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Background: Anaplastic lymphoma kinase (ALK) gene rearrangement is a series of mutations of non-
small cell lung cancer (NSCLC) patients. Since 2011, multiple ALK inhibitors (ALKis) have been developed 
and launched for targeted therapy. In this study, we sought to investigate different strategies of sequential 
applying the ALKis and their clinical benefits to the overall survival (OS).
Methods: A total of 176 patients with advanced NSCLC (stage IIIB–IV) harboring the ALK rearrangement 
were included in this cohort study. They were diagnosed between February 1, 2012 and November 19, 2019 
at Peking University Cancer Hospital. Clinical characters were reviewed from patients’ records. Strategies 
of drugs, progression-free survival (PFS) and OS were collected during the follow-ups. The Kaplan-Meier 
method and multivariate Cox proportional-hazard analysis were used to conduct the analyses survival and to 
examine the relationship between the variables and OS.
Results: A significantly longer OS was observed either in patients treated with crizotinib [N=106, median 
OS (mOS): 32.9 months] or in patients treated with a next-generation ALKi [N=34, mOS: not reached (NR)] 
as the initial ALKi, compared with patients treated with conventional chemotherapy but no ALKi (N=36, 
mOS: 10.3 months, P<0.001). After disease progression with initial crizotinib, patients who received no 
ALKi had shorter OS than those who received only crizotinib beyond progressive disease (CBPD) (mOS: 
9.7 vs. 20.3 months; P=0.015), only subsequent next-generation ALKis (mOS: 9.7 vs. 41.1 months; P<0.001), 
and CBPD followed with subsequent next-generation ALKis (mOS: 9.7 months vs. NR; P<0.001). Patients 
treated with 2 types of ALKi had better survival than those treated with 1 ALKi (mOS: 45.8 vs. 21.3 months, 
P=0.003), but no such survival benefit was observed in patients treated with ≥3 ALKis (P=0.366).
Conclusions: ALKis have been shown to be clinically effective in treating NSCLC patients with ALK 
rearrangements. In the case of disease progression with crizotinib, either of CBPD or sequential other 
ALKis can extend patients’ OS. The sequential application of multiple ALKis was found to be better than it 
of single ALKi in prolonging OS. However, the question of which inhibitor to select as the initial inhibitor 
needs to be examined further in future studies.
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Introduction

Anaplastic lymphoma kinase (ALK) gene rearrangement is 
found in approximately 5% of non-small cell lung cancer 
(NSCLC) patients and has been identified as a driver gene 
of lung cancer (1,2). Crizotinib, the 1st ALK inhibitor 
(ALKi), was approved by the Food and Drug Administration 
for ALK-rearranged metastatic NSCLC in 2011 and became 
available in 2013 in China. The PROFILE 1029 study 
indicated that compared to conventional chemotherapy, 
crizotinib significantly prolonged the progression-free 
survival (PFS) of east Asian patients (3). The objective 
response rate (ORR) was up to 87.5%; however, half of 
the patients developed disease progression after about 
11 months (3-5). The final overall survival (OS) analysis 
from the PROFILE 1014 study suggested that there was 
an improvement in OS that favored crizotinib rather than 
chemotherapy, and the longest OS was observed in patients 
who received subsequent ALKis after crizotinib (6). Second-
generation (ceritinib, alectinib, brigatinib, and ensartinib) 
and 3rd-generation (lorlatinib) ALKis have demonstrated 
improved efficacy and central nervous system penetration. 
Recent findings suggest that sequential therapy with ALKis 
improves the OS of advanced NSCLC patients (6-10). 
An in vitro study indicated the ability of third-generation 
inhibitor lorlatinib in preventing emergence of single and 
subsequently compound ALK mutation (11). The available 
ALKis have different potencies, differential penetration 
into the central nervous system, unique safety profiles, 
and different “spectrums” of activity against particular 
acquired resistance mutations. Sequential treatment with 
another ALKi has been proven effective in patients who 
fail the initial ALKi treatment (12). Sequential use of 
ALK inhibitors of crizotinib and alectinib was also shown 
encouraging value in Japanese population (13). Despite 
the availability of new ALKi therapies, less is known about 
the outcomes associated with sequencing of applying ALKis, 
especially among Chinese patients. We conduct the current 
study to evaluate the outcome of multiple use ALKis in ALK+ 
NSCLC patients. We present the following article in accordance 
with the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-622/rc).

Methods 

Patients

Patients with advanced NSCLC (stage IIIB–IV) harboring 
the ALK rearrangement who had been diagnosed between 

February 1, 2012 and November 19, 2019 at Peking 
University Cancer Hospital, were included in this cohort 
study. The patients were aged no less than 18 years, with 
detailed trackable medical and treatment records since the 
diagnosis with NSCLC. All those who received an ALKi 
treatment received at least 28 days of the treatment. 

Study design

This study collected the data from patient registry 
of Peking University Cancer Hospital. The clinical 
characteristics retrospectively obtained or calculated from 
the database were diagnostic detail (type and stage of the 
cancer), age (at year of diagnosis), gender, smoking history, 
histopathological type, brain metastases, and disease 
progression. The initial anti-tumor therapy and subsequent 
treatments were collected. The subsequent clinical details 
such as medical imaging and blood tests would be collected 
and updated in the routine medical checkup. Data were 
collected until the death of the patients or the end to follow 
up for the current study (Jun 30, 2020). The outcomes of 
the patients, such as OS, PFS will be compared between the 
groups treated with different strategies, in order to evaluate 
which one is most benefit to the patients. 

Assessments

Tumor stage was reconfirmed according to the American 
Joint Committee on Cancer 8th Edition of the TNM 
Classification for Lung Cancer (14). Physical & clinical 
characters and disease progression was identified by 
reviewing patients’ charts and radiographic images. ALK 
rearrangement was determined by ALK Ventana (D5F3) 
immunohistochemistry (IHC), or fluorescent in-situ 
hybridization (FISH, Vysis ALK break-apart FISH assay), 
or next-generation sequencing. 

OS was defined as the duration from the 1st ALKi dose 
to death or final follow-up. For patients who did not receive 
an ALKi treatment, OS was defined as the duration from 
the 1st anti-tumor therapy session to death or final follow-
up. PFS was defined as the time from starting the treatment 
of NSCLC by either systemic chemotherapy or ALKis to 
disease progression or death from any cause. Progression 
disease (PD) was defined as at least 20% and 5-mm increase 
in the sum of diameters of target lesions [according to 
RECIST, version 1.1 (15)]. Oligoprogression was defined 
as progression in only 1 site; the brain was considered 1 
site of oligoprogression regardless of the number of lesions 
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progressing in the brain at the time. 

Ethical statement

All techniques were performed in accordance with relevant 
guidelines and regulations. The study was approved by the 
Ethics Committee, Peking University Cancer Hospital (No. 
2021KT21). All clinical information was provided in a de-
identified pattern. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). 
Individual consent for this retrospective analysis was waived. 

Statistical analysis

The Kaplan-Meier method was used to estimate the 
median PFS for each treatment group with 95% confidence 
intervals. The comparison between the treatment groups 
with respect to survival outcomes was based on a stratified 
log-rank test at a 5% level of significance (two-sided). 
A multivariate Cox proportional-hazard analysis was 
conducted to examine the relationship among the variables 
with OS. All the statistical tests were two-sided, and a  
P value <0.05 was considered statistically significant. All the 
analyses were performed using SPSS software (version 26, 
IBM Crop., Armonk, NY, USA).

Results

Patient characteristics

A total of 222 patients with the ALK rearrangement were 
enrolled in this study from February 1, 2012 to November 
19, 2019. The median follow-up for OS was 41 months. A 
total of 20 patients were excluded because of their tumor 
stage, 19 were lost to follow-up, and 7 were excluded 
because it was unknown which medication they took. Thus, 
ultimately, 176 patients were included in the data analysis. 
Of the 176 patients, 140 received at least one type of ALKi. 
Notably, 106 patients were treated with crizotinib as the 
initial ALKi. The characteristics of the patients are shown 
in Table 1. 

OS in the ALK-rearranged advanced NSCLC patients 

Of the 176 ALK-rearranged NSCLC patients, 106 patients 
were treated with crizotinib as the initial ALKi, 34 were 
treated with a 2nd-generation ALKi as the initial ALKi, 
and 36 were not treated with an ALKi. The median OS 

Table 1 Characteristics of the patients harboring the ALK 
rearrangement

Characteristics Total (n=176) Percentage (%)

Age (years)

Median age 54

<45 49 27.8

45–65 110 62.5

>65 17 9.7

Gender

Male 92 52.3

Female 84 47.7

Smoking status

Never-smoker 107 60.8

Current/former-smoker 56 31.8

Missing data 13 7.4

Histology

Adenocarcinoma 162 92.0

Squamous cell carcinoma 7 4.0

Other 7 4.0

Brain metastasis at diagnosis

Yes 38 21.6

No 138 78.4

No ALKi 36 20.5

1 ALKi 83 47.2

2 ALKis 41 23.3

≥3 ALKis 16 9.1

Crizotinib as the initial ALKi 106

Number of systemic therapies before crizotinib

0 70 66.0

1 28 26.4

≥2 8 7.5

Next-generation ALKi as the 
initial ALKi

34

Alectinib 19 55.9

Ceritinib 5 14.7

Brigatinib 8 23.5

Ensartinib 2 5.9

Number of systemic therapies before next-generation ALKi

0 27 79.4

1 4 11.8

2 3 8.8

ALK, anaplastic lymphoma kinase; ALKi, ALK inhibitor.
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(mOS) was 10.3 months [95% confidence interval (CI): 
3.3–17.4 months] for patients treated with conventional 
chemotherapy but no ALKi, 32.9 months (95% CI: 
20.1–45.6 months) for patients treated with crizotinib as 
the initial ALKi, and not reached (NR) for those treated 
with a next-generation ALKi as the initial ALKi (see 
Figure 1). A significantly longer OS was observed either 
in patients treated with crizotinib (P<0.001) or in patients 
treated with a next-generation ALKi (P<0.001) as the initial 
ALKi, compared with patients treated with conventional 
chemotherapy but no ALKi. No significant difference was 
observed in OS between the patients treated with crizotinib 
and the patients treated with a next-generation ALKi as 
the initial ALKi (P=0.287). In the ALK-rearranged patients 
treated with crizotinib as the initial ALKi, no significant 
difference was observed in OS in terms of gender, smoking 
status, and whether the patient was aged above the median 
or not.

Efficacy of crizotinib

A total of 106 patients were treated with crizotinib as the 
initial ALKi. Disease progression was observed in 85 patients 
(80.2%). The ORR was 61.3%, the disease control rate 
(DCR) was 95.3%, and the median PFS was 10.9 months  
(95% CI: 9.2–12.5 months). The median duration using 
crizotinib was 12.6 months (95% CI: 11.0–14.1 months). Of 
the 106 patients, 33 continued to be treated with crizotinib 
beyond progressive disease (CBPD). At the time of our 

analysis, 21 patients were still receiving crizotinib. The 
mOS was 32.9 months (95% CI: 20.1–45.6 months).

A total of 27 patients were identified as having brain 
metastases before applying crizotinib, and had a median 
PFS of 9.2 months (95% CI: 4.4–14.1 months) and a mOS 
of 28.3 months (95% CI: 13.1–43.5 months). For the 79 
patients without brain metastases before initial crizotinib 
treatment, the median PFS was 11.5 months (95% CI: 
9.0–14.0 months), and the mOS was 33.9 months (95% CI: 
19.2–48.6 months). There was no significant difference in 
either PFS or OS between the two groups.

Of the 106 patients, 36 (34.0%) treated with crizotinib 
as the initial ALKi had received systemic therapy other 
than an ALKi before the 1st crizotinib dose, while the rest 
(66.0%) received crizotinib as the 1st-line therapy. In the 
patients who received a systemic therapy other than ALKi 
before the 1st treatment of crizotinib, the ORR was 38.9% 
(14/36), the DCR was 94.4% (34/36), and the median PFS 
was 13.2 months (95% CI: 8.8–17.5 months), while for 
those who received 1st-line crizotinib, the ORR and DCR 
was 72.9% (51/70) and 95.7% (67/70), and the median 
PFS was 10.2 months (95% CI: 8.5–11.9 months). The 
ORR of the patients who received 1st-line crizotinib was 
significantly higher than that of those who received other 
systemic therapies before crizotinib (P=0.01). There was 
no significant difference in PFS between the two groups 
(P=0.099).

Of the 106 patients, 36 patients received systemic 
conventional chemotherapy before the 1st treatment of 
crizotinib. Among those, 28 patients received crizotinib 
as a 2nd-line therapy, 5 received crizotinib as a 3rd-line 
therapy, 2 received crizotinib as a 4th-line therapy, and 1 
received crizotinib as a 7th-line therapy. Receiving only 
1 systemic therapy before the 1st dose of crizotinib did 
not significantly improve OS compared to receiving 2 or 
more therapies (P=0.242). A total of 22 patients received 
no other ALKi than crizotinib and had an mOS of  
20.1 months (95% CI: 12.9–27.2 months); the other 14 
patients received subsequent ALKis after crizotinib and had 
an mOS of 28.6 months (95% CI: 14.3–42.9 months); no 
significant difference was observed between the two groups 
(P=0.247).

Of the 70 patients who received 1st-line crizotinib, 33 
received no other ALKi than crizotinib and had an mOS 
of 20.3 months (95% CI: 12.3–28.3 months); the other 37 
patients received subsequent ALKis after crizotinib, and the 
mOS was NR, but the mOS in subsequent ALKis group was 
significantly longer than the crizotinib-only group (P<0.001).

Figure 1 OS in ALK-rearranged patients. Group 1: no ALKi 
treatment. n=36; mOS: 10.3 months (95% CI: 3.3–17.4 months). 
Group 2: crizotinib as the initial ALKi. n=106; mOS: 32.9 months 
(95% CI: 20.1–45.6 months). Group 3: 2nd-generation ALKi as 
the initial ALKi. n=34; median OS: not reached. ALK, anaplastic 
lymphoma kinase; ALKi, ALK inhibitors; OS, overall survival; CI, 
confidence interval; mOS, median overall survival.
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CBPD

Disease progression was observed in 85 patients, who 
received crizotinib as the initial ALKi (see Table 2). The 
mOS was 9.1 months (95% CI: 6.9–11.2 months). A total 
of 33 patients received CBPD, and had a median treatment 
duration of 7.2 months (95% CI: 0.6–49.6 months). Of the 
85 patients with progressive disease (PD), 57 received 1st-
line crizotinib (23 of whom received CBPD), 28 received 
systemic therapies other than ALKi before crizotinib (10 of 
whom received CBPD), 34 received subsequent therapies 

other than ALKi (17 of whom received CBPD), and 51 
received subsequent ALKis (16 of whom received CBPD) 
(see Table 3).

Among all the patients, 34 developed initial cerebral 
progression in brain. The mOS of patients without cerebral 
progression was 40.5 months (95% CI: 27.7–53.3 months), 
and cerebral progression greatly reduced the mOS of 
patients to 20.1 months (95% CI: 16.3–23.9 months). No 
statistically significant difference between the two groups 
was observed (P=0.066). Of the 34 cerebral progression 
patients, 24 received CBPD, but no significant difference 
was observed in the mOS between the patients received 
CBPD or not (mOS: 46.4 vs. 33.1 months; P=0.097).

A total of 49 patients who received crizotinib as the 
initial ALKi developed oligoprogression, and 36 developed 
systematic progression. Prolonged OS was associated with 
oligoprogression (oligoprogression: n=49, mOS 41.2 months,  
95% CI: 19.6–62.7 months; systemic progression: n=36, 
mOS 18.2 months, 95% CI: 12.8–23.6 months; P=0.006). 
Of the patients with oligoprogression, 25 received CBPD 
(mOS 28.3 months, 95% CI: 9.4–47.2 months), while 
the other 24 did not (mOS 41.1 months, 95% CI: 34.1– 
48.1 months); thus, there were no meaningful advantage in 
using CBPD (P=0.948). A total of 8 patients with systemic 
progression received CBPD (mOS 39.2 months, 95% 
CI: 19.5–77.6 months) while the other 28 did not (mOS  
18.2 months, 95% CI: 13.6–22.9 months), the application 

Table 2 Site of progression with crizotinib

Site of progression with crizotinib Total (n=85)

Cerebral 34

Lung 36

Pleura 5

Lymph node 17

Bone 6

Liver 3

Muscle 1

Subcutaneous 1

Pericardium 1

≥2 organs 20

Table 3 Characteristics of patients who received CBPD

Characteristics All patients (N=85) CBPD (N=33) No CBPD (N=52)

Cerebral progression

Yes 34 24 10

No 51 9 42

Oligoprogression

Yes 49 25 24

No 36 8 28

Next-generation ALKis after crizotinib progression 

Yes 51 16 35

No 34 17 17

Crizotinib mPFS (months) (95% CI) 9.1 (6.9–11.2) 9.1 (4.4–13.8) 8.9 (6.6–11.2)

mOS (95% CI) (months) 29.0 (21.2–36.9) 32.7 (18.2–47.1) 29.0 (18.5–39.6)

CBPD, crizotinib beyond progressive disease; ALKis, anaplastic lymphoma kinase inhibitors; mPFS, median progression-free survival; CI, 
confidence interval; mOS, median overall survival.
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of CBPD showed no significant effect either (P=0.360). 
A total of 33 disease progressive patients received CBPD, 

of whom 17 received no ALKi other than crizotinib, and 16 
received CBPD and subsequent next-generation ALKis. A 
total of 35 patients did not receive CBPD but did receive 
subsequent next-generation ALKis, while the other 17 

patients received neither CBPD nor a subsequent next-
generation ALKi. The analysis showed that patients who 
received neither CBPD nor a subsequent next-generation 
ALKi had shorter OS than those who received CBPD 
but no subsequent next-generation ALKi (mOS: 9.7 vs. 
20.3 months; P=0.015), no CBPD but subsequent next-
generation ALKis (mOS: 9.7 vs. 41.1 months; P<0.001), 
and CBPD with subsequent next-generation ALKis (mOS: 
9.7 months vs. NR; P<0.001). The OS of the patients who 
received no CBPD but who received subsequent next-
generation ALKis was significantly longer than that of those 
who received CBPD but who did not receive subsequent 
next-generation ALKis (mOS: 41.1 vs. 20.3 months; 
P=0.006) (see Figure 2). In patients who received subsequent 
next-generation ALKis, the use of CBPD appeared to have 
no effect on OS (mOS: NR vs. 41.1 months; P=0.093). 

He multivariable Cox regression revealed that systemic 
therapy before crizotinib was significantly associated with 
an increased risk of death [hazard ratio (HR) 1.89, 95% 
CI: 1.06–3.39; P=0.032]. Furthermore, longer PFS of 
crizotinib (the PFS of crizotinib longer than the median), 
the sequential therapy of ALKis and CBPD were found 
to be significantly associated with a decreased risk of 
death. Other variables, including sex, age, smoking status, 
and oligoprogression of crizotinib, were not significant  
(see Table 4).

Sequential therapy of ALKis

A total of 57 patients received sequential therapy using 

Figure 2 OS in subgroups of different subsequent therapies in 
initial disease progressive patients treated with crizotinib as the 
initial ALKi. Group 1: no CBPD no subsequent ALKi. n=17; 
mOS: 9.7 months (95% CI: 5.0–14.4 months). Group 2: no CBPD 
but subsequent ALKis. n=35; mOS: 41.1 months (95% CI: 31.5–
50.7 months). Group 3: CBPD but no subsequent ALKi. n=17; 
mOS: 20.3 months (95% CI: 13.3–27.3 months). Group 4: CBPD 
and subsequent ALKis. n=16; mOS: not reached, median follow-up 
38.5 months. CBPD, crizotinib beyond progressive disease; ALKi, 
anaplastic lymphoma kinase inhibitors; OS, overall survival; CI, 
confidence interval; mOS, median overall survival.

Table 4 Cox proportional-hazard ratio analysis of OS from the 1st crizotinib dose

Variables Tested Reference
Multivariable analysis

HR (95% CI) P value

Age > Median ≤ Median – NS

Gender Male Female – NS

Smoking status Never Former/current – NS

Systemic therapy prior to crizotinib Yes No 1.89 (1.06–3.39) 0.032

PFS of crizotinib > Median ≤ Median 0.26 (0.13–0.50) 0.000

Sequential therapy of ALK inhibitors Yes No 0.17 (0.09–0.34) 0.000

CBPD Yes No 0.46 (0.25–0.87) 0.017

Oligoprogression of crizotinib Yes No – NS

OS, overall survival; HR, hazard ratio; CI, confidence interval; PFS, progression-free survival; ALK, anaplastic lymphoma kinase; CBPD, 
crizotinib beyond progressive disease; NS, not significant.
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ALKis, of whom 51 received a crizotinib-led sequential 
therapy, and the other 6 received a 2nd-generation ALKi-
led sequential therapy. In the 51 patients treated with 
crizotinib-led sequential therapy, 37 received 1st-line 
crizotinib, and the other 14 received non-ALKi systemic 
therapies before crizotinib (mOS: NR vs. 28.6 months; 
P=0.042). 

The mOS of the patients who received at least 1 ALKi 
(n=140) was 33.9 months (95% CI: 24.9–42.9 months). 
More specifically, the mOS of patients who received 1 ALKi 
was 21.3 months (n=83, 95% CI: 17.9–24.7 months), the 
mOS of patients who received 2 ALKis was 45.8 months 
(n=41, 95% CI: 25.6–66.1 months), and the mOS of 
patients who received ≥3 ALKis was 32.9 months (n=16, 
95% CI: 24.4–41.4 months) (see Figure 3). Compared 
to patients who received 1 ALKi, a survival benefit was 
observed in patients who received 2 ALKis (P=0.003), but 
not in patients who received ≥3 ALKis (P=0.366).

Discussion

ALK rearrangement is a driver gene in NSCLC (16). 
Without ALKis, patients harboring ALK rearrangement 
suffer shorter OS, even compared to EGFR-wild type (WT)/
ALK-WT patients (17). In this study, we described the 
treatment patterns and outcomes of patients treated with 
ALKis from February 1, 2012 to November 19, 2019.

In this cohort, 36 eligible patients did not receive ALKis. 
Of these patients, 7 had been diagnosed before January 22, 
2013, at which time the ALKi became officially available in 
the Chinese market; the others did not receive ALKis due 
to economic difficulties, but it was highly recommended 

by their physicians. Crizotinib has been included in the 
National Medical Insurance System of China since October 
10, 2018. This reduces the price of crizotinib by 70%. 
In addition to the insurance deductible, patients paid no 
more than 10% of original price before 2018. From 2019, 
all eligible patients were able to receive affordable ALKi 
treatment.

At the time of the analysis, 31 of the 36 patients who 
did not receive ALKi treatment died, and had a mOS 
of 10.3 months. Conversely, the mOS of patients who 
received at least 1 type of ALKi was 32.9 months. The OS 
of the ALK-rearranged patients was prolonged by ALKi 
treatment, no matter which ALKi. A total of 5 (13.9%) 
ALK-rearranged patients who did not receive any ALKi 
treatment were still alive at the time of this analysis, of 
whom 3 had received palliative surgery (2 received palliative 
lobectomy and were followed up for 78.9 and 63.7 months 
each; 1 received palliative lobectomy and hepatectomy and 
was followed up for 62.0 months). This suggests that the 
palliative debulking operation may improve patient OS. A 
favorable 5-year OS of 31–42.7% after debulking surgery 
(consisting of primary tumor resection with or without 
resection of the disseminated nodules as much as possible) 
followed by systemic therapy or observation in NSCLC 
patients has been reported (18-20). Another study revealed 
that debulking surgery is a more beneficial treatment than 
thoracotomy for stage I and IV NSCLC patients (21). 
Unfortunately, the current study could not examine whether 
the combination of ALKi and debulking surgery resulted in 
better survival due to data limitations. This may become a 
major subject of our future analyses.

Of the patients, 60.2% (106/176) were treated with 
crizotinib as the initial ALKi, as it has been the only ALKi 
available for a long time. We found that patients using 
crizotinib as the initial ALKi had an ORR of 61.3% and 
a DCR of 95.3%, and these figures were similar to those 
reported in a phase-I clinical trial (PROFILE 1001) (22). 
A total of 70 patients received 1st-line crizotinib, and had a 
similar ORR to that reported in the PROFILE1014 study (6).  
The other 36 patients received a systemic therapy other 
than ALKi before treatment with crizotinib, and their ORR 
was slightly lower than that reported in the PROFILE1007 
study (23). We presume that this difference is due to a 
statistical bias (i.e., fewer subjects). The statistics revealed 
that the use of 1st-line crizotinib was associated with a 
significantly longer ORR, but a similar DCR.

Several clinical trials and meta-analyses have found an 
increase in PFS among patients treated with crizotinib 

Figure 3 Kaplan-Meier estimates for OS stratified by the number 
of ALKis. ALKi, anaplastic lymphoma kinase inhibitors; OS, 
overall survival.
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compared to those treated with conventional chemotherapy 
(3,4,24), but no significant increase in OS has been found 
(6,23,25). The lack of benefit in terms of OS is probably 
due to the cross-over between the control and experimental 
arms, and the subsequent therapies. As the sequential 
therapy of ALKis has been widely accepted, it is difficult 
to evaluate whether patients could benefit from crizotinib 
in terms of OS. Some of the patients in our study who 
received crizotinib did not receive other ALKi therapy, 
which enabled us to evaluate the effect of crizotinib on 
OS. Patients who took crizotinib as the only ALKi had 
prolonged OS compared to those who only received 
conventional chemotherapy. Further, without subsequent 
ALKi therapy, the use or lack of use of systemic therapy 
before crizotinib did not affect PFS or OS.

CBPD and subsequent next-generation ALKi therapy 
are 2 possible and important strategies of crizotinib-based 
treatment. There has been debate as to which is more 
favorable in terms of prolonging OS. Several studies have 
demonstrated that CBPD may provide a survival benefit to 
patients with advanced ALK-rearranged NSCLC (26,27). 
A single-center, retrospective study reported that 74.6% of 
201 ALK-rearranged NSCLC patients acquired resistance 
to crizotinib, and 58 (38.7%) of these continued CBPD. 
The median treatment duration was 20.7 months. The 
mOS in the CBPD group was 61.0 months as compared to 
41.4 months in the non-CBPD group, but the difference 
was not statistically significant (28). In another study of 194 
ALK-rearranged NSCLC RECIST-defined PD patients, 
120 (62%) continued CBPD, and the CBPD patients 
demonstrated significantly longer OS from the time of 
initial PD (median: 16.4 vs. 3.9 months; P<0.0001) and from 
the time of initial crizotinib treatment (median: 29.6 vs.  
10.8 months; P<0.0001). The multiple-covariate Cox 
regression analysis revealed that CBPD continued to be 
significantly associated with improved OS after adjusting 
for relevant factors (29).

As the efficacy of next-generation ALKis has been 
shown in the treatment of post-crizotinib tumors (30-34), 
crizotinib-led sequential therapy with next-generation 
ALKis has been widely accepted. A retrospective study 
demonstrated that patients receiving crizotinib followed 
by a next-generation ALKis after progression had an 
mOS of 86 months, while patients with progression on 
crizotinib who did not receive next-generation ALKis 
had an mOS of 52 months (9). In the randomized phase-
III PROFILE 1014 trial, patients who received 1st-line 
crizotinib achieved a 4-year OS of 56.6%, and the longest 

OS was observed in patients who received subsequent 
ALKis at progression, with a 4-year OS of approximately 
80%, compared to an OS of approximately 25% among 
those who did not receive subsequent ALKi treatment at 
progression (6). In the French retrospective CLINALK 
study, subsequent next-generation ALKi was correlated 
with better survival outcomes in the multivariate analysis. 
Patients who received crizotinib-led sequential ALKi 
therapy had a median post-PD survival time of 25.0 months 
and an mOS time from metastatic disease diagnosis of  
89.6 months (8). Xu et al. studied 138 patients with 
advanced ALK-rearranged NSCLC resistant to crizotinib, 
and found a significant difference in OS among subsequent 
therapies in the non-liver progression patients (mOS: 
27.6 months with next-generation ALKis, 13.3 months 
with crizotinib continuation, and 10.8 months with 
chemotherapy, respectively, P=0.019). CBPD together with 
local therapy might be a feasible strategy for patients with 
progression in the brain beyond crizotinib resistance, and 
next-generation ALKis (mOS: 28.9 months with CBPD vs. 
32.8 months with next-generation ALKis, P=0.204). Next-
generation ALKis tend to provide a survival benefit to 
patients with non-liver progression (35).

It is not yet clear whether patients who receive both 
CBPD and subsequent next-generation ALKis would obtain 
a greater benefit in terms of OS. We observed disease 
progression in 85 patients who received crizotinib as the 
initial ALKi. Treatment strategies with progressive disease 
include: CBPD but no subsequent next-generation ALKis 
(n=17), CBPD and subsequent next-generation ALKis 
(n=16), no CBPD but subsequent next-generation ALKis 
(n=35), neither CBPD nor subsequent next-generation 
ALKis (n=17). Our analysis showed that patients who 
received neither CBPD nor subsequent next-generation 
ALKis had shorter OS than those who received CBPD 
but no subsequent next-generation ALKis (mOS: 9.7 vs. 
20.3 months; P=0.015), no CBPD but subsequent next-
generation ALKis (mOS: 9.7 vs. 41.1 months; P<0.001), 
and CBPD with subsequent next-generation ALKis (mOS: 
9.7 months vs. NR; P<0.001). Thus, both CBPD and 
subsequent next-generation ALKis could have a survival 
benefit. Patients who received only subsequent next-
generation ALKis had a prolonged OS compared to those 
who received only CBPD (mOS: 41.1 vs. 20.3 months; 
P=0.006), which suggests that the subsequent next-
generation ALKis could have a greater survival benefit 
than CBPD. In patients who received subsequent next-
generation ALKis, CBPD did not have an obvious positive 
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effect on OS (mOS: NR vs. 41.1 months; P=0.093). Further, 
as the mOS of the patients who received both CBPD and 
subsequent next-generation ALKis was NR, we intend to 
continue tracking their disease progress.

In our multivariable Cox regression analysis, systemic 
chemotherapy before crizotinib was associated with an 
increased risk of death. Similar results have also been 
found in other studies (10,36). Thus, the early use of 
crizotinib (ahead of systemic chemotherapy) is important 
in crizotinib-led sequential ALKi therapy. However, for 
some unexpected reasons, such as drug unreachable, a 
failure to conduct genetic tests of the ALK fusion gene, 
or early implication of anti-tumor therapy on patients’ 
request while waiting for the genetic test results, patients 
will receive systemic chemotherapy before crizotinib. Given 
the negative effect of systemic therapy before sequential 
ALKi therapy on outcomes, the immediate testing for 
biomarkers after a diagnosis of advanced NSCLC and the 
early commencement of crizotinib is critical in crizotinib-
led sequential ALKi therapy. We found that 3 variables (i.e., 
a PFS of crizotinib longer than the median, the sequential 
therapy of ALKis, and CBPD) were associated with a 
decreased risk of death. Further, CBPD and subsequent 
next-generation ALKi therapy could improve the outcomes 
of post-crizotinib patients. A PFS of crizotinib longer 
than the median may be a predictive index of a good 
prognosis. Of course, administering ALKi as soon as the 
genetic testing results of ALK-rearrangement are received, 
avoiding conventional systemic chemotherapy, and proper 
implication of CBPD and other ALKi as sequential therapy 
may lead to the most prolonged OS.

Most patients (51/57) who received a sequential therapy 
of ALKis received crizotinib as the initial ALKi, and 
only 6 were initially treated with a 2nd-generation ALKi. 
There was no significant difference in the OS between 
the two groups. Among the patients who received the 
crizotinib-led sequential therapy, the analysis demonstrated 
prolonged OS in patients who received 1st-line crizotinib 
and subsequent ALKis compared to those who received 
systemic therapy other than ALKis before crizotinib (mOS: 
NR vs. 28.6 months, P=0.042). Thus, the early use of 
crizotinib was positively associated with a benefit in terms 
of OS. Additionally, there was no significant difference in 
OS between patients who received crizotinib-led sequential 
therapy and those who received 2nd-generation ALKi-
led sequential therapy, regardless of whether they received 
systemic treatment before crizotinib or not. Thus, clinical 
professionals should pay more attention to the early 

application of ALKis to eligible patients than to the type 
of ALKi. Notably, only 6 patients received 2nd-generation 
ALKi-led sequential therapy, accounting for 22.2% of 
the patients who received a 2nd-generation ALKi as the 
initial ALKi. The median PFS of the initial ALKi in the 6 
patients treated with 2nd-generation ALKi-led sequential 
therapy was 13.3 months (95% CI: 9.5–17.1 months), which 
was much shorter than that in other clinical trials (34.8 
months with alectinib in the ALEX study, 25.8 months with 
ensartinib in an eXalt3 study, and 24 months with brigatinib 
in the ALTA-1L study) (37-39). Given that the median 
follow-up period was 14.1 months, which did not reach 
the median PFS of most 2nd-generation ALKis, it is still 
too early to draw a conclusion about the best strategy for 
sequential ALKi therapy. Follow-up research needs to be 
conducted to gather more data.

As more and more 2nd- and 3rd-generation ALKis 
have been approved, the utilization patterns of the ALKi-
related therapies have become an urgent problem. In 
this study, most patients were treated with crizotinib-led 
sequential therapy. This was mainly because crizotinib was 
the 1st ALKi approved by the National Medical Products 
Administration (NMPA) in 2013 and was the only ALKi 
available until 2018. Longer OS was observed in patients 
receiving sequential therapy of 2 types of ALKi but not 
in patients receiving 3 or more types. It appears that the 
OS of the ALK+ patients was mainly related to the first 
2 types of ALKis. It is thought to be associated with the 
development mechanism of ALKi resistance. Many types 
of single mutations that occur in the ALK kinase domain 
can lead to ALKi resistance, and each ALKi appears to 
be associated with a specific acquired ALK mutation. The 
ALK G1202R mutation can develop resistance to most of 
the 1st- and 2nd-generation ALKis. Fortunately, G1202R/
del is uncommon, and is only found in <2% of crizotinib-
treated patients (34,40). Conversely, for the patients who 
previously received 1 or more 2nd-generation tyrosine 
kinases inhibitors, G1202R/del was the predominant ALK 
mutation, and was detected in 53% and 55% of circulating-
free deoxyribonucleic acid and tumor tissue samples, 
respectively (34). According to the published data, tumor 
cells harboring the ALK G1202R mutation were insensitive 
to most of the 1st- and 2nd-generation ALKis, except 
lorlatinib.

Under our current strategy, we recommend shifting 
to another genomic-blinded sequential ALKi treatment 
if 2 or more resistance mutations are encountered. This 
may reduce the effectiveness of sequential therapy and 
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could affect OS. Further, the small number of the enrolled 
subjects may have also led to a statistical bias. As few 
patients received sequential therapy of 3 or more ALKis, 
further research needs to be conducted to gather more 
data. Treatment guidelines recommend the use of multiple 
ALKis rather than chemotherapy. Currently, alectinib, 
brigatinib, or lorlatinib have been recommended for 1st-line 
therapy as the “preferred drugs” (41). It is likely that more 
and more patients will receive next-generation ALKi-led 
sequential therapy. Follow-up studies need to be conducted 
to examine the following issues: the selection of the initial 
ALKi; the effect of the initial duration of treatment on OS; 
and the strategy for sequential ALKi therapy. It may be 
difficult to draw a conclusion, as targeted therapy is highly 
individualized and long-term follow-up data are required.

Conclusions

Crizotinib and next-generation ALKis improve the OS of 
advanced NSCLC patients with the ALK rearrangement. 
The sequential therapy of ALKis may maximize the 
benefit of OS. The results of this study support the use of 
sequential ALKi therapy. However, further research needs 
to be conducted to determine whether there is a positive 
correlation between the number of sequential ALKis 
and prolonged survival. Receiving chemotherapy before 
sequential ALKi therapy produced no survival benefit. 
Thus, the 1st-line use of ALKi and sequential ALKi therapy 
may be the most efficient strategy for improving the 
outcomes of patients with the ALK rearrangement. A PFS 
of crizotinib longer than the median, the sequential therapy 
of ALKis, and CBPD may improve OS. Further studies will 
gradually reveal the effect of ALKi treatment strategies on 
the outcomes of advanced NSCLC patients with the ALK 
rearrangement.
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