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ABSTRACT
Acquired mutations in anaplastic lymphoma kinase (ALK) gene have been implicated as the major 
resistance mechanism to ALK inhibitors; however, information on the treatment options after acquiring 
novel ALK secondary mutations is limited. Herein, we report the efficacy of lorlatinib upon the detection of 
a novel ALK G1202L after progression on brigatinib. Our patient was a 30-year-old man with ALK- 
rearranged advanced lung adenocarcinoma. He had a partial clinical response to crizotinib lasting 
11 months. Brigatinib was then administered for 12.8 months with stable disease as the best response. 
Sequencing at progression revealed the retention of EML4-ALK fusion and the emergence of a novel ALK 
G1202L mutation. With no standard treatment available, lorlatinib was administered, which achieved 
disease control for 9 months. Our report reveals the efficacy of lorlatinib in targeting ALK G1202L and can 
serve as an option for the clinical management of patients with ALK-rearranged lung adenocarcinoma 
after acquiring G1202L-mediated resistance from prior ALK inhibitor therapy. Furthermore, we also 
demonstrate the sequential use of crizotinib, brigatinib, and lorlatinib in a patient with advanced ALK- 
rearranged lung adenocarcinoma with an overall progression-free survival of 33.3 months for the 
sequential ALK inhibitor regimens. His overall survival was 41.5 months inclusive of all regimens.

ARTICLE HISTORY 
Received 21 August 2019  
Revised 8 July 2020  
Accepted 22 September 2020 

KEYWORDS 
ALK inhibitor resistance; 
lorlatinib; ALK-rearranged 
NSCLC; ALK G1202L; 
sequential ALK inhibitors

Introduction

Gene rearrangements involving the anaplastic lymphoma 
kinase (ALK), occurring in 3–7% of non-small cell lung cancer 
(NSCLC), are considered as one of the dominant oncogenic 
drivers. They are often associated with younger age, never or 
light smoking history, and adenocarcinoma histology.1–4 

Patients with ALK-rearranged NSCLC are highly responsive 
to crizotinib, a first-generation ALK inhibitor.3,5 Albeit the 
initial responses, resistance to ALK inhibitors inevitably devel
ops, often within 1 to 2 years after the initiation of therapy.5 

The major resistance mechanisms to crizotinib, a first- 
generation ALK inhibitor, include the acquisition of secondary 
mutations in the kinase domain (e.g. 1151Tins, L1152R, 
C1156Y, L1196M, G1202R, S1206Y, G1269A and others),4,6,7 

copy number gain of the ALK gene rearrangement,4,6 and 
activation of bypass signaling pathways such as EGFR,4,6 

KIT,4 and KRAS.6 Brigatinib (AP26113), a potent second- 
generation ALK inhibitor, targeting ALK and EGFR, has been 
demonstrated to be effective even after treatment failure with 
first- and other second-generation ALK inhibitors.8 Moreover, 
a third-generation ALK inhibitor, lorlatinib (PF-06463922), 
was shown to be effective against all known ALK mutants, 
including G1202R.9,10 In this report, we present the first clin
ical evidence of the efficacy generated by lorlatinib targeting 
a novel acquired ALK G1202L mutation after brigatinib treat
ment. Furthermore, we also demonstrate the sequential use of 

three generations of ALK inhibitors, crizotinib, brigatinib, and 
lorlatinib, in a patient with advanced ALK-rearranged lung 
adenocarcinoma with an overall progression-free survival 
(PFS) of 33.3 months considering only the three generations 
of ALK inhibitors and overall survival (OS) of 41.5 months 
inclusive of all chemotherapy and ALK inhibitor regimens.

Case report

In June 2015, a 30-year-old Chinese male smoker was referred to 
our clinic with complaints of idiopathic chronic cough for 
3 months. Figure 1a illustrates his clinical summary. Chest com
puted tomography (CT) scan revealed the presence of multiple 
small nodules, with the largest diameter measuring 1.9 cm along 
the bronchi and bronchioles of the right upper lobe of the lung 
extending into the parietal pleura and multiple lymph node invol
vement around the right hilum and mediastinum (Figure 1b). 
Head CT did not reveal any abnormality. Cytology examination 
of the mediastinal lymph node biopsy sample revealed poorly 
differentiated adenocarcinoma (Figure 1a). In addition, immuno
histochemistry results showed positive for cytokeratin, TTF-1, and 
NapsinA, and negative for villin. The patient was diagnosed with 
stage IV (T1bN2M1a) lung adenocarcinoma. He was initially 
treated with a chemotherapy regimen of 500 mg/m2 pemetrexed 
plus carboplatin AUC = 5 but had progressive disease (PD) after 
1.8 months. Docetaxel was then administered as the second-line 
treatment for a total of three cycles until PD (Figure 1b). 
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Fluorescence in situ hybridization (FISH) of the mediastinal 
lymph node biopsy sample at PD revealed 60% positive rate for 
chromosomal translocation in ALK (2p23), but negative for MET 
and ROS1. Crizotinib at a dose of 250 mg twice daily was adminis
tered. Within two months from the start of crizotinib therapy, 
partial response (PR) was achieved based on the Response 
Evaluation Criteria in Solid Tumors (RECIST) version 1.1 
(Figure 1c). His response lasted for 11 months until the detection 
of new metastatic lesions on the right lung (Figure 1d). His treat
ment was then switched to brigatinib at a dose of 180 mg once 
daily. His disease was stable for 12.8 months until it eventually 
progressed (Figure 1e). Tissue biopsy samples collected at PD were 
submitted for capture-based targeted sequencing using a panel 
consisting of 520 cancer-related genes covering 1.64 megabases of 
the human genome (OncoScreen Plus, Burning Rock Biotech). 
Sequencing analysis revealed the retention of EML4-ALK variant 3 
(E6, A20) gene fusion and the emergence of a novel dinucleotide 
substitution in the exon 23 of the ALK gene resulting in a missense 
mutation, ALK G1202L (NM_004304.4:c.3604_3605delGGinsCT 
p.Gly1202Leu), with an allelic fraction of 11.6% (Figure 2). No 
mutations in other oncogenic drivers were detected. ALK G1202L 
mutation has not been previously reported but is in the same 
position as G1202R, a previously reported crizotinib and brigatinib 

resistance mutation that can be effectively targeted with 
lorlatinib.9,10 Due to the lack of standard of care, we decided to 
administer lorlatinib at a dose of 100 mg once a day. Upon 
lorlatinib treatment, his clinical symptoms improved and his dis
ease was evaluated to be stable with a maximum tumor diameter 
reduction of 10.7% (figure 1f). At 9 months, PD was evaluated after 
review of the CT revealed enlargement of the primary lung lesions, 
mediastinal lymphadenopathy, increased pleural and pericardial 
effusion as well as metastasis to the liver and abdomen (Figure 1g). 
After PD, he received paclitaxel with cisplatin and bevacizumab 
with no benefit. The patient succumbed to complications from 
metastatic disease soon after.

Discussion

ALK inhibitors have now been the standard of care for patients 
with ALK-rearranged advanced-stage NSCLC and the availabil
ity of different generations of ALK inhibitors allows the sequen
tial use of these inhibitors after treatment failure from prior 
generations. However, the resistance mechanisms, as well as 
patient treatment responses with the sequential use of ALK 
inhibitors after the emergence of resistance to prior generations 

Figure 1. Clinical, molecular, and radiological summary of our patient. (a). An illustrated summary of the treatment regimen received by the patient including best 
response and progression-free survival in each line of treatment. Hematoxylin-eosin staining illustrating the diagnosis of adenocarcinoma (magnification 400X). Chest 
computed tomography (CT) scans of the patient from baseline (b), at evaluation of partial response (PR) within 2 months of crizotinib therapy (c), at PD after 11 months 
of crizotinib therapy (d), at PD after 12 months of brigatinib therapy (e), at SD after 2 months of lorlatinib therapy (f) and at PD after 9 months of lorlatinib therapy (g).
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of ALK inhibitors remain limited.11,12 Despite numerous studies 
demonstrating treatment outcomes on the sequential use of 
crizotinib followed by second-generation ALK inhibitors includ
ing ceritinib,9 alectinib13 or any,12,14 limited study has reported 
on the sequential use of three generations of ALK inhibitor. 
Efforts to elucidate these mechanisms and treatment outcomes 
are paramount to developing novel therapeutic strategies. Using 
capture-based targeted sequencing, we have detected 
a previously unreported ALK G1202L mutation after brigatinib 
treatment, which has not been recorded in COSMIC, cBioportal, 
or any other somatic variation database. Although G1202L 
affects the glycine residue in position 1202 of the ALK protein 
in the same fashion as G1202R, the glycine residue in G1202R 
was substituted with arginine, a polar amino acid; whereas in 
G1202L it was replaced by leucine, a nonpolar amino acid. Being 
located at the kinase domain, mutations in G1202 would likely 
alter the binding of ALK inhibitors. Hence, we speculate that 
G1202L can also be a potential resistance mechanism to either 
crizotinib or brigatinib similar to G1202R. Since our patient did 
not undergo mutational profiling at baseline and any other time 
point during the treatment process, we cannot pinpoint the exact 
time of emergence of G1202L.

However, based on the remarkable clinical response of our 
patient to brigatinib, we believe that ALK G1202L emerged as 
a resistance mechanism to crizotinib. ALK G1202R is one of the 
most common secondary mutations acquired not only with 
crizotinib but also brigatinib and has been shown to be highly 
resistant to crizotinib, alectinib and ceritinib.9 However, 
G1202R acquired after crizotinib was reported to be sensitive 

to brigatinib10 and lorlatinib.9,10 Interestingly, patients who 
harbor variant 3 EML4-ALK rearrangement were more likely 
to develop secondary ALK mutations, particularly G1202R as 
resistance mechanisms from first- or second-generation ALK 
inhibitor therapy.15 Moreover, patients with variant 3 EML4- 
ALK treated with lorlatinib also had significantly longer overall 
survival than patients with variant 1.15 Consistently, our patient 
who harbored variant 3 EML4-ALK rearrangement acquired 
G1202L at either crizotinib or brigatinib therapy, benefited 
from lorlatinib, and had a longer overall survival of 41.5 months 
inclusive of the short chemotherapy regimens and a total of 
33.3 months of sequential ALK inhibitor therapy. These find
ings suggest that lorlatinib can be a treatment option in patients 
with acquired ALK G1202L. In vitro and clinical evidence are 
required to further understand the resistance mediated by ALK 
G1202L and its sensitivity profile with various ALK inhibitors.

Conclusion

To the best of our knowledge, this is the first clinical evidence 
of efficacy generated by lorlatinib targeting a novel acquired 
ALK G1202L mutation, suggesting that lorlatinib can be 
a treatment option for patients with ALK-rearranged NSCLC 
who acquired ALK G1202L. Furthermore, we also demonstrate 
the sequential use of crizotinib, brigatinib, and lorlatinib in 
a patient with advanced ALK-rearranged lung adenocarcinoma 
with an overall PFS of 33.3 months of sequential ALK inhibitor 
regimens and an overall survival of 41.5 months inclusive of 
chemotherapy and ALK inhibitor regimens.
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Figure 2. Illustration of the novel ALK G1202L mutation detected from the patient 
at PD from brigatinib therapy. ALK G1202L is a missense mutations resulting from 
dinucleotide substitution in the exon 23 of the ALK gene (NM_004304.4: 
c.3604_3605delGGinsCT p.Gly1202Leu). Green column represents reads with 
c.3605 G > T, while orange column represents reads with c.3604 G > C. Each 
gray row represents the sequencing read from a DNA fragment. Bottom bar shows 
the protein sequence annotation of ALK.
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