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Abstract 

Glioblastoma is the most common primary, malignant adult brain tumor with a median overall 

survival of 12-15 months after diagnosis. The standard of care includes maximal safe resection, 

chemoradiation, adjuvant chemotherapy with the DNA alkylator, temozolomide and tumor-

treating fields. Given the recent advances in targeted molecular therapeutics and tissue 

sequencing, there is a growing opportunity for precision medicine in GBM treatment. In this 

case report, we present two patients who were found to have EGFR amplifications on molecular 

analysis and were treated with the EGFR inhibitor, osimertinib (Tagrisso), in combination with 

bevacizumab (Avastin) after tumor progression. One patient received osimertinib at first GBM 

progression, while the other patient received osimertinib after two other treatment regimens 

had failed. Both patients displayed radiographic stability several months after the expected 

median overall survival rate of 15 months post-diagnosis for GBM. This case report offers 

clinical vignettes in support of the use of EGFR inhibitors and bevacizumab in recurrent GBM 

with EGFR mutations.   
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Introduction 

Glioblastoma (GBM) is the most common malignant, primary brain tumor in adults [1-3]. The 

standard of care for GBM is the Stupp protocol which consists of maximum safe resection 

followed by chemoradiation with the DNA alkylator, Temozolomide (TMZ) [4,5]. Following 

chemoradiation, patients receive adjuvant TMZ with Tumor-Treating field device (TTFields), 

Optune [6]. Adjuvant TMZ is typically given on 23 days on and 5 days off monthly schedule for 6-12 cycles. TTFields deliver 

alternating electrical fields to GBMs and are thought to disrupt mitotic spindle formation and to increase chemotherapeutic 

penetration through cellular membrane electroporation [6,7]. Despite this extensive treatment regimen, the median overall 

survival remains only 12-15 months after diagnosis [8,9].  

 

GBM has been historically diagnosed through histopathology as a grade 4 astrocytoma marked by the presence of necrosis and/or 

vascular proliferation. Recent advances in tissue sequencing have expanded the diagnostic criteria for GBM to include genetic 

components per 2021 World Health Organization (WHO) guidelines [10]. For example, the presence of the Isocitrate 

Dehydrogenase 1 (IDH1) wild type gene has become an integral part of the official diagnosis of GBM. Other common mutations 

in GBM include EGFR amplification, MGMT promoter methylation, PTEN, FGFR3/TACC3 fusions, TP53 and PI3K [11-13]. The 
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focus of this case report is on the Epidermal Growth Factor Receptor (EGFR) mutation which occurs in 57% of GBM patients and 

is one of the most common genomic alterations in GBM [14]. Furthermore, GBM patients with EGFR mutations have significantly 

worse overall survival compared to EGFR Wild-Type (WT) patients [15].  

 

EGFR is also known as HER (human epidermal growth factor receptor) 1, ErbB1, HER2/neu, HER3 and HER4. It is a well-known 

target in other solid tumors including Non-Small Cell Lung Cancer (NSCLC) and breast cancer. The EGFR receptor contains an 

extracellular domain with two cysteine-rich regions, a trans-membrane region, a juxta membrane cytoplasmic region and an 

intracellular kinase domain with multiple tyrosine resides which are phosphorylated when the ligand binds to the extracellular 

domain [16,17]. There are several EGFR ligands with varying degrees of receptor activation based on their conformational fit in 

the receptor ligand-binding domain. High affinity ligands for EGFR include Transforming Growth Factor α (TGFα), EGF, 
betacellulin, low affinity ligands include Epiregulin (EREG), Epigen (EPGN) and Amphiregulin (AREG) [18,19]. The 

homodimerization and subsequent autophosphorylation of the C-terminal tail allows EGFR to recruit and activate several 

intracellular pathways including PI3K/Akt, RAS/MAPK and JAK2/STAT [19]. These downstream pathways promote tumor 

growth, survival, invasion and angiogenesis. 

 

Several EGFR mutations exist which serve to activate the receptor constitutively, thereby activating the pro-tumorigenic 

pathways described above. The specific EGFR mutation can vary from tumor subtype and even intratumorally. However, the 

three most common EGFR mutations in GBM include EGFRvI (N-terminal deletion), EGFRvII (exons 14-15 deletion) and 

EGFRvIII (exons 2-7 deletion) [14,20,21]. EGFRvIII is the most common EGFR mutation, resulting in a truncated extracellular 

domain which allows for receptor activation without ligand binding [22].   

 

Currently, there exist three generations of EGFR Tyrosine Kinase Inhibitors (TKIs), largely studied in NSCLC [16,23]. First 

generation inhibitors include erlotinib, gefitinib and icotinib which have been used as first-line agents for NSCLC. However, 

physicians soon found that tumors would develop resistance to the first-generation EGFR TKIs through a T790M mutation which 

instigated the search for second-generation agents such as afatinib, neratinib and dacomitinib. However, 2nd generation EGFR 

TKIs were found to most commonly induce all-grade fatigue, nausea and high-grade vascular disorders compared to other 

generations of TKIs [24,25]. This led to the third (and current) generation of EGFR TKIs including osimertinib, rociletinib and 

olmutinib. Several barriers limit the efficacy of the above therapeutics in the CNS: (1) the impermeability of the blood-brain 

barrier (BBB) and (2) cellular heterogeneity intratumorally. This case study details the use of osimertinib and the VEGF inhibitor, 

bevacizumab, in EGFR mutated progressive GBM. These vignettes provide support for further clinical trials researching EGFR 

TKIs in progressive GBM and demonstrate the advances in precision medicine for neuro-oncology. 

 

Methodology 

The patients or surrogates provided written consent. 

 

Case Report 

Case 1 

A 65-year-old right-handed man presented with 3-4 weeks of pressure behind his eyes, papilledema and vitreous hemorrhage. 

MRI revealed an enhancing right temporoparietal mass with associated hemorrhage and vasogenic edema. A gross total resection 

(Fig. 1) was accomplished. Pathology revealed glioblastoma with molecular studies showing IDH-1 WT, MGMT promoter 

unmethylated. Next generation sequencing showed an EGFRvIII mutation. The patient received 6.5 weeks of radiation with daily 

temozolomide 75 mg/m2, followed by 9 adjuvant cycles of TMZ of 200 mg/m2 One month later his tumor progressed (Fig. 1) and 

he underwent tumor resection with placement of cesium-131 (131Cs) brachytherapy (GammaTile™). With tumor recurrence and 

prior history of EGFRvIII positivity, the patient was approved for osimertinib 40mg daily in addition to tumor treating fields 

(Optune) starting February 2023. Osimertinib monitoring included neuro-ophthalmology follow-up, pulmonary function tests 

and monthly EKG for QT interval monitoring. He was then started on bevacizumab 10 mg/kg every 3 weeks on June 2023. 

Currently, the patient remains radiographically stable as of October 2023 and clinically stable as of December 2023 (27 months 

post-diagnosis) (Fig. 1).  
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Case 2 

A 73-year-old man with an unremarkable past medical history presented with progressive expressive aphasia in March 2020. An 

MRI of the brain showed an enhancing lesion in the left supramarginal gyrus associated with significant vasogenic edema. The 

patient underwent a left temporoparietal awake craniotomy for resection of the tumor in March 2020 (Fig. 2).  The patient 

completed the four-week course of radiation with concurrent temozolomide in June 2020. Surgical pathology revealed a GBM - 

IDH WT, MGMT promoter methylated. Next generation sequencing revealed an EGFR amplification and FGFR3-TACC3 fusion. 

The patient received one cycle of adjuvant TMZ. Repeat MRI July 2020 was concerning for progression as there was contrast 

enhancement, increased perfusion and choline peaks on magnetic resonance spectroscopy. A stereotactic biopsy was performed 

July 2020 during which a cloudy epidural collection was drained with growth of gram-positive bacilli.   

 

Patient enrolled on a clinical trial of pembrolizumab plus anti-survivin vaccine (NCT04013672). After three pembrolizumab 

infusions, the patient developed progressively worsening expressive aphasia and right hemiparesis. Repeat MRI October 2020 

showed progressive disease (Fig. 2) and the patient went off study.  Subsequently, the patient began concurrent tumor treating 

fields and bevacizumab. In March 2021 MRI showed progression (Fig. 2) and the patient began osimertinib. In September 2022 

the patient experienced progressive disease (Fig. 2) at which time osimertinib and bevacizumab were discontinued and he 

transitioned to hospice care. The patient remains in hospice care as of December 2023 (45 months post-diagnosis). 

 

 
Figure 1: Radiographic progression through treatment course of 65-year-old man with GBM. From left to right in every panel: 

T1 pre-contrast, T1 post-contrast, T2 FLAIR, T2 post-contrast. (a) Initial diagnostic MRI showing 4.5 x 3.8 cm peripherally 

enhancing mass centered within the right parietal lobe with associated hemorrhage, vasogenic edema and left shift; (b) Post-

resection MRI demonstrating the resection cavity and improved left shift; (c) MRI showing increasing nodular enhancement 

along the right parietal surgical resection cavity with mildly elevated perfusion concerning for tumor recurrence. (d) MRI after 

4 months of osimertinib and bevacizumab combination showing improvement of supendymal enhancement along right corpus 

callosum and stable CSF subdural fluid collection on T2. 
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Figure 2: Radiographic progression through treatment course of 73-year-old man with GBM. From left to right in every panel: 

T1 pre-contrast, T1 post-contrast, T2 FLAIR, T2 post-contrast. (a) Post-resection MRI showing left frontoparietal craniotomy 

with resection of areas of nodular enhancement in the left parietal lobe; (b) Follow-up MRI showing interval increase in size of 

the heterogeneous enhancement within the left frontoparietal region as well as the infiltrative T2/FLAIR prolongation, 

compatible with progressive tumor; (c) MRI showing progressive nonspecific enhancement associated with the left parietal 

lobe surgical defect without mass effect or new edema, concerning for evolving infiltrative tumor; (d) Interval MRI after 6 

months of osimertinib and bevacizumab showing increased enhancement and signal abnormalities in the left cerebral 

hemisphere, potentially tumor. 

 

Discussion  

Both cases illustrate the use of osimertinib in patients with EGFR-mutated progressive GBM with clinical success as measured 

radiographically and by overall survival. Osimertinib was chosen for these patients because it has the greatest Blood-Brain 

Barrier (BBB) permeability amongst the EGFR TKIs [16,27]. Osimertinib selectively targets EGFR mutations as well as the T790M-

resistance mutation by forming a covalent bond with the C797 residue on the ATP-binding site of the protein [28]. In preclinical 

trials, osimertinib has been shown to increase median overall survival and decrease GBM cell proliferation in vitro and in vivo 

for EGFRvIII-positive GBM [27,29,30]. This effect was present even when osimertinib was compared to first-generation EGFR 

TKIs. Osimertinib was used in combination with the VEGF inhibitor, bevacizumab, because it has been shown that GBMs 

containing the EGFRvIII mutation are prone to hypoxia-induced cell death [31,32]. Therefore, it is theorized that the use of 

bevacizumab can promote a hypoxic state to initiate GBM apoptosis. Cardona, et al., studied the efficacy of osimertinib and 

bevacizumab in fifteen patients who had recurrent GBM with EGFRvIII mutations [31]. This group found that the 

osimertinib/bevacizumab was marginally effective without statistical significance in EGFRvIII-mutated GBM. However, there 

was a subgroup which experienced a long-lasting, substantial improvement in progression free survival. This suggests that there 
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is a molecular subgroup which experiences the best results with this combination therapy and that further pre-clinical and clinical 

study is warranted. In fact, phase III clinical trials are ongoing for osimertinib/bevacizumab in the treatment of metastatic EGFR-

mutant lung cancers, including brain metastases [33].  

 

Case 1 uses osimertinib and bevacizumab at first recurrence whereas case 2 uses combination treatment at the second recurrence. 

Patient 2 is currently 45 months post-diagnosis whereas patient 1 is 27 months post-diagnosis. The causative effect of osimertinib 

is difficult to determine in patient 2 as they received other experimental treatments such as the anti-survivin 

vaccine/pembrolizumab clinical trial. Patient 1 only received osimertinib and bevacizumab as an adjunct therapy after the Stupp 

protocol with an overall survival greater than the typical median OS of GBM. Furthermore, case 2 presented with more 

complications of osimertinib than case 1, particularly thrombocytopenia which led to several dose adjustments. The most 

common reported adverse effects of osimertinib include diarrhea, rash, various cytopenia, QT prolongation and interstitial lung 

disease [34]. As such, the above patients were carefully monitored for the above adverse events with routine Pulmonary Function 

Tests (PFTs), monthly EKGs, CBCs and follow-up visits.  

 

Conclusion 

Given the radiographic and clinical success of the osimertinib/bevacizumab combination in these two patients harboring EGFR 

mutations in progressive GBM, we suggest further, larger clinical inquiry into the effect of this combination treatment regimen. 

Drawing definitive conclusions from this study is difficult given both patients received several concurrent treatments (TTFields, 

anti-survivin vaccine). One phase II clinical trial is evaluating fluorodeoxyglucose F-18 (18F-FDG) Position Emission 

Tomography (PET) in EGFR-amplified GBM treated with osimertinib. This study will provide valuable information on 

progression free survival as well as provide objective methods to determine tumor response to combination therapy. 

Furthermore, we suspect that there is a distinct molecular profile aside from the EGFR mutation that predisposes certain GBMs 

to be more susceptible to the above combination therapy. Preclinical and clinical data to determine these “susceptible” molecular 

profiles will further aid in making treatment even more precise. 

 

Conflict of Interest 

The authors have no conflict of interest to declare. 

 

Author Contributions 

RR drafted and edited the manuscript. RR, Sa S, YR, DP, MZ, LY and So S edited the manuscript. YR, DP, MZ, LY and So S 

managed the patients. 

 

Funding 

This work is supported by the Harold C Schott Endowment and the Pamela and Thomas Mischell Funds awarded to So S, RR is 

supported by the AOA Carolyn Kuckein Medical Student Research Scholarship. 

 

Acknowledgements 

We thank the patients for their participation in this case report. 

 

References 

1. Cloughesy TF, Cavenee WK, Mischel PS. Glioblastoma: from molecular pathology to targeted treatment. Annu Rev Pathol 

Mech Dis. 2014;9:1-25. 

2. Dunn GP, Rinne ML, Wykosky J, Genovese G, Quayle SN, Dunn IF, et al. Emerging insights into the molecular and cellular 

basis of glioblastoma. Genes Dev. 2012;26(8):756-84. 

3. Ohgaki H, Kleihues P. The definition of primary and secondary glioblastoma. Clin Cancer Res. 2013;19(4):764-72. 

4. Stupp R, Mason WP, Van Den Bent MJ, Weller M, Fisher B, Taphoorn MJ, et al. Radiotherapy plus concomitant and adjuvant 

temozolomide for glioblastoma. New Eng J Med. 2005;352(10):987-96. 

5. Stupp R, Hegi ME, Mason WP, Van Den Bent MJ, Taphoorn MJ, Janzer RC, et al. Effects of radiotherapy with concomitant 

and adjuvant temozolomide versus radiotherapy alone on survival in glioblastoma in a randomised phase III study: 5-year 

https://doi.org/10.46889/JNOR.2024.4101
https://athenaeumpub.com/journal-of-neuro-and-oncology-research/


6 

 

 

https://doi.org/10.46889/JNOR.2024.4101                                                                       https://athenaeumpub.com/journal-of-neuro-and-oncology-research/ 

 

analysis of the EORTC-NCIC trial. The Lancet Oncol. 2009;10(5):459-66. 

6. Fabian D, Guillermo PE, Alnahhas I, Sebastian N, Giglio P, Puduvalli V, et al. Treatment of glioblastoma (GBM) with the 

addition of tumor-treating fields (TTF): a review. Cancers. 2019;11(2):174. 

7. Chang E, Patel CB, Pohling C, Young C, Song J, Flores TA, et al. Tumor treating fields increases membrane permeability in 

glioblastoma cells. Cell Death Discovery. 2018;4(1):113. 

8. Delgado-López PD, Corrales-García EM. Survival in Glioblastoma: A Review on the Impact of Treatment Modalities. Clin 

Transl Oncol. 2016;18:1062-71. 

9. Weller M, Van Den Bent M, Preusser M, Le Rhun E, Tonn JC, Minniti G, et al. EANO guidelines on the diagnosis and 

treatment of diffuse gliomas of adulthood. Nature reviews Clin Oncol. 2021;18(3):170-86. 

10. Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, et al. The 2021 WHO classification of tumors of the 

central nervous system: a summary. Neuro-oncol. 2021;23(8):1231-51. 

11. Liu A, Hou C, Chen H, Zong X, Zong P. Genetics and epigenetics of glioblastoma: applications and overall incidence of IDH1 

mutation. Front Oncol. 2016;6:16. 

12. Di Stefano AL, Picca A, Saragoussi E, Bielle F, Ducray F, Villa C, et al. Clinical, molecular and radiomic profile of gliomas 

with FGFR3-TACC3 fusions. Neuro-Oncol. 2020;22(11):1614-24. 

13. Bielle F, Di Stefano AL, Meyronet D, Picca A, Villa C, Bernier M, et al. Diffuse gliomas with FGFR3‐TACC3 fusion have 
characteristic histopathological and molecular features. Brain Pathol. 2018;28(5):674-83. 

14. An Z, Aksoy O, Zheng T, Fan QW, Weiss WA. Epidermal growth factor receptor and EGFRvIII in glioblastoma: signaling 

pathways and targeted therapies. Oncogene. 2018;37(12):1561-75. 

15. Shinojima N, Tada K, Shiraishi S, Kamiryo T, Kochi M, Nakamura H, et al. Prognostic value of epidermal growth factor 

receptor in patients with glioblastoma multiforme. Cancer Res. 2003;63(20):6962-70. 

16. Pan PC, Magge RS. Mechanisms of EGFR Resistance in Glioblastoma. Int J Mol Sci. 2020;21:8471. 

17. Oda K, Matsuoka Y, Funahashi A, Kitano H. A comprehensive pathway map of epidermal growth factor receptor signaling. 

Mol Syst Biol. 2005;1:2005.0010. 

18. Freed DM, Bessman NJ, Kiyatkin A, Salazar-Cavazos E, Byrne PO, Moore JO, et al. EGFR ligands differentially stabilize 

receptor dimers to specify signaling kinetics. Cell. 2017;171(3):683-95. 

19. Oprita A, Baloi SC, Staicu GA, Alexandru O, Tache DE, Danoiu S, et al. Updated insights on EGFR signaling pathways in 

glioma. Int J Mol Sci. 2021;22(2):587.  

20. Brennan CW, Verhaak RG, McKenna A, Campos B, Noushmehr H, Salama SR, et al. The somatic genomic landscape of 

glioblastoma. Cell. 2013;155(2):462-77. 

21. Lassman AB, Aldape KD, Ansell PJ, Bain E, Curran WJ, Eoli M, et al. Epidermal Growth Factor Receptor (EGFR) 

amplification rates observed in screening patients for randomized trials in glioblastoma. J Neurooncol. 2019;144:205-10. 

22. Guo G, Gong K, Wohlfeld B, Hatanpaa KJ, Zhao D, Habib AA. Ligand-Independent EGFR Signaling. Cancer Res. 

2015;75:3436-41. 

23. Zhang, H. Three generations of epidermal growth factor receptor tyrosine kinase inhibitors developed to revolutionize the 

therapy of lung cancer. Drug Des Devel Ther. 2016;10:386772. 

24. Yin X, Zhao Z, Yin Y, Shen C, Chen X, Cai Z, et al. Adverse event profiles of epidermal growth factor receptor‐tyrosine kinase 
inhibitors in cancer patients: A systematic review and meta‐analysis. Clin Translational Sci. 2021;14(3):919-33. 

25. Yu HA, Riely GJ. Second generation epidermal growth factor receptor tyrosine kinase inhibitors in lung cancers. J Natl 

Compr Canc Netw. 2013;11:161-9. 

26. Peereboom, D. Phase II study of pembrolizumab plus SurVaxM for glioblastoma at first recurrence. 2022. 

27. Kwatra M, Nanni C, Roberts C, Kwatra S, Gilbert MR, Lesser GJ. EXTH-46. A precision medicine approach to target EGFRvIII 

in GBM: osimertinib (AZD9291) inhibits the growth of egfrviii-positive glioblastoma stem cells and increases survival of 

mice bearing intracranial EGFRvIII-positive GBM. Neuro-Oncol. 2017;19(6):vi82. 

28. Leonetti A, Sharma S, Minari R, Perego P, Giovannetti E, Tiseo M. Resistance mechanisms to osimertinib in EGFR-mutated 

non-small cell lung cancer. Br J Cancer. 2019;121(9):725-37.  

29. Liu X, Chen X, Shi L, Shan Q, Cao Q, Yue C, et al. The third-generation EGFR inhibitor AZD9291 overcomes primary 

resistance by continuously blocking ERK signaling in glioblastoma. J Exper Clin Cancer Res. 2019;38(1):1-4. 

30. Chagoya G, Kwatra SG, Nanni CW, Roberts CM, Phillips SM, Nullmeyergh S, et al. Efficacy of osimertinib against EGFRvIII+ 

https://doi.org/10.46889/JNOR.2024.4101
https://athenaeumpub.com/journal-of-neuro-and-oncology-research/


7 

 

 

https://doi.org/10.46889/JNOR.2024.4101                                                                       https://athenaeumpub.com/journal-of-neuro-and-oncology-research/ 

 

glioblastoma. Oncotarget. 2020;11(22):2074. 

31. Cardona AF, Jaramillo-Velásquez D, Ruiz-Patiño A, Polo C, Jiménez E, Hakim F, et al. Efficacy of osimertinib plus 

bevacizumab in glioblastoma patients with simultaneous EGFR amplification and EGFRvIII mutation. J Neuro-Oncol. 

2021;154:353-64. 

32. Luger AL, Lorenz NI, Urban H, Divé I, Engel AL, Strassheimer F, et al. Activation of epidermal growth factor receptor 

sensitizes glioblastoma cells to hypoxia-induced cell death. Cancers. 2020;12(8):2144. 

33. Helena AY, Schoenfeld AJ, Makhnin A, Kim R, Rizvi H, Tsui D, et al. Effect of osimertinib and bevacizumab on progression-

free survival for patients with metastatic EGFR-mutant lung cancers: a phase 1/2 single-group open-label trial. JAMA Oncol. 

2020;6(7):1048-54. 

34. Rydén A, Blackhall F, Kim HR, Pillai RN, Braam L, Martin ML, et al. Patient experience of symptoms and side effects when 

treated with osimertinib for advanced non-small-cell lung cancer: A qualitative interview substudy. The Patient-Patient-

Centered Outcomes Res. 2017;10:593-603. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                       

Publish your work in this journal 

Journal of Neuro and Oncology Research is an international, peer-reviewed, open access journal publishing original research, reports, editorials, reviews 
and commentaries. All aspects of neurology and oncology health maintenance, preventative measures and disease treatment interventions are addressed 
within the journal. Neurologist or oncologist and other researchers are invited to submit their work in the journal. The manuscript submission system is 
online and journal follows a fair peer-review practices. 

Submit your manuscript here: https://athenaeumpub.com/submit-manuscript/  

https://doi.org/10.46889/JNOR.2024.4101
https://athenaeumpub.com/journal-of-neuro-and-oncology-research/
https://athenaeumpub.com/journal-of-neuro-and-oncology-research/
https://athenaeumpub.com/journal-of-neuro-and-oncology-research/
https://athenaeumpub.com/submit-manuscript/

