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ABSTRACT

Introduction: Central nervous system (CNS) metastases
remain a common challenge in patients with ALK-positive
NSCLC. We previously reported reinduction of CNS re-
sponses using dose-intensified alectinib in two patients with
CNS progression on standard-dose alectinib. Nevertheless,
this strategy has not been assessed in larger cohorts.

Methods: Patients were eligible for this retrospective study
if they had metastatic ALK-positive NSCLC with CNS relapse
on alectinib 600 mg twice daily dosing and subsequently
received escalated dosing (900 mg twice daily) of alectinib.
CNS efficacy was assessed per the modified Response
Evaluation Criteria in Solid Tumors version 1.1.

Results: Among 27 patients, median duration of dose-
escalated alectinib was 7.7 months (95% confidence inter-
val [CI]: 4.8–10.9), with median overall time-to-progression
(TTP) of 7.1 months (95% CI: 4.4–9.6). Among 25 CNS
response-assessable patients, CNS objective response rate
was 12.0% (95% CI: 2.5–31.2) and CNS disease control rate
was 92.0% (95% CI: 74.0–99.0), with median CNS duration
of disease control of 5.3 months (95% CI: 3.4–8.3) and
median CNS TTP of 7.1 months (95% CI: 4.4–9.6). Among
four patients with measurable CNS disease at baseline,
three experienced a best intracranial response of stable
disease and one experienced intracranial partial response
with CNS TTP ranging from 4.1 to 7.7 months. No patient
required drug discontinuation due to treatment-related
adverse event or experienced grade 3 or higher
treatment-related adverse events.

Conclusions: Dose-intensified alectinib was found to have
tolerability and activity in patients with ALK-positive NSCLC
who experienced CNS relapse on standard-dose alectinib
and represents one clinically viable strategy for this
population.

� 2024 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
ALK gene fusions are the oncogenic driver in

approximately 3% to 5% of patients with NSCLC.1,2 In
patients with ALK fusion-positive (“ALK-positive”)
NSCLC, brain metastases occur at a high frequency both
at initial diagnosis (approaching 40%) and cumulatively
during disease course (up to 70% at 5 y), associated with
substantial morbidity and mortality.3–6 Several second-
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and third-generation ALK tyrosine kinase inhibitors
(TKIs) (e.g., alectinib, brigatinib, and lorlatinib) were
found to have efficacy including central nervous system
(CNS) activity in patients with metastatic ALK-positive
NSCLC and represent the current standard first-line
therapy.7–9 Nevertheless, despite the CNS efficacy of
these ALK TKIs, disease relapses in the CNS remain a
common clinical challenge with limited subsequent
therapeutic options.10,11

Alectinib, a second-generation ALK TKI, is one of the
preferred initial therapies for patients with advanced
ALK-positive NSCLC.7 Although the Food and Drug
Administration–approved dosing of alectinib (and stan-
dard dosing outside of Japan) is 600 mg twice daily, the
maximum tolerated dose was not reached in the phase 1
dose-finding study of alectinib, with doses up to 900 mg
twice daily explored and found to yield higher drug ex-
posures.12 Notably, our group previously reported the
reinduction of CNS responses achieved using dose
intensification of alectinib to 900 mg twice daily in two
patients with metastatic ALKþ NSCLC who had experi-
enced CNS progression on standard-dose alectinib.13

Here, we aimed to determine the efficacy and safety
of dose-escalated alectinib in a larger cohort of patients
with prior CNS disease progression on standard-dose
alectinib.

Materials and Methods
Patients and Data Collection

Patients were eligible if they (1) had a diagnosis of
metastatic ALK-positive NSCLC, (2) experienced progres-
sion of CNS metastases while on standard-dose alectinib
(600 mg twice daily), and (3) received subsequent treat-
ment with dose-escalated alectinib (900 mg twice daily)
between July 2015 and June 2022. Patients could have
previously received other ALK TKI(s), chemotherapy, or
CNS-directed local therapies including radiotherapy (RT).
Prior CNS-directed RT was allowed if the above-mentioned
criteria were met with unequivocal CNS tumor progression
post-RT. Patient data and imaging were retrospectively
reviewed using electronic medical records. The treatment
was administered using commercial alectinib supply for all
patients after informed consent was obtained by the
treating physician. One patient briefly received dose-
escalated alectinib on a phase I and II trial of alectinib
(NCT01871805) and then transitioned to a commercial
supply, with informed consent. The study was performed
under an institutional review board–approved protocol.
The data cutoff date was January 31, 2023.

Assessments
Tumor responses were determined by radiologists

(J.K. and S.R.D.) per the modified Response Evaluation
Criteria in Solid Tumors version 1.1, which include up to
five intracranial (� 5 mm) and up to five extracranial
target lesions.14,15 The modified Response Evaluation
Criteria in Solid Tumors version 1.1 permit assessment
of responses in patients with small brain metastases
which are not uncommon in patients with metastatic
lung cancer. Brain magnetic resonance imaging was
required for CNS disease assessment; computed tomog-
raphy imaging was used for extracranial disease
assessment. All imaging obtained at baseline and at
clinically determined intervals (ranging from every 1 to
3 mo) up to treatment discontinuation were reviewed.
Treatment-related adverse events (TRAEs) were graded
per the Common Terminology Criteria for Adverse
Events version 5.0.

Statistical Analysis
CNS disease control rate (DCR) was defined as the

percentage of patients who had a best CNS response of
complete response, partial response (PR), or stable dis-
ease. CNS objective response rate (ORR) and CNS DCR
were estimated with a 95% confidence interval (CI)
based on the exact binomial distribution. CNS duration of
response (DOR) was defined as the time from the first
scan of CNS response to CNS progression. Duration of
CNS disease control was defined as the time from the
first scan of CNS response or stable disease to CNS
progression. CNS time-to-progression (TTP) was calcu-
lated from the start date of dose-escalated alectinib to
the date of CNS progression. Overall TTP was calculated
from the start of dose-escalated alectinib to the date of
CNS or extracranial progression, whichever occurred
earlier. Patients continuing dose-escalated alectinib
without progression as of data cutoff were censored on
the last follow-up date. TTP, DOR, and duration of
treatment were estimated using the Kaplan-Meier
method with 95% CIs calculated using the log-log
transformation. All statistical analyses were performed
using SAS 9.4 (SAS Institute Inc., NC).

Results
Patient Characteristics

A total of 27 patients with CNS disease progression
on standard dosing of alectinib were included in this
study (Table 1). At baseline, five patients (19%) had a
brain metastatic lesion measuring greater than or equal
to 1 cm. Eight patients (30%) had documented symp-
toms attributed to CNS disease, which were seizures
with focal weakness (n ¼ 1), seizures (n ¼ 1), headaches
with focal weakness (n ¼ 1), headaches with dizziness
(n ¼ 1), confusion (n ¼ 1), focal weakness alone (n ¼ 1),
headaches alone (n ¼ 1), and ataxia (n ¼ 1). Three pa-
tients (11%) required steroids for CNS disease before



Table 1. Baseline Characteristics of Patients Enrolled in the
Study

Characteristics N ¼ 27, n (%)

Age (y),a median (range) 53 (31–69)
Sex
Male 18 (67)
Female 9 (33)

Race
White 26 (96)
Black 1 (4)

Smoking history
Never 22 (81)
Light (<10 pack-years) 4 (15)
Heavy (� 10 pack-years) 1 (4)

Histological type
Adenocarcinoma 26 (96)
Large cell neuroendocrine carcinoma 1 (4)

Prior lines of systemic therapy
Number of prior lines of systemic

therapy, median (range)
3 (1–12)

Received standard-dose alectinib
immediately before dose-
escalated alectinib

26 (96)

Received alectinib as the first ALK
inhibitor

5 (19)

Received lorlatinib before dose-
escalated alectinib

1 (4)

Received chemotherapy before
standard-dose alectinib

15 (56)

Number of prior ALK inhibitors, median
(range)

2 (1–4)

Pattern of progression on standard-dose
alectinib

CNS progression 26 (96)
CNS and extracranial progression 1 (4)

Previous CNS-directed RT
None 8 (30)
SRS 12 (44)
WBRT 3 (11)
SRS and WBRT 4 (15)
Received CNS-directed RT between

standard dosing alectinib and
dose-escalated alectinib

9 (33)

Time since most recent CNS RT (mo),
median (range)

13.9 (0.2–52.3)

Size of the largest CNS lesion
<1 cm 22 (81)
1 cm to 2 cm 4 (15)
�2 cm 1 (4)

Presence of symptomatic CNS
metastases

No 19 (70)
Yes 8 (30)

Presence of leptomeningeal disease
No 19 (70)
Yes 8 (30)

aAge at diagnosis of advanced or metastatic NSCLC.
CNS, central nervous system; RT, radiotherapy; SRS, stereotactic radio-
surgery; WBRT, whole brain radiotherapy.
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dose-escalated alectinib. All patients received alectinib
dosed 900 mg twice per day. The median duration of
dose-escalated alectinib therapy was 7.7 months (95%
CI: 4.8–10.9) (Fig. 1A).

Intracranial Efficacy
Among 25 CNS response-assessable patients with

measurable or nonmeasurable CNS metastases at base-
line, the CNS ORR was 12.0% (95% CI: 2.5–31.2), with
two patients having intracranial complete response
complete responses and one with PR. CNS DCR was
92.0% (95% CI: 74.0–99.0). The median duration of CNS
disease control was 5.3 months (95% CI: 3.4–8.3), with
median CNS TTP of 7.1 months (95% CI: 4.4–9.6)
(Supplementary Table 1; Fig. 1B). Of four patients with
baseline measurable CNS disease, three had a best
intracranial response of stable disease and one had a
best response of PR, with CNS TTP of 7.7, 7.1, 6.2, and
continuing at 4.1 months.

Among eight patients (30%) who had symptoms
attributable to brain metastases at baseline, four had
symptomatic improvement (complete resolution, n ¼ 3;
considerable reduction, n ¼ 1). Of the eight patients, one
had received local therapy (CNS stereotactic radio-
surgery) before initiating dose-escalated alectinib. Eight
patients (30%) in this study had leptomeningeal disease
at baseline (all of whom also had parenchymal CNS
metastases), and among these patients, seven had a best
intracranial response of stable disease and one had PD.

Overall Efficacy
The overall DCR on dose-escalated alectinib was

77.8% (95% CI: 57.7%–91.4%) with an overall median
duration of disease control of 4.4 months (95% CI:
2.1–10.9) (Supplementary Table 2). Of note, two pa-
tients had measurable extracranial disease at initiation
of dose-escalated alectinib. Of these, one had partial
response and one had stable disease as best extracra-
nial tumor response. There were 21 patients (78%)
who experienced disease progression on dose-
escalated alectinib, of which all had CNS progression
and three had extracranial in addition to CNS disease
progression. The overall TTP on dose-escalated alec-
tinib was 7.1 months (95% CI: 4.4–9.6) (Fig. 1C).

Safety and Tolerability
A total of 23 patients (85%) experienced grade 1 to 2

TRAEs. The most common TRAEs were anemia (52%),
fatigue (37%), constipation (26%), bilirubin increase
(15%), alkaline phosphatase increase (15%), peripheral
neuropathy (11%), and diarrhea (11%) (Table 2). No



Figure 1. Efficacy of dose-escalated alectinib. (A) Duration of therapy on dose-escalated alectinib. (B) Intracranial time to
progression on dose-escalated alectinib. (C) Overall time to progression on dose-escalated alectinib. CNS, central nervous
system.
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drug discontinuation due to TRAE occurred, nor were
there any grade 3 or higher TRAEs. One patient required
dose reduction of alectinib to 750 mg twice daily due to
intolerable grade 2 fatigue, which was deemed probably
related to alectinib 900 mg twice daily regimen.
Subsequent Therapies
A total of 21 patients (78%) experienced CNS relapse

on dose-escalated alectinib, of which 18 patients (67%)
were transitioned to subsequent therapies
(Supplementary Table 3). Of note, two patients had liquid
biopsies with circulating tumor DNA testing performed
immediately after progression on dose-escalated alecti-
nib, both revealing acquired ALK resistance mutations:
I1171S (n ¼ 1) and both I1171T and F1174L (n ¼ 1).

There were 12 patients who subsequently received
lorlatinib, a third-generation ALK TKI with known CNS
penetration and efficacy.16 In these patients, the median
duration of lorlatinib therapy was 41.3 months (95% CI:
13.5–NR) with median CNS TTP of 35.2 months (95% CI:
2.2–NR) and median overall TTP of 12.8 months (95%
CI: 2.2–41.3) (Supplementary Table 4; Supplementary
Fig. 1). Further details on these patients and their out-
comes on lorlatinib, and details on subsequent therapies
for the remaining six patients, are provided in the
Supplementary Material.

Discussion
In this retrospective analysis, we evaluated a cohort

of patients with ALK-positive NSCLC who received dose-
escalated alectinib after CNS disease relapse on
standard-dose alectinib. We found that dose-escalated
alectinib had meaningful efficacy with median CNS TTP
of 7.1 months, overall TTP of 7.1 months, and duration of
therapy of 7.7 months. Dose intensification of alectinib
did not result in unanticipated toxicities, supporting the
tolerability and feasibility of this regimen.

These data raise a key question of how to consider
dose-escalated alectinib as a therapeutic strategy for this
patient population, weighed against the alternative op-
tions, including lorlatinib, pemetrexed- or antiangiogenic
agent-based regimens, or brain-directed local therapy.
Lorlatinib notably represents a Food and Drug
Administration–approved systemic treatment option for
patients who have progressed on prior second-
generation ALK TKI(s), including alectinib. In the global
phase 2 study, lorlatinib yielded a compelling intracra-
nial ORR of 56.1% and median intracranial DOR of 12.4
months in this patient population.17 Separately, findings
from a single-arm phase 2 study buttressed the durable
CNS efficacy of lorlatinib in this setting, with an intra-
cranial ORR at 12 weeks of 59% and median intracranial
PFS of 24.6 months among 22 patients with CNS pro-
gression on prior ALK TKIs.10 Although the small cohort
sizes and disparate study designs preclude any direct
comparisons of efficacy, consistent with the robust CNS
efficacy previously reported with lorlatinib, patients in
the current study who progressed on dose-escalated
alectinib were able to receive subsequent lorlatinib
with noteworthy benefit. These results likely reflect the
differences in pharmacokinetics, with marked CNS
penetration achieved by lorlatinib relative to alectinib
(CSF:plasma drug concentration ratio of 0.79 for lorla-
tinib versus 0.3 for alectinib).12,16 Interestingly, in this
study, the median duration of subsequent lorlatinib
therapy (41.3 mo) was noticeably longer compared with
the median overall TTP (12.8 mo) and median CNS TTP
(35.2 mo), mirroring the clinical practice of treatment
beyond PD and the ability to effectively address limited
disease progression with local therapies in this patient
population.18

It remains unknown whether dose-escalated alectinib
followed by lorlatinib, versus a direct switch from
standard-dose alectinib to lorlatinib, represents the
optimal systemic treatment approach in patients expe-
riencing CNS disease relapse. Our findings and the
available literature10,17 suggest that a more sustained
CNS benefit can be derived from the approach of
switching to lorlatinib; however, other factors may bear



Table 2. Treatment-Related Adverse Events on Dose-
Escalated Alectinib

Treatment-Related Adverse Events N ¼ 27, n (%)

Anemia 14 (52)
Fatigue 10 (37)
Constipation 7 (26)
Total bilirubin increase 4 (15)
Alkaline phosphatase increase 4 (15)
Neuropathy/balance impairment 3 (11)
Diarrhea 3 (11)
Myalgia 1 (4)
Aspartate transaminase increase 1 (4)
Alopecia 1 (4)
Peripheral edema 1 (4)
Pruritic rash 1 (4)
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into treatment decision-making in the real world,
including tolerability, access to therapies, and patient
preference. Ultimately, the optimal approach may differ
for each individual patient in real-world practice,
requiring careful multidisciplinary evaluation and
consideration of multiple factors such as the burden of
CNS disease, systemic disease status, clinical stability,
drug tolerability, and patient preference.

The strategy of TKI dose escalation has been pursued
across cancers including in oncogene-addicted lung can-
cers specifically to achieve increased drug penetration
into the brain and to rescue CNS progressive disease. As
an example, in metastatic ALKþ NSCLC, a patient with
multifocal CNS disease relapse on standard dosing (180
mg daily) of brigatinib experienced clinical benefit and
radiologic regression of brain metastases with brigatinib
dose escalated to 240 mg daily.19 In metastatic EGFR-
mutated NSCLC, high-dose osimertinib (160 mg daily) has
been found feasible, with activity in patients experiencing
intracranial progression on standard dosing (80 mg daily)
of osimertinib.20,21 For patients achieving continued
extracranial disease control on a given TKI without
considerable toxicities and otherwise limited alternative
therapeutic options, the dose-escalation strategy offers a
path for maximizing the duration of therapy and clinical
benefit. The duration of CNS benefit, however, thus ach-
ieved may be modest (limited to months in range as in
our series and others),20,21 emphasizing the crucial
importance of designing therapeutic agents that achieve
high brain penetration at their standard dosing and can
maximize upfront downstaging and—extending beyond—
prevention of CNS metastases.

This study had several limitations. As mentioned, this
was a single-institution, retrospective analysis of a small
number of patients performed at a tertiary academic
center, all serving as potential sources of bias. Given the
retrospective nature of the study, the imaging fre-
quencies were variable, and safety assessment relied on
documentation within the electronic medical records.
Despite these limitations, to the best of our knowledge,
this study provides the first insights into the safety and
efficacy of dose-escalated alectinib in a cohort of patients
meeting the study criteria—an important subgroup for
whom currently available therapeutic options remain
limited. Another limitation is that patients could have
received prior standard-dose alectinib as any line of
systemic therapy, generating heterogeneity and not
reflecting the current treatment paradigm where alecti-
nib is used as a first-line therapy. Furthermore, the
findings are not applicable to patients with ALK-positive
NSCLC who received lorlatinib as a first-line treatment.
Nevertheless, given the ongoing widespread use of
alectinib as initial ALK-directed therapy globally, what
constitutes viable TKI sequencing and alternative dosing
strategies after alectinib (and other ALK TKIs) remain a
pivotal evolving area of investigation.

In summary, dose-escalated alectinib has tolerability
and activity in patients with metastatic ALK-positive
NSCLC and CNS disease relapse on standard-dose alec-
tinib. Our findings add dose intensification of alectinib as
one viable strategy to the therapeutic landscape for
addressing active CNS disease in ALK-positive NSCLC.
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