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Abstract  Case Report 
 

Bronchial cancers are the leading cause of brain metastases and, in the absence of treatment, the median survival time 

for patients with bronchial cancer complicated by symptomatic brain metastases is approximately one month. Genetic 

sequencing has radically changed the management of non-small cell lung cancer over the last few decades. Anaplastic 

lymphoma kinase (ALK) rearrangements are responsible for 3-7% of non-small cell lung cancers. Patients with ALK-
positive non-small cell lung cancer have a particular phenotype compared with other non-small cell lung cancers: they 

are younger, non-smokers and more frequently present with brain metastases. Anaplastic lymphoma kinase (ALK) 

tyrosine kinase inhibitors (TKI) are the standard recommended first-line treatment for patients with ALK-positive in 

non-small cell lung cancer. Lorlatinib is a third-generation brain-penetrant ALK TKI that has greater coverage of ALK 
resistance mutations than second-generation ALK inhibitors. Conclusion: Brain metastases are a poor prognostic factor 

and are common in non-small cell lung cancer. Lorlatinib is a potent third-generation ALK tyrosine kinase inhibitor that 

has improved penetration of the central nervous system across the blood-brain barrier, resulting in higher intracranial 

response rates and preventing brain metastases. 
Keywords: Non-Small Cell Lung Cancer, Brain Metastases, Anaplastic Lymphoma Kinase (ALK), Tyrosine Kinase 
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INTRODUCTION 
With around 2.20 million new cases and 1.79 

million deaths a year, lung cancer is the most common 

cancer diagnosis in the world and remains the leading 

cause of cancer-related death. It is the second most 

common cancer in men, after prostate cancer, and the 
second most common cancer in women, after breast 

cancer [1]. Bronchial cancers are the leading cause of 

brain metastases and, in the absence of treatment, the 

median survival time for patients with bronchial cancer 
complicated by symptomatic brain metastases is 

approximately one month [2]. 

 

The discovery of tumour-specific alterations in 
oncogenes capable of stimulating cancer growth and 

survival has revolutionised the approach to cancer 

treatment. Genetic sequencing has radically changed the 

management of non-small cell lung cancer over the last 
few decades. Rapid advances in next-generation 

sequencing (NGS) and a better understanding of cancer 

biology have provided the opportunity to characterise 

human cancer genomes, including NSCLC, leading to 
the identification of several exploitable driver alterations 

implicated in aetiopathogenesis and the subsequent 

development of targeted therapies [3]. 

 
Anaplastic lymphoma kinase (ALK) 

rearrangements are responsible for 3-7% of non-

squamous non-small cell lung cancers, mutually 

exclusive of other driving mutations. Patients with an 
ALK rearrangement have the following 

clinicopathological features: young age at diagnosis 

(median 50 years), female gender, non-smoker or light 

smoker, adenocarcinoma histology with distinctive 
morphological patterns such as the sieve ring and solid 

ring, expression of thyroid transcription factor 1, 

tendency to metastasise to the pleura or pericardium, and 

in particular to the central nervous system [4]. 
 

Anaplastic lymphoma kinase (ALK) tyrosine 

kinase inhibitors (TKIs) are the standard recommended 

first-line treatment for patients with ALK-positive non-
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small cell lung cancer [5]. Lorlatinib is a third-generation 
brain-penetrant ALK TKI that has greater coverage of 

ALK resistance mutations than second-generation ALK 

inhibitors [6, 7]. 

 

PATIENT AND OBSERVATION 
A 31-year-old female patient presented with 

intense occipital headaches that were not relieved by 

Level 2 analgesics, vomiting that was not accompanied 

by meals and the onset of generalised tonic-clonic 
seizures. 

 

Cerebral CT and MRI scans revealed multiple 
secondary lesions above and below the tentorial surface 

with signs of intracranial hypertension (FIG 1). In the 

search for the primary sitea thoracic-abdominopelvic 

scan revealed a pulmonary lesion which was biopsied. 
The histological study revealed a non-small cell 

bronchial carcinoma and the immunohistochemical 

profile was in favour of a pulmonary bronchial 

adenocarcinoma. 
 

Next-generation sequencing (NGS) was positive for 
anaplastic lymphoma kinase (ALK) fusion, PDLl was 

0%. 

 

To control the symptoms associated with the 
brain metastases, we carried out five sessions encephalic 

radiotherapy totalling 20 grays, as the neurosurgeons felt 

that the patient could not be operated on, and put her on 

high-dose corticosteroids (methylprednisolone 
hemisuccinate 240mg per day) plus an anti-epileptic 

(sodium valproate 1500mg per day). 

 
In conclusion, this is a young patient aged 31 

with no previous history of lung adenocarcinoma 

metastatic to the brain and an ALK gene rearrangement. 

 
The decision of the medical oncology 

multidisciplinary consultation meeting (RCP) was to 

start the patient on a third-generation tyrosine kinase 

inhibitor: lorlatinib 100mg per day. After two months of 
treatment, a brain scan showed a clear regression of the 

brain metastases. (FIG2) 

 

 
Figure 1: Cerebral scan; cerebral locations above and below the tentorial 

 

 
Figure 2: CT scan image showing partial regression of target lesions in the brain 
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DISCUSSION 
Lung cancer is the most common cause of brain 

metastases, accounting for up to 50%, compared with 

17% for breast cancer and 10% for melanoma [8]. The 

incidence of brain metastases at diagnosis is higher in the 

presence of certain genomic alterations: 24% in the case 
of EGFR mutation [9], and up to 48% in the case of ALK 

translocation [10]. When metastases are not present at 

diagnosis, they appear during follow-up in 40-50% of 

cases of non-small cell lung cancer, with a median time 
to onset of 11 months [11]. The management of brain 

metastases is therefore a major challenge, not only 

because of their incidence but also because of their 
seriousness. They are symptomatic in 80% of cases and 

are directly responsible for death in 50% of cases [12]. 

The therapeutic arsenal for the treatment of these 

metastases has been considerably expanded and made 
more sophisticated, including radiotherapy in 

stereotactic conditions, irradiation of the entire brain, 

microsurgical resection, laser therapy, systemic 

chemotherapy, targeted therapies and immune 
checkpoint inhibitors [13]. 

 

Since our patient was not considered for 

surgery, we underwent total cephalic radiotherapy and 
symptomatic treatment with high-dose corticosteroids, 

analgesics and anti-epileptics, which considerably 

improved her symptoms of intracranial hypertension 

(nausea, vomiting, headaches and epileptiform seizures). 
 

The ALK gene encodes a receptor with tyrosine 

kinase activity from the insulin receptor superfamily, 

expressed physiologically in nervous tissue during 
development. Rearrangements of this gene, first 

identified in 1994 in anaplastic lymphomas, are observed 

in various cancers and ultimately lead to the 

juxtaposition of an N-terminal "heterologous" domain to 
the C-terminal ALK kinase domain. Many partner genes 

are involved in these rearrangements, which determine 

the subcellular localisation of the chimeric protein 

produced, particularly in anaplastic lymphomas [14]. 
Patients with ALK-positive non-small cell lung cancer 

have a particular phenotype compared with other non-

small cell lung cancers: they are younger, non-smokers 

and more frequently have brain metastases [15]. 
 

Crizotinib, the first-in-class ALK tyrosine 

kinase inhibitor (TKI) [16], improved outcomes 

(Progression-Free Survival, and quality of life) over 
platinum-based chemotherapy for the initial treatment of 

patients with newly diagnosed ALK-positive non-small 

cell lung cancer in the phase III PROFILE 1014 trial [17], 

establishing first-line ALK-TKIs as the standard of care. 
Ceritinib, a second-generation ALK-KI, has also been 

shown to be superior to first-line chemotherapy [18]. 

However, new-generation TKI-ALKs have been shown 

in phase III trials to be superior to crizotinib as first-line 
therapy, including alectinib [19], brigatinib [20], 

ensartinib (not approved by the EMA) [21], and 

lorlatinib [22]. Alectinib, brigatinib and lorlatinib are 
preferred for initial treatment [23]. For reasons of 

accessibility, we prescribed lorlatinib for our patient at a 

dose of 100mg per day after a multidisciplinary 

consultation meeting. 
 

It should be noted that no direct comparison has 

been made between the new generation TKI-ALKs. The 

choice of drug will be influenced by factors such as the 
extent of CNS disease, patient preference and the need to 

manage the different toxicity profiles seen with these 

drugs [23]. 
 

In the CROWN phase III trial (N=296), 

lorlatinib resulted in significantly longer progression-

free survival (PFS) than crizotinib (not reached (NR)) 
(9.3 months; HR 0.28, 95% CI 0.19-0.41) [24]. The 

overall intracranial response rate and time to intracranial 

progression were superior for lorlatinib. The cerebral 

efficacy of lorlatinib is well known and demonstrated by 
several clinical data. For example, on lorlatinib, brain 

disease control rates were 82% in treatment-naïve 

patients and 63% in treatment-experienced patients [24, 

25]. Lorlatinib was designed to penetrate the blood-brain 
barrier, thanks in particular to a macrocyclic ring and a 

more lipophilic character than crizotinib. A study 

conducted in rats exposed to lorlatinib showed greater 

permeability of the blood-brain barrier [26], with 
lorlatinib inhibiting the expression of the SPP1 gene in 

cells of the blood-brain barrier, leading to a reduction in 

the production of VEGF and TGF-β and an increase in 

the expression of EGR-1. In addition, the SSP1 gene 
enables the production of osteopontin, a neuroprotective 

glycoprotein that plays an important role in the structure 

of the blood-brain barrier. All these mechanisms induced 

by lorlatinib ultimately lead to the destruction of the tight 
junctions between the endothelial cells of the blood-brain 

barrier, and to increased permeability of the blood-brain 

barrier in rats. The intracranial availability of lorlatinib 

is estimated at 21% in rats without brain damage [27]. 
The intracerebral activity of lorlatinib was demonstrated 

in a pre-clinical trial using a mouse xenograft model of a 

tumour with an EML4-ALK rearrangement associated or 

not with an ALK L1196M [28]. In primates, a 
radioisotope of lorlatinib showed significant and rapid 

cerebral diffusion on positron emission tomography, 

particularly in the cerebellum, frontal cortex and 

thalamus [29, 30]. Finally, in 4 patients in the phase 1 
trial of lorlatinib who had undergone lumbar puncture, 

the mean concentrations of lorlatinib in cerebrospinal 

fluid corresponded to 75% of plasma concentrations, 

confirming the excellent bioavailability in the brain [31]. 
Overall, lorlatinib has a high intracranial penetration rate 

and does not appear to be subject to the resistance 

phenomenon associated with the P-glycoprotein (P-gp) 

efflux pump system [27]. 
 

This intracerebral activity of lorlatinib was 

demonstrated in our patient who, after just two months 

of treatment, showed a significant regression of more 
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than 40% of her brain lesions on CT scan and a complete 
reduction in the symptoms associated with brain 

metastases. 

 

The most common adverse events of any grade 
with lorlatinib were hyperlipidaemia, oedema, weight 

gain, peripheral neuropathy and cognitive effects. 

Lorlatinib was associated with more grade 3-4 adverse 

events (mainly altered lipid levels) than crizotinib (72% 
versus 56%) [23]. 

 

Our patient's follow-up was marked by minor 
lipid disturbances, namely hyperlipidaemia, which was 

managed by prescribing a statin with the involvement of 

the endocrinology department. These lipid disorders did 

not necessitate a reduction in dose or discontinuation of 
our treatment. 

 

CONCLUSION 
Brain metastases are a poor prognostic factor 

and are common in non-small cell lung cancer. 
Treatment options for patients with ALK-rearranged 

NSCLC have advanced considerably over the past 

decade. Lorlatinib is a potent third-generation ALK 

tyrosine kinase inhibitor that has improved penetration 
of the central nervous system across the blood-brain 

barrier, resulting in higher intracranial response rates and 

preventing brain metastases. 
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