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Abstract: Leptomeningeal metastasis (LM) is a disastrous complication of advanced lung 
adenocarcinoma (LAC) associated with poor prognosis and rapid deterioration of perfor-
mance status. The prevalence of epidermal growth factor receptor (EGFR)/anaplastic lym-
phoma kinase (ALK) co-alterations in patients with LAC was low. Herein, we report 
a patient with alterations in both EGFR (p. G719A+L747V) and echinoderm microtubule- 
associated protein-like ALK (EML4-ALK) fusion and LM who was treated with afatinib. 
The patient’s clinical symptoms improved, and imaging examination revealed reduced 
intracranial and extracranial lesions. The progression-free survival (PFS) using afatinib for 
LM was 25 months, and no severe adverse events occurred. 
Keywords: afatinib, leptomeningeal metastasis, EGFR, ALK, co-alterations, lung 
adenocarcinoma

Introduction
Leptomeningeal metastasis (LM) is a devastating complication of advanced lung 
adenocarcinoma (LAC) associated with poor prognosis and rapid deterioration of 
performance status. The incidence of LM is 3–5%, and it occurs in up to 9.4% of 
non-small cell lung cancer (NSCLC) patients with epidermal growth factor receptor 
(EGFR) mutation. The median survival time after LM treatment is 3–11 months.1,2

EGFR and anaplastic lymphoma kinase (ALK) gene mutations have been regarded 
as the most important oncogenic drivers in NSCLC.3 Although early studies reported 
that these two drivers are mutually exclusive,4 recent studies have shown that EGFR/ 
ALK co-alterations account for a small proportion of NSCLC, ranging from 0.1 to 
1.6%. EGFR/ALK co-alterations are more common in women, Asians, nonsmokers, 
patients with stage IV lung adenocarcinoma and individuals with a higher incidence of 
central nervous system (CNS) metastasis.5,6 The emergence of more advanced techni-
ques, such as high-sensitivity next-generation sequencing (NGS), revealed that the 
proportion of patients with EGFR/ALK co-alterations could be much higher than 
previously expected. To date, there is no consensus on treatment for patients with 
EGFR/ALK co-alterations.7,8

Afatinib is a second-generation tyrosine kinase inhibitor (TKI)that was 
approved for metastatic NSCLC with nonresistant EGFR mutations.9 Few studies 
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have shown that afatinib is effective against LM, particu-
larly in patients with NSCLC harboring uncommon EGFR 
mutations.10,11 Here, we report a patient with advanced 
LAC harboring alterations in both EGFR (p. G719A 
+L747V) and echinoderm microtubule-associated protein- 
like ALK (EML4-ALK) and LM who was treated with 
afatinib.

Case Report
A 72-year-old man presented to our hospital in July 2018. 
He had no history of smoking and an unremarkable medical 
history. A thoracic computed tomography (CT) scan 
revealed a 4.5 cm×5.6 cm solid nodule in the right upper 
lung (RUL), and brain magnetic resonance imaging (MRI) 
did not detect brain metastasis. The patient consequently 
underwent thoracoscopic RUL resection and VATS lym-
phadenectomy on July 24, 2018. Postoperative pathology 
examination showed invasive adenocarcinoma in the RUL 
lesion, with multilineage carcinoma with solid adenocarci-
noma containing signet ring cells and no cancer involve-
ment at the bronchial resection margin. Additionally, 2/4/7/ 
9/11 lymph node pathology confirmed no tumor metastasis. 
The initial pathologic diagnosis was stage IIB lung adeno-
carcinoma. Immunohistochemistry (IHC) showed ALK- 
D5F3(-), while NGS–based analysis of surgical specimens 
revealed an ALK fusion (EML4 exon 13–ALK exon 20, 
variant allele frequency was 4192, Figure 1A), EGFR 18 
exon (c.2156G>C:55241708, p. G719A, abundance 74.8%, 
Figure 1A) and EGFR exon 19 (c2239T>G:55242469, 

pL747V, abundance 70.05%, Figure 1A). The patient 
refused adjuvant treatment. On October 17, 2018, the 
patient developed dizziness and neck pain. A thoracic CT 
scan detected a subpleural soft tissue mass of the RUL 
(Figure 2A and B), and brain MRI detected abnormal 
enhancement in the brain and leptomeningeal linear 
enhancement in the cerebellar hemisphere (Figure 3A–C). 
Lumbar puncture indicated positive cytology of cerebrosp-
inal fluid (CSF) (Figure 4). Except for brain and leptome-
ningeal metastasis, there was no other site metastasis. 
A case series by Shin et al6 reported that EGFR-TKIs 
appeared to yield superior outcomes to ALK-TKIs in 
patients with NSCLC who harbored EGFR/ALK co- 
alterations. Considering the rare EGFR mutation, the 
patient was treated with oral afatinib (40 mg/qd). After 4 
weeks, the patient’s dizziness and neck pain were signifi-
cantly improved, a thoracic CT scan showed diminished 
subpleural tumor of the right upper lung (Figure 2C and 
D), and brain MRI showed that the abnormal enhancement 
in the brain and leptomeningeal linear enhancement in the 
cerebellar hemisphere had disappeared (Figure 3D–F). As 
of November 2020, the patient had been treated with afati-
nib for 25 months without any progression of thoracic and 
leptomeningeal disease and without experiencing any 
severe adverse events.

Discussion
LM is associated with a poor prognosis.12 A clinical study 
showed that afatinib was active in NSCLC that harbored 

Figure 1 (A) NGS confirmed ALK fusion (EML4 exon 13–ALK exon 20, variant allele frequency was 4192); (B) EGFR 18 exon (c.2156G>C:55241708, p. G719A, abundance 
74.8%); (C) EGFR exon 19 (c2239T>G:55242469, pL747V, abundance 70.05%).
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certain types of uncommon EGFR mutations, especially 
G719Xaa; the objective response rate (ORR) was 77.8%, 
and the PFS was 10.7 months (95% CI 5.6–14.7).13 

Preclinical data have shown that the concentrations of 
afatinib in the CSF and plasma are well correlated 
(r=0.844, p< 0.01),14 and the CSF penetration rate of 
afatinib (mean±SD) is 2.5±2.9%.10 A study showed that 
afatinib exhibits a beneficial effect in patients with LAC 
and LM harboring EGFR exon 18 p. G719A mutation.11 

Brueckl et al15 reported a case of LAC with EGFR 
(p. G719A+L747V) mutation treated with afatinib, and 
PFS was 14.9 months. Therefore, in our case, as the 
patient had an uncommon EGFR mutation, we chose afa-
tinib to treat leptomeningeal metastasis.

Previous studies reported that EGFR gene mutations 
and ALK rearrangements are mutually exclusive. 
Recently, co-alterations have been reported with increas-
ing frequency as testing methods have become more sen-
sitive. The prevalence of concomitant EGFR mutations 
and ALK alterations correlates with detection sensitivity. 
Along with the discovery of more sensitive gene detection 
technologies, such as NGS, the proportion of patients with 
EGFR/ALK co-alteration may be much higher. Currently, 
the reported incidence of concomitant EGFR mutation and 
ALK rearrangement ranges from 1.3% to 1.6% in patients 
with NSCLC.16

The precise mechanism underlying the coexistence 
of EGFR and ALK alterations remains to be clarified. 
Increasing evidence has shown that the genetic 
instabilities of cancer cells cause genetic and phenoty-
pic heterogeneity in the tumor, suggesting that different 
genetic alterations might occur in different tumor cells 
rather than in a single clone. Moreover, in a study, the 
presence of different tumor cell clones with either ALK 
translocation or EGFR mutation was identified after 
ALK inhibitor treatment. In contrast, a cell line with 
homogeneous EML4-ALK rearrangement was found to 
have activation of EGFR, which suggests that multiple 
oncogenic pathways may be altered in a single clone of 
tumor cells.17 In our case, NGS revealed the EML4- 
ALK fusion gene, but IHC using the ALK (D5F3) CDx 
assay did not show ALK rearrangement, which might 
have been due to tumor heterogeneity.

How to treat EGFR/ALK co-alterations may criti-
cally depend on the biological roles of these oncodri-
vers. Based on previous research, EGFR mutations are 
considered one of the important resistance mechanisms 
of ALK-TKIs, and EGFR-TKIs combined with ALK- 
TKIs seem to exhibit more benefits. Koivunen et al18 

reported that ALK rearrangement is a potential resis-
tance mechanism to EGFR-TKIs. Yang et al16 assessed 
the response of patients with EGFR/ALK co-alterations 

Figure 2 (A and B) Thoracic CT scan detected a subpleural soft tissue mass in the right upper lung (red arrows); (C and D) after 4 weeks of treatment with afatinib, 
a thoracic CT scan showed a diminished subpleural tumor in the right upper lung.
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to EGFR TKIs and the first-generation ALK-TKI cri-
zotinib. For first-line EGFR-TKIs in patients with 
EGFR/ALK co-alterations, the ORR was 80%, and 
the median PFS was 11.2 months (95% CI 5.6–16.8); 
he concluded that the levels of phospho-EGFR and 
phospho-ALK could be prognostic indexes of EGFR- 
TKIs and crizotinib in NSCLC patients with both 
EGFR mutations and ALK rearrangements. Won et al17 

suggested that ALK-TKIs can be selected first in 
patients with EGFR/ALK co-alterations. Schmid et al19 

reported that EGFR-TKIs may yield better outcomes 
than ALK-TKIs in patients with EGFR/ALK co- 
alterations. In our case, the dizziness and neck pain 
symptoms, abnormal enhancement of the leptome-
ninges as evidenced by enhanced brain MRI, and 

identification of tumor cells by CSF cytology were 
indicative of LAC with LM. NGS of surgical speci-
mens revealed EGFR exon 18 (p. G719A), EGFR exon 
19 (p. L747V) and the EML4-ALK fusion gene, but 
IHC using the ALK (D5F3) CDx assay showed no 
ALK rearrangement, so we chose afatinib for EGFR/ 
ALK co-alterations and observed a durable response 
for this patient with LAC and LM.

However, no data regarding the efficacy of afatinib 
against LM in the treatment of patients with EGFR/ALK 
mutations are available. This case is the first report to 
describe the successful and durable response to afatinib 
in a patient harboring EGFR (p. G719A+L747V)/EML4- 
ALK co-alterations, suggesting that afatinib is a viable 
treatment option for this patient group.

Figure 3 (A) Brain MRI detected abnormal enhancement in the brain (red arrows) and (B and C) leptomeningeal linear enhancement (red arrows) in the cerebellar 
hemisphere; (D) brain MRI showed that the abnormal enhancement in the brain and (E and F) the leptomeningeal linear enhancement in the cerebellar hemisphere had 
disappeared.
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