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Introduction
Lung cancer is the second most common cancer in men and women 
and the leading cause of cancer-related deaths worldwide. Most lung 
cancers (85%) are classified as non-small cell lung cancer (NSCLC), 
and most patients with NSCLC are already at an advanced stage 
when diagnosed.1,2 In advanced stages, the therapeutic strategy is 
often driven by the mutational status of the malignancy.

Mutations in the epidermal growth factor receptor (EGFR) gene 
have led to the development of the EGFR-targeted therapy that rev-
olutionized NSCLC management in the last two decades. The first, 
second, and third generations of oral EGFR tyrosine kinase inhibi-
tors (TKIs) have shown superiority over standard platinum-based 
chemotherapy in at least 8 randomized phase III studies, both in 
terms of response rate and progression-free survival.3–6 Moreover, 
new TKIs are being considered as the first-line option in patients 
with EGFR mutations, alongside new strategies to overcome the 
frequently occurring acquired resistance. Despite response rates 
between 50% and 70%, disease progression occurs on average af-
ter 9 to 13 months of EGFR-TKI treatment.7 T790M is a resistance 
mutation found in nearly 50% of patients who progress under first-
line TKI treatment.8 Osimertinib (Tagrisso) is a third-generation 
EGFR-TKI that specifically targets the T790M mutated cells, and 
it was approved by the European Medicines Agency in January 
2019 for first- or second-line treatment. Its superiority over plati-
num-based treatment in terms of progression-free survival, overall 
response rate, and duration of response has been demonstrated in 
the AURA 3 trial.9

From a clinical point of view, we can identify at least three dis-
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Abstract
Patients with non-small cell lung cancer (NSCLC) harboring epidermal growth factor receptor (EGFR) mutations benefit from 
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A patient diagnosed with stage IV lung adenocarcinoma showed progression after 21 months of first-line anti-EGFR therapy 
and showed clear signs of neurological impairment. The interpretation of cerebral involvement was dubious and difficult: 
while cerebral spinal fluid cytology seemed to confirm leptomeningeal carcinomatosis, no meningeal nodules or abnormal 
enhancement was detected on magnetic resonance imaging. Liquid biopsy detected the resistance mutation T790M; hence, 
therapy was switched to the third-generation TKI osimertinib. The first instrumental re-evaluation revealed a partial response, 
with a reduction in both lung lesion dimensions and brain alterations. This case shows the effectiveness of osimertinib in treat-
ing patients with stage IV NSCLC with central nervous system and bone involvement.
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tinct patterns of progression: isolated central nervous system pro-
gression, oligoprogression, and widespread systemic progression. 
Brain metastases are common in those affected by NSCLC, with 
nearly 40% of patients developing them.10 This progression often 
deeply affects the survival rate, therapy response, compliance, and 
quality of life. On average, patients with untreated brain metastasis 
survive 6 months to 1 year from diagnosis.11 Common treatments 
include whole-brain or stereotactic radiotherapy, although frequent 
adverse events like cognitive problems and memory loss signifi-
cantly deter treatment.12

Leptomeningeal carcinomatosis is a devastating result of late-
stage cancer and remains rapidly fatal despite multimodal treat-
ment. Definitive diagnosis requires the identification of malignant 
cells in the cerebrospinal fluid or obvious disease on magnetic res-
onance imaging (MRI).13 Leptomeningeal carcinomatosis occurs 
in 5–15% of patients with cancer; treatment options are limited, 
and median survival time ranges from 2 to 6 months.14

More recently, as next-generation targeted therapy and immu-
notherapy became routine in clinical practice, clinicians are ques-
tioning the capability of new drugs to cross the blood-brain barrier 
and eventually influence the course of the illness and the manage-
ment of brain metastasis.

This manuscript was prepared according to the CARE guide-
lines, and the associated checklist was completed.

Case presentation
A 70-year-old non-smoking woman was diagnosed with lung ad-
enocarcinoma in March 2019. Whole-body computed tomography 
(CT) showed a solid lesion in the right upper lobe of the lung, with 
a maximum diameter of about 5 × 5 cm. The scan also showed 
micronodularity and increased density of the surrounding tissue, 
a ground-glass area at the middle lobe, and a 5-mm nodule at the 
anterior segment of the right upper lobe. In the left lung, there were 
some micronodularities, particularly in the anterior upper lobe. 
Small, enlarged pretracheal lymph nodes with a maximum diam-
eter of approximately 14 mm were noted. Multiple larger lymph 
nodes were present in the right hilar site forming a body with the 
mass, and others were in the subcarinal region. Baseline total body 
CT did not show any brain or skeletal lesions; surgical removal 
was ruled out owing to the presence of skeletal metastases on posi-
tron emission tomography/CT images that revealed uptakes in the 
left anterior extremity of the third rib with a standardized uptake 
value (SUV) of 4.2, sectors posterior to the iliac sacrum (SUV 3.8), 
and the right ischium (SUV 5), confirming the metastatic stage.

The mutational status of the EGFR gene was determined on a 
histological specimen from a biopsy (fiberoptic bronchoscopy) of 
an endobronchial lesion, which revealed an EGFR mutation in exon 
19 (deletion). The molecular biology investigation was conducted 
using real-time PCR after extraction with Mag Core genomic DNA 
FFPE One Step Kit. Afatinib 30 mg was administered to the pa-
tient from April 2019 to February 2021. The dose was reduced to 
20 mg in August 2019 owing to dermatologic toxicity (mucositis) 
grade 2–3. The best response to targeted therapy was a partial re-
sponse (CT of July 2019) followed by stable disease in subsequent 
CT evaluations. After 6 months of therapy, oligoprogression was 
observed in the sacral bone. Consequently, the patient received 
5 fractions of 20 Gy radiation for palliative purposes. In August 
2020, the patient showed apathy, asthenia, and mood deflection, 
initially diagnosed and treated as depression. Progressively, the 
patient and her caregiver reported a loss of balance and lack of 
coordination in walking, causing frequent falls. The patient’s rela-

tives reported that she showed a worsening in cognitive functions 
and difficulties in carrying out daily tasks, such as using household 
appliances and remote controls, among others.

This study was performed following the ethical standards of the 
affiliated institutions and in compliance with the Declaration of 
Helsinki (revised in 2013). Written informed consent was obtained 
from the patient for the publication of this case report and the ac-
companying images.

Investigations
Brain CT performed in November 2020 did not reveal any le-
sions. Neurological examination highlighted gait ataxia, cerebel-
lar dysmetria in upper and lower limbs, ideomotor slowdown, and 
cognitive impairments, as evidenced by a Montreal Cognitive As-
sessment score of 7 out of 30. Brain MRI conducted in December 
2020 showed cortical atrophy and multiple asymmetrical bilateral 
FLAIR hyperintensities involving the frontoparietal cortex, basal 
ganglia, mesencephalus, and right cerebellar hemisphere. The le-
sions did not show enhancements after gadolinium administration, 
and only the lesion located in the mesencephalus showed restric-
tion on diffusion-weighted imaging.

Electroencephalogram showed slowing of background activ-
ity, with a predominant theta rhythm (Fig. 1). In January 2021, 
positron emission tomography/CT of the brain showed signs of re-
duced metabolism in the dorsolateral and mesial frontal lobes, su-
perior parietal lobes, and caudate nuclei, while showing increased 
metabolism in the cerebellar vermis and cerebellar tonsils. Brain 
MRI interpretation was very ambiguous. The FLAIR hyperin-
tensity involving the cortex, basal ganglia, and brainstem did not 
show the typical characteristics of brain metastases or meningeal 
carcinomatosis; hence, paraneoplastic syndrome/encephalitis was 
suspected.15

The patient underwent rachicentesis for cerebral fluid analysis. 
Cerebral fluid cytology showed the presence of carcinomatous 
cells. Whole-body positron emission tomography/CT revealed 
pulmonary and skeletal progression of the primitive lung disease.

Treatment
Due to the clinical and instrumental evidence of disease pro-
gression along with the detection of resistance mutation T790M, 
therapy with afatinib was stopped. The resistance mutation was 
detected on plasma via liquid biopsy by real-time PCR using the 
EasyPGX® ready EGFR kit (Diatech Pharmacogenetics, Ancona, 
Italy). In February 2021, the patient started therapy with osimerti-
nib 80 mg per day, which was ongoing at the time of writing. Ow-
ing to a depressive state characterized by apathy, selective sero-
tonin reuptake inhibitor therapy was introduced, showing clinical 
benefits.

Discussion
The patient underwent periodic neurological checks and instru-
mental follow-ups (abdomen-thorax CT and brain MRI) every 3 
months as part of osimertinib therapy. The first instrumental re-
evaluation in April 2021 highlighted a partial response in both CT 
and brain MRI. CT of the thorax showed a decrease in the size of 
the right pulmonary hilar lesion, and brain MRI showed diffuse 
reduction of FLAIR hyperintensity in the cerebral cortex, basal 
ganglia, mesencephalus, and right cerebellar hemisphere (Fig. 1).

At the latest re-evaluation in February 2022, after 12 months 
of second-line targeted therapy, CT and brain MRI showed stable 
disease. A follow-up electroencephalogram showed an improve-
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ment in background activity, with a greater representation of alpha 
rhythms and a reduction in theta and delta components. Neurologi-
cal examination showed stability (Fig. 1).

Conclusions
Osimertinib, a third-generation TKI, in addition to its well-doc-
umented efficacy in the treatment of EGFR-mutated lung lesions 
compared to platinum therapy alone,9 demonstrates efficacy in 
monitoring the clinical evolution of nervous system involvement, a 
common feature in these patients. Notably, the neurological symp-
toms of the patient in this case considerably subsided within the 
first few months of therapy. The authors hope that the rapid and 
detrimental evolution of the disease, especially in cases with cen-
tral nervous system involvement, can be slowed down, given the 
observed significant reduction in brain lesions.

Collaboration and support from family or home caregivers are 
essential to ensure optimal care of cancer patients with cognitive 
impairment. Equally important is the continuous and transparent 
collaboration between specialists, in particular oncologists and 
neurologists, which can ensure a full understanding of disease 
evolution and foster the development of an appropriate therapeutic 
strategy.

Recent studies suggest that osimertinib has a higher permeabil-
ity in the central nervous system compared to other TKIs, regard-
less of whether the patients harbor the T790M mutation.16 A thor-
ough discussion is needed to determine the most appropriate and 
effective time to start the therapy, emphasizing the importance of 
early detection of resistance mutations to EGFR-targeted therapy. 
Comparative studies between first-, second-, and third-generation 

target therapies (EGFR and ALK targeted) in this area of study 
may shed light on the impact of brain metastasis control on the 
clinical management of lung cancer.
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