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Glioblastoma (GB) is a primary brain tumor that is lethal and challenging to treat. The 3-year overall survival (OS) of patients with this diagnosis has stayed the same since 2005. The patient is a 75-year-old woman who presented with progressive aphasia and was diagnosed with GB (WHO grade 4, IDH1/IDH2 wild type, ATRX intact, p53 and PTEN mutant, BRAF non-mutated, O6-methylguanine-DNA methyltransferase promoter methylated) and who underwent surgical resection, hypofractionated radiotherapy (HFRT) using intensity-modulated radiotherapy (IMRT) (4,005 cGy in 15 fractions) alone, and adjuvant temozolomide (TMZ). She was progression-free for approximately 20 months. Although planned, concurrent TMZ was not used during the complete first course of HFRT due to the patient’s performance status. After recurrence, another HFRT (35 Gy in 10 fractions) was employed. She was progression-free on imaging for 8 months until a recent follow-up scan showed potential progression versus radiation-related change. At the time of this case report, her care is still ongoing. This represents a rare case of a long-term survivor of GB who has received two courses of HFRT, a treatment option that is usually used in those with predicted shorter survival times.
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Introduction

Glioblastoma (GB) is a primary brain tumor arising from supporting glial cells within the central nervous system and affects about three per 100,000 people per year, with a 3-year survival rate of about 10% (1, 2). For patients over the age of 65 years old, survival at 3 years is even lower, about 5% (1). There is no standard definition of a long-term survivor of GB, but Briceno et al. suggests that a duration of 3 years from diagnosis may be one way to identify this exceptional population (3).

The mainstay treatment for GB is surgery with adjuvant radiotherapy (RT) of 60 Gy in 30 fractions and concurrent temozolomide (TMZ) that produces an overall median survival of 14.6 months (2). Unfortunately, although they have been shown to extend life through the highest level of clinical evidence, each modality is associated with potential side effects. The side effects of surgical resection include bleeding, cognitive impairment and/or functional impairment, seizures, and infection (4). Chemotherapy, with standard of care of TMZ, may result in hematological changes such as lymphopenia, thrombocytopenia, and/or neutropenia (2). The common acute side effects of RT are fatigue, nausea, hair loss, and cerebral edema (5, 6). Serious long-term side effects of RT include cognitive decline and radionecrosis (5, 6). Overall, these treatments are reasonably well tolerated, with only 16% of patients experiencing grade 3 or 4 hematologic side effects from chemoradiotherapy (2). There were only two deaths from cerebral hemorrhage out of 284 patients who received the Stupp protocol, likely attributable to RT with TMZ (2).

Ultimately, the low survival rate in patients with a diagnosis of GB reflects the lack of a cure as GBs inevitably recur; therefore, factors such as duration of treatment must be balanced with quality of life (QOL). Positive prognostic factors of survival in patients with GB have been reported. The most impactful of these include a favorable location of the tumor, high extent of resection, better performance status, younger age, and O6-methylguanine-DNA methyltransferase (MGMT) promoter methylation. It is worth noting that MGMT promoter methylation is important even in older individuals only (7, 8). These factors play a role in decision making with patients afflicted by GB. A randomized phase 3 trial showed that patients greater than 65 years old with MGMT promoter methylation had a longer event-free survival when treated with TMZ (9).

With very few patients experiencing long-term local control after initial therapy, additional lines of anti-cancer treatment may be considered at the time of GB recurrence, which is usually within the prior RT field (10). At the time of pathological or imaging a suspected recurrent GB, the patients are re-evaluated for the appropriateness of additional therapy, and treatment is tailored to the individual patient based on goals, safety, perceived benefit, and performance status. Additional factors may also include how the patient responded to the initial therapy in terms of both the tolerance to treatment and time to recurrence. The National Comprehensive Cancer Network (NCCN) guidelines for central nervous system (CNS) tumors list acceptable second-line options for patients. These include pursuing a clinical trial, re-resection, additional systemic therapy, reirradiation with or without chemotherapy, and palliative/best supportive care among others (11). Even with this additional therapy, the median overall survival (OS) of patients with GB is less than 1 year (12). A second course of RT can be considered, especially in cases where there has been a long interval since the first course of RT was completed, the recurrence is reasonably sized, their performance status is good, a second course would be anticipated to be relatively safe, and the patient tolerated the first course well (13, 14).

As mentioned, RT has an important role in the treatment of newly diagnosed GB and potentially in the recurrent setting as well. With improving technology over the years, RT delivery has become more conformal and precise, allowing the field of radiation oncology to test shorter RT courses called hypofractionated RT (HFRT), usually defined as >2 Gy per fraction in fewer fractions compared to conventionally fractionated treatment. These courses are considered to be non-inferior for those 70 years and older or with a low performance status with a diagnosis of GB (15–17). These studies were the bases of the American Society for Radiation Oncology (ASTRO) guidelines that recommended HFRT for GB in patients greater than or equal to 70 years of age with fair-to-good performance status of greater than or equal to Karnofsky performance status (KPS) of 50 or in any patient with a poor KPS (18). The NCCN guidelines stratify treatment recommendations based on older or younger than 70 years and then by KPS (11). HFRT is not recommended in ages younger or equal to 70 years old with KPS greater than or equal to 60, but for all other categories, it is an option (11). The use of HFRT in younger patients with newly diagnosed GB is actively still under investigation. This includes the SAGA study, a randomized phase II trial comparing conventional and hypofractionated courses of RT in patients 18 and older (NCT05781321). In current practice, HFRT is usually offered to patients with older age and/or lower performance status.

Parallel to studies asking about HFRT for newly diagnosed GB, others have studied the risks and benefits of reirradiation for GB using hypofractionated approaches. This increasing body of evidence supports the idea that reirradiation of the brain in glioblastoma may be safe (13, 14, 19). It is important to note, however, that most reirradiation studies include patients who received initial treatment with 60 Gy in 30 fractions with concurrent TMZ, while some studies omitted the details associated with this initial RT regimen (13).

To date, there is no standard treatment for patients that have recurrent GB. To our knowledge, this is the first case report to discuss the outcome of a patient who received HFRT for both first and second courses of RT. We believe that it is important to discuss a long-term survivor’s case to point out that factors beyond age and performance status could have important implications for select patients. Through this case report, we share a long-term survivor’s treatment timeline, ongoing at 42 months since diagnosis, who had two courses of HFRT as part of the management for GB (Figure 1).




Figure 1 | Timeline of the patient’s care from presentation (day 0), imaging (day 2), treatments (days 6, 98, and 126), recurrence (day 951), reirradiation (day 987), and question of recurrence or treatment-related changes (day 1,235).







Clinical case

A 75-year-old, right-handed woman presented to the emergency department with progressive aphasia and a KPS of 90. She had no significant past medical history. She had a family history of treated skin carcinoma. Magnetic resonance imaging (MRI) of the brain T1 post-contrast revealed a 3.3 × 2.8 × 2.8-cm enhancing mass in the left frontal-parietal region and a second extra-axial contrast-enhancing lesion in the right occipital lobe with imaging features consistent with a meningioma (Figures 2A1–3). She underwent surgery on day 6 following her presentation where a total gross dissection was achieved. The pathology report confirmed WHO grade 4 glioblastoma, IDH1/IDH2 wild type, ATRX intact, p53 and PTEN mutant, BRAF non-mutated, and MGMT promoter methylated.




Figure 2 | Imaging from presentation with T1 sequence on (A1-A3) demonstrating a hyperintense ring-enhancing lesion in the left frontal-parietal region. Postoperative imaging, day 7 after diagnosis, with T1 sequence on (B1-B3) demonstrating postoperative changes. RT plan 1 (RT1) utilizing a noncontrast computed tomography (CT) with dose color outline. First course of RT (C1-C3) (red is 40.05 Gy, purple is 43.25 Gy, pink 41.65 Gy, light green 38.05 Gy, yellow is 36.05 Gy, blue is 32.04 Gy, orange is 25.00 Gy, light blue is 20.00 Gy, dark green is 15.00 Gy, and light pink is 10.00 Gy). Column 1 is a coronal section through the body of caudate and anterior cerebellum, column 2 is a sagittal section through the left superficial temporal and parietal lobe, and column 3 is an axial section through superior cerebrum and lateral ventricles.



At 34 days after presentation, the neuro-oncologist saw the patient and recommended adjuvant chemoradiation with TMZ to tentatively start around day 60 following her presentation. However, her postoperative recovery was complicated by a deep vein thrombosis and pneumonia requiring hospitalization on day 37 where her performance status declined to a KPS of 60 and needed high-level respiratory support. She was treated at a tertiary center closer to her home and transferred on day 67 to our medical center. She went on to receive a course of HFRT of 4,005 cGy in 15 fractions (Figures 2C1–3) utilizing intensity-modulated radiotherapy (IMRT) without concurrent TMZ due to her tenuous clinical status. Her RT continued from day 75 to day 98. The patient’s performance status improved, and she was able to be transferred to a transitional care unit. Overall, she tolerated the treatment well, experiencing grade 1 fatigue from RT. On day 98, she had a seizure that required her to restart levetiracetam and start a 2-week course of dexamethasone. During and after her treatment, she was active in rehabilitation for deconditioning and aphasia. The patient expressed how her journey through recovery was very challenging but found joy in being able to read her books and interact with her family and friends as her condition improved.

A post-treatment MRI of the brain on day 125 was read by the diagnostic radiologist to have an interval increase in size of an enhancing parenchymal nodule just superior to the left parietal lobe resection cavity that was concerning for disease progression. The image findings at 4 weeks post-RT were discussed at a multidisciplinary tumor board and were felt to likely be treatment-related as her tumor was methylated (Figure 3A1). She started TMZ on day 126 at 150 mg/m2 that was reduced to 100 mg/m2 due to thrombocytopenia. TMZ was completed at about 6 months later, on day 312.




Figure 3 | Imaging with T1 sequencing 1-month post-RT1, (A1) (axial through intraparietal sulcus), and 28 months post-radiation course 1, (A2) (axial through superior lateral ventricles). Reirradiation utilizing a noncontrast computed tomography (CT) with dose color outline and brain contoured as lavender, (B1–B3) (red is 35.00 Gy, purple is 38.50 Gy, pink 36.75 Gy, light green 33.25 Gy, yellow is 31.50 Gy, blue is 28.00 Gy, orange is 22.75 Gy, light blue is 17.50 Gy, dark green is 10.50 Gy, and light pink is 5.25 Gy). Imaging with T1 sequencing 2 months post-reirradiation, (C1) (axial through superior lateral ventricles). Imaging with T1 sequencing 8 months post-RT2, (C2) (axial through intraparietal sulcus).



From the end of the patient’s RT, she was clinically improving and had stable 3-month interval imaging until an MRI on day 918 (27 months post-RT) showed a treatment-related change. At 1 month later, on day 951, MRI of the brain showed a marked progression in the parietal lobe within the previous radiation field (Figure 3A2). The multidisciplinary care team discussed all available options with the patient. Surgery was not recommended because of her age, a significant drop in performance status, and post-surgical complications after her first resection. Systemic therapy was not offered because of her poor performance status and the prior adverse hematologic effects from her first course of TMZ. RT was an option due to the size of recurrence, location of her disease, and favorable tolerance of the first course of RT. The patient was actively involved in shared decision-making and decided to proceed with a second course of RT. She desired to engage with a treatment but be able to interact with family and read her books for joy.

Reirradiation of 35 Gy in 10 fractions (Figures 3B1–3) was the selected fractionation for her second RT course. Unfortunately, she developed a seizure on day 960, before treatment, which led to a decrease in her KPS to 50. The patient was gradually improving, and she strongly wished to proceed with reirradiation, finishing on day 987. She tolerated this second course well, without acute toxicities, and maintained her post-seizure performance status of a KPS of 50.

The 2-month follow-up on day 1,025 with MRI of the brain (Figures 3C1–2) showed decreased multifocal nodular enhancement surrounding the margins of the left parietal resection cavity, persistent expansile T2 hyperintense signal surrounding the margins of the resection cavity, and expansile T2 hyperintense signal involving the left thalamus that appeared worsened compared to prior imaging. The follow-up imaging was stable until day 1,235 when there was a concern for local recurrent disease versus treatment-related changes from RT (Figure 3C2). At the time of this case report, the patient is living, but there is current concern for tumor recurrence on her most recent MRI, within the two prior RT fields.





Discussion

This is a long-term survivor of GB who has survived 3.5 years and who underwent two HFRT courses with adjuvant TMZ at the time of new diagnosis. It is a rare occurrence for someone of this patient’s age to have survived for such a long time with this diagnosis; it is even more striking that she did so with a RT technique that has largely been reserved for those who do not survive very long after their tumor is identified. HFRT for newly diagnosed GB is mainly used for individuals who are older and/or have poor performance status. Because elderly patients unfortunately usually have a lower fitness, their expected shorter life expectancy after diagnosis and performance status at the time of recurrence can impact the perceived benefit from aggressive second-line treatment options, including a second course of RT. Unfortunately, it is not as likely that these patients will survive or be of the fitness needed to be offered a second course of RT.

There are certain prognostic factors that portend a longer survival that influenced our patient. She had a total gross resection, she received RT with adjuvant TMZ, and her GB has a methylated MGMT promoter. She also has factors that are associated with a poor prognosis, such as her older age (>70 years) and lower performance status, which are the reasons why her RT course was selected as such (20, 21). An important factor for her survival was most likely the methylated MGMT promoter status of her tumor that silences the creation of a DNA repair enzyme specifically for alkylation, such as the effects of TMZ. RTOG 0525 reported a mean OS of 21.2 months versus 14.0 months without methylation when treated with TMZ (22). TMZ works as an alkylating chemotherapy agent that damages DNA and has a synergistic effect along with RT. This combination results in a longer OS and PFS to patients with a methylated MGMT promoter (23). As such, concurrent and adjuvant TMZ is more beneficial compared to adjuvant alone (24). Our patient only received adjuvant TMZ due to her lower performance status at the time of RT, and the TMZ course started a month after her course finished. TMZ may have still been of benefit to the patient.

Risk factors beyond age and performance status are clearly important to predicting survival in patients with GB. As such, Zemskova et al. created a scoring system from a univariate analysis for factors that are associated with OS (25). They found that patients with a single lesion, maximum diameter <40 mm, KPS >90, MGMT promoter methylation, gross tumor resection, and addition of TMZ were significant in association to a 12-month OS and created a point system that separated patients into three groups: 32–35 points, 36–44 points, and 45–48 points. These three groups’ 12-month OS rates were 0%, 56%, and 92%, respectively, and suggested an ultra-hypofractionation (25 Gy in five fractions) for the first group, HFRT for the second, and conventional for the third, stating that each group would benefit the most from each of the different RT courses (25). Additional studies are needed to define other prognosis determinants for patients with GB. GB presents a significant challenge, as both the tumor and its treatments impact QOL. With no cure, the primary goal is to balance prolonging life while maintaining QOL. If this is the goal, then it would be beneficial for patients to have a shorter course to have more time doing what they enjoy and have a reduced financial burden (26). Studies have shown noninferiority using different hypofractionation regimens for elderly patients >70 years (16). Roa et al. used RT alone without TMZ, reporting a median OS of 5.6 months using 40.05 Gy in 15 fractions (16). Perry et al. compared HFRT (40.05 Gy in 15 fractions) with and without concurrent TMZ in 65- to 90-year-old patients that reported an OS of 9.3 and 7.6 months, respectively (5). These studies show that HFRT with concurrent TMZ can be of benefit in this age group.

Treatment for recurrent GB is complex and challenging as the benefits of treatment at this stage are usually less than a year. For this patient’s age, KPS, tolerance, and time from initial RT, reirradiation was selected as a favorable approach. A meta-analysis by Kazmi et al. (27) showed a pooled 6- and 12-month OS of 73% and 36% for patients receiving reirradiation, respectively (26). Along with the meta-analysis, the RTOG1205 study lead to a consensus that 35 Gy in 10 fractions is safe and effective for improving survival compared to systemic therapy alone (14). A secondary analysis of the RTOG trial 0525 stated a modest effect on OS compared to no therapy, but there was no significant survival difference between radiation compared to systemic therapy with or without radiation (22). Overall, this case demonstrates that HFRT may be a reasonable option for the upfront treatment of GB, as it did not preclude the patient from receiving a second HFRT course. Multiple factors, including tumor biology and genetics, may have played a role in this patient’s case and are the focus of current research. Prospective trials are needed to definitively identify the benefit of reirradiation after first-course HFRT in patients with GB.
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TIMELINE

Day O -2

75 year old right handed female presents
to emergency department with
progressive aphasia. Magnetic resonance
imaging of brain shows an enhancing
mass in the left frontal-parietal region.

Day 6

Total gross resection attained. Pathology
report revealed glioblastoma, IDH1/IDH2
wild type, ATRX intact, p53 and PTEN
mutant, BRAF non-mutated, MGMT
promoter methylated.

Day 98

Completed radiotherapy consisting of
40.05 Gy in 15 fractions to the resection
bed and T2 flair in the left frontal-parietal
region.

Day 126

Started temozolomide 150 mg on and
was subsequently reduced to 100 mg
on day 154 due to thrombocytopenia
and completed on day 312

Day 951

MRI suggested locally recurrent disease.

Day 987

Completed reirradiation of the frontal-
parietal region with a course of 35 Gy in
10 fractions.

Day 1235

MRI with concern for local recurrence
versus treatment-related changes from
radiotherapy.
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