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Editorial

Pacific Rim redux: lorlatinib, the ultimate Jaeger?
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Lorlatinib is the most potent anaplastic lymphoma kinase 
(ALK) inhibitor to date based on pre-clinical models and 
also has excellent central nervous system penetration 
with an efflux/influx ratio of 1.5 (1). Emerging phase 
1/2 data have demonstrated its efficacy in patients after 
disease progression on first- and second-generation ALK  
inhibitors (2). In the era of targeted therapy, it is generally 
accepted that the best treatment should be offered upfront. 
Until the phase 3 CROWN trial (NCT03052608) that 
compares lorlatinib with crizotinib in metastatic treatment-
naïve patients with ALK-rearranged non-small cell lung 
cancer (NSCLC) reads out in a few years, is there evidence 
to support using lorlatinib upfront? Yoda et al. may have 
provided the scientific argument for this approach (3).

The group aimed to explore mechanisms of resistance to 
lorlatinib. First, they utilized Ba/F3 cell models expressing 
non-mutant or mutant EML4-ALK to mimic treatment-
naïve or ALK inhibitor (first- and second-generation)-
resistant clinical setting. These cells were mutagenized with 
N-ethyl-N-nitrosourea (ENU), a potent chemical to induce 
point mutations. As authors pointed out, one limitation 
of ENU mutagenesis is that it is known to induce certain 
single-nucleotide substitutions (GC to AT, AT to GC, 
and AT to TA). Nevertheless, they showed that treatment 
with 300–600 nM of lorlatinib successfully suppressed all 
single ALK mutations including the solvent-front mutation 
G1202R. Further ENU mutagenesis screening of Ba/F3 
cells harboring single ALK mutations (C1156Y, F1174C, 
L1196M, G1202R, and G1269A) was performed to generate 

24 different compound mutations resistant to lorlatinib. To 
confirm these compound mutations indeed confer resistance 
to lorlatinib, Ba/F3 cell lines expressing ALK L1196M/
L1198F, ALK G1202R/L1196M, and ALK G1202R/
L1198F were created. Based on the cell viability assay, 
the ALK G1202R/L1196M double mutation exhibited 
resistance to all ALK inhibitors whereas the ALK G1202R/
L1198F and ALK L1196M/L1198F double mutations were 
sensitive to crizotinib but resistant to second-generation 
ALK inhibitors and lorlatinib. 

To validate clinically meaningful lorlatinib-resistant 
mutations, a total of 20 patients with ALK-rearranged 
NSCLC who had progressed on lorlatinib underwent 
repeat tissue biopsies. Out of eight patients with primary 
resistance (progressive disease as the best response) to 
lorlatinib, seven had no ALK mutation detected, suggesting 
ALK-independent (off-target) mechanisms of resistance. 
The remaining 12 patients had acquired resistance (stable 
disease or better ≥6 months followed by progressive disease) 
to lorlatinib, among whom six compound mutations 
were detected. These are ALK C1156Y/L1198F (ALK 
C1156Y detected in pre-lorlatinib biopsy), ALK I1171N/
D1203N, ALK G1202R/L1196M (ALK G1202R detected 
in pre-lorlatinib biopsy), ALK G1202R/G1269A, ALK 
G1202R/L1204V/G1269A (ALK G1202R detected in pre-
lorlatinib biopsy), and ALK E1210K/D1203N/G1269A 
(ALK E1210K/D1203N detected in pre-lorlatinib biopsy). 
Comparing pre- and post-lorlatinib mutation spectrum 
suggests that these resistance mutations developed in a 
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stepwise fashion in response to selective pressure of more 
and more potent ALK inhibitors. 

Authors subsequently selected three patients and 
performed whole exome sequencing (WES) on their serial 
biopsies in order to characterize clonal evolution. The 
first patient was treated with crizotinib, alectinib, and then 
lorlatinib. WES analysis demonstrated a dominant clone in 
treatment-naïve specimen followed by a crizotinib-resistant 
subclone, an alectinib-resistant subclone containing 
ALK G1202R, and lastly a lorlatinib-resistant subclone 
containing ALK G1202R/L1196M. Notably, this ALK 
G1202R/L1196M double mutation was also identified in 
ENU mutagenesis screening and chosen to be expressed in 
Ba/F3 cells for the cell viability assay. The second patient 
was treated with sequential crizotinib, brigatinib, and 
lorlatinib. Clonal analysis showed a crizotinib-resistant 
clone containing ALK E1210K which gave rise to three 
brigatinib-resistant subclones containing ALK E1210K/
S1206C, ALK E1210K/D1203N, and ALK E1210K/
L1122V. The subclone containing the ALK E1210K/
D1203N double mutation eventually became dominant 
and acquired a third mutation G1269A after exposure to 
lorlatinib for over 15 months. The third patient was treated 
with crizotinib, alectinib, ceritinib, and lorlatinib but had 
primary resistance to lorlatinib. The clone containing ALK 
I1171N was seen after progression on alectinib which 
gave rise to a subclone containing ALK I1171N/L1198M 
conferring resistance to lorlatinib.

While WES and clonal analysis would be impractical for 
clinical management of patients each time they progress on 
an ALK inhibitor, the extensive and elegant work carried out 
by Yoda et al. clearly demonstrated how lorlatinib-resistant 
double or triple mutations had accumulated through 
sequential exposure to ALK inhibitors with increasing 
potency. As of right now, none of the ALK inhibitors even 
in development can overcome this mechanism of resistance. 
Systemic chemotherapy with or without an ALK inhibitor 
should be the next treatment option. To prevent emergence 
of these highly refractory compound mutations, one would 
strongly argue for the upfront use of lorlatinib. 

As reported by Gainor et al. (4), single ALK resistance 
mutations were more commonly identified in patients 
treated with second-generation ALK inhibitors as compared 
with crizotinib (54% for ceritinib, 53% for alectinib, and 
71% for brigatinib versus 20% for crizotinib). Breaking 
down the specific ALK resistance mutations, the solvent-
front mutation G1202R accounted for approximately half 
of all the identified mutations. This work set the stage for 

the use of lorlatinib to rescue patients resistant to second-
generation ALK inhibitors as pre-clinical models have 
demonstrated activities of lorlatinib against the broadest 
spectrum of single ALK resistance mutations including 
G1202R. In the US, alectinib is already replacing crizotinib 
in the front-line setting. The longer follow-up of the ALEX 
study was recently reported and median progression-
free survival (PFS) by investigator-assessment extended to 
34.8 months for alectinib as compared with 10.9 months 
for crizotinib (5). Brigatinib is another potent second-
generation ALK inhibitor. Based on the results of the ALTA 
study showing median PFS of 15.6 months by blinded 
independent central review (6), the longest median PFS 
among all second-generation ALK inhibitors in phase 
2 trials (7), we anticipate the phase 3 ALTA-1L study 
comparing brigatinib with crizotinib (NCT02737501) 
would be significantly positive and thus gaining brigatinib 
its first-line indication very soon. By then, whether to use 
upfront alectinib or brigatinib followed by lorlatinib would 
be a dealer’s choice and both drugs are well tolerated. 
Notably, lorlatinib has several unique adverse events (AEs) 
including hypercholesterolemia, hypertriglyceridemia, 
peripheral edema, peripheral neuropathy, and cognitive 
effects. In phase 1 study, most of these AEs were grade 1–2 
and no patients had permanent discontinuation of lorlatinib 
due to these treatment-related AEs (8). Therefore, given its 
great potency, relative tolerability, and more importantly 
the potential to prevent stepwise accumulation of single, 
double, and triple ALK resistance mutations, lorlatinib 
should replace second-generation ALK inhibitors for 
treatment-naïve patients as soon as the CROWN study 
grants its first-line indication.

Finally, with the upfront use of lorlatinib, ALK-
independent mechanisms of resistance are expected to 
emerge, including activation of bypass signaling pathways 
such as EGFR, IGF-1R, KIT, MET, RAS/MAPK, SHP2, 
and SRC, as well as EMT (epithelial-to-mesenchymal 
transition) and small cell transformation (4,9-16). As 
previously mentioned, Yoda et al. selected 20 patients who 
had progressed on lorlatinib for repeat tissue biopsies. No 
ALK mutations were detected in a total of 12 patients and 
they likely harbored off-target resistance mechanisms (3). 
If a bypass signaling pathway is upregulated and can be 
targeted by a small molecular inhibitor, one would imagine 
a combination strategy provided that there are no significant 
overlapping toxicities between this small molecular inhibitor 
and lorlatinib. Fortunately, most of these signaling pathways 
already have matched inhibitors that are either approved or 
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in development to be readily tested in combination therapy. 
On the other hand, if the resistance mechanism is EMT or 
small cell transformation, systemic chemotherapy with or 
without an ALK inhibitor should be offered. 

Undoubtedly, in defense against ALK-rearranged 
NSCLC, lorlatinib represents the ultimate Jaeger at the 
present moment but its Achilles’ heel is compound ALK 
resistance mutations. Therefore, designing next-generation 
ALK inhibitors that can overcome these mutations is 
urgently needed. 
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