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SUMMARY

Central nervous system (CNS) metastases constitute a challenge for the design of ALK fusion-

positive lung cancer trials. The ASCEND-7 study of ceritinib demonstrates the feasibility of 

broadening CNS eligibility criteria to include symptomatic brain and leptomeningeal disease and 

highlights design features that contemporary trials will need to incorporate.

In this issue of Clinical Cancer Research, Chow and colleagues report the results of the 

phase 2 ASCEND-7 trial of ceritinib in patients with ALK fusion-positive lung cancers 

(1). The trial was unique in that it only treated patients with central nervous system (CNS) 

metastases. The inclusion of patients with symptomatic brain metastases and leptomeningeal 

disease was particularly laudable, recognizing that many trials exclude these populations. 

By doing so, the investigators teach us what should be an intuitive lesson: drugs that are 

predicted to work well in the CNS should be studied in those patients that need them the 

most.

Broadening CNS inclusion criteria is critical as brain metastases constitute a frequent 

problem in advanced ALK fusion-positive lung cancers (2). Whereas a series of trials 

using other later generation ALK inhibitors showed evidence of intracranial activity (1, 3–7) 

(Figure 1), many required stricter CNS entry criteria. ASCEND-7 enrolled patients with at 

least one progressive intracranial lesion or leptomeningeal disease (LMD), and permitted 

symptomatic as well as untreated disease. Patients were divided into four arms depending on 

whether they had received prior ALK inhibitor therapy and/or prior radiation therapy; a fifth 

arm was designated for LMD (1).

The CNS-centric ASCEND-7 design represents a model for targeted therapy studies in 

oncogene-driven cancers. At the same time, it highlights challenges that accompany the 

treatment of a population with a wider range of pre-trial fitness levels and characteristics. 

For example, 37% of screened patients did not ultimately meet eligibility criteria. Those 

who were eligible included patients with a World Health Organization performance status 

of 2 and a substantial intracranial tumor burden (up to an intracranial target sum of ~16 

cm in patients on the trial) (1). Increasing the granularity with which studies capture the pre-

treatment burden of CNS disease should be considered; interrogation of circulating tumor 
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cells (CTCs) or DNA in the cerebrospinal fluid (CSF) may offer additional information 

when safe and feasible (8).

The ASCEND-7 investigators demonstrated benefit with ceritinib even in this sicker 

population. While whole-body overall and intracranial response rates ranged from 

approximately 30% to 60% in the non-LMD trial arms, the rate of progressive disease as 

a best overall response was low (~6–17%). In patients with LMD, the intracranial response 

rate was 13%, the intracranial disease control rate exceeded 60%, and survival exceeded 

7 months. Furthermore, because patterns of disease progression on ceritinib were carefully 

characterized, the study uncovered that CNS disease remained controlled in a proportion 

of patients (~8–21%) despite extracranial progression (1). The inclusion of additional 

established and exploratory metrics (e.g. RANO criteria, volumetric assessment, CTC or 

variant allele frequency changes) may benefit efficacy assessments in future CNS trials (8). 

The authors also suggest that more intensive radiologic monitoring is warranted, particularly 

for patients with LMD (1).

While cross-trial comparisons come with important caveats, it is not surprising that the 

ASCEND-7 ceritinib report card differs from that of other ALK kinase inhibitors such 

as alectinib, brigatinib, ensartinib, and lorlatinib (1, 3–7) (Figure 1). Beyond expanded 

eligibility criteria, other factors were potentially at play. Whereas ceritinib is estimated to 

have a potency 20x that of crizotinib, it is a substrate for the p-glycoprotein (P-GP/ABCB1) 

and BCRP/ABCG2 efflux pumps that limit CNS penetration (1, 2, 9). Among three patients 

in ASCEND-7 for whom CSF ceritinib concentrations were available, the CSF to blood 

ratio ranged from just 13–35% (1); conclusions from this small number of patients must be 

interpreted cautiously. Nonetheless, it is notable that the CSF to serum ratios of lorlatinib, 

for example, have been reported as being closer to 75%, suggesting a potential mechanism 

of decreased efficacy with ceritinib (10).

The challenges of achieving optimal brain and CSF penetrance were magnified in the trial 

by difficulties maintaining consistent drug levels with a ceritinib starting dose of 750 mg 

in the fasted state daily. Most patients (79%) experienced a grade 3/4 adverse event, and 

80% had at least one dose interruption or dose level reduction. High rates of inconsistent 

drug exposure challenge adequate ALK wild type and mutant target coverage, especially 

for a drug requiring 4 weeks to achieve steady state (1). A dose of 450 mg of ceritinib 

taken with food has shown comparable systemic efficacy to the 750 mg fasted dose and 

additional investigation is required to show the intracranial activity of such a dose, especially 

in patients with LMD (1, 2).

Molecular heterogeneity is another potential confounder. ASCEND-7 accrued patients based 

on fluorescence in situ hybridization testing that has been shown to yield false positive 

results in selected cases. Furthermore, 5’ partners and fusion breakpoints could not be 

assessed and an exploratory analysis of upstream gene or variant diversity as a modifier 

of efficacy was not possible. In ALK kinase inhibitor pre-treated patients, the spectrum 

of on-target or off-target resistance alterations was not available. With more cases, CSF 

circulating tumor DNA collection could have potentially allowed for the characterization 

of intracranial versus extracranial resistance both to ceritinib and pre-trial kinase inhibitor 
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therapy. Experience with other small molecule inhibitors, including for classical sensitizing 

EGFR alterations, suggests that resistance patterns in the CNS may differ. Such differences 

may be due to suboptimal drug exposure leading to decreased selective pressure for the 

emergence of resistance alterations as well as to differences in the co-alteration profile 

associated with tropism to the brain (2, 8).

While much remains to be done to optimize outcomes for patients with oncogene-driven 

CNS disease, Chow and colleagues’ work represents a critical contribution to the field (1). 

ASCEND-7 adds to historical evidence that stakeholders are capable of executing patient-

centric study designs that are more broadly inclusive on a CNS disease front. Prospective 

clinical trials should not dissuade patients with LMD from enrolling; such patients can and 

should participate in these protocols as the need in this community is indisputably high.

Finally, ceritinib’s place in the landscape of ALK fusion-positive lung cancers will need 

to be defined, especially as next-generation targeted therapy strategies emerge. These 

include “fourth-generation” single agents (such as TPX-0131, NVL-655), which have 

been rationally designed to abrogate complex ALK kinase domain mediated resistance 

and provide meaningful CNS sanctuary site coverage. Combinatorial strategies that target 

putative bypass resistance also continue to be explored. These drug development programs 

can rise to the challenge of trial inclusivity, including for CNS disease, by following simple 

advice: take a page from the ceritinib playbook.
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CNS Central nervous system

LMD leptomeningeal disease

CTCs circulating tumor cells
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CSF cerebrospinal fluid
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FIGURE 1. Intracranial and overall response rates to ALK tyrosine kinase inhibitor therapy in 
ALK-positive lung cancers.
The intracranial and overall response rates to ceritinib and select other second and third-

generation ALK tyrosine kinase inhibitors are shown. Notably the cohort of patients enrolled 

in the ASCEND-4 study of ceritinib included some with neurologically stable CNS disease, 

but eligibility was more lenient in ASCEND-7, which was designed as a dedicated CNS 

study. Error bars indicate 95% confidence intervals (CI) where available. The * symbol 

indicates that information on the 95% CI was not available.
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