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ARTICLE INFO ABSTRACT

Keywords: Background: Epidermal growth factor receptor (EGFR) mutations have been identified as prom-
Non-small cell lung cancer (NCSLC) ising therapeutic targets for non-small cell lung cancer. Osimertinib, a third-generation EGFR-
EGFR mutation tyrosine kinase inhibitor-targeting drug, has good anti-tumor ability and excellent intracranial
Osimertinib . - . . s s
Bevacizimab effects. However, management of osimertinib resistance is a clinical challenge. The clinical

benefit of osimertinib combined with the antiangiogenic drug, bevacizumab, remains to be
determined.

Case presentation: A 40-year-old female with right lung adenocarcinoma (cT2aN3Mlc, IVb) was
confirmed positive for EGFR exon 19 deletion mutation (c.2235_2249del, 1.3%). After receiving 5
months of osimertinib (80 mg, qd) therapy, the patient’s disease progressed and she subsequently
accepted treatment with osimertinib (80 mg, qd) plus bevacizumab (15 mg/kg, q21d) and ach-
ieved notable clinical remission for 23 months until renal impairment occurred, after which
bevacizumab was discontinued. The patient had 6 months of remission before progression, after
which bevacizumab was added again. To date, the disease has been under control. The brain
lesion showed partial response again, and the side effects of bevacizumab were tolerable. The
overall survival time exceeded 4 years.

Conclusion: This case report describes a treatment strategy for osimertinib-resistant patients with
EGFR exon 19 deletion mutations. Metronomic treatment with osimertinib plus bevacizumab was
achieved for more than 4 years.

1. Introduction

Lung cancer is the most frequent cause of cancer-related death worldwide [1]. Epidermal growth factor receptor (EGFR) mutations
occur in 10~20% of patients with non-small cell lung cancer (NSCLC) in Caucasians and approximately 40% of the Asian population
[2,3]. EGFR-tyrosine kinase inhibitor (TKI) sensitizing mutations are most frequently seen in exon 19 (deletions) or in exon 21
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Fig. 1. Time course depicting treatment process and radiological evaluation from 2018 to 2022. The PFS1 of osimertinib was 5 months. And the
PFS2 of osimertinib plus bevacizumab was 27 months, during which bevacizumab was discontinued for 11 months while the disease was in
remission. The patient is at present still on treatment and is receiving osimertinib plus bevacizumab. PR, partial response; PD, progressive disease;
ET, computed tomography; MRI, magnetic resonance imaging.

(Leu858Arg), and the subsequent development of targeted therapy with small-molecule EGFR-TKIs has dramatically revolutionized
the treatment landscape of these tumors. Several large phase III trials have demonstrated the superior efficacy of first-, second-, and
third-generation TKIs compared to standard platinum-based chemotherapy in advanced NSCLC with EGFR mutations [4].

Osimertinib, a representative EGFR-TKI, has been shown to have better clinical benefits than first-generation EGFR-TKIs (gefitinib
or erlotinib) in first-line monotherapy [5]. In light of its promising clinical trial results, osimertinib was approved as a first-line
treatment for advanced EGFR-mutated NSCLC, regardless of T790 M mutation status [5]. However, almost all medicated patients
develop drug resistance. The common mechanisms of drug resistance are acquired EGFR mutations and mesenchymal epithelial
transition amplification, but more than half of the mechanisms are still unknown [6]. For targets with clear resistance mechanisms,
there is still a lack of drugs with clear efficacy.

Moreover, nearly 30-50% of patients with NSCLC have brain metastases and poor prognosis. The prognosis has been reported to be
approximately 2 months with the best supportive care, and only 3-6 months with conventional surgery, stereotactic radiation therapy,
or whole brain radiation therapy [7]. However, there is no clinically effective and optimal treatment for patients with NSCLC with
central nervous system (CNS) metastasis, which greatly reduces the survival benefit of these patients. The National Comprehensive
Cancer Network (NCCN) guidelines recommend that osimertinib should be considered for patients with EGFR mutations who have
progressive CNS or leptomeningeal disease; however, the treatment of patients with brain metastases after osimertinib resistance
remains a challenge. Multiple clinical trials have shown that the combination of the antiangiogenic agent, bevacizumab, and a
first-generation TKI as first-line treatment for advanced NSCLC can prolong PFS compared with TKI monotherapy [8]. However, the
efficacy of bevacizumab combined with osimertinib is controversial according to recently published phase I or II clinical studies, and
lacking data from phase III clinical trials [9,10].

Here, we report a case to provide unequivocal clinical evidence for osimertinib and bevacizumab effectiveness in lung adeno-
carcinoma patient. It isa case of lung adenocarcinoma with CNS metastases harboring EGFR exon 19 deletion that responded to
metronomic therapy with osimertinib and bevacizumab for more than 4 years. Interestingly, this metronomic therapy modality ap-
pears to confer significant survival benefits to patients.

2. Case presentation

A 40-year-old female patient presented to Henan Cancer Hospital on March 7, 2018, complaining of an irritating dry cough for 3
months, blurred vision, and chest tightness for 1 week. She had visited another hospital 10 days prior and found multiple intracranial
metastases on brain magnetic resonance imaging (MRI) (the largest brain lesion was 27x 16 mm).

A pathological diagnosis by electronic bronchoscopy revealed adenocarcinoma in the lower lobe of the right lung. Immunohis-
tochemical results showed that the tumor cells were CD56 (—) , P40 (—) , CK7(+) , Ki-67 (+5%) , Napsin-A (+) , P63 (—) , and TTF-
1 (+). The patient underwent emission computed tomography (CT) examination with whole-body bone scintigraphy on March 8, 2018
and showed no obvious abnormal radiation distribution. Chest CT revealed a mass with multiple inflammatory changes in the lower
lobe of the right lung (34 x 31 mm) and multiple small nodules in both the lungs. Multiple lymph nodes were observed in the right
hilum, mediastinum, and right supraclavicular area, some of which were swollen. The lung puncture pathology was diagnosed as
adenocarcinoma (cT2aN3Mlc, IVb).

With informed consent, the patient underwent eight lung cancer-related gene tests on March 20, 2018 and the results showed a non-
frameshift deletion mutation in EGFR exon 19 (c.2235_2249del). The patient received osimertinib (80 mg qd) as first-line therapy on
March 16, 2018 with no obvious adverse reactions. The lung lesions were reduced (23 x 12 mm) and the brain lesions were first
reduced (8 x 6 mm) and then enlarged (16 x 11 mm). The overall efficacy was considered to be progressive disease (PD), according to
RECIST1.1. The progression-free time was 5.0 months.

Considering local progression and osimertinib resistance, the patient refused further chemotherapy and radiotherapy. Secondary
biopsy specimens were not readily available. In view of the better brain control efficacy of bevacizumab in the early stages, bev-
acizumab was added after full consultation with the patient [11]. Therefore, the patient was treated with second-line osimertinib (80
mg, qd) plus bevacizumab (15 mg/kg, q21d). Until July 27, 2020, the patient underwent routine urine examination and the results
showed urinary protein +~++ and that 24-h urinary protein was less than 2 g, which was considered to be due to a possible renal
injury from bevacizumab [12]. The lung lesions shrank (16 x 8 mm) and all brain lesions disappeared. The overall efficacy was
evaluated as partial response (PR) and the time without disease progression was 23.4 months.

Bevacizumab was discontinued and the patient was treated with osimertinib alone because she was concerned about worsening
toxicity with bevacizumab. It was not until 6 months later (January 19, 2021) that PD occurred. Lung lesions enlarged (20 x 9 mm)
and multiple new brain lesions occurred (the largest lesion was 22 x 10 mm). The overall curative effect was PD and the progression-
free time was 5.7 months. After PD occurred, the peripheral blood samples were used for genetic testing. EGFR was wild-type, and no
clear drug resistance gene was found; therefore, osimertinib treatment continued.

The repeated 24-h urinary protein level was less than 2 g, which met the safety requirements of continuing bevacizumab [12]. In
view of the previously reported good efficacy, bevacizumab was re-added to the treatment after full consultation with the patient. The
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lung lesions measured 17 x 9 mm and the brain lesions shrunk (the largest lesion was 8 x 5 mm). The overall curative effect was PR
and the progression-free time was 16.2 months. There was no further severe nephrotoxicity (urinary protein +~-++, 24-h urinary
protein less than 2 g) while continuing bevacizumab. Disease-free remission occurred for more than 4 years after metronomic therapy,
which has benefited the patient to date. The treatment process and radiological evaluation are summarized in Fig. 1.

3. Discussion

We described a patient with lung adenocarcinoma with CNS metastases harboring an EGFR exon 19 deletion mutation that ach-
ieved the longest survival to date with osimertinib and bevacizumab therapy.

The FLAURA study reported that patients with EGFR-sensitive mutations could benefit from osimertinib with 18.9 months of PFS
[13]. However, this patient progressed to PD after only 5 months of osimertinib therapy. As the NCCN guidelines suggest that
radiotherapy and continued use of osimertinib can be considered after first-line treatment with osimertinib for advanced NSCLC, the
patient received second-line osimertinib combined with bevacizumab therapy. In a retrospective study, a rechallenge with osimertinib
combined with bevacizumab after the first-line progression of osimertinib resulted in a median PFS of 7.0 months [14]. The efficacy
evaluation for the combined therapy in our patient was PR and the PFS was 23.4 months. After considering the possible renal injury
from bevacizumab, osimertinib monotherapy was reinitiated and achieved a remission of 5.7 months after symptomatic progression in
lung and brain lesions. The combination of osimertinib and bevacizumab was then reintroduced and achieved a PFS of 16.2 months.
The patient achieved an overall survival of more than 4 years with osimertinib and bevacizumab combination therapy.

To our knowledge, this is the longest surviving case to date of osimertinib plus bevacizumab for lung adenocarcinoma with CNS
metastases carrying EGFR 19 exon deletion, with an overall survival time of more than 4 years so far. In clinical practice, the efficacy of
bevacizumab combined with osimertinib is controversial in previous reports. However, in this study, the lung adenocarcinoma patient
achieved long term survival through osimertinib and bevacizumab combination therapy, which may provide clinical evidence for
osimertinib and bevacizumab effectiveness in lung adenocarcinoma patient. If similar cases are encountered in the future, our
treatment strategy may have implications for these patients and their treating clinicians.

Management of osimertinib resistance is a clinical challenge, especially in patients with brain metastases [14]. Several prospective
randomized trials have demonstrated the effect of a dual EGFR/vascular endothelial growth factor (VEGF) pathway to prolong PFS in
advanced EGFR-mutated NSCLC [8,15]. In the phase I JO25567 study, the PFS of erlotinib plus bevacizumab versus erlotinib alone as
first-line therapy in advanced EGFR-mutated NSCLC was 16.4 months versus 9.8 months [16]. Similar results were found in the large
phase III NEJ026 study of erlotinib plus bevacizumab versus erlotinib as first-line therapy in advanced EGFR-mutated NSCLC where
they obtained a PFS of 16.9 months versus 13.3 months [17]. In the phase III Artemis-CTONG1509 study, bevacizumab plus erlotinib
not only prolonged PFS in the overall population, but also significantly benefited PFS in the brain metastasis subgroup, compared with
erlotinib [8].

The aforementioned studies focused on the efficacy of antiangiogenic drugs combined with first-generation EGFR-TKIs; however,
bevacizumab combined with osimertinib was quite different from what we expected. In a phase I/1I single-arm trial of 49 patients,
osimertinib plus bevacizumab as first-line therapy for EGFR-mutated advanced NSCLC resulted in a median PFS of 19 months [18].
Results from the WJOG9717L study showed there was no statistically significant difference in PFS between osimertinib plus bev-
acizumab and osimertinib alone in second-line treatment (PFS 22.1 months vs. 20.2 months) [10]. Another study from Japanese
scholars on EGFR-TKI-resistant patients with secondary T790 M mutation showed that the total effective rate was higher in the osi-
mertinib combined with bevacizumab group (71.8% vs. 55.0%), but that the PFS and time to treatment failure were shorter than in
those with osimertinib monotherapy [9].

These studies on the clinical benefits of the combination of osimertinib and bevacizumab are still controversial. In the present case,
the additional bevacizumab seemed to reverse the resistance of osimertinib monotherapy. With the application of the combination of
osimertinib and bevacizumab, the overall survival of our patient has been more than 4 years. We speculated that sequential osimertinib
combined with bevacizumab after osimertinib resistance is more effective than direct combination therapy, and that patients with
brain metastasis are the dominant beneficiaries of this sequential therapy, the mechanism of which requires further research.

In 2000, Kerbel et al. proposed a new concept of metronomic chemotherapy (MCT) based on numerous studies [19]. In multiple
subsequent clinical trials, MCT alone or in combination with other treatments has shown certain advantages, especially in terms of
lower toxicity and higher tolerability. At the same time, this metronomic treatment also showed higher efficacy. In a phase II trial of
MCT plus bevacizumab for stage IV NSCLC, the median PFS was 9 months and median OS was 30 months, and the authors hypoth-
esized that the addition of bevacizumab to MCT may result in enhanced antiangiogenic effects and clinical benefits [20]. Here, we
propose a new modality similar to metronomic chemotherapy, namely, metronomic therapy with osimertinib plus bevacizumab. We
speculate this rhythmic administration of bevacizumab resulted in a surprising clinical benefit, while reducing adverse effects.

The mechanism of osimertinib in combination with bevacizumab is still under investigation. VEGF and EGFR share many over-
lapping and parallel downstream pathways [21]. The inhibition of both signaling pathways can improve the efficacy of anti-tumor
therapy and eliminate resistance to EGFR inhibition [22,23]. Bevacizumab enhances the anti-tumor effect of osimertinib by
reducing the expression of VEGF and microvessel density in tumors, thereby improving the tumor microenvironment. Osimertinib and
bevacizumab cross the blood-brain barrier and have comparable effectiveness in the CNS [24]. A study has shown that this combi-
nation therapy may be more effective and more protective against CNS progression [18].

In conclusion, we report the longest survival to date with osimertinib combined with bevacizumab using metronomic-like therapy.
The patient achieved long term survival through osimertinib and bevacizumab combination therapy and this metronomic therapy may
prolong the benefit of osimertinib, but large cohort clinical studies are needed to confirm this.
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4. Conclusion

This case report describes a treatment strategy for osimertinib-resistant patients with EGFR exon 19 deletion mutations. Metro-
nomic treatment with osimertinib plus bevacizumab was achieved for more than 4 years.
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