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Dacomitinib overcomes afatinib-refractory
carcinomatous meningitis in a lung cancer patient
harbouring EGFR Ex.19 deletion and G724S
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Abstract
Dacomitinib is an irreversible, oral small-molecule inhibitor of not only EGFR but also the entire ErbB
family. Both dacomitinib and afatinib are classi�ed as second-generation EGFR-TKIs (tyrosine kinase
inhibitors). Afatinib was approved in 2013, prior to dacomitinib, which was approved later in 2018. In the
meantime, osimertinib, a third-generation EGFR-TKI, was approved in 2015. Consequently, the position of
dacomitinib in EGFR-TKI treatment is unclear due to the differences in approval timing. Recently, it has
been reported that the e�cacy of EGFR-TKI is predicted, not by which exon of the EGFR gene is mutated,
but by the structural change in the EGFR protein due to the mutation. Here, we present an EGFR-mutated
lung cancer patient with a long history of treatment, in which EGFR ex.19 deletion (E746_S752 > V) and
G724S mutations were detected by liquid biopsy during afatinib resistance, and switching to dacomitinib
showed improvement of cancerous meningitis. The optimal EGFR-TKI may be selected by understanding
the EGFR compound mutation pro�le by next generation sequencing and predicting the effect based on
the structure. Dacomitinib may be effective in afatinib-refractory carcinomatous meningitis.

Introduction
Dacomitinib is an irreversible, oral small-molecule inhibitor of not only EGFR but also the entire ErbB
family, including ErbB2, ErbB3, and ErbB4 of tyrosine kinases(1). Both dacomitinib and afatinib share the
same ErbB family inhibitory activity and are classi�ed as second-generation EGFR-TKIs (tyrosine kinase
inhibitors). Afatinib was approved by the FDA in 2013, prior to dacomitinib, which was approved later in
2018. In the meantime, osimertinib, a third-generation EGFR-TKI, was approved in 2015(2). Consequently,
the position of dacomitinib in EGFR-TKI treatment is currently unclear due to the differences in approval
timing(3).

Recently, it has been reported that the e�cacy of EGFR-TKI is predicted, not by which exon of the EGFR
gene is mutated, but by the structural change in the EGFR protein due to the mutation(4). In this case
report, dacomitinib was remarkably effective against afatinib-refractory carcinomatous meningitis in a
patient with a long history of treatment with anticancer drugs, including EGFR-TKIs, as long as 13 years,
in which combined mutations of EGFR ex.19 deletion and G724S were detected by next generation
sequencing (NGS) analysis of circulating tumor DNA during afatinib resistance. The EGFR-TKI choice
was effective based on the EGFR structure-based prediction of EGFR-TKI e�cacy.

Case Presentation
A 65-year-old woman received chemotherapy and radiotherapy for advanced stage lung adenocarcinoma
for more than 12 years. The patient had a smoking history of 20 pack-years. The clinical course is shown
in Fig. 1A and B. At the age of 53, she was diagnosed with lung adenocarcinoma (cT2N0M0) and
underwent a right middle lobectomy, but pleural dissemination was detected intraoperatively. The patient
received adjuvant chemotherapy with cisplatin (40 mg/m2 on day 1 and 8 every 4weeks) and vinorelbine
(25 mg/m2 on day 1 and 8 every 4weeks) for four cycles. The EGFR ex.19 deletion mutation was detected
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by the PNA-LNA PCR clamp method in the surgically resected specimen. Ge�tinib (250 mg/day) was
started as �rst line chemotherapy and effective for about 7 years. Thereafter, other regimens followed
(Fig. 1A-C). NGS analysis of circulating tumor DNA was performed by Foundation One® liquid during the
course of 12th line afatinib treatment, and EGFR ex.19 deletion (E746_S752 > V) (variant allele
frequency(VAF): 1.5%), G724S (VAF: 2.0%) mutations, and TP53 R213* (VAF: 0.47%) mutation were
detected. The structure-based prediction of EGFR-TKI e�cacy in the combined mutation of EGFR ex.19
deletion and G724S suggested that dacomitinib may have higher anti-tumor e�cacy than afatinib
(Fig. 2). During the 13th erlotinib plus bevacizumab treatment, the patient complained of headache and
dizziness, and enhanced magnetic resonance imaging (MRI) of the head showed signs of carcinomatous
meningitis. A spinal �uid puncture also revealed adenocarcinoma cells. After the start of the 14th
dacomitinib treatment, her symptoms immediately improved, and the head enhanced MRI showed that
the cancerous meningitis had improved (Fig. 3).

Discussion
Structure-based classi�cation of EGFR-TKI showed that dacomitinib had a higher antitumor effect than
afatinib in lung adenocarcinoma, harboring the combined mutations of EGFR ex.19 deletion and G724S.
Of the 18 EGFR-TKIs, including those under development, dacomitinib seems to have the highest
antitumor effect, and there may have been no promising alternative to dacomitinib for afatinib-refractory
lesions harboring the complex mutation. With a history of more than 12 years of treatment and no
remaining promising options, NGS analysis and the structure-based prediction of EGFR-TKI led to the last
promising treatment.

In a study examining the penetration rate of eight EGFR-TKIs (including dacomitinib, afatinib, and
osimertinib) to the cerebrospinal �uid (CSF) in mice, dacomitinib showed a high penetration rate
comparable to that of osimertinib(5). Since patients with brain metastases were excluded from the
ARCHER1050 trial(1), the evaluation of the effect of dacomitinib on brain metastatic lesions is still
unclear. However, in the present case, dacomitinib successfully overcame afatinib-refractory
carcinomatous meningitis. Furthermore, the higher sensitivity of the structure of EGFR-combined
mutations of the ex.19 deletion and G724S(4) suggested that dacomitinib may have an effect on
afatinib-refractory lesions.

In the present case, the reverse transcription PCR (RT-PCR) base test for EGFR mutation had been
performed by analyzing surgical tissue at the initial diagnosis and at the time of resistance to 2nd line
afatinib. An EGFR T790M mutation was detected in plasma after 5th line CBDCA plus PEM treatment, but
the T790M mutation was not detected in Foundation One® liquid in the 13th treatment. The G724S
mutation is not covered by RT-PCR base EGFR testing, and the actual time of the occurrence of the
mutation is not known. However, 1st line ge�tinib has been effective for as long as 7 years, and if the
G724S mutation exists since the initial diagnosis, the patient may show early resistance to ge�tinib.
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TP53 mutation is considered to be a poor factor for the e�cacy of EGFR-TKI and prognosis in EGFR-
mutated lung cancer patients(6). In Foundation One® liquid analysis of this case, the variant allele
frequency (VAF) of TP53 R213* mutation was 0.47%, which was lower than that of EGFR mutations. The
long-term response to EGFR-TKI suggests that the TP53 mutation may have occurred late in the clinical
course. The additional TP53 mutation may accelerate the spread of the tumor, possibly leading to
carcinomatous meningitis.

Conclusion
In the present case, the inference of EGFR structure based on NGS analysis may have led to the selection
of the optimal EGFR-TKI. During long-term treatment, the mutation pro�le changed under treatment
pressure. Especially in the use of EGFR-TKIs, it may be important to understand the compound mutations
of EGFR and select EGFR-TKIs based on the structure prediction.
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Figures

Figure 1

(A) Overall clinical course of the present patient. The upper line shows the course of chemotherapy. Ad
Chemo; adjuvant chemotherapy, CBDCA; carboplatin, PEM; pemetrexed, DTX; docetaxel, RAM;
ramucirumab (B) Clinical course for the last two years. Br. Meta; brain metastasis, OSS. Meta; bone
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metastasis, SRT; stereotactic radiation therapy, PTX; paclitaxel, Bev; bevacizumab (C) Each treatment line
and regimen, initial dose and progression free survival (PFS) for each treatment

Figure 2

The graph was made based on Source Data Figure 2 in Ref. 3. Log (mutant/wild type (WT)) ratios
indicated mutations after drug treatment. NS; not signi�cant

Figure 3

Enhanced brain MRI images before and after dacomitinib treatment. White arrow heads indicate
meningeal thickening associated with cancer metastasis


