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31.1 %, respectively. Two patients experiencing a CNS 
response were assessed for alectinib’s concentrations in 
serum and cerebro-spinal fluid (CSF), and showed a CSF-
to-serum ratio ranging from 0.001 to 0.003  ng/mL. Alec-
tinib is highly active against CNS metastases from ALK-
positive NSCLCs, irrespective of prior treatment(s) with 
ALK-TKI(s) and/or cranial radiotherapy. The low CSF-to-
serum ratio of alectinib suggests that measuring the con-
centrations of the drug in the CSF may not be a reliable 
surrogate of its distribution into the CNS.
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Introduction

Anaplastic lymphoma kinase (ALK)-positive non-small 
cell lung cancer (NSCLC) represents a molecularly defined 
subtype of lung cancer that exhibits exquisite sensitivity to 
treatment with an ALK-tyrosine kinase inhibitor (-TKI) [1]. 
Crizotinib, was the first ALK-TKI to be approved by both 
FDA and EMA for use in first-line treatment of ALK-posi-
tive advanced NSCLCs, a disease in which it demonstrated 
superiority over platinum-based chemotherapy in terms of 
response rate, progression-free survival (PFS) and qual-
ity of life in a randomized phase III trial [2]. Nevertheless, 
resistance to crizotinib is virtually inevitable in all treated 
patients, usually occurring within 1 year of treatment. How-
ever, despite biological mechanisms of resistance to crizo-
tinib are being progressively elucidated, it is rather common 
for crizotinib-treated patients to eventually relapse in the 
central nervous system (CNS) [3]. This phenomenon occurs 
in approximately 70 and 20 % of patients with and with-
out pre-existing CNS metastases, respectively, and has been 

Abstract  In the present study we assessed the activity 
of the next-generation anaplastic lymphoma kinase (ALK)-
tyrosine kinase inhibitor (-TKI) alectinib, in patients 
with ALK-postive, advanced non-small cell lung cancer 
(NSCLC) and central nervous system (CNS) metastases. 
NSCLCs with ALK-positive disease, as assessed by fluo-
rescence in situ hybridization, and CNS metastases were 
treated with alectinib 600 mg BID. Included patients were 
followed prospectively in order to evaluate the efficacy of 
the drug, with particular emphasis on activity in the CNS. 
Eleven consecutive patients were enrolled. The majority 
of them were pretreated with crizotinib (n = 10, 90.9 %), 
and cranial radiotherapy (n = 8, 72.7 %). Six of the seven 
patients with measurable CNS disease experienced a CNS 
response, including three patients who were naïve for cra-
nial radiation. Median duration of response was 8 months. 
For the whole population, median CNS-progression-free 
survival (-PFS), systemic-PFS, overall-PFS, overall sur-
vival, and 1-year survival were 8, 11, 8, 13  months, and 
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ultrapure water before injection in the LC-MS/MS system. 
Limit of quantification was 0.1 ng/mL.

Assessments

Both CNS and systemic responses were assessed according 
to RECIST version 1.1 [7]. All patients had tumor imaging 
at baseline, including CT scan of the chest and abdomen, as 
well as brain imaging (either CT scan or MRI). CNS brain 
imaging was performed prospectively every 8 weeks.

Adverse events (including alterations in laboratory 
parameters) considered to be potentially related to alectinib 
were graded according to Common Terminology Criteria 
for Adverse Events, version 4.0 [8], and were evaluated 
once every 3 or 4 weeks or before if clinically indicated.

Statistical analysis

CNS-objective response rate (-ORR), classifying as com-
plete response (CR) + partial response (PR), CNS-disease 
control rate (-DCR), classifying as CR + PR + stable disease 
(SD), and CNS-duration of response (-DOR), namely the 
time elapsing since the first observation of CNS-objective 
response until the first evidence of CNS progression or 
death from any cause, were assessed only in the population 
with measurable CNS disease at baseline. For this purpose, 
patients were considered as having measurable CNS dis-
ease if all the following statements were satisfied: (a) CNS 
PD had been documented prior to the start of alectinib (b) 
MRI was the only method employed for the assessment of 
CNS response (c) at least one parenchymal brain metastases 
≥10 mm in its largest diameter was present (d) cranial radio-
therapy had been completed ≥6 months prior to the start of 
alectinib. Patients with CNS measurable disease were also 
assessed for systemic-ORR outside the brain.

On the other hand, regardless of the presence of measur-
able CNS disease, all patients were assessed for CNS-PFS, 
systemic-PFS (S-PFS), and overall-PFS (O-PFS), which 
were measured from the start of alectinib to the occurrence 
of either CNS progression or death for CNS-PFS, to the 
development of systemic progression or death for S-PFS, 
and to the occurrence of CNS and/or systemic progression 
or death for O-PFS. Overall survival (OS) was calculated 
from the start of alectinib to the time of death from any 
cause.

Results

Patients characteristics

From December 2013 to August 2015, 11 ALK-positive 
patients with CNS metastases received alectinib 600  mg 

largely ascribed to the low cerebro-spinal fluid (CSF) pen-
etration rate of crizotinib, which has been shown to be in the 
range of 0.06–0.26 % [4, 5].

Based on their higher potency against native ALK, next-
generation ALK-TKIs such as ceritinib and alectinib have 
shown to be active in patients resistant to crizotinib, includ-
ing those individuals with disease progression in the CNS 
[1]. Particularly, alectinib is emerging as one of the most 
promising agents for patients with ALK-positive NSCLC 
and CNS metastases, having demonstrated in a preclinical 
study not to be a substrate of P-glycoprotein (P-gp), a key 
efflux transporter that may impair drug penetration through 
the blood–brain barrier (BBB) [6]. In the present observa-
tional study, we report on the efficacy of alectinib in a series 
of 11 ALK-positive NSCLC patients with CNS metastases, 
also assessing the CSF levels of alectinib in two of the six 
patients with measurable CNS disease who responded in the 
brain.

Methods

Study population

Consecutive patients with histologically-proven ALK-posi-
tive NSCLC, as assessed by fluorescence in situ hybridiza-
tion (FISH) analysis (using dual-color break-apart assays, 
and standardized criteria), and newly diagnosed or progres-
sive CNS metastases were treated with alectinib. Patients 
were eligible regardless of whether they had received prior 
treatment with an ALK-TKI other than alectinib. Patients 
provided written informed consent for the collection and 
analysis of clinical information.

Study drug

All patients received alectinib 600  mg BID with a meal. 
Patients continued treatment until progressive disease (PD), 
unacceptable toxicity, or withdrawal of consent. Based 
on investigator’s decision, patients who were deemed to 
experience prolonged clinical benefit from treatment, were 
allowed to continue alectinib beyond PD. Minimum wash-
out period between the last dose of prior ALK-TKI and the 
first dose alectinib was 7 days.

Serum and CSF concentration of alectinib

The alectinib concentrations were measured in serum and 
CSF at steady state (after day 7 of treatment) 5 h after the 
morning dose of alectinib. A validated high performance 
liquid chromatography with tandem mass spectrometry 
(LC-MS/MS) method was used. Briefly, CFS and serum 
samples were precipitated in plain methanol and diluted in 
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Efficacy of alectinib

The median follow-up for all patients was 9.5  months 
(3–25). At the time of this analysis (January 2016) six 
patients were alive, five of which were still on alectinib 
treatment (one patient on alectinib beyond PD). Six of the 
seven patients with measurable CNS disease experienced 
a CNS-ORR (85.7, 95 % CI 53.5–100) (Fig.  1a). Among 
them, two CNS CRs and one CNS PR were observed in the 
three patients with no prior brain radiation, while in the two 
patients treated with crizotinib and ceritinib in sequence one 
CNS PR and one CNS PD were observed. The only patient 
with CNS-PD experienced also concomitant systemic PD. 
Median CNS-DOR was 8 months (95 % CI 2–11). Figure 1b 
shows the duration of CNS response in each patient. Of the 
seven patients with measurable CNS disease, three patients 
had a systemic response (42.8, 95 % CI 0–71.1), while three 
systemic SDs were observed. Median CNS-PFS, S-PFS, 
and O-PFS were 8 months (95 % CI 2–14), 11 months (95 % 
CI 7–15) and 8 months (95 % CI 3–13), respectively, while 
median OS was 13 months (95 % CI 7–19) (Fig. 2a–d).

Safety

No cases of dose interruptions and withdrawals due to 
adverse events occurred. Treatment-related adverse events 
(all grades, maximum toxicity per patient reported) were 
more commonly grade 1 (Table 2). Only one grade three 
adverse event was reported, consisting of nausea/vomiting 
which was well managed with the use of proactive meto-
clopramide without dose interruption and/or reduction. Of 
note, no cases of diarrhoea were reported. One patient died 
as a result of an adverse event, namely upper gastrointesti-
nal hemorrhage. This patient was a 46-year old woman who 
was experiencing a CNS CR to alectinib. As she had a his-
tory of gastroduodenal ulcer and was receiving concomitant 
prophylactic low-molecular weight heparin for the preven-
tion of recurrent deep venous thrombosis, her death was 
considered to be unrelated to study treatment.

CSF-to-serum ratio of alectinib

Two patients with measurable CNS metastases consented 
for lumbar puncture in order to assess the CSF-to-serum 
ratio of alectinib.

Case three was a 45-year-old never smoker man with 
stage IV ALK-positive adenocarcinoma pretreated with 
platinum-based chemotherapy and crizotinib, from which 
he achieved a partial response lasting for 14 months. Upon 
the development of multiple asymptomatic brain metasta-
ses he was treated with whole brain radiotherapy (WBRT) 
and continuation of crizotinib beyond progression. After a 
further clinical benefit of 7  months, he complained acute 

BID. Alectinib was administered within a clinical study 
(NCT02075840, n = 1; NCT01801111, n = 2) or on a com-
passionate use basis (n = 8). Table 1 lists patients’ charac-
teristics. Ten patients (90.9 %) had received prior crizotinib, 
while 4 (36.3 %) had been previously treated with both 
crizotinib and ceritinib in sequence. The median duration 
of prior ALK-TKIs for all patients was 426 days (0–1003), 
and the median time from the last dose of prior ALK-TKI to 
the first dose of alectinib was 25 days (7–99). Seven patients 
(63.6 %) had measurable CNS metastases, three of which 
had not received any prior cranial radiation. Only two of 
seven the patients with measurable CNS metastases had 
received the sequence of crizotinib and ceritinib, the rest 
being treated with alectinib following crizotinib (n = 4) or as 
upfront therapy (n = 1).

Table 1  Characteristics of patients

Characteristic Total pts
N = 11 (%)

Median age, years (range) 45 (41–65)
Gender
Male/female 6 (54.5)/5 (45.5)

Performance status
0–1/2 9 (81.8)/2 (18.2)

Smoking history
Never smokersa/ever smokers 9 (81.8)/2 (18.2)

Histology
Adenocarcinoma/other 10 (90.9)/1 (9.1)

Median no. of prior ALK-TKIs (range) 1 (0–2)
Median time on prior ALK-TKIs,  

days (range)
426 (0–1003)

Median time since last dose of an ALK-TKI, 
days (range)

25 (7–99)

Prior crizotinib 10 (90.9)
Prior crizotinib and ceritinibb 4 (36.3)
Median no. of prior lines of 

chemotherapy (range)
2 (0–5)

Median no. of extra-CNS metastatic sites (range) 2 (1–4)
Prior therapy for CNS metastases
WBRT/SBRT/none 7 (63.6)/1 (9.1)/ 

     3 (27.3)
Symptomatic CNS metastases on steroids 6 (54.5)
Measurable CNS metastasesc 7 (63.6)
ALK-TKIs anaplastic lymphoma kinase–tyrosine kinase inhibitors, 
CNS central nervous system, no. number, pts patients, SRT 
stereotactic brain radiotherapy, WBRT whole brain radiotherapy
aLess than 100 cigarettes in the lifetime
bIn this order of sequence and with no intervening therapy
cTwo patients had also cytologically confirmed leptomeningeal 
carcinomatosis, of whom one had simultaneous intramedullary 
spinal cord metastases
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Fig. 1  a Waterfall plot of 
best CNS-ORR. b Duration of 
CNS response in each patient. 
Asterisk indicates patients with 
prior crizotinib; double dollor 
indicates patients with prior 
crizotinib and ceritinib; hash 
indicates patients with prior 
WBRT; arrows indicate patients 
who are still responding. CNS-
ORR central nervous system-
objective response rate
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Fig. 2  Kaplan–Meier esti-
mates of a CNS-PFS, b S-PFS, 
c O-PFS and d OS. 1-year 
survival probability was 23.3 % 
for CNS-PFS, 29.2 % for 
S-PFS, 23.3 % for O-PFS, and 
31.1 % for OS. CNS-PFS central 
nervous system-progression-
free survival, S-PFS systemic-
progression-free survival, 
O-PFS overall-progression-free 
survival, OS overall survival
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newly developed or progressive CNS disease pretreated or 
not with crizotinib. Our case series confirms that alectinib 
is a highly active next-generation ALK-TKI against CNS 
metastases from ALK-positive NSCLC. In fact, an activity 
of 85.7 % was reported in the seven patients with measur-
able CNS disease, with a median CNS-DOR of 8 months 
(Fig. 1a, b). Interestingly, a pooled analysis of a crizotinib-
pretreated CNS population coming from two alectinib phase 
II studies reported similar results, as a CNS-ORR of 64 % 
was observed in patients who had measurable CNS disease 
(n = 50), with a median CNS-DOR of 11.1 months for all 
patients with measurable and/or non-measurable CNS dis-
ease (n = 136) [9]. Also, we confirm that a CNS CR to alec-
tinib is not an uncommon event, being 28.5 % in our series, 
as opposed to 22 % in the pooled analysis.

In addition, we showed that CNS response can occur 
regardless of prior treatment(s) with ALK-TKI(s) and/or cra-
nial radiation. At the present time, most of the data about CNS 
activity of alectinib refer to patients pretreated with crizo-
tinib only [10, 11]. However, we reported a CNS response in 
one of the two patients who had received prior crizotinib and 
ceritinib in sequence (Fig. 1a, b). In line with this, another 
recent case series, reported a CNS response to alectinib after 
both crizotinib and ceritinib in four ALK-positive NSCLCs 
who had symptomatic leptomeningeal carcinomatosis [12], 
which reinforces the hypothesis that a CNS response to alec-
tinib can be obtained in patients who have been pretreated 
with more than one ALK-TKI. On the other hand, within 
patients with CNS measurable disease, we reported a CNS 
response in three of four patients (75.0 %) treated with prior 
WBRT, as well as in three of three patients (100 %) who had 
not received any prior cranial radiotherapy. Similarly, a CNS 
DCR well above 80 % was reported for all patients with mea-
surable and/or non-measurable CNS disease from the pooled 
analysis of alectinib phase II studies, regardless of whether 
they had received prior cranial radiation or not [9].

Poor prognostic factors were predominant in patients 
from this case series. In fact, our population was largely 
preatreated with ALK-TKI(s) and extracranial metasta-
ses were present in all patients, two factors that have been 
recently associated with poor prognosis in ALK-positive 
NSCLCs with CNS metastases [13]. In addition, 54.5 % had 
symptomatic CNS metastases prior to alectinib. Notwith-
standing, a median survival and 1-year survival of 13 months 
and 31.1 %, respectively, were reported. This suggests that 
offering an ALK-TKI with good CNS activity is crucial in 
ALK-positive NSCLCs with CNS metastases, particularly 
if neurologically symptomatic and with no other option of 
local therapy if re-treatment with radiotherapy is not fea-
sible because of concerns of radiation-induced toxicity.

A previous phase I/II study found measurable CSF con-
centrations of alectinib in all of the five patients that were 
analyzed, with a linear relationship noted between CSF and 

urinary retention associated with a marked motor deficit 
in his left leg. A MRI of the brain and spinal cord showed 
progression of brain metastases as well as diffuse menin-
geal enhancement with cytological confirmation of lepto-
meningeal carcinomatosis. Also, multiple intramedullary 
lesions at dorsal level were detected. Therefore the patient 
underwent symptomatic dorsal radiotherapy and initiated 
alectinib 600  mg BID, with full recovery of neurological 
symptoms 2 weeks after the initiation of treatment. At that 
time a repeat MRI of the brain and spinal cord showed a 
CNS PR, which lasted for approximately 11 months. The 
serum and CSF sampling performed at month 2 of alectinib 
showed clearance of leptomeningeal carcinomatosis and 
revealed a concentration of alectinib of 694 and 2.1 ng/mL, 
respectively, for a CSF-to-serum ratio of 0.003 (CSF pen-
etration rate 0.3 %).

Case six was a 44-year-old woman with stage IV ade-
nocarcinoma initially treated with cisplatin/pemetrexed 
followed by nivolumab. Because of newly developed mul-
tiple brain metastases she underwent WBRT and, upon 
documentation of ALK rearrangement, she received crizo-
tinib 250 mg BID with both CNS and systemic SD. After 
8 months of crizotinib the patient developed asymptomatic 
progression in the brain for which she initiated alectinib 
600 mg BID. Six weeks after the start of alectinib, a MRI of 
the brain showed a marked CNS PR (Fig. 3a, d). Serum and 
CSF sampling at month 2 of treatment revealed a drug con-
centration of 707 and 0.70 ng/mL, respectively, for a CSF-
to-serum ratio of 0.001 (CSF penetration rate 0.1 %). After 
4 months of treatment CNS PR is still ongoing.

Discussion

CNS metastases represent a relevant oncological issue 
in ALK-positive advanced NSCLCs, especially for those 
patients pretreated with crizotinib. With regard to this, next-
generation ALK-TKIs offer a chance to effectively tackle 

Table 2  Treatment-related adverse events

Adverse event Number of patients (%)

Grade 1 Grade 2 Grade 3 Grade 
4

Alanine aminotransferase 
increased

4 (36.3 %) 0 0 0

Alanine aminotransferase 
increased

3 (27.3 %) 0 0 0

Blood alkaline phospha-
tase increased

5 (45.5 %) 0 0 0

Fatigue 1 (9.1 %) 1 (9.1 %) 0 0
Nausea/vomiting 0 0 1 (9.1 %) 0
Constipation 1 (9.1 %) 0 0 0
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evidence as more than half of our patients had symptom-
atic CNS metastases on steroids, suggesting that alectinib is 
effective in a CNS population mostly taken from daily clini-
cal practice, in which alectinib also showed good tolerability 
and no safety concerns (Table 2). Finally, it suggests that, 
despite slightly higher CSF concentration of alectinib were 
reported as compared with crizotinib, CSF drug concentra-
tion of alectinib does not reflect its distribution into the CNS.
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