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The fusion between echinoderm microtubule-associated 
protein-like 4 (EML4) and anaplastic lymphoma kinase 
(ALK) occurs in 4−5% of non-small cell lung cancer 
(NSCLC) patients (1). Crizotinib (Xalkori®), the first 
approved small-molecule kinase inhibitor, has been proven to 
be effective in treatment of advanced ALK-positive NSCLC, 
increasing progression-free survival (PFS), response rates, 
and overall quality of life (2). Approximately 15% to 35% 
of ALK-positive NSCLC patients develop brain metastases, 
ultimately resulting in high mortality rates (3). Although 
crizotinib has been proven to show successful treatment of 
extracranial tumor sites, its intracranial effectiveness has yet 
to be studied extensively (4).

Previously, a clinical study conducted by Costa et al. 
retrospectively analyzed crizotinib and intracranial disease 
control rates (IC-DCR) based on the PROFILE 1005 and 
1007 (4). PROFILE 1005 was a phase II trial that evaluated 
the efficacy and safety of crizotinib in ALK-positive 
NSCLC patients, and PROFILE 1007 was a phase III trial 
investigating crizotinib as a second-line treatment method 
in similar patients. The results of the studies revealed that 
crizotinib use was associated with aim improved IC-DCR of 
62% (95% confidence interval, 54% to 70%) at 12 weeks in 
patients with previously-treated brain metastases. 

A similar study, PROFILE 1014, is an ongoing open-
label, random, phase III trial conducted by Solomon et al.  
comparing crizotinib with standard chemotherapy in 
343 patients with advanced ALK-positive NSCLC who 
have received no previous systemic treatment, studying 

the intracranial efficacy of this therapeutic protocol (5). 
Patients in the crizotinib arm received oral doses twice daily  
(250 mg), while those allocated to the chemotherapy arm 
received a maximum of six cycles of pemetrexed (500 mg/m2) 
and cisplatin (75 mg/m2)/carboplatin (area under the curve 
of 5 to 6 mg·min/mL), delivered intravenously every three 
weeks. Intracranial efficacy was determined by comparing 
CT and MRI scans every 6 weeks for BM patients and 
every 12 weeks for patients without brain metastases and 
was evaluated based on PFS, overall response rate (ORR), 
overall survival (OS), intracranial time-to-tumor progression  
(IC-TTP), and intracranial progressive disease (IC-PD). 

In a recent update on PROFILE 1014, Solomon and 
colleagues reported that crizotinib led to a significantly 
higher PFS in both subgroups of patients with tumor 
brain metastases (tBM) and without tBM [tBM present: 
hazard ratio (HR), 0.40; P<0.001; median, 9.0 months 
with crizotinib vs. 4.0 months with chemotherapy; BM 
absent: HR, 0.51; P<0.001; median, 11.1 vs. 7.2 months, 
respectively] and a significant increase in IC-DCR in 
patients with tBM at 12 weeks (85% with crizotinib vs. 45% 
with chemotherapy, respectively; P<0.001) and 24 weeks 
(56% vs. 25%, respectively; P=0.006) (6). 

The authors observation that crizotinib showed efficacy 
in the brain is an important finding and contributes to a 
growing literature supporting the notion that systemic 
agents, including epidermal growth factor receptor 
(EGFR) inhibitors, other ALK inhibitors and standard 
chemotherapy, can have efficacy in the treatment of brain 
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metastases including those from NSCLC despite the blood 
brain barrier (7-9). Brain metastases have been shown 
to increase the leakiness of the neurovascular basement 
membrane, and BM as small as 0.5 mm can alter the host 
neovasculature, potentially increasing the permeability of 
the blood brain barrier to therapeutic drug penetration (10). 
Previous clinical studies in chemonaive NSCLC patients 
with BM undergoing pemetrexed and cisplatin had cerebral 
response rate of 41.9% and ORR of 34.9% (9). In the case 
of crizotinib, the evidence is both promising but not fully 
straightforward. Thus, the brain is disproportionately a site 
of recurrence. 

Likewise, Solomon et al. note that in PROFILE 1014, 
percentages of patients with the brain as the sole site of 
PD were higher with crizotinib than with chemotherapy in 
all groups [intent to treat (ITT) population: 24% vs. 10%, 
respectively; tBM present: 38% vs. 23%, respectively; BM 
absent: 19% vs. 6%, respectively] (6). Crizotinib has been 
noted to have a low CSF-to-plasma ratio, and although the 
main mechanisms of intracranial limitation of crizotinib 
are still not fully understood yet, it is believed to be due 
poor blood–brain barrier penetration and acquired drug 
resistance due to new mutations, such as in IGF-1R, KRAS, 
and EGFR (4,8). In the case of ALK altered tumors, there 
now exist agents that target these mutations, including 
ceritinib and especially alectinib, which show higher 
efficacy intra and extra cranially, both as initial and as 
salvage therapy. In a phase I study, ALK-positive NSCLC 
patients with crizotinib resistance who were treated with 
ceritinib showed an ORR of 56% (95% CI, 45–67%) (11). 
Of the 64 ceritinib-treated patients with brain metastases, 
median PFS was comparable to that of patients without BM 
(6.9 vs. 7.0 months, respectively). Another relevant phase I 
trial involving ceritinib in ALK-positive NSCLC patients, 
ASCEND I, analyzed 94 patients with BM and revealed that 
15 of 19 treatment naive patients and 49 of 75 treatment-
experienced patients achieved IC-DCR (12).

Alectinib is another powerful ALK inhibitor that has 
been shown to increase central nervous system (CNS) 
activity in crizotinib-resistant patients. A phase II study 
in ALK-positive NSCLC patients observed an objective 
response of 48% (13). More recently, J-ALEX, a phase 
III study comparing alectinib and crizotinib in treatment 
naive patients, showed an ORR of 85.4% in the alectinib 
group versus 70.2% in the crizotinib group (14). In patients 
with brain metastases, the hazard ratio for alectinib versus 
crizotinib was 0.08 (95% CI, 0.01–0.61). The results of 
these studies support the possibility that alectinib could 

likely replace crizotinib as the standard first-line therapy 
for ALK-positive NSCLC in the future. Additional second 
generation ALK-inhibitors shown to have efficacy in the 
brain include brigatinib, PF-06463922, ASP3026, X396, and 
entrectinib (8). More details on their mechanisms of action 
as well as current clinical trials and results are listed in Table 1. 

Other  important  mechanisms to  control  CNS 
disease include targeting pathways downstream of ALK 
phosphorylation, increasing the permeability of the blood-
brain barrier, modifying the tumor microenvironment, and 
adding concurrent radiotherapy (8). In preclinical NSCLC 
models, the combination of radiation therapy and crizotinib 
has been shown to stall tumor growth and increase 
apoptosis (15). Drugs targeting PI3K, mTOR, IGF-1R, and 
other pathways in combination with ALK inhibitors have 
also been shown to have the potential to improve overall 
outcomes of BM (8). 

It must be remembered that the high probability of 
benefit in the treatment of brain metastases may represent 
not so much the high probability of efficacy in the brain but 
the high probability of response of ALK targeting agents in 
ALK activated NSCLC, whether in the brain or extracranial 
sites. As drugs become more effective extracranially, they are 
also more likely to be increasingly effective intracranially. 
Indeed, these insights are increasingly being integrated into 
trials in which patients with asymptomatic brain metastases 
not yet treated with external-beam radiation therapy 
(XRT) are eligible for study (16). Although usages of 
stereotactic radiosurgery (SRS) and whole-brain radiation 
therapy (WBRT) are widely used treatment options for 
brain metastases that have been shown to be effective in 
maintaining local CNS control, there is concern over 
neurotoxicity of treatment, especially in combination with 
ALK inhibitors (17). Whole brain and SRS offer a high but 
imperfect probability of benefit at the cost of acute and 
sustained toxicities. Such interventions are warranted when 
the cost of failure of efficacy is high and the probability of 
the alternatives is less. However, with increased probability 
of efficacy, with some drugs approaching or even surpassing 
the probability of benefit from whole brain radiation, we are 
positioned to re-evaluate when to treat with radiation versus 
the increasingly tenable option of systemic therapy. Since 
the data from PROFILE 1014 and other prospective studies 
prove that crizotinib, next-generation ALK inhibitors, and 
even standard chemotherapy are effective intracranially, it 
is plausible that in the future, first-line therapy will consist 
of these options allowing for the postponement of radiation 
therapy as a last-line therapy. 
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Table 1 First and next generation ALK inhibitors in clinical trials

Anti-ALK agents Mechanism of action Current trials and data

Crizotinib (Pfizer)  
(1st and 2nd generation)

c-MET, ALK, and ROS1 kinase inhibition Results from PROFILE 1005, 1007, 1014; delayed progression of  
CNS disease in PROFILE 1014; minimal penetration into the CNS

Ceritinib (LDK378)  
(Novartis Inc.)

ALK inhibition including activity against 
L1196 and C1156Y mutations; IGF-1R, 
InsR, and ROS1 inhibition

Phase I trial demonstrating efficacy of ceritinib in ALK-rearranged 
patients; 7/14 patients in ASCEND-1 showed partial or  
complete intracranial response to ceritinib; ongoing phase II/III trials: 
NCT01772797, NCT02040870, NCT018685138, NCT01685060, 
NCT01947608, NCT01964157, NCT01828112, NCT01828099, 
NCT02336451

Alectinib (CH5424802) 
(Chugai Pharmaceuticals)

ALK inhibition including activity against 
L1196, G1269A, C1156Y, and F1174L 
mutations

ORR of 43/46 in crizotinib-naive patients 47: NCT01588028, 
NCT01871805, NCT01801111, NCT02075840

Brigatinib (AP26113)  
(Ariad Pharmaceuticals)

ALK inhibition including activity against 
L1196 and G1269S mutations;  
EGFR and ROS1 inhibition

ORR of 73% in crizotinib naive and resistant patients: NCT01449461, 
NCT02094573

PF-06463922 (Pfizer) ALK and ROS1 inhibition Ongoing phase I/II trials: NCT01625234, NCT01970865

TSR011 (Tesaro) ALK inhibition including activity against 
the L1196M mutation; NTRK inhibition 

Phase I trials not including patients with CNS  
metastases: NCT02048488

ASP3026  
(Astellas Pharmaceuticals)

ALK inhibition including activity against 
L1196M; ROS1 inhibition

Phase I trials: NCT01401504, NCT01284192

X396 (XCovery) ALK inhibition including activity against 
L1196 and C1156Y mutations

10× more potent against ALK in vitro than crizotinib; phase I trials: 
NCT0162534

Entrectinib  
(RXDX-101 or NMS-E628) 
(Nerviano Medical)

ALK and ROS1 inhibition, including  
activity against L1196M and C1156Y 
mutations; NTRK inhibition

Phase I/II trial (NCT02097810); animal studies showing  
brain-to-blood ratio of 0:4 to 2:2

IC50, half maximal inhibitory concentration. A low IC50 indicates that a low concentration of a given drug is needed to decrease a biologic 
process by half. ORR, overall response rate; ALK, anaplastic lymphoma kinase; CNS, central nervous system.

In conclusion, the latest update on PROFILE 1014 
is an important yet not a novel contribution to the ever-
growing idea that drug therapy works in the brain. Usage 
of these drugs, whether it be ALK inhibitors, EGFR TKIs, 
or chemotherapy, as first-line agents could very well be 
just as effective as WBRT, systemically and intracranially, 
with lesser toxicity. The study is not sufficient on its own to 
support this point; however, it adds great weight in opening 
up a much-needed conversation on the topic. 
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