1 0.003 (95% CI: 1.355–5.835)

Smoking history

Smoker vs. never smoker 0.392 -

Stage

III or recurrence without distant metastases

vs. 0.475 -

IV or recurrence with distant metastases

Distant organs involved HR = 1.883 p = 0.115

≥3 vs. ≤2 0.077 (95% CI: 0.857–4.137)

CNS metastases

Yes vs. no 0.671 -

T A B L E 8 Predictive factors for PFS of alectinib in crizotinib-resistant patients (n = 52)

Variable Univariable analysis, p

Multivariable analysis

Hazard ratio (95% CI) p-value

Age

≥65 vs. <65 p = 0.51 -

Gender

Female vs. male p = 0.299 -

ECOG HR = 1.681 p = 0.161

≥2 vs. 0–1 p = 0.056 (95% CI:0.813–3.474)

Smoking history

Smoker vs. never smoker p = 0.675 -

Distant organs involved

≥3 vs. ≤2 p = 0.676 -

CNS metastases HR = 0.492 p = 0.124

Yes vs. no p = 0.001 (95% CI: 0.199–1.124)

Progression pattern of previous crizotinib

Extracranial progression or extracranial + CNS progression HR = 2.509 p = 0.062

vs. (95% CI: 0.955–6.592)

CNS progression p = 0.001

PFS of previous crizotinib

<12 vs. ≥12 m p = 0.145
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Impact of EML4-variants on PFS during
treatment with crizotinib

This section of analysis was performed in crizotinib-resistant
patients with known types of EML4-ALK variants (25 patients
with EML4-ALK fusion, V3 found in 12 patients, EML4-non
V3 found in 13 patients, one patient with V3 and one patient
with V1 switched to alectinib due to adverse event or prefer-
ence, these two patients were excluded in this part of analysis).
The baseline characteristics listed in Table S2 as important fea-
tures were all balanced between patients with EML4-V3 and
EML4-non-V3. Our results indicated that patients carrying
variant three demonstrated numerically shorter PFS to those
with EML4-non V3 (11.7 vs. 21.3 m, p= 0.14, HR= 1.78, 95%
CI: 0.75–4.23) (Figure S1).

Impact of ALK secondary mutation on the
efficacy of subsequent ALK-TKI

Twelve patients who carried secondary mutation in the ALK
kinase domain received subsequent treatment with other

ALK-TKIs, while six patients without ALK resistance muta-
tion underwent unselected use of other ALK-TKIs
(Figure S2 describes detailed information of subsequent
ALK-TKIs). We observed that patients with ALK secondary
mutation demonstrated more favorable PFS during the
treatment of subsequent ALK-TKI compared with those
without (10.4 vs. 3.1 m, p = 0.0018, HR = 0.08, 95% CI:
0.016–0.389) (Figure 4).

DISCUSSION

Several ALK-TKIs have previously been developed as stan-
dard treatment for patients with advanced ALK+NSCLC.
Sequential use of multiple generations of ALK-TKIs has demon-
strated favorable long-term benefits, which have been firmly con-
firmed in clinical trials or in real-world studies.6–8 Sequential
therapywith crizotinib followed by alectinib is widely used in clin-
ical practice; however, further analysis for this treatment strategy
is still needed. For example, reasons for treatment failure were not
specifically described in the WJOG 9516L study; moreover,
patients with symptomatic CNS metastases were excluded in all

F I G U R E 4 (a) ALK secondary mutation following disease progression on alectinib. (b) Progression-free survival during the treatment of subsequent
ALK-TKI between patients with or without secondary ALK mutation
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alectinib clinical trials, therefore CNS efficacy of alectinib for these
is in need of further investigation in a real-world setting.

Here, we first report the clinical outcomes, long-term
survival and tolerability of sequential therapy of crizotinib
followed by alectinib in a Chinese population. Our results
are similar to previous findings which further substantiate
the clinical value of this sequential treatment. We observed
that the proportion of patients with CNS metastases rose by
over 50% during disease progression on crizotinib, which fur-
ther demonstrates the unfavorable CNS protective effect of
crizotinib.11 Furthermore, our research indicated that alectinib
showed potent CNS activity and brought about significant
improvement in CNS related symptoms, which is also consis-
tent with the results of previous studies.12 Moreover, c-TTF in
our study and the WJOG 9516L report both reached approxi-
mately three years, further suggesting that treatment duration
of targeted therapy could be prolonged for patients with local
or gradual progression in company with local treatment or
antiangiogenic angents. In addition, ALK secondary mutation
was identified in over 60% of patients who underwent rebiopsy
following progression on alectinib, which is also in line with
previous findings.13 In addition, patients with ALK secondary
mutation demonstrated superior PFS in subsequent treatment
of other ALK-TKIs compared with those without, which could
be explained by the “off-target” effect of ALK-TKI previously
reported.14 We also analyzed the reason for treatment failure,
and close heed should be paid to liver toxicity which is often
seen in patients who permanently discontinue targeted therapy
in clinical practice.

Additionally, we also analyzed the PFS predictive factors of
crizotinib and alectinib. During treatment with crizotinib, gen-
der and performance status were the predictive factors of PFS,
and poor ECOG was also confirmed as a prognostic factor in a
previous study,15 while the reason of sexuality to cause an
apparent discrepancy in PFS was unknown. During treatment
with alectinib, performance status was not an influential factor
to PFS, which could be possibly explained by the potent effi-
cacy of alectinib in patients with symptomatic CNS metastases
who experienced unfavorable baseline performance status; we
also found that patients who develop progression only in CNS
following crizotinib treatment appeared to show better PFS
compared with those who had extracranial progression or
extra- plus intracranial progression. The plausible explanation
for this phenomenon might be that inadequate CNS exposure
was the explicit explanation for intracranial progression of
crizotinib16 which could be well resolved by alectinib while
resistance mechanisms were more complicated for patients
who experienced extracranial progression or extracranial plus
intracranial progression which could not be overcome by
alectinib. Last but not least, our study suggested that patients
with V3 appeared to demonstrate worse PFS of crizotinib to
those with EML4-non V3. Incongruent conclusions were
drawn from previous studies which investigated the impacts of
different ALK variants on the efficacy of crizotinib. Some
scholars deemed that V3 with more invasive tumor biology
presented a worse response to crizotinib,17,18 while some find-
ings indicated that patients with V1 had more favorable PFS of

crizotinib compared with non-V119 and other studies suggested
V2 had best response to crizotinib among ALK variants.20

Although much progression had been made in this area, some
disadvantages still exist in those studies previously mentioned;
for example, patients included in some studies received differ-
ent lines of crizotinib and some studies did not compare the
baseline characteristics among patients with different variants.
We overcame these shortcomings so as to draw a more com-
pelling conclusion.

Our study had some limitations and many questions still
need to be resolved in the future. First, no comparative group
was established in our study which inevitably caused a selection
bias. In addition, there were fewer patients with baseline CNS
metastases and insufficient duration of follow-up may have
meant that the long-term survival of patients in our study was
overestimated. Furthermore, although our results indeed rev-
ealed excellent intracranial efficacy of alectinib, we were still
unable to reach a clear conclusion as to whether alectinib could
lower or defer the need for brain radiotherapy as we failed to
discuss the optimal timing of RT in our study. Meanwhile,
improvement in CNS-related symptoms was based on subjective
assessments by patients rather than objective parameters. In
addition, most patients did not undergo rebiopsy following dis-
ease progression on crizotinib; therefore, it could not be fully
confirmed whether ALK secondary mutation appeared after
crizotinib resistance or at disease progression on alectinib. How-
ever, given that most patients with ALK secondary mutation
experienced CNS progression following treatment with
crizotinib, we concluded that ALK secondary mutation occurred
during disease progression on alectinib in our study. Moreover,
we did not exclude the influence of comutation such as TP53
when analyzing the impacts of different variants on PFS. Last
but not least, whether upfront use of alectinib or sequential
treatment of crizotinib followed by alectinib demonstrates supe-
rior OS must be resolved in the future. The ALEX study3 indi-
cated that OS was elevated by over 20% in patients in the
alectinib group compared with those in the crizotinib
group. Nonetheless, it should be noted that only half of the
patients from the crizotinib group received subsequent
ALK-TKIs, and that the duration of follow-up in the
crizotinib group was only 23 months. In the WJOG 9516L7

and J-ALEX studies,8 patients in the sequential therapy
group demonstrated similar long-term survival compared
with those who received upfront alectinib.

In conclusion, sequential therapy with first-line crizotinib
followed by alectinib showed survival benefits for patients with
advanced ALK+ NSCLC. Different efficacy in subsequent
ALK-TKIs between patients with or without ALK secondary
mutation further emphasized the importance of rebiopsy to
guide targeted therapy more precisely.
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