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Abstract

Background: Most patients treated with anaplastic lymphoma kinase (ALK)-tyrosine

kinase inhibitors for ALK-positive non-small cell lung cancer (NSCLC) develop resis-

tance, leading to metastasis, with progression to the central nervous system (CNS)

being a primary concern. Although alectinib has better CNS penetration than

crizotinib, patients treated with alectinib also develop CNS progression. CNS metas-

tases more likely occurs during crizotinib treatment due to less blood-brain barrier

(BBB) penetration capability than alectinib. CNS progression pattern may be different

during crizotinib and alecitinib treatment. Understanding the characteristics of CNS

progression is important for developing treatment strategies.

Aims: We compared the clinical-radiographic characteristics of CNS metastases

among patients undergoing crizotinib and alectinib treatment for ALK-positive

NSCLCs.

Methods and results: We retrospectively analyzed the radiographic and clinical char-

acteristics of CNS progression in ALK-positive NSCLC patients treated with crizotinib

or alectinib at our hospital between July 2011 and May 2020. CNS and systemic

tumor progression were evaluated using computed tomography or magnetic reso-

nance imaging. Fifty-three and 65 patients were treated with crizotinib and alectinib,

respectively. Baseline CNS metastasis was observed in 18 and 27 patients in the

crizotinib and alectinib groups, respectively. Among the patients in the crizotinib and

alectinib groups who developed disease progression, 15/49 (30.6%) and 9/44

(20.5%) had CNS progression, respectively (P = .344). Intra-CNS progression-free

survival was significantly longer in the alectinib group than in the crizotinib group

(median: 14.0 vs 5.6 months, P = .042). The number of CNS metastases sized ≥3 cm,

rate of peritumoral brain edema, and the second progression pattern after treatment

continuation was not significantly different between the groups.

Conclusion: We observed no significant difference in the clinical-radiographic charac-

teristics of CNS progression between patients undergoing crizotinib and alectinib
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treatments. Local therapy, including stereotactic radiosurgery, for CNS progression

may be suitable and important following alectinib and crizotinib treatment.
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1 | INTRODUCTION

Non-small cell lung cancer (NSCLC), as the most predominant subtype

of lung cancer, accounts for approximately 85%-90% of all lung cancer

cases.1 Many NSCLC cases are advanced at diagnosis and have a poor

prognosis.2 However, the discovery of oncogenic driver mutations, such

as epidermal growth factor receptor (EGFR) and anaplastic lymphoma

kinase (ALK) rearrangement, has led to the development of molecular

targeted therapy for NSCLC, which in turn has drastically improved

patient survival.3,4

In 2007, Soda et al identified NSCLC with ALK rearrangements,

with 3%-5% of NSCLC cases being ALK positive.5 Crizotinib is the first-

generation ALK-tyrosine kinase inhibitor (TKI) that showed high efficacy

for ALK-positive NSCLC. Its phase III trials have demonstrated that

crizotinib yielded significantly longer progression-free survival (PFS)

than cytotoxic chemotherapy.4,6 After crizotinib, several ALK-TKIs, such

as alectinib, ceritinib, brigatinib, and lorlatinib that showed a long-term

survival benefit were approved for clinical use.4,7-14 ALK-TKIs are cur-

rently a key drug for the treatment of ALK-positive NSCLC.15-17 How-

ever, the majority of patients treated with ALK-TKIs develop resistance,

typically within 12 months, leading to disease progression.18-20 The

central nervous system (CNS) is commonly the first site of progression,

occurring in 46% of cases without systemic progression and 85% of

ALK-positive patients who were treated with crizotinib.21,22

In phase III PLOFILE1014 study, crizotinib achieved a better rate of

intracranial disease control compared with cytotoxic chemotherapy;

however, there was no significant difference in the time to CNS pro-

gression between the two treatments.23 This may be partly attributed

to the poor CNS penetration of crizotinib as a result of p-glycoprotein-

mediated efflux through the blood-brain barrier (BBB).24

As another ALK-TKI, alectinib is a second-generation highly selec-

tive and potent drug. Alectinib is not a substrate of p-glycoprotein

and has improved CNS penetration in contrast to crizotinib.24 J-ALEX

study conducted in Japanese patients13 and global ALEX study7

directly compared alectinib and crizotinib in patients with advanced

ALK-positive NSCLC, whereby alectinib achieved significantly better

PFS. Moreover, alectinib showed better efficacy for CNS progression

than crizotinib, in the subgroup analysis of the J-ALEX study.25

Differences in the efficacy of ALK-TKIs for CNS are considered to

be due to differences in the capability to penetrate the BBB.26 Com-

pared to crizotinib, second-generation ALK-TKIs, including alectinib

have a better capability to penetrate the BBB. The BBB penetration

capacity (%, cerebrospinal fluid [CSF]/blood) of crizotinib is only 0.26%

(human model), whereas that for alectinib is 63%-94% (animal model).27

The better BBB penetration capability of alectinib is considered one of

the reasons for the lower incidence rates of CNS metastases and longer

time to CNS progression with alectinib treatment.

However, despite alectinib treatment, a long-term follow-up

found cumulative incidence rates of CNS progression at approxi-

mately 30% and 10% in patients with and without baseline CNS

metastases, respectively.28

Therefore, treatment strategies after CNS progression are impor-

tant in ALK-positive NSCLC, even if alectinib becomes a standard treat-

ment in first-line treatment. Local therapy with either stereotactic

radiosurgery (SRS) or whole-brain radiotherapy for isolated CNS pro-

gression during EGFR- or ALK-TKI treatment is recommended29

because in several reported cases, patients with EGFR- and ALK-positive

NSCLC who developed isolated CNS progression achieved long PFS fol-

lowing local therapy with the maintenance of the same TKI therapy.22

Contrarily, leptomeningeal metastasis (LM) has also been reported

after first-generation EGFR-TKIs in EGFR-positive NSCLC, and resistance

mutations such as T790M are known to be one of the causes of LM.30 If

a patient developed systemic progression, multiple CNS metastases, or

LM, local therapy for CNS progression would not be recommended.29

Furthermore, because CNS metastases cause impairment in the

quality of life and performance status, the characteristics of CNS pro-

gression are also important.31-33

Crizotinib and alectinib have different BBB penetration capabili-

ties; therefore, different CNS progression patterns are expected

between patients undergoing the two treatments. Although there are

some studies on the incidence of CNS progression in ALK-TKIs, no

study has compared the characteristics of CNS progression between

patients undergoing crizotinib and alectinib treatments.

The American Society of Radiation Oncology guidelines on Radio-

therapeutic and Surgical Management for Newly Diagnosed Brain

Metastasis(es) stipulates that the number of CNS metastases (single or

multiple), the maximum tumor size (less or more than 3-4 cm), and

expected prognosis are important decision-making factors for radiosur-

gery, whole-brain radiotherapy, surgery, and palliative care for CNS

metastases.34 Therefore, the number of CNS metastases, the expected

prognosis, and the maximum tumor size are important for determining

the subsequent treatment for CNS progression. In addition, the

LGK0901, a multi-institutional prospective observational study of SRS

for patients with brain metastases, showed that extracerebral disease

status, neurological symptoms, and LM are also important factors.35

Because it may help in determining treatment strategies following

CNS progression, this study aimed to investigate the radiographic and

clinical characteristics of newly developed or progressed CNS metas-

tases with crizotinib treatment compared to those with alectinib treat-

ment for ALK-positive NSCLC.
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2 | METHODS

2.1 | Study design and patients

This was a retrospective study of patients with advanced ALK-positive

NSCLC treated with crizotinib or alectinib at the Cancer Institute Hos-

pital of the Japanese Foundation for Cancer Research between July

2011 and May 2020. ALK positivity was determined either via immu-

nohistochemistry and/or fluorescence in situ hybridization. Crizotinib

was administered at a dose of 250 mg twice daily, while alectinib was

administered at 300 mg twice daily. Patients who progressed or newly

developed CNS metastases during the treatment period were included

in the analysis.

2.2 | Assessments

Tumor responses were assessed using the Response Evaluation

Criteria in Solid Tumors version 1.1 (RECIST 1.1).36 CNS and systemic

tumor progression were assessed using computed tomography (CT) or

magnetic resonance imaging (MRI) of the chest, abdomen, and brain.

Image scans for tumor assessment were performed at baseline,

between 4 and 8 weeks, and then every 1 to 3 months until the treat-

ment discontinuation. These scanned images were retrospectively

reviewed by radiologists and thoracic oncologists.

The number of CNS metastases, the maximum size of CNS metas-

tases, the number of CNS metastases measuring ≥3 cm in size, pres-

ence/absence of peritumoral brain edema, and presence/absence of

LM were assessed as radiographic characteristics. Meanwhile, pres-

ence/absence of CNS symptoms, presence/absence of extra-CNS

progression, intra-CNS PFS, local therapy for CNS progression, the

number of patients who continued treatment after CNS progression,

time to treatment failure(TTF) from CNS progression, and the site of

progression after treatment continuation were assessed as clinical

characteristics.

CNS symptoms were defined as headache, paralysis, nausea, and

seizure in this study. We defined CNS progression as intracranial dis-

ease progression based on the RECIST 1.1. Intra-CNS PFS was calcu-

lated from the start date of ALK-TKIs until CNS progression. TTF from

CNS progression was defined as the time from the first CNS progres-

sion to ALK-TKIs discontinuation beyond the first CNS progression in

patients who underwent local therapy after CNS progression and con-

tinued ALK-TKIs beyond.

2.3 | Statistical analysis

Between-group comparisons of age and the size of brain metastases

were conducted using the Mann-Whitney U test. Meanwhile, Fisher's

exact test or Pearson's chi-square test compared the other patient

characteristics as appropriate. Intra-CNS PFS and time to treatment

failure were evaluated using the Kaplan-Meier method and compared

between groups using the log-rank test. All statistical analyses were

performed using EZR (Saitama Medical Center, Jichi Medical Univer-

sity, Saitama, Japan) for statistical computing.37 P value of <0.05 was

considered statistically significant.

3 | RESULTS

3.1 | Patient characteristics

In total, 98 patients with ALK-positive NSCLC received crizotinib

alone (n = 33 patients) or alectinib alone (n = 45 patients). Of them,

20 patients were treated with both crizotinib and alectinib. The

patient inclusion flowchart is shown in Figure 1. The median patient

age in the crizotinib group was 48 years, 21 patients were male, and

27 were never smokers. Meanwhile, the median patient age in the

alectinib group was 55 years, 34 patients were male, and 39 were

never smokers. With respect to histology, a majority of the patients

had adenocarcinoma, and the Eastern Cooperative Oncology Group

performance status score was 0-1 in 44 and 56 patients in the

crizotinib and alectinib groups, respectively. There was no significant

difference in baseline characteristics between the patients with CNS

progression in the two groups. The patients' characteristics are shown

in Table 1.

CNS metastases at baseline were observed in 18 and 27 patients

in the crizotinib and alectinib groups, respectively. Among the

53 patients in the crizotinib group, 40 patients had received prior che-

motherapy, 44 patients had not received prior ALK-TKIs, 6 patients

had received prior alectinib, 2 patients had received prior other ALK-

TKIs, and 1 patient had received 2 or more prior ALK-TKIs. Among

the 65 patients in the alectinib group, 25 patients had received prior

chemotherapy, 44 patients had not received prior ALK-TKIs,

18 patients had received prior crizotinib, and 3 patients received 2 or

more ALK-TKIs. Disease progression was observed in 49 and

44 patients in the crizotinib and alectinib groups, respectively. Of

them, 15/49 (30.6%) patients in the crizotinib group and 9/44 (20.5%)

patients in the alectinib group developed CNS progression (P = .344).

None of the patients progressed to CNS metastases in either group.

Overall, 11/44 (25.0%) and 4/44 (9.1%) patients without prior ALK-

TKIs in the crizotinib and alectinib groups, respectively, developed

CNS progression (P = .087). There were 5/18 (27.8%) and 6/27

(22.2%) patients with baseline metastases who developed CNS pro-

gression in the crizotinib and alectinib groups, respectively (P = .732).

Meanwhile, 10/35 (28.6%) and 3/38 (7.9%) patients who had no base-

line metastases developed CNS progression (P = .031).

3.2 | Radiographic characteristics

The radiographic characteristics of CNS metastases were evaluated in

24 patients with CNS progression. With respect to modality, CNS

metastases were assessed via CT in 23 patients (95.8%) and via MRI

in 1 patient (4.2%). The radiographic characteristics classified by

groups are shown in Table 2. Single CNS metastasis was observed in
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7/15 (46.7%) and 2/9 (22.2%) patients in the crizotinib and alectinib

groups, respectively. Meanwhile, multiple CNS metastases (ie, ≥5

metastases) were observed in 4/15 (26.6%) and 3/9 (33.3%) patients

in the crizotinib and alectinib groups, respectively. The median maxi-

mum tumor size of CNS metastases was 9.2 mm (range, 5.0-20.4 mm)

and 9.1 mm (range, 2.0-17.9 mm) in the crizotinib and alectinib

groups, respectively (P = .682). No CNS metastases sized ≥3 cm in

size were observed in both groups. Peritumoral brain edema was

observed in 3/15 (20.0%) and 4/9 (44.4%) patients in the crizotinib

and alectinib groups, respectively (P = .356). LM was observed in 1/

15 (6.7%) and 2/9 (22.2%) patients in the crizotinib and alectinib

groups, respectively (P = .533).

The total number of crizotinib or/ and 
alectinib treatment (n = 98)

Treated with crizotinib (n = 53)
・crizotinib alone (n=33)
・crizotinib and alectinib (n = 20)

Treated with alectinib (n = 65)
・alectinib alone (n = 45)
・crizotinib and alectinib (n = 20)

With
Baseline CNS metastases

(n = 18)

Without
Baseline CNS metastases

(n = 35)

CNS 
progression 

(n = 5)

New CNS 
metastases

(n = 10)

Disease 
progression

(n = 17)

Extra-CNS 
progression

(n = 12)

Disease 
progression

(n = 32)

Extra-CNS 
progression

(n = 22)

With
Baseline CNS metastases

(n = 27)

Without
Baseline CNS metastases

(n = 38)

CNS 
progression 

(n = 6)

New CNS 
metastases

(n = 3)

Disease 
progression

(n = 20)

Extra-CNS 
progression

(n = 14)

Disease 
progression

(n = 24)

Extra-CNS 
progression

(n = 21)

F IGURE 1 Patient inclusion flowchart. Thirty-three patients received crizotinib alone, 45 patients received alectinib alone, and 20 patients
received both crizotinib and alectinib. Disease progression or death occurred in 49/53 patients in the crizotinib group and 44/65 patients in the
alectinib group

TABLE 1 Patient characteristics

Total CNS progression

Crizotinib Alectinib

P-value

Crizotinib Alectinib

P-value(n = 53) (n = 65) (n = 15) (n = 9)

Age Median (range) 48 (22-77) 55 (26-83) .027 44 (34-76) 45 (33-58) .531

Sex Male/female 21/32 34/31 .170 3/12 5/4 .100

Smoking history Never/ex or current 27/26 39/26 .324 13/2 3/6 .635

Histology Adeno/non-adeno 52/1 64/1 .884 15/0 9/0 1.000

ALK test IHC/FISH/both/unknown 11/15/24/3 25/12/26/2 .168 6/6/3/0 1/4/4/0 .253

PS 0,1/≥2 44/9 56/9 .638 11/4 5/4 .412

Baseline CNS metastases With/without 18/35 27/38 .399 5/10 6/3 .206

Previous treatment

Chemotherapy None/1 prior chemotherapy/

≥2 prior chemotherapy

13/24/16 40/15/10 .0003 6/4/5 5/2/2 .867

Prior ALK-TKI None/crizotinib/alectinib/

other ALK-TKIs/2 or more

ALK-TKIs

44/-/6/2/1 44/18/-/0/3 – 11/-/1/0 4/3/-/2 –

Abbreviations: ALK, anaplastic lymphoma kinase; CNS, central nervous system; FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; PS,

performance status; TKI, tyrosine kinase inhibitor.
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3.3 | Clinical characteristics

The patients' clinical characteristics are shown in Table 3. In total, 8 of

the 24 (33.3%) patients had CNS-related symptoms during CNS pro-

gression. CNS progression without extra-CNS progression was

observed in 9/15 (60.0%) and 6/9 (66.7%) patients in the crizotinib

and alectinib groups, respectively (P = 1.000). The intra-CNS PFS was

significantly longer in the alectinib group than that in the crizotinib

group (median: 14.0 months [range, 1.8-49.9 months] vs 5.6 months

[range, 0.8-33.9 months], P = .042). Overall, 3/15 (20.0%) and 4/9

(44.4%) patients in the crizotinib and alectinib groups underwent

radiosurgery for CNS metastases, respectively. In addition, there were

4/15 (26.7%) patients who continued crizotinib and 4/9 (44.4%)

patients who continued alectinib treatment after CNS progres-

sion (P = .412).

The treatment time course is shown in Figure 2. The time to

treatment failure after CNS progression was longer in the crizotinib

group than in the alectinib group, but the difference was not signifi-

cant (median: 23.8 months vs 15.5 months, P = .652).

Similarly, we did not observe a significant difference in the second

progression pattern after the continuation of crizotinib and alectinib.

Extra-CNS progression after CNS progression was observed in four

patients who continued crizotinib, and it was observed in one patient

who continued alectinib (P = .257).

4 | DISCUSSION

Few studies have focused on the characteristics of CNS progression

in ALK-positive NSCLCs. In the current study, although the incidence

rates of CNS progression tended to be higher in those treated with

crizotinib than in those treated with alectinib, the difference was not

significant. However, the incidence rates of CNS progression in

patients without baseline CNS metastasis were significantly lower

in the alectinib group than those in the crizotinib group. Intra-CNS

PFS was also significantly longer in the alectinib group. These results

are in line with those of previous reports25,38 and confirm the superi-

ority of alectinib to crizotinib for cases of ALK-positive NSCLC.

In the phase III J-ALEX study, the 1-year cumulative incidence

rates of CNS progression were 16.8% and 5.9% in the crizotinib and

alectinib arms, respectively.25 The better BBB penetration capability

of alectinib is considered one of the reasons for the lower incidence

rates of CNS metastases and a longer time to CNS progression

observed with alectinib treatment. Accordingly, we speculated that

the difference in the BBB penetration capability might lead to differ-

ences in the characteristics of CNS progression between patients

treated with crizotinib and alectinib. However, we did not observe a

significant difference in the radiographic characteristics of CNS pro-

gression between the two treatment groups. CNS progression with-

out extra-CNS progression was observed in 9/15 (60.0%) and 6/9

TABLE 2 Radiographic characteristics of CNS metastases

CNS Metastases

Crizotinib Group Alectinib Group

P-value(n = 15) (n = 9)

Number of metastases 1/2-4/≥5 7/4/4 2/4/3 .572

1/≥2 7/8 2/7 .389

1-4/≥5 11/4 6/3 1.000

Maximum tumor size, mm Median (range) 9.2 (5.0-20.4) 9.1 (2.0-17.9) .682

Number of tumor measuring ≥3 cm ≥3 cm/<3 cm 0/15 0/9 1.000

Peritumoral brain edema Yes/no 3/12 4/5 .356

Leptomeningeal metastasis Yes/no 1/14 2/7 .533

Abbreviation: CNS, central nervous system.

TABLE 3 Clinical characteristics of CNS metastases

Crizotinib Group Alectinib Group

Clinical Characteristics (n = 15) (n = 9) P-value

Symptom with CNS metastases With/without 5/10 3/6 1.000

Extra-CNS progression With/without 6/9 3/6 1.000

Intra-CNS PFS, months Median (range) 5.6 (0.8-33.9) 14.0 (1.8-49.9) .042

Treatment for CNS metastases Radiosurgery or surgery/WBRT 3/1 4/0 1.000

Treatment continuation after CNS progression Yes/no 4/11 4/5 .412

Time to treatment failure after CNS progression, months Median (range) 23.8 (1.7-50.1) 15.5 (3.6-18.1) .652

Site of progression after treatment continuation CNS/extra-CNS/CNS and extra-CNS 0/3/1 2/1/0 .257

Abbreviations: CNS, central nervous system; PFS, progression-free survival; WBRT, whole-brain radiotherapy.
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(66.7%) patients in the crizotinib and alectinib groups, respectively.

Among patients with CNS progression, those with progression in

more than five sites, with metastases measuring <3 cm, and without

LM, which is an indication of radiosurgery, was slightly lower in the

alectinib group (44.4% vs 53.3%); however, this difference was also

not significant. Similarly, the clinical characteristics observed after

CNS progression had no significant difference.

In total, 3/15 (20.0%) patients in the crizotinib group and 4/9

(44.4%) patients in the alectinib group underwent radiosurgery follow-

ing CNS progression.

In this study, there was no significant difference in the radio-

graphic and clinical characteristics of CNS progression between

patients undergoing crizotinib and alectinib treatments. Similar trends

in patients with isolated CNS progression were observed in both

treatment groups. Continuation of the drug beyond CNS progression

may lead to long second PFS. This indicates that radiation therapy,

including SRS for CNS metastases, may be as important as treatment

strategies for CNS metastases during alectinib as CNS metastases

during crizotinib.

This study has some limitations owing to its single-institutional

retrospective design and small sample size. The treatment varied

among the patients, and therefore, we could not detect statistically

significant differences owing to the small sample size. However, ALK-

positive NSCLC is relatively rare, and data on CNS progression after

ALK-TKIs are also limited. Thus, it is difficult to evaluate the charac-

teristics of CNS progression in a large-scale study. Despite these limi-

tations, our study included a detailed description of the characteristics

of CNS progression and, therefore, may be useful for establishing the

optimal treatment strategy for ALK-positive NSCLCs.

There was no significant difference in the radiographic and clinical

characteristics of CNS progression between patients undergoing

crizotinib and alectinib treatments. Local therapy, including SRS for

CNS progression, may be suitable and important, following both

alectinib or crizotinib treatment.
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