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Purpose: The performance of alectinib and crizotinib in untreated anaplastic lymphoma 
kinase (ALK)-positive patients with non-small-cell lung cancer (NSCLC) and symptomatic 
and synchronic brain metastases is largely unknown. This retrospective study assessed the 
effectiveness of alectinib and crizotinib, together with intracranial therapies in a cohort of 
these patients.
Patients and Methods: This study included 34 previously untreated ALK-positive NSCLC 
patients with three or fewer intracranial metastases. Of these patients, 13 received oral 
alectinib 600 mg twice daily, and 21 received oral crizotinib 250 mg twice daily, until 
progressive disease, unacceptable toxicity, or death. All intracranial metastases were treated 
with craniotomy, CyberKnife, or both.
Results: Median overall progression-free survival (PFS) was 32.8 months (95% CI 24.4– 
41.2 months) in patients treated with alectinib and 8.0 months (95% CI 7.3–8.7 months) in 
patients treated with crizotinib. Median PFS of brain lesions was not yet reached with 
alectinib (95% CI 30.1 months–not estimated) and was 8.5 months (95% CI 7.2–12.3 
months) with crizotinib. Median PFS of lung lesions was 38.5 months (95% CI 27.5–49.5 
months) with alectinib and 9.2 months (95% CI 7.4–11.0 months) with crizotinib. Median 
overall survival was not yet reached with alectinib (95% CI 31.0 months–not estimated) and 
30.3 months (95% CI 27.3–37.1 months) with crizotinib.
Conclusion: Compared with crizotinib, alectinib showed superior efficacy and lower 
toxicity in the treatment of ALK-positive patients with NSCLC and symptomatic and 
synchronic brain metastases. The inclusion of intracranial therapies such as craniotomy or 
CyberKnife further improved the brain PFS and overall survival of these patients.
Keywords: alectinib, crizotinib, non-small-cell lung cancer, brain metastasis, intracranial 
therapies

Introduction
Non-small-cell lung cancer (NSCLC) with anaplastic lymphoma kinase (ALK) 
rearrangement is a distinct subset of lung cancer, with an incidence ranging from 
2% to 7%.1 Echinoderm microtubule associated protein-like 4 gene (EML4) is the 
absolute dominant ALK fusion partner in NSCLC patients. The EML4-ALK fusion 
results in the constitutive activation of a pro-proliferative cascade.2 These ALK- 
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positive tumors tend to have a more aggressive phenotype 
with multiple metastatic sites at diagnosis compared with 
other NSCLC types. In particular, patients with ALK- 
positive NSCLC are usually at higher risk for developing 
brain metastases, with and the central nervous system 
(CNS) being the most common site of disease 
progression.3,4 At the time of diagnosis, up to 35% of 
these patients had brain metastases, with the rates at 2 
and 3 years being 45.5% and 58.4%, respectively.5

Crizotinib is a first-generation ALK inhibitor that 
showed greater efficacy than chemotherapy in ALK-posi-
tive NSCLC patients in the PROFILE 1014 trial.6 

Subsequent evaluation found that a significant proportion 
of crizotinib-treated patients developed CNS metastases, 
probably because the blood–brain barrier is relatively 
impermeable to crizotinib. Alectinib is a second-genera-
tion and highly CNS-active ALK inhibitor that was shown 
to be highly effective in several Phase III clinical trials.3,7,8 

For example, the ALEX trial (NCT02075840), which 
enrolled 303 untreated ALK-positive patients with stage 
IIIB–IV NSCLC, found that investigator-assessed mature 
progression-free survival (PFS) was significantly longer in 
patients treated with alectinib than with crizotinib [hazard 
ratio (HR) 0.43, 95% confidence interval (CI) 0.32–0.58]; 
that median PFS was 34.8 months with alectinib versus 
10.9 months with crizotinib; and that median overall sur-
vival (OS) was not reached with alectinib versus 57.4 
months with crizotinib (stratified HR 0.67, 95% CI 0.46– 
0.98, P=0.0376).9 The PFS benefit of alectinib was lower 
but maintained in patients with baseline CNS metastases, 
with the median PFS being 25.4 months (95% CI 9.2 
months–not estimated) with alectinib and 7.4 months 
(95% CI 6.6–9.6 months) with crizotinib (HR 0.37, 95% 
CI 0.23–0.58)].

However, the proportion of ALK-positive NSCLC 
patients with baseline CNS metastases was relatively low 
in the ALEX and other similar phase III clinical trials, 
with all of these patients having asymptomatic CNS 
metastases and the occurrence of symptomatic CNS pro-
gression being an exclusion criterion. Although whole- 
brain radiotherapy was allowed in some patients with 
baseline CNS metastases in the ALEX trial, more 
advanced intracranial therapies, such as craniotomy or 
CyberKnife, were not considered or were present in too 
few patients. These local therapies in terminal cancer 
patients with three or fewer intracranial metastases were 
found to effectively alleviate their CNS symptoms and 
significantly improved their quality of life and overall 

survival.10,11 In addition, local intracranial therapies such 
as craniotomy or CyberKnife could effectively increase the 
permeability of the blood–brain barrier and improve the 
CNS activities of antitumor drugs.12–15

To date, the comparative efficacy of alectinib versus 
crizotinib together with local intracranial therapies in 
untreated ALK-positive NSCLC patients with sympto-
matic and synchronic brain metastasis remains largely 
unknown. The present study retrospectively analyzed the 
efficacies of alectinib and crizotinib plus intracranial thera-
pies in a cohort of these NSCLC patients who had received 
or were receiving treatment in our department. This study 
not only complements the knowledge about the efficacy of 
ALK inhibitors in lung cancer brain metastases but is also 
a strong demonstration of the importance of multidisci-
plinary collaboration in extending the survival of patients 
with advanced brain metastatic tumors.

Patients and Methods
Study Population
Thirty-four patients with NSCLC and obvious neurologi-
cal symptoms who were diagnosed between August 2016 
and October 2019 at their first visit were selected from the 
inpatient archives of the Neurosurgery Department of 
Tianjin Medical University Cancer Institute and Hospital 
(TMUCIH). Patients had not received any prior antitumor 
treatment and had measurable tumor lesions at baseline 
according to Response Evaluation Criteria in Solid Tumors 
(RECIST, version 1.1). None had more than three brain 
metastases, and all were pathologically confirmed as hav-
ing lung adenocarcinoma by analysis of either primary or 
metastatic sites. ALK mutations were detected by Ventana 
immunohistochemistry, fluorescence in-situ hybridization 
(FISH), or next-generation sequencing (NGS). None had a 
previous psychiatric history, severe respiratory/cardiovas-
cular/hepatorenal diseases, or other metastases at the time 
of initial diagnosis. The median age of the 34 patients was 
56 years (range, 35–72 years). Nineteen patients were 
male, and 15 others were female. Additional demographic 
and clinical characteristics are shown in Table 1.

Treatment Procedures
Patients with intracranial metastatic lesions of appropriate 
location and diameter >3 cm underwent craniotomy, with 
the removed tissue samples subjected to histopathological 
examination and assessment of gene mutations. Before 
surgery, all patients underwent relevant examinations, 
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with routine blood tests assessing liver and kidney func-
tion, coagulation function, tumor markers, and cardiopul-
monary function, and their general state was carefully 
evaluated. Patients with small intracranial lesions but no 
symptoms of high intracranial pressure underwent com-
puted tomography (CT)-guided percutaneous lung tumor 
puncture, with the tissue samples subjected to histopatho-
logical examination and molecular detection.

All unresected intracranial metastases were treated 
with CyberKnife radiosurgery. Before treatment, all 
patients underwent 1.2 mm thick T1 enhanced magnetic 
resonance imaging (MRI) and 1.5 mm thick CT. Tumor 
volume was defined as the volume of enhanced focus 
displayed on enhanced MRI or enhanced CT. After the 
fusion of CT and MRI images, the gross tumor volume 
(GTV) was delineated. The planned treatment volume was 
defined as the GTV plus a positioning error of 1.6 mm. 
The treatment plan was determined using MultiPlan 4.6.0 
treatment plan software. During the treatment, all patients 
were fixed with facial mesh and located by skull tracking.

Patients diagnosed with ALK-positive lung adenocar-
cinoma were started immediately on ALK inhibitor ther-
apy. Of the 34 patients, 13 (38.2%) received oral alectinib 
600 mg twice daily, and 21 (61.8%) received oral crizoti-
nib 250 mg twice daily, until progressive disease, unac-
ceptable toxicity, or death.

Assessments
The patients were followed up every 4 weeks until Week 
12 and every 8 weeks from Week 12 to progression or 
death. Patients underwent imaging by CT and/or MRI at 
baseline and at regular intervals throughout the study. 
Tumor response was evaluated using RECIST version 
1.1; adverse events were graded according to the 
National Cancer Institute Common Terminology Criteria 
for Adverse Events, version 4.0, and were classified 
according to the Medical Dictionary for Regulatory 
Activities.

The key study outcomes were PFS, OS, objective 
response rate (ORR) and safety. Overall PFS was defined 

Table 1 Baseline Patient Characteristics

Characteristics Alectinib  
(n=13)

Crizotinib  
(n=21)

P value

No. % No. %

Median age, years (range) 51 (35–72) 56 (37–71) 0.595
Gender 1.000

Male 7 53.8 12 57.1

Female 6 46.2 9 42.9
ECOG performance status 1.000

0 3 23.1 5 23.8

1–2 10 76.9 16 76.2
Smoking history 1.000

Never smoked 6 46.2 10 47.6

Current smoker or Past smoker 7 53.8 11 52.4
Maximum diameter of lung tumors 0.727

≤3 cm 9 69.2 13 61.9

>3 cm 4 30.8 8 38.1
Maximum diameter of CNS metastases 0.709

≤3 cm 5 38.5 6 28.6

>3 cm 8 61.5 15 71.4
Intracranial measurable metastases 1.000

1 8 61.5 12 57.1

2–3 5 38.5 9 42.9
CNS maximum metastatic foci treatment 0.444

Craniotomy 11 84.6 15 71.4

CyberKnife 2 15.4 6 28.6

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
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as the interval from the date of initial diagnosis to con-
firmation of progressive disease (in the lung, brain, or 
other organs) or death, whichever occurred first; analo-
gously, the PFS of the lung was defined as the interval 
from the date of initial diagnosis to confirmation of pro-
gressive disease in the lung or death, and PFS of the brain 
was defined as the interval from the date of initial diag-
nosis to confirmation of progressive disease in the brain or 
death. OS was measured from the date of initial diagnosis 
to the date of death or last follow-up. ORR was defined as 
the percentage of patients with a complete response (CR) 
or a partial response (PR). Disease control was defined as 
no obvious increase in the volume of pre-existing lesions 
or the occurrence of new lesion on imaging films. 
Accordingly, disease progression was defined as an 
increase in the volume of pre-existing lesions or the 
appearance of new lesions.

Study Oversight
This study was conducted in accordance with the 
Declaration of Helsinki and Good Clinical Practice guide-
lines, and approved by the Ethics Committee of Tianjin 
Medical University Cancer Institute and Hospital. All 
patients provided written informed consent prior to their 
inclusion in the study.

Statistical Analysis
Survival outcomes were evaluated using the Kaplan–Meier 
method, and differences between groups were compared 
by Log rank tests. Hazard ratios (HRs) and 95% confi-
dence intervals (CIs) were estimated using a Cox regres-
sion model. Median survival and 95% CIs when a 50% 
event rate was not observed in any group were assessed 
using the Brookmeyer and Crowley method. Qualitative 
variables were compared with the chi-squared or Fisher’s 
exact tests, and quantitative variables were compared 
using Student’s t-tests.

All reported P-values were two-sided, with P-values 
<0.05 considered statistically significant. Statistical ana-
lyses were performed with IBM SPSS Statistics 19 and 
SAS 9.4 software.

Results
Patients
Of the 34 patients with symptomatic and synchronic brain 
metastases, 13 (38.2%) were treated with oral alectinib 
600 mg twice daily, and 21 (61.8%) were treated with 

oral crizotinib 250 mg twice daily. The baseline character-
istics of the patients in the two groups were well balanced 
(Table 1). Of these 34 patients, 20 (58.8%) had single 
intracranial lesions and 14 (41.2%) had two or more intra-
cranial lesions. Eight of these patients were treated intra-
cranially with the CyberKnife after the diagnosis of 
NSCLC was confirmed by lung aspiration, whereas the 
other 26 patients were treated with a craniotomy-focused/ 
CyberKnife-assisted strategy.

At the cutoff date of May 31, 2021, the median follow- 
up was 36.1 months in the alectinib group and 29.7 months 
in the crizotinib group. The median duration of treatment 
was 31.1 months (range, 23.4–44.0 months) in the alecti-
nib group and 8 months (range, 3.0–12.3 months) in the 
crizotinib group. Seven patients in the alectinib group and 
21 in the crizotinib group had discontinued treatment.

Efficacy
The primary lung tumors in almost all patients began to 
respond within 1 month after the start of ALK-TKI treat-
ment. Of the 13 patients in the alectinib group, all (ORR, 
100%) responded to treatment, including 5 (38.5%) with 
CR and 8 (61.5%) with PR. Of the 21 patients in the 
crizotinib group, 13 responded (ORR, 61.9%), all with 
PR; whereas the other eight patients (38.1%) achieved 
stable disease (SD). Because all intracranial metastases 
were treated efficiently, with craniotomy, CyberKnife, or 
both, it was difficult to evaluate the response rate of brain 
metastases to these two ALK inhibitors.

At the cutoff date of May 31, 2021, an event of disease 
progression (in any organ) or death had occurred in 28 
patients in the whole ALK-TKI treatment population (7 of 
13 [53.8%] patients in the alectinib group and 21 of 21 
[100%] patients in the crizotinib group). The overall PFS 
rate was significantly higher in the alectinib than in the 
crizotinib group (HR 0.007, 95% CI 0.000–0.258, 
P<0.001); and the median value for overall PFS was 
longer in the alectinib (32.8 months; 95% CI 24.4–41.2 
months) than in the crizotinib (8.0 months; 95% CI 7.3– 
8.7 months) group (Figure 1A).

Of these 34 patients, 17 (50.0%) died during the study, 
including 2 (15.4%) of the 13 patients in the alectinib 
group and 15 (71.4%) of the 21 patients in the crizotinib 
group. OS rate was significantly higher with alectinib than 
with crizotinib (HR 0.141, 95% CI 0.032–0.625, 
P=0.003); and median OS was not yet reached with alec-
tinib (95% CI 31.0 months–not estimated), compared with 
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30.3 months (95% CI 27.3–37.1 months) with crizotinib 
(Figure 1B).

In addition, the PFS of lung and brain lesions was 
analyzed. At the cutoff date of May 31, 2021, progression 
of lung tumors or death had occurred in 14 (41.2%) of the 
34 patients, including in five (38.5%) of the 13 patients in 
the alectinib group and nine (42.9%) of the 21 patients in 
the crizotinib group). The PFS rate of lung lesions was 

higher with alectinib than with crizotinib (HR: 0.004, 95% 
CI 0.000–1.579), although the difference was not statisti-
cally significant (P=0.070). Median PFS of lung tumors 
was 38.5 months (95% CI 27.5–49.5 months) with alecti-
nib and 9.2 months (95% CI 7.4–11.0 months) with crizo-
tinib (Figure 1C). Progression of brain tumors or death 
was observed in 16 (47.1%) of the 34 patients, including in 
two (15.4%) of the 13 patients treated with alectinib and 

Figure 1 Kaplan–Meier analyses of survival in patients treated with alectinib and crizotinib. (A) Overall progression-free survival; (B) overall survival; (C) progression-free 
survival of lung lesions; (D) progression-free survival of brain lesions. P-values were calculated by Log rank tests, and hazard ratios were estimated by Cox regression 
analysis.
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14 (66.7%) of the 21 patients treated with crizotinib. The 
PFS rate of brain lesions was significantly higher with 
alectinib than with crizotinib (HR 0.007, 95% CI 0.000– 
0.558, P<0.001) (Figure 1D); with the median PFS of 
brain lesions not yet reached with alectinib (95% CI 30.1 
months–not estimated) and 8.5 months (95% CI 7.2–12.3 
months) with crizotinib.

The magnitude of the treatment effect was generally 
consistent across subgroups (Figure 2), although the P 
value on Cox regression analysis in some subgroups did 
not achieve statistical significance due to the small sample 
size.

Safety
Adverse events of any grade with higher incidence in 
patients treated with alectinib than with crizotinib included 
increased blood creatine phosphokinase (38.4% vs 38.1%), 
sinus bradycardia (23.1% vs 19.0%), vomiting (15.3% vs 

14.3%), nausea (30.7% vs 28.6%), decreased appetite 
(46.2% vs 38.1%), and rash (23.1% vs 19.0%) (Table 2). 
Adverse events of any grade that were more frequent in 
patients treated with crizotinib than with alectinib included 
increased alanine aminotransferase (42.9% vs 38.4%), 
constipation (57.1% vs 46.1%), increased blood bilirubin 
(33.3% vs 30.7%), diarrhea (28.6% vs 23.1%), decreased 
white blood cell count (14.3% vs 7.0%), decreased neu-
trophil count (14.3% vs 7.0%), and blurred vision (14.3% 
vs 7.0%). Rash (7.6% vs 4.8%) was the only grade III–IV 
adverse event more frequent in patients treated with alec-
tinib than with crizotinib, whereas grade III–IV adverse 
events more frequent in patients treated with crizotinib 
than with alectinib included increased alanine aminotrans-
ferase (23.8% vs 7.6%), constipation (38.1% vs none), 
increased blood creatine phosphokinase (23.8% vs 7.6%), 
and increased blood bilirubin (19.0% vs none). No adverse 
events resulted in a fatal outcome.

Figure 2 Forest plot of progression-free survival in patient subgroups. Hazard ratio (HR) was estimated by an unstratified Cox model. 
Abbreviation: ECOG, Eastern Cooperative Oncology Group.
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Post-Progression Therapies
Of the 21 patients in the crizotinib group, eight (38.1%) 
were switched to alectinib (600 mg twice daily) after the 
first progression; however, seven of these eight patients 
experienced a second progression within 11 months.

These 7 patients, together with the 13 patients in the 
crizotinib group who refused alectinib treatment after first 
progression, received chemotherapy, intracranial 
CyberKnife or whole-brain radiotherapy as post-progres-
sion therapies. Of the seven alectinib-treated patients with 
disease progression, three received chemotherapy, one 
underwent intracranial CyberKnife treatment, one received 
ceritinib, one underwent intracranial CyberKnife treatment 
plus a higher dose of alectinib, and one received che-
motherapy plus alectinib.

The efficacy difference of alectinib as first-line and 
second-line treatment was compared in the study popula-
tion. Kaplan–Meier analysis showed that alectinib was far 
more effective as first-line than as second-line therapy 
(P<0.001, Figure 3). The median PFS was longer in 
patients who received first-line (32.8 months; 95% CI 
24.4–41.2 months) than second-line (7.8 months; 95% CI 
4.5–11.1 months) alectinib.

Discussion
Patients with ALK-positive advanced NSCLC are charac-
terized by onset at a young age, a predisposition to brain 
metastases, and poor prognosis.16,17 Approximately 
15–35% of ALK-positive NSCLC patients are initially 
diagnosed with CNS metastases, with their presence at 
baseline being prognostic of poor outcomes.18

Crizotinib was the first ALK inhibitor to be developed. 
However, a retrospective study of patients without base-
line brain metastases who developed progressive disease 
after initiation of crizotinib found that 20% had developed 
brain metastases; moreover, the ORR of 109 NSCLC 
patients with baseline brain metastases who were treated 
with crizotinib was only 18%.19 This lack of efficacy may 
be related to the relative impermeability of the brain–blood 
barrier (BBB) to crizotinib.20,21

Ceritinib was a second-generation ALK inhibitor. The 
ASCEND-4 trial, comparing ceritinib and chemotherapy 
in ALK-positive NSCLC patients with brain metastases, 
found that the ORRs were 72.7% and 27.3%, respectively, 
and that these groups had a median PFS of 10.7 and 6.6 
months (HR 0.70; 95% CI 0.44–1.12), respectively.22 

Although ceritinib was somewhat effective against intra-
cranial metastases, it had low brain permeability due to the 
presence of P-glycoprotein in the BBB.23 Thus, the con-
centration of ceritinib in the brain failed to reach the 
exposure level needed to control the disease. Among 
ALK-positive NSCLC patients who progressed after cer-
itinib treatment, 42% had CNS metastases as the first 
symptom.22

Compared with crizotinib, alectinib had better efficacy 
and lower toxicity in the treatment of ALK-positive 
NSCLC.3 In addition, alectinib was not a substrate of 
P-glycoprotein and was able to cross the BBB, with its 
concentration in cerebrospinal fluid being higher than the 
concentrations of crizotinib and ceritinib.24 The J-ALEX 
study compared the efficacy and safety of alectinib with 
crizotinib in Japanese patients with advanced ALK- 

Table 2 Safety Summary

Index Any Grade Grade III–IV

Alectinib Crizotinib Alectinib Crizotinib

Increased alanine aminotransferase 5/13 (38.4%) 9/21 (42.9%) 1/13 (7.6%) 5/21 (23.8%)

Constipation 6/13 (46.1%) 12/21 (57.1%) 0/13 (0%) 8/21 (38.1%)
Increased blood creatine phosphokinase 5/13 (38.4%) 8/21 (38.1%) 1/13 (7.6%) 5/21 (23.8%)

Increased blood bilirubin 4/13 (30.7%) 7/21 (33.3%) 0/13 (0%) 4/21 (19.0%)

Sinus bradycardia 3/13 (23.1%) 4/21 (19.0%) 0/13 (0%) 0/21 (0%)
Vomiting 2/13 (15.3%) 3/21(14.3%) 0/13 (0%) 0/21 (0%)

Diarrhea 3/13 (23.1%) 6/21 (28.6%) 0/13 (0%) 0/21 (0%)

Nausea 4/13 (30.7%) 6/21 (28.6%) 0/13 (0%) 0/21 (0%)
Decreased appetite 6/13 (46.2%) 8/21 (38.1%) 0/13 (0%) 0/21 (0%)

Rash 3/13 (23.1%) 4/21 (19.0%) 1/13 (7.6%) 1/21 (4.8%)

Decreased white blood cell count 1/13 (7.0%) 3/21 (14.3%) 0/13 (0%) 0/21 (0%)
Decreased neutrophil count 1/13 (7.0%) 3/21 (14.3%) 0/13 (0%) 0/21 (0%)

Blurred vision 1/13 (7.0%) 3/21 (14.3%) 0/13 (0%) 0/21 (0%)
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positive NSCLC, with an independent review committee 
finding that median PFS was longer in patients treated 
with alectinib (34.1 months) than with crizotinib (10.2 
months).25 The ALESIA study also found that the inde-
pendent review committee-assessed PFS was significantly 
longer in the alectinib than in the crizotinib group (HR 
0.37, 0.22–0.61; P<0.0001), and that CNS ORR in patients 
with measurable or non-measurable baseline CNS lesions 
was higher in patients treated with alectinib (32/44, 73%) 
than with crizotinib (5/23, 22%).8 Despite the longer treat-
ment duration with alectinib than with crizotinib, lower 
percentage of alectinib-treated patients had grade 3–5 or 
serious adverse events.8,25

In contrast to the ALEX, J-ALEX and ALESIA trials, 
in which the neurological symptoms of ALK-positive 
NSCLC patients with baseline CNS metastases were all 
not obvious and the proportion of patients with baseline 
CNS metastases was very low, the present study assessed 
ALK-positive NSCLC patients who were initially diag-
nosed with symptomatic and synchronic brain metastases. 
Moreover, their intracranial metastases were all treated 
efficiently, with craniotomy, CyberKnife, or both, prior to 
starting an ALK inhibitor. Although traumatic brain injury 
or stereotactic radiosurgery has been reported to disrupt 
the integrity of the BBB,12–15 the efficacy of crizotinib in 
this study was no greater than that of earlier clinical trials. 

Alectinib still remains the first ALK inhibitor of choice for 
treating NSCLC patients with obvious neurological symp-
toms at the time of initial diagnosis.

Despite well-established management approaches for 
brain metastases, with local intracranial therapies as the 
cornerstone, the initial treatment option for oncogene-dri-
ven NSCLC patients with baseline brain metastases 
remains unclear. For example, Makoto Nishino et al sug-
gested that systemic treatment with a new-generation tyr-
osine kinase inhibitor (TKI), such as alectinib or 
osimertinib, was preferred as the initial intervention for 
these patients, as these new targeted therapies had demon-
strated far greater intracranial efficacy than historically 
favored local therapies.26 However, for brain metastatic 
patients with obvious neurological symptoms, timely and 
efficient intracranial therapies could rapidly reduce the 
brain tumor burden and relieve their intracranial symp-
toms, thus being of great significance to these patients. 
The ALK-positive NSCLC patients in the present study 
who underwent craniotomy or CyberKnife treatment fol-
lowed by an ALK-TKI achieved a better median PFS than 
patients with baseline brain metastases in the ALEX trial, 
with median PFS with alectinib of 32.8 and 25.4 months, 
respectively; and median PFS with crizotinib of 8.0 and 
7.4 months, respectively. Although the sample size was 
relatively small in the present study, these results suggest 
that, in addition to alectinib, aggressive local therapies 
such as craniotomy and CyberKnife should be an essential 
part of the first-line treatment plan for these patients.

Another notable result in the present study was that 
alectinib was more effective as first-line (median PFS 32.8 
months) than as second-line (median PFS 7.8 months) 
treatment in this patient cohort. The median PFS of alecti-
nib second-line therapy observed in the present study was 
consistent with the results of the phase III ALUR trial and 
the Phase II NP28673 and NP28761 studies. In the ALUR 
study, patients with advanced ALK-positive NSCLC who 
had progressed after crizotinib treatment had a median 
independent review committee-assessed PFS of 7.1  
months (95% CI 6.3–10.8 months) with alectinib and 1.6  
months (95% CI 1.3–4.1 months) with chemotherapy.27 A 
pooled analysis of two single-arm phase II studies, 
NP28673 and NP28761, of patients with crizotinib-resis-
tant ALK-positive NSCLC treated with alectinib treatment 
found that the systemic ORR was 51% and the median 
PFS was 8.3 months.28 The reduced effectiveness of alec-
tinib as second-line than as first-line therapy may be 
related to the complex mechanism of ALK inhibitor 

Figure 3 Kaplan–Meier analysis of progression-free survival in patients receiving 
first-line and second-line alectinib treatment. The P value was calculated by Log rank 
test.
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resistance. Almost all patients treated with crizotinib 
would inevitably relapse and progress, despite its initial 
effectiveness. Crizotinib resistance has been reported as 
due, at least in part, to mutations in the ALK kinase 
domain, alternative bypass pathway activation, and epithe-
lial to mesenchymal transition.29 A study in H3122- 
derived ALK TKI-resistant cell lines found that the devel-
opment in tumors of resistance to a particular ALK TKI 
would lead to substantial cross-resistance to other ALK 
TKIs that were not previously present.30 This cross-resis-
tance suggests that the efficacy of alectinib is maximized 
by its use as first-line therapy, especially in NSCLC 
patients with baseline brain metastases.

This study had several limitations. First, due to its 
small sample size, the statistical significance of certain 
results could not be fully demonstrated. Second, because 
the follow-up time was relatively short, the median PFS of 
brain lesions and median OS had not yet been reached in 
the alectinib group. Third, intracranial treatment in this 
study did not include whole-brain radiotherapy. Whole- 
brain radiotherapy has been shown to be very important 
in prolonging survival of patients with lung cancer and 
brain metastases, especially those with multiple brain 
metastases. Last, this study did not include a molecular 
subtype analysis of ALK fusion variants, because of the 
lack of second-generation sequencing results in some 
patients and the small sample size.

Conclusion
In this study, alectinib showed superior efficacy and lower 
toxicity compared with crizotinib in the treatment of ALK- 
positive NSCLC patients with symptomatic and synchro-
nic brain metastases, and that alectinib was more effective 
as first-line than as second-line therapy. In addition to 
alectinib, aggressive local therapies such as craniotomy 
and CyberKnife should be an essential part of the first- 
line treatment plan for these patients.
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