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      Abstract


      Introduction


      The management of recurrence in patients with high-grade glioma remains controversial. The lack of clear molecular targets to guide systemic therapy for patients has resulted in the use of various systemic agents with modest efficacy but with significant side effects. Tamoxifen has been used in our centre with some success and excellent tolerability.


      Methodology


      We retrospectively collected clinical data of patients aged 18-65 years with recurrent high-grade glioma from 2003-2016. A total of 167 patients were identified and their demographic, clinicopathologic and follow-up data were retrieved. All patients received tamoxifen as part of their chemotherapeutic regimen. Univariate data analysis was utilized in the study.


      Results


      All patients included in the study underwent initial surgery, radiotherapy and experienced disease recurrence. They were typically heavily pretreated with approximately 60% of the patients receiving at least three chemotherapeutic agents before starting tamoxifen. We observed that patients on tamoxifen had a median overall survival of 24.9 weeks (range: 1.6 to 346.1 weeks). Almost all patients (80%) of patients progressed on tamoxifen. We observed no statistical difference in median overall survival and time to progression between glioblastoma and non-glioblastoma patients treated with tamoxifen. Importantly, tamoxifen was not associated with significant toxicity.


      Conclusion


      This study demonstrates survival data on par with historical data of other chemotherapeutic agents for those with progressive disease and even longer median overall survival in those who are able to achieve stable disease or partial response. Single-agent, oral tamoxifen is an appealing target for the heavily pre-treated patient population of recurrent high-grade glioma and further studies should be explored.


      Introduction


      High-grade gliomas include both glioblastoma multiforme (GBM) and grade 3 (anaplastic) astrocytoma and oligodendroglioma. The management of recurrence in patients with high-grade glioma remains controversial. Currently, three approaches to management include repeat surgery, re-irradiation, and systemic therapy used either alone or in combination [1]. Depending on local expertise and preference, re-irradiation and repeat surgery are used variably in the management of recurrence but in almost all cases, some sort of systemic therapy is attempted. Regardless of the treatment modality employed, survival for these patients is often dismal and varies between 6 to 15 months [2,3].


      Despite advances in molecular diagnostic approaches incorporating predictive markers such as O6-methylguanine-DNA methyltransferase (MGMT) promoter methylation and 1p/19q co-deletion to guide first-line therapy of high-grade glioma, we lack clear molecular targets to guide systemic therapy used in recurrence. As a result, a standard of care for recurrent or progressive disease has not been established, leading to the use of a variety of non-targeted systemic agents. Commonly used agents in recurrence include temozolomide rechallenge and lomustine (CCNU) [4,5]; however, other agents including etoposide, bevacizumab, irinotecan, cis-retinoic acid and other nitrosoureas, either as a single agent or in combination have also been explored [6-9]. Data from a retrospective review and a meta-analysis evaluating various systemic agents for recurrent high-grade glioma show median overall survival (mOS) rates which vary between 28 and 44 weeks [10,11].


      In addition to improving survival, a key factor guiding the choice of systemic agent for recurrent high-grade glioma is the minimization of side effects. One drug that has been used with some success and excellent tolerability has been tamoxifen. Tamoxifen is an oral non-steroidal anti-estrogen compound whose effectiveness in treating hormone receptor positive breast cancer is well established. In general, tamoxifen has only few and relatively mild acute side effects such as hot flashes, gastrointestinal disturbances, vaginal discharge, and menstrual irregularities in premenopausal women. More serious adverse effects such as blood clots and secondary hematologic malignancy are rare [12]. Tamoxifen's anti-neoplastic effect in high-grade gliomass have been shown to be pleiotropic, acting at sites and in pathways distinct from the estrogen receptor, including the inhibition of the protein kinase C and inhibition of the glutamine transporters in several in vitro studies [13-15].


      Two single arm phase II trials assessed the benefit of single agent tamoxifen in high-grade glioma patients [15,16]. In one study, 20 patients with GBM and 12 patients with anaplastic astrocytoma experienced recurrence after treatment with radiation therapy and were given daily high-dose oral tamoxifen at a dose of 200 mg/day for males and 160 mg/day for females. The mOS for the GBM patients was 31 weeks from the time of recurrence while mOS for the anaplastic astrocytoma patients was 69 weeks [15]. A second study using single agent oral tamoxifen evaluated 24 patients with recurrentce of anaplastic astrocytoma after surgery and radiation therapy. A dose of 80 mg/m2 of tamoxifen was given orally either once daily or twice daily as salvage therapy and mOS was 52 weeks from the time of recurrence [16]. In both studies, toxicity due to tamoxifen was minimal.


      Based on these reports, tamoxifen has been used for late stage recurrence in patients with high-grade glioma in our centre. In this retrospective study, we report the impact of tamoxifen on progression and survival.


      Methodology


      We retrospectively collected clinical data of patients treated at Cross Cancer Institute in Edmonton, Alberta, Canada which is tertiary treatment center for all patients diagnosed with glioma in northern Alberta (population 2.5 million). Patients aged 18 years and older with recurrent high-grade glioma after first-line treatment from January 2003 to December 2016 were included. One hundred sixty seven patients were identified and their demographic, clinicopathologic and follow-up data were retrieved. Two patients with insufficient data and inadequate follow-up were excluded. This study was approved by the local institutional ethics board.


      All patients received tamoxifen as part of their chemotherapeutic regimen at a dose of 100 mg twice daily. Response to treatment was defined using the response assessment in neuro-oncology (RANO) criteria. Progressive disease was defined as > 25% increase in the radiographic size of the lesion while partial response was defined as > 50% decrease in the radiographic size of the lesion. Stable diseases were those that cannot be classified as either progressive disease or partial response. Time to progression (TTP) was defined as the time from the first tamoxifen administration to the progression of the disease. The median overall survival (mOS) was defined as the time from first tamoxifen administration to the time of death. The results were tabulated using STATA 13. Univariate analysis using t-test for unequal variance was utilized to determine the significant difference between histologic groups.


      Results


      A total of 167 patients (96 males) aged 35 to 63 years (median age of 48.9 years) with high-grade glioma including transformed low-grade glioma (n = 52), recurrent anaplastic glioma (n = 34) and recurrent glioblastoma multiforme (n = 81) were treated with tamoxifen. All patients underwent initial surgery and radiotherapy. Ninety patients received adjuvant chemotherapy with temozolomide following radiation ± temozolomide. Repeat surgical resection was performed in 51 of the patients. The median follow-up time is 118 weeks (Table 1).


      Overall, patients were heavily pretreated with approximately 60% of the patients receiving at least three chemotherapeutic agents before starting tamoxifen. Specifically, patients with transformed low-grade glioma and anaplastic glioma received a median of three agents while GBM patients received two agents prior to initiating tamoxifen. In all cases, patients required an Eastern Cooperative Oncology Group (ECOG) score of 0-2 as per institutional policy to receive systemic therapy.


      We observed that approximately 80% of patients in this heavily pretreated patient population progressed on tamoxifen. A total of 88 patients had repeat surgical resection and 65 (73.82%) of these patients progressed. Utilizing a univariate data analysis, a significant difference in the TTP was seen among those with progressive disease compared to those with at least a stable disease (Table 2).


      We also observed that patients on tamoxifen had an overall mOS of 24.9 weeks (range: 1.6 to 346.1 weeks). For those patients who progressed shortly after starting tamoxifen, mOS was similar for GBM (20.5 weeks) and non-GBM (22.7 weeks) patients. However, for patients experiencing stable disease on tamoxifen, the mOS for both GBM (43.3 weeks) and non-GBM (83.2 weeks) patients were improved. For those patients with partial response on tamoxifen, GBM patients were observed having a mOS of 169.4 weeks versus 328.1 weeks for non-GBM patients although numbers were quite small (Table 3).


      We were only able to determine MGMT promoter methylation status in 30 patients (23 methylated; 7 unmethylated) as many of these patients were treated before MGMT assessment became standard. Patients who were unmethylated were found to have shorter TTP (4.6-9.7 weeks) and mOS (12.3-47.3 weeks) irrespective of pathology. We observed 15 patients with IDH mutation out of a total of 23 patients who were tested. Patients with either IDH1/IDH2 mutation were found to have a relatively longer median TTP of 21.8 weeks and mOS of 175.4 weeks. However, the number of patients with MGMT and IDH status were too small to understand its impact on the response to treatment.


      Toxicity was evaluated and with the exception of infrequent venous thromboembolism, patients universally tolerated tamoxifien with no side effects that could not also be attributed to disease progression.


      Discussion


      The management of recurrent high grade glioma remains controversial with no standardized approach validated by large clinical trials. The focus for treatment in these patients is maximization of survival while minimizing toxicity. Current data suggests that median survival after recurrence using a variety of treatment options including re-operation, re-irradiation and systemic therapy varies between 28 to 44 weeks [10].


      We retrospectively reviewed 167 heavily pretreated recurrent high-grade glioma patients who were treated with oral tamoxifen as salvage therapy. In this study, we observed that 80% of GBM and non-GBM patients treated with tamoxifen experienced progression. However, in those patients who had stable disease or partial response, mOS in excess of 40 weeks was observed for GBM and more than 80 weeks for non-GBM patients. On average, these patients were heavily pretreated as tamoxifen was given as salvage therapy after the third or even fourth recurrence. Unfortunately, we were not able to identify any specific clinical characteristics that predicted which patients were more likely to experience stable disease or response.


      Overall, our data compares well to the published data. To date, oral tamoxifen used as a single agent has been shown to have mOS greater than 50 weeks for anaplastic astrocytoma and 30 weeks for GBM [15,16]. Importantly, no significant toxicities were reported. The key difference between our results and those reported in the literature are that tamoxifen was used in first recurrence on average in these studies whereas patients had multiple treatments before initiating tamoxifen in our study.


      The benefit of oral tamoxifen for recurrence is less clear when used in combination with other agents. Three studies combined oral tamoxifen with either temozolomide, procarbazine or carboplatin [17-19]. The mOS was seen to vary between 52 to 67 weeks for recurrent anaplastic glioma and between 23 to 27 weeks for recurrent GBM. No significant toxicities were reported. However, data from three other studies using tamoxifen in combination with concurrent continuous temozolomide, subcutaneous interferon alpha or bortezomib were limited by toxicity and discontinued [20-22]. Two of these discontinued studies employed dosing of up to 100 mg twice daily in combination with continuous temozolomide or and up to 240 mg daily with subcutaneous interferon alpha. The main toxicities were transaminitis, pancytopenia, herpes zoster, deep vein thrombosis and fatigue, intolerable dizziness and unsteady gait. The third study evaluating tamoxifen in combination with nf-kB acting agent borzetomib in 42 patients (12 anaplastic glioma and 30 GBM) had a mOS of 15-25 weeks but was stopped due to both futility and toxicity [22]. On balance, studies using single-agent tamoxifen or tamoxifen combination therapy for recurrence demonstrated mOS on par or better than those seen historically with general systemic therapy; however, less toxicity was observed using single-agent tamoxifen making it preferable to combination therapy.


      This study represents the largest single study assessment using tamoxifen for recurrence in high-grade glioma patients. However, this study is limited by its retrospective nature. In addition, we lack molecular marker data on all patients because this data was not readily available from patients enrolled prior to its use in standard care. Finally, given that this is a chart review, we lack toxicity data graded by Common Terminology Criteria for Adverse Events (CTCAE criteria). To address these weaknesses, we advocate for randomized studies comparing single agent tamoxifen to standard therapies.


      Overall, our review helps to describe real world data on oral tamoxifen's use as a single-agent, systemic therapy for recurrence of high grade glioma. Although this is just a retrospective study and we cannot make any actual conclusions on improved survival, this study demonstrates seemingly long survival data for those who are able to achieve stable disease or partial response. Our data suggest that single-agent oral tamoxifen is an appealing target for future randomized trial in the heavily pre-treated patient population of recurrent high grade glioma. We are currently developing such a study at our centre and will be recruiting patients in the foreseeable future.
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