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For patients with ALK positive non-small cell lung cancer 
(NSCLC), various treatment options are currently available. 
Crizotinib was the first drug with proven activity for 
these patients (1), followed by ceritinib (2,3) and alectinib  
(4-6) for patients progressing on crizotinib treatment. 
Most recently brigatinib was also approved for crizotinib-
resistant patients, while lorlatinib received breakthrough 
status from the FDA and may be the next ALK inhibitor to 
be approved. These alternatives appear to be active against 
mutations in the ALK gene associated with crizotinib 
resistance. 

Tamura et al. (7) recently published the outcome data of 
a 3-year follow-up of Japanese patients treated continuously 
with alectinib, albeit at a lower total dose (300 mg BID) 
than the FDA and EMA approved dose (600 mg BID). The 
survival data are from a group of patients that were ALK-
positive, ALK-inhibitor naive, and who had progressed 
on previous chemotherapy regimens. The study consisted 
of a phase II population of 46 patients and 12 patients of 
the Phase I cohort that received 300 mg (twice daily) of 
alectinib, the registered regimen in Japan. 

The study is interesting for several reasons: (I) included 
patients were ALK inhibitor negative; (II) 25 of the  
46 patients were still receiving alectinib after the 3-year 
follow-up, therefore a long-term safety profile could be 
established; (III) the drug proved to be tolerable in this 
long period, while the most severe toxicity was found in the 

first 6 months; (IV) the median progression-free survival 
(PFS) was not yet reached [3-year PFS 62% and overall 
survival (OS) was 78%]; (V) the survival data compare 
favorably with that of (first-line) treatment with other drugs 
registered for ALK positive patients, crizotinib, ceritinib 
and most recently brigatinib; and (VI) the drug was effective 
at lower doses than FDA and EMA approved regimens.

This Japanese study (AF-001JP) was initiated as a single-
arm, open label, multicenter phase I–II study in Japan (8). 
In the phase I part, patients received 2–300 mg given twice 
daily, in the extended phase II part, 46 patients received  
300 mg twice daily (in contrast to the 600 mg BID FDA 
and EMA approved drug dosing). One concern of this study 
could be the question whether this dose would be sufficient 
to be biologically effective (9). However, at the 300-mg dose, 
the maximal (cmax) plasma levels of about 550 ng/mL and the 
trough level (ctrough) of about 440 ng/mL seem high enough 
to inhibit activity of the ALK-EML4 fusion protein (8),  
although several patients had lower levels that might not 
be sufficient These values compare favorably to the steady 
state levels (css of 665 ng/mL) found at the 600 mg dose (4). 

Another concern of the initial study was whether the 
proposed activity against brain metastases would sustain (9).  
Crizotinib does not accumulate in the brain (10) since brain 
penetration is poor because it is an excellent substrate for 
the efflux pump P-glycoprotein (3). Patients with brain 
metastasis were progressive on crizotinib treatment (11,12). 
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In the initial study (8), there were indications that alectinib 
showed activity against brain metastases, but follow-up time 
was too short. However, in the 3-year follow-up group 6 
of the 14 patients with brain metastases remained in the 
study without CNS and systemic progression (7). Similar 
data were reported for other clinical studies (5,6). With 
alectinib the possibilities to treat brain metastases have been 
extended.

In the AF-001JP study, tumors of the patients were also 
investigated by ALK immunohistochemistry to determine 
positivity for the ALK-fusion protein (13). This was 
performed by using immunohistochemistry and FISH, 
which showed a good concordance. However, the authors 
did not report the presence of mutations. It is unlikely that 
the patients would have had crizotinib induced resistance 
mutations since the patients were crizotinib-naïve, but these 
aberrations cannot be excluded, and should be evaluated in 
stored samples. Alectinib has shown in vitro efficacy against 
crizotinib-resistant mutations in ALK, including: L1196M, 
F1174L, R1275Q, and C1156Y (14,15). Especially L1196M 
is considered as the gatekeeper mutation in crizotinib-
resistant mutants, and alectinib can selectively inhibit 
growth of L1196M-driven tumors. However, alectinib 
is also effective against crizotinib sensitive ALK tumors. 
In order to determine whether patients with crizotinib-
sensitive wild-type ALK would also be sensitive to alectinib, 
randomized studies are ongoing comparing first-line 
crizotinib and alectinib in ALK inhibitor-naive patients 
(16-19). In the ongoing Japanese J-ALEX study with  
207 patients enrolled, alectinib (300 mg BID) was compared 
with crizotinib (250 mg BID). The most recent update 
showed a median PFS of 25.9 months for alectinib, 
while patients receiving crizotinib had a median PFS of  
10.2 months (16) (HR 0.34; P<0.0001). Alectinib prevented 
onset of brain metastases (HR =0.19; 95% CI: 0.07–0.53), 
while progression was prevented compared to crizotinib. In 
the worldwide ALEX study, 303 patients were randomized 
to receive alectinib at 600 mg BID and crizotinib at 250 mg 
BID (19). A similar difference was found as in the J-ALEX 
study; the median PFS for alectinib was not yet reached 
and that for crizotinib was 11.1 months, while alectinib was 
more effective against brain metastases. Alectinib showed 
a favorable toxicity profile compared to crizotinib in both 
studies, with no major differences

These studies raise another important question, whether 
600 mg alectinib BID is required for all patients? The 
survival data of these schedules seem to be in the same 
range, although the data are not mature. The population 

pharmacokinetics (PK) analysis showed that one third of the 
J-ALEX patients might benefit from a higher exposure (20)  
and it was concluded that a 600 mg BID would ensure 
that the exposure will maximize the expected PFS benefit. 
However, one might also consider to perform a limited PK 
analysis in the 300 mg BID schedule and increase the dose 
in patients with inadequate PK; this would reduce toxicity 
and costs for the drug.

The question now arises whether alectinib (or ceritinib) 
should replace crizotinib as first line treatment for ALK-
positive NSCLC. There are several reasons to substitute 
crizotinib for the novel inhibitors, such as the poor activity 
of crizotinib against brain metastases, while alectinib and 
ceritinib (as well as brigatinib) have a much better brain 
penetration. Moreover, the novel inhibitors are active against 
crizotinib-resistant and -sensitive tumors. On the other 
hand, one might keep crizotinib as first line treatment (for 
patients without brain metastases), since it also has activity 
against cMET and ROS positive tumors; upon development 
of resistance to crizotinib, additional gain in disease 
control can be obtained by the novel compounds including 
alectinib. In order to make a balanced choice between the 
various alternatives, an extensive genetic analysis of the 
primary tumor before treatment and of the resistant variant, 
should be standard practice. The value of this has recently 
been demonstrated by the report of a patient treated with 
crizotinib (21), that became resistant and was subsequently 
treated with chemotherapy and ceritinib, but appeared to 
be resistant to ceritinib. Thereafter the patient responded 
to lorlatinib, but became resistant with a L1198F mutation 
in ALK and became sensitive to crizotinib again. This 
study shows that treatment choice at progression should 
be guided by analysis of underlying resistance mutations. 
Both alectinib and ceritinib are able to overcome most 
common crizotinib resistance mutations, but ceritinib is 
also active against some mutations conferring resistance to 
alectinib (3,14,15). However, secondary ALK mutations can 
lead to ceritinib resistance. On the other hand the F1174 
mutation conferring resistance to ceritinib, is still sensitive 
to alectinib, while the G1202R mutation is resistant to most 
next-generation ALK inhibitors, except to lorlatinib.

Therefore, it is of utmost importance to perform both 
a retrospective analysis of the concluded studies such 
as AF-00JP and a prospective analysis of tumors of new 
patients. This will help to stratify future patients for the 
most effective drug, or possibly the most effective sequence 
of drugs. However, a serious drawback of this approach is 
the cost-effectiveness of the analysis, while access to the 
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tumor is not always possible. The latter can be solved by 
using alternative non-invasive surrogate biosources usually 
summarized as liquid biopsies (22,23) including plasma, 
exosomes, circulating-free DNA, circulating tumor cells 
(CTCs) and even platelets (24). However, these analyses 
are usually only feasible in specialized institutions and not 
available for most patients, especially those patients in 
countries with no access to these facilities. Moreover, this 
type of personalized treatment is too expensive for many 
healthcare providers. Therefore, alternatives to optimize 
treatment should be investigated, such as limited PK to 
select the optimal dose, and simplified genetic analysis for 
predictive biomarkers on easily available non-invasive liquid 
biopsies. With current possibilities to optimize methods, 
both approaches seem feasible cost-effectively for larger 
populations, enabling selection of the right drug and the 
right dose for the right patient.
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