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ARTICLE INFO ABSTRACT

Keywords: The availability of targeted therapies for molecular aberrations have substantially improved the
Epidermal growth factor receptor (EGFR) outcomes of advanced non-small-cell lung cancer (NSCLC) patients harboring sensitive muta-
Non-small cell lung cancer (NSCLC) tions. However, patients harboring uncommon epidermal growth factor receptor (EGFR) muta-
Afatinib

tions such as G719X and L861Q often resulted in a lack of response to the first and third genera-
tion of EGFR TKIs. In this study, we reported a 64-year-old female patient, who initially presented
with symptoms of pneumonia and showed positive response to anti-infection treatment, eventu-
ally diagnosed with stage IV lung adenocarcinoma (LUAD) harboring a rare EGFR G719X and
L861Q compound mutations. The patient received 40 mg/day of afatinib and experienced no se-
vere adverse events. As a result, partial response (PR) was observed based on CT scan and a pro-
gression free survival of 24 month was achieved. Her follow-up is still ongoing. The results of the
present case support the effectiveness and safety of afatinib in LUAD patients carrying EGFR
G719X and L861Q compound mutations.
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1. Background

Adenocarcinoma, the most common histologic type of non-small cell lung cancer (NSCLC), shows high rates of somatic mutation
and genomic rearrangement. Currently, the most established driver mutation in NSCLC is epidermal growth factor receptor (EGFR).
Molecular therapies such as tyrosine kinase inhibitors (TKIs) targeting EGFR have changed the standard of care, with superior out-
comes in patients with sensitive EGFR mutations compared with standard chemotherapy [1].

However, EGFR mutations are not created equal. Exon 19 deletion and exon 21 L858R point mutation are the two most common
EGFR mutations, account for 60 % and 35 % of total mutations, respectively [2]. LUAD patients with rare or compound mutations
(such as G719X in exon 18 and L861Q in exon 21) often had inferior response and shorter survival than those harboring exon 19 dele-
tion or L858R mutation when treated with the first generation of EGFR TKIs [3,4]. Currently, third generation TKI osimertinib was de-
veloped as a mutant-sensitive therapy, showing superior efficacy in patients with common EGFR mutations over the first generation
EGFR TKI. Nonetheless, the overall response rate (ORR) for osimertinib was only about 50.0 % for uncommon mutations, and the me-
dian progression-free survival (PFS) was only 8.2 months [5].
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In this study, we reported a patient with compound EGFR exon 18 G719X and exon 21 L861Q mutations was successfully treated
with afatinib for 24 months.

2. Case presentation

A 64-year-old Chinese woman was referred to our hospital with cough and chest tightness in April 2021. She had a history of dia-
betes and hypertension. She was a non-smoker with no family history of malignances. Her performance status was zero. Upon admis-
sion, she had a body temperature of 36.3 °C, heart rate of 66 bpm, respiratory rate of 20 bpm, blood pressure of 130/70 mmHg. Physi-
cal examination of the chest revealed percussion dullness and diminished breath sounds at the left middle and lower lung fields.
Hematological blood tests revealed a neutrophil count of 6620 cells/mm3 (83.6 % neutrophils and 86.5 % lymphocytes), a hemoglo-
bin level of 130 g/dL, and a normal platelet count of 203,000/mm3. The C-reactive protein (CRP) was 7.41 mg/L. Notably, the level
of tumor marker carcinoembryonic antigen (CEA) was elevated to 18.1 ng/ml (Table 1). Chest computer tomography (CT) scan re-
vealed a massive amount of left pleural effusion and collapse consolidation of the adjacent left lung tissue. Importantly, multiple sub-
pleural nodules were also found in the left lower lobe (Fig. 1A and B).

We performed thoracic puncture and drainage on April 16, and 2400 mL light red pleural fluid was drawn out. Cytological exami-
nation detected no tumor cells in the pleural effusion. To clarify the nature of the pulmonary lesion, fiberoptic bronchoscopy was per-
formed on April 23, no malignant components were found in postoperative pathology, while the subsequent sputum culture and path-
ogenic microorganism next-generation sequencing (NGS) revealed Klebsiella pneumonia infection. According to the results of the an-
timicrobial susceptibility test, the patient received ceftazidime (2g three times a day) on April 25. One week later, the count and pro-
portion of neutrophil and CRP level all fell to normal levels, and the symptoms of cough and chest tightness were significantly re-
lieved.

Table 1
Patient characteristics.
Sex Female
Age 64
Smoking history no
Medical history Hypertension, diabetes, Non-STEMI
Vital signs T:36.3 °C P:66 bpm R:20 bpm BP:130/70 mmHg
Laboratory examination CRP:7.41mg/L BNP:26.3pg/mL CEA:18.1ng/mL
biochemistry analysis(hydrothorax) TP:45.3g/L LDH:141U/L ADA:4.6U/L

Fig. 1A. CT images taken on 15 April 2021 revealed a massive amount of left pleural effusion and collapse consolidation of the adjacent left lung tissue.

Fig. 1B. Contrast-enhanced CT images taken on 21 April 2021 showed a patchy high-density shadow in the left lower lobe and multiple pleural nodules.
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However, elevated CEA level might indicated the possibility of neoplasms. PET-CT scan was performed and the result showed that
there was a 1.9%1.5cm nodule in the lower left lobe of the patient, with an SUV value of 9.34 (Fig. 2). CT-guided percutaneous lung
biopsy was performed, and the lesion were pathologically confirmed as lung adenocarcinoma with TTF1(+), P40 (-) and PD-L1
(22C3) (TPS <1 %) (Fig. 3). Genetic tests showed that EGFR 18 exon (G719X) and 21 exon (L861Q) mutations. Magnetic resonance
imaging (MRI) shown no evidence of cerebral metastases. Thus, the patient was diagnosed with lung adenocarcinoma, stage IVa
(cT2N3M1a).

The patient began to be treated with afatinib 40mg daily in May 2021 (Fig. 4). She was followed up at outpatient visits every two
months and achieved a PR until May 2023, the latest return visit. Afatinib treatment is ongoing. The major treatment-related side ef-
fects observed were grade 1 skin adverse events. As shown in Fig. 5, the flowchart illustrates the process of patient's treatment.

3. Discussion and conclusions

3.1. Prevalence of uncommon mutation

G719X is the most commonly reported uncommon mutation, comprising 0.9-4.8 % of all EGFR mutations across eight studies.
Ex20ins has a similar prevalence range to G719X, reported in 0.8-4.2 % of all EGFR mutations across ten studies. L861X and S768I
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Fig. 4. Chest CT scan for the patient during treatment with Afatinib showed continuous shrinkage of leision.
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Fig. 5. A summary of the patient's treatment history.
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each constitute 0.5-3.5 % and 0.5-2.5 % of all EGFR mutations, respectively [6]. For cases with compound mutations, EGFR G719X
was more frequently identified as a compound mutation than L861Q (73.2 %, 52/71 for G719X; 29.8 %, 14/47 for L861Q). More-
over, among patients with compound L861Q mutation, 78.6 % (11/14) had concurrent exon 18 mutations (G719X: n = 9, S720F:
n = 2) [7]. A systematic literature review of 25 studies showed that for patients receiving first-line EGFR-TKIs, those with common
mutations had a PFS ranging from 8.3 months to 19.1 months/not reached, while those with uncommon mutations (excluding
Ex19del, L858R, and T790M) had a PFS ranging from 2.1 months to 19.7 months/not reached. A shorter PFS of 1.2 months was re-
ported in a subgroup with exon 20 mutations. In later/mixed lines, PFS ranged from 3.0 to 18.0 months for common mutations and
1.0-9.0 months for uncommon mutations, but this trend appeared to be dependent on the specific type of uncommon mutation [6].

3.2. Mechanism of compound mutations

Some studies have explored the mechanism of compound mutations. Kancha et al. transferred Wt (wild type), G719S, L861Q and
L858R mutant genes into Ba/F3 cells, and used ELISA to detect the degree of EGFR protein self-phosphorylation and downstream sig-
nal molecule phosphorylation. It was found that the cells with L861Q mutation had the highest degree of phosphorylation, followed
by L858R and G719S [8]. Hence, we can deduce that G719X frequently occurs as a compound mutation because a single mutation
may be insufficient to initiate tumorigenesis. Compound mutations can enhance kinase phosphorylation activity and activate down-
stream signaling pathways, thereby regulating cell division, inhibiting apoptosis, stimulating angiogenesis, and promoting tumorige-
nesis and tumor formation. Kohsaka et, performed gDNA or cDNA-based amplicon sequencing or Droplet Digital PCR and observed
that all compound mutations were present in cis alleles in all cases analyzed. Consequently, the transforming potential of compound
mutations may be stronger than that of minor mutations alone [9].

In the study of Sato et, focused on the functional properties of L861Q mutation in exon 21 and detailed mechanisms of its response
to EGFR TKIs, they found that EGFR is strongly co-immunoprecipitated with ERBB2 in cells expressing L861Q by co-
immunoprecipitation analysis. Meanwhile, they observed the suppression of ERK and AKT phosphorylation in cells carrying L861Q
when ERBB2 has been knocked down. The result suggests that ERBB2 plays an important role in cells with EGFR L861Q mutation.
However, compared to osimertinib, afatinib is more potently inhibited phosphorylation of AKT and ERK in cells expressing L861Q by
examining their effect on phosphorylation of EGFR, ERBB2, and other downstream signaling proteins [7,10].

3.3. Efficiency of first-generation EGFR TKIs against uncommon mutations

Several real-world studies have assessed the activity of first-generation EGFR TKIs against major uncommon mutations. In a retro-
spective multicenter study conducted in the Republic of China, erlotinib/gefitinib treatment outcomes were analyzed for patients
with G719X (n = 78), L861Q (n = 57), or S768I (n = 7) mutations. The results showed moderate activity, with response rates of
37 %, 40 %, and 33 % for G719X, L861Q, and S768I mutations, respectively. The median PFS for all patients was 6.5 months [11].
For another instance, a retrospective single-center analysis compared outcomes between erlotinib/gefitinib (n = 14) and afatinib
(n = 10) in patients with G719X/L861Q/S768I [12]. Despite the limited patient numbers, the results showed that patients treated
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with afatinib had a longer PFS (18.3 mo; p = 0.12) than those treated with erlotinib/gefitinib (2.6 mo), while the response rates were
57 % and 70 %, respectively. Among cases with compound mutations, in a group of 46 patients with complex mutations were treated
with gefitinib (n = 25), erlotinib (n = 10), or afatinib (n = 11), the median PFS was 12.3 months and median OS was 31.0 months
[13].

3.4. Efficiency of second-generation EGFR TKIs against uncommon mutations

The combined post-hoc analysis of the Lux-Lung 2, Lux-Lung 3 and Lux-Lung 6 studies included 18 G719X patients and 16 L861Q
patients with PFS of 13.8 and 8.2 months, respectively, after treatment with afatinib [14]. Yang et al. investigated the activity of afa-
tinib in 272 EGFR TKI-naive patients, of those, median time to treatment failure (TTF) was 14.7, 10.0, and 15.6 months in patients
with G719X, L861Q, and S768I mutations. Additionally, patients with compound mutations had the longest TTF (median 14.7
months), especially when one of the mutations involved a major uncommon mutation (median 16.6 months; uncommon mutations
included G719X, L861Q, and S768I mutations) [15].

Second-generation EGFR TKIs demonstrate a wider range of activity across compound mutations compared to first or third-
generation TKIs, according to preclinical observations [16]. In a comprehensive analysis of compound EGFR mutations, erlotinib and
gefitinib were found to be effective against 37 of the 69 sensitivities tested. Afatinib is recommended for complex mutations involving
E709X, S768I, or G719X, while osimertinib is recommended for complex mutations involving T790M in a resistance setting. The ma-
jority of the compound mutations (62 out of 69) were highly sensitive to afatinib, with the exception of those involving T790M, while
45 were highly sensitive to osimertinib [9].

However, afatinib appears to have higher rates of certain adverse events (AEs), such as diarrhea and rash/acne, compared to first-
or third-generation TKIs [17]. In the LUX-Lung 7 trial, 57 % of patients experienced treatment-related AEs, with 13 % and 9 % experi-
encing grade greater than or equal to 3 diarrhea and rash/acne, respectively [18]. Nevertheless, dose reductions and supportive care
can effectively manage AEs in patients treated with afatinib [17].

3.5. Efficiency of third-generation EGFR TKIs against uncommon mutations

A phase II trial involving 35 patients with uncommon mutations demonstrated that osimertinib achieved an ORR of 50.0 %, with
the highest ORRs observed in patients with L861Q (77.8 %) and G719X (52.6 %) mutations, while patients with S768I mutation had
an ORR of 37.5 %. The median duration of response (DoR) was 9.8 months, and the median PFS was 8.2 months (95 % CI: 5.9-10.5
months). These findings suggest that osimertinib may be a treatment option with limited activity against afatinib [19,20]. The UNI-
CORN case series investigated the efficacy of osimertinib as a first-line EGFR-TKI in 60 patients with uncommon mutations, including
T790M. The highest RR was observed in patients with L861Q (80 %), followed by G719X (47 %) and T790M (44 %). The median PFS
for the study cohort was 9.5 months (95 % CI: 8.5-17.4 months), 16 and 8.8 months for L861Q and G719X [21]. Considering the po-
tential activity in the central nervous system (CNS) is crucial, especially since a recent study, although small, revealed that uncom-
mon mutations of the EGFR gene are relatively frequent (54 %) in CNS metastases of patients who have NSCLC with EGFR mutations
[22]. Although osimertinib and afatinib have demonstrated clinical efficacy against brain metastases in patients with EGFR mutation-
positive NSCLC and can lower the risk of CNS progression, there is insufficient data on their effectiveness against brain metastases
carrying rare mutations [23-25].

In general, afatinib has demonstrated efficacy in treating NSCLC patients with rare mutations according to certain reports [26,27],
however, the population of patients with such mutations appears to be heterogeneous and the underlying mechanisms of these muta-
tions have yet to be fully understood. To confirm its effectiveness, large-scale multi-center studies are required. In addition, the re-
sponsiveness of compound mutations to EGFR TKIs is heavily impacted by the accompanying mutation. If both mutations are sensi-
tive to a specific EGFR TKI, the effectiveness is typically similar to that against a single uncommon mutation. However, if there is a
combination of a sensitive and resistant mutation, it diminishes the efficacy [28]. Therefore, when dealing with compound mutations,
the choice of treatment should be informed by the sensitivity or resistance of the individual mutations, especially the accompanying
mutation.

In conclusion, we have noted a significant positive response to afatinib in an advanced NSCLC patient with rare mutations affect-
ing EGFR exon 18 G719X and exon 21 L861Q. Our results indicate that afatinib could be a viable treatment alternative for such pa-
tients.
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Abbreviations

NSCLC non-small-cell lung cancer
EGFR epidermal growth factor receptor
LUAD  lung adenocarcinoma

PR partial response

TKIs kinase inhibitors

ORR overall response rate

PFS progression-free survival
CRP C-reactive protein

CEA carcinoembryonic antigen
CT computer tomography

NGS next-generation sequencing
MRI Magnetic resonance imaging
TTF time to treatment failure
AEs adverse events

CNS central nervous system
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