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Background: The use of tyrosine kinase inhibitors (TKIs) of ALK is the therapy of choice for 

ALK-fusion patients. Unfortunately, all patients under this kind of treatment eventually develop 

acquired resistance through several well-known mechanisms, such as acquisition of a secondary 

mutation within the kinase domain, activation of a bypass signaling pathway, or a histological 

change like small-cell lung cancer transformation. At the time of progression, a tissue re-biopsy 

may give important molecular and morphological information regarding the mechanisms driv-

ing resistance to ALK TKIs. However, this procedure is not always feasible and it may not 

reflect the tumor heterogeneity, and therefore gives incomplete information. To overcome these 

drawbacks, the analysis of circulating tumor DNA (ctDNA) isolated from plasma, the so-called 

liquid biopsy, is emerging as a noninvasive and useful tool for detecting resistance mutations. 

Secondary resistance mutations are common in second-generation TKIs resistant patients and 

among these, Gly1202Arg (p.G1202R) emerged as the most frequent mutation.

Case presentation: We have treated an ALK-positive lung adenocarcinoma patient with a 

sequential strategy of ALK TKIs. Patient follow-up was performed combining clinical, radio-

logical, and molecular profiling. ctDNA was isolated from plasma and by means of ultra-deep 

next generation sequencing; we searched for secondary ALK resistance mutations on exons 

21–25. ALK mutation Gly1202Arg (G1202R) was detected. We have documented consistency 

between plasma levels of G1202R mutation and radiological progression or improvement.

Conclusion: Liquid biopsy appears to be a promising tool to anticipate progression and to 

drive the therapeutic strategy based upon ALK resistance mutations.

Keywords: non-small-cell lung cancer, EML4-ALK, ALK tyrosine kinase inhibitors, G1202R 

resistance mutation, liquid biopsy

Introduction
The EML4-ALK rearrangement is a key driver gene that occurs in 3%–7% of 

non-small-cell lung cancer (NSCLC).1,2 Patients with EML4-ALK translocation 

(so-called ALK-positive patients) are sensitive to targeted treatment with ALK TKIs.

Crizotinib is the first-in-class generation tyrosine kinase inhibitor (TKI) approved. 

The therapeutic landscape for advanced ALK-positive patients has been transformed 

by the development of new generations of ALK TKIs, including ceritinib, alectinib, 

brigatinib, and ensartinib. These potent TKIs showed efficacy in both crizotinib naïve 

and resistant tumors but all patients treated with ALK TKIs eventually develop ALK-

dependent or ALK-independent resistances. ALK-independent genetic alterations 

include: activation of cellular mechanisms that lead to multidrug resistance (MDR), 

activation of bypass signaling pathways (eg, up-regulation of EGFR-, KRAS-signaling 
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pathways), epithelial–mesenchymal transition, and histologi-

cal transformation.3–12 ALK-dependent resistance mechanisms 

include secondary mutations mainly located in the adenosine 

triphosphate binding pocket leading to the reactivation of the 

kinase activity despite the use of TKI.

Lorlatinib, a third-generation ALK and ROS-1 inhibitor 

showed a strong effect against ALK-resistant mutations 

including G1202R and a high activity on brain metastasis.13

We report a case of an ALK-positive metastatic lung 

adenocarcinoma treated with multiple ALK TKIs, character-

ized by the detection of G1202R in liquid biopsy; the muta-

tion levels were consistent with clinical and radiological data 

during the treatment.

Case presentation
In January 2016, a 75-year-old, never-smoker woman has been 

diagnosed with EML4-ALK stage IV lung adenocarcinoma 

with bilateral lung disease (cT4N2M1a, TNM, version 7.0).

The presence of EML4-ALK rearrangement was tested using 

immunohistochemistry (Ventana ALK [D5F3] CDx assay on 

a Ventana BenchMark XT automated slide-processing system; 

Ventana Medical Systems Inc., Oro Valley, AZ, UZA), with 

a positive immunoreaction in 80% of tumor cells.

As first-line treatment the patient received ceritinib 750 mg 

once daily, in the ASCEND-8 clinical trial.14 The patient expe-

rienced clinical improvement and partial radiological response 

according to Response Evaluation Criteria in Solid Tumors 

version 1.1 (RECIST v1.1)15 until August 2016, when a com-

puted tomography (CT) scan revealed lung progression, with 

a new left renal lesion and two new small brain nodules.

The patient was started on brigatinib 180 mg daily, in an 

expanded access program, achieving an intra-/extra-cranial 

disease stability, before further systemic progression.

Since February 2017, patient follow-up was performed 

also by liquid biopsies. Circulating tumor DNA (ctDNA) 

was isolated from plasma and by means of ultra-deep next 

generation sequencing (NGS); we searched for secondary 

ALK resistance mutations on exons 21–25. This approach, 

based on targeted exon sequencing allowed us the detection 

of a broad range of mutations.16

Nine different liquid biopsies were performed as depicted 

in Figure 1. In February, no mutations on ALK exons 21–25 

were detected, but in April, mutation on ALK exon 23 

p.G1202R was detected with a mutant allelic frequency 

(MAF) of 11%, after eight months on brigatinib, while 

CT-scan showed stability.

CT scan in May revealed disease progression. The 

patient was then referred for a trial with a third-generation 

ALK inhibitor, lorlatinib 100 mg daily (ClinicalTrials.gov 

Identifier: B7461001). After a month and a half of treat-

ment, a CT scan demonstrated disease stability according to 

RECIST v 1.1 and a ctDNA sample revealed that G1202R 

mutation was decreased to a MAF of 2.5%.

In August, the G1202R mutation level in the plasma 

ctDNA increased to a MAF of 12%; the data were radiologi-

cally confirmed, with a systemic progression, especially in 

the lungs, after four months of lorlatinib.

By ultra-deep NGS, we also tested the presence of acti-

vating mutations in alternative oncogenic drivers that could 

be linked to ALK TKI (lorlatinib) resistance. We explored 

ROS-1 (exon 36-37-38), EGFR (exons 18, 19, 20, 21), 

KRAS (exons 2, 3, 4), and BRAF (exon 15), but mutations 

were not detected by plasma-based ctDNA assay during 

lorlatinib treatment in none of the analyzed liquid biopsies 

(Figure 1). The patient was discontinued from the trial and 

started on chemotherapy with carboplatin/pemetrexed every 

three weeks in September 2017; the ctDNA sample, before 

starting chemotherapy, revealed a further increase of the 

G1202R mutation to a MAF of 14%.

In October and November, during chemotherapy treat-

ment, liquid biopsy was repeated and the ALK p.G1202R 

mutation was not detected, with a radiological stability at 

CT scan. Moreover, no activating mutations in bypassing 

signaling pathways (EGFR, KRAS, BRAF) were detected 

in plasmatic ctDNA extracted from this liquid biopsy. 

In December, the CT scan revealed thoracic progression but 

ALKp.G1202R was not detected in plasmatic ctDNA.

The patient underwent CT-guided transthoracic needle 

core biopsy. The re-biopsy tissue confirmed the histologi-

cal diagnosis of lung adenocarcinoma and confirmed ALK 

rearrangement by immune histochemistry; neither ALK 

p.G1202R nor mutations in other signaling pathways (EGFR, 

KRAS, BRAF, ROS-1) were detected in the DNA extracted 

from tumor tissue. Based on the tissue and liquid biopsy 

results the chemotherapy was stopped and the patient started 

on alectinib in February; however, p.G1202R reappeared with 

a MAF of 2% after two months of treatment, and the patient 

passed away in April 2018 because of progressive dyspnea.

Discussion
In the reported case, we documented a potential association 

between liquid biopsy assay, clinical outcome, and response, 

which allowed us to choose among different ALK-targeted 

treatments.

The liquid biopsy allowed the identification of ALK resis-

tance mutation G1202R during treatment. The therapeutic 
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Figure 1 Correlation between plasma levels of G1202R mutations detected by ctDNA assay and radiological findings.
Notes: The figure shows the sequential strategy of ALK TKIs and the time correlation between radiological findings at CT scan and the corresponding molecular profiling 
in liquid biopsy. In April, CT scan did not show progression of the left lower lobe mediastinal pathological tissue, however, for the first time we detected the resistance 
mutation G1202r in the ctDNa with 11% MaF. In May, progression was radiologically evident and for this reason, patient stopped brigatinib and entered into a clinical 
trial with lorlatinib. In June, CT scan demonstrated a partial remission of the left lower lobe pathological tissue, consistently with liquid biopsy, where we found a decreased 
amount of G1202R, 2.5% MAF. In August, G1202R MAF increased again to 12% with minor radiological progression, which was significant in September. Bypassing signaling 
pathways were explored in search of secondary resistance mutations, even in a tumor tissue sample, but no new activating mutations were detected and we decided to switch 
to chemotherapy. The white boxes show how left lower lobe mediastinal pathological tissue is increased or reduced during oncological treatments.
Abbreviations: Jan, January; Feb, February; apr, april; aug, august; sept, september; Oct, October; Nov, November; Dec, December; ctDNa, circulating tumor DNa; 
CTY, chemotherapy; MaF, mutant allelic frequency; nd, not detected; -, negative.
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sequence has been followed and driven by G1202R plasma 

levels, consistent with clinical and radiological findings.

Acquired resistance to ALK TKIs inevitably occurs in 

patients who initially respond to therapy. Gainor et al showed 

that resistance mutations are common in second-generation 

ALK TKIs-resistant biopsies and G1202R emerged as the 

most frequent mutation.3

Lorlatinib, a third-generation ALK and ROS1 inhibitor 

demonstrated activity against almost all ALK resistance 

mutations, including G1202R, in preclinical models and also 

a high penetration in blood–brain barrier.17,18

In the Phase I trial, lorlatinb showed antitumor activity 

among both naïve and pretreated patients, with response also 

in G1202R positive tumors.19,20

The patient received brigatinib at a dose of 180 mg per 

day in an expanded access program; however in the phase I 

trial the patients were able to receive brigatinib at a higher 

dose than 180 mg per day.21 In our report, the patient was 

enrolled onto a trial with lorlatinib (ClinicalTrials.gov Identi-

fier: B7461001) at the time of development of G1202R after 

brigatinib treatment. However, the patient showed poor 

treatment benefit, with radiological stability after one and 

a half months of therapy and both extra- and intra-cranial 

progression after about four months. The G1202R mutation 

levels in plasma ctDNA demonstrated a corresponding trend: 

initially a reduction at the first radiological evaluation, and 

then a progressive increase.

We also investigated other potential resistance mecha-

nisms using a combination of ctDNA and tissue biopsy 

analyses. However, neither activation of bypassing pathways 

(KRAS, BRAF, EGFR) nor a histological transformation 

have been demonstrated, and we might likely explain the 

failure by a sort of pharmacokinetic resistance. Many efforts 

are being made to overcome MDR, among them the use of 

nanoparticles seems a particularly exciting field. Scientific 

reports described, for example, the use of siRNA coupled 

with nanoparticles to revert tumor MDR successfully in 

preclinical studies.10–12

Our case showed that tumor re-biopsy confirmed the 

G1202R absence, as emerged from ctDNA analysis; and the 

combination of the data led us to resume the target treatment 

with another TKI (alectinib) after chemotherapy, hoping 

the progression could be p.G1202R-free. Unfortunately, the 

aggressive p.G1202R mutation reappeared after two months 

on alectinib, we possibly explain the phenomenon with a tem-

porary decrease of the clonal tumoral cells carrying p.G1202R 

mutation by chemotherapy, followed by re-expansion on 

alectinib. As we know, ALK G1202R is the most frequent 

resistance mutation in ALK-rearranged lung cancer patients 

progressing on second-generation ALK TKIs.3 To date, 

however, it is still a matter of debate how ALK resistance 

mutations appear and disappear during treatment with ALK 

TKIs, in order to suggest the optimal sequential strategy.

Our case report suggests that liquid biopsy could be a 

noninvasive and useful tool for detecting ALK resistance 

mutations, similarly to what emerged in other experiences.22,23 

Although tissue biopsy allows morphological information 

unavailable to ctDNA assay, the procedure is not always 

feasible. Therefore, the need to re-biopsy can be evaluated in 

case of discordant data between ctDNA assay and treatment 

response, non-informative liquid biopsy or to demonstrate 

a possible histological transformation. Recent studies have 

shown that quantitative imaging features, extracted from 

routine medical imaging, have prognostic value and may 

predict clinical outcomes or allow for treatment monitoring 

in different cancer types and setting.24–27 These radiomics 

methods in combination with machine learning or deep learn-

ing can potentially lead to better prognostic models in stage 

IV NSCLC, even to predict early response or progression to 

a treatment, to be combined with molecular profiles.

Conclusions
We have reported a case of ALK-positive lung adenocarcinoma 

treated with a sequential strategy of ALK TKIs, demonstrat-

ing accordance between plasma levels of G1202R mutations 

detected by ctDNA assay and clinical–radiological findings.

According to our experience it is important to use liquid 

biopsy in the clinical practice to evaluate the efficacy of ALK 

TKIs, to anticipate the clinical–radiological progression, 

and to personalize the sequential therapeutic strategy based 

upon ALK resistance mutations. As recently stated by a mul-

tidisciplinary panel of experts on behalf of the International 

Association for the Study of Lung Cancer, liquid biopsy has 

a paramount importance in the management of advanced 

NSCLC with oncogene-addiction and NGS has been claimed 

the more appropriate method to detect the wide spectrum of 

ALK mutations in ctDNA.28

Further prospective studies are warranted to implement 

a targeted therapeutic strategy through integration of 

clinical–radiological evaluation, pathological analysis, and 

liquid biopsy.
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and data analysis, and publication of this case report and 

accompanying image.

Availability of data and materials
The authors have full control over the data. The data 

analyzed in this study are housed at the Molecular 

Oncology Department – IRCCS CRO Centro di Riferimento 
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All relevant data are presented in the manuscript.
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