Tumour Treating Fields in Glioblastoma: Is the treatment tolerable, effective, and practical in UK Patients? 
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Abstract 

﻿

Background: Tumour Treating Fields (TTF) in combination with standard therapy, prolongs survival in patients with Glioblastoma (GBM). The aim of the current study was to assess the feasibility of integrating TTF into a standard UK neuro-oncology service with a focus on patient tolerability, compliance, and treatment delivery.
Methods: A prospective study was performed of UK patients with IDH 1 Wild Type, MGMT Unmethylated GBM treated with TTF, in conjunction with conventional therapy. Patient compliance data, device-specific tolerability questions, and an evaluation of disease progression and survival were collected. Monthly quality of life (QoL) questionnaires (EORTC QLQ-C30 with BN-20) examined the trend of global health, psychosocial function and symptom progression. 

Results: Nine patients were enrolled with a median age of 47 (7 males; 2 females). Overall, compliance with TTF was 89% (range 16% - 97%).  Only one patient failed to comply with treatment.  Patients tolerated the device with minimal side effects. Eight patients described mild to moderate skin irritation, whilst all patients were keen to recommend the device to other patients (100%). Most patients found the weight and size of the device to be its biggest drawback (72%). Progression-free survival was 5.5 months and median overall survival 14.9 months. 

Conclusions: TTF was well tolerated amongst a small cohort of UK patients, who were able to comply with treatment without any significant complication. QoL questionnaires showed no sustained deterioration in global health, physical and emotional function until the final months of life, when disease burden was greatest. 
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Introduction 
Glioblastoma (GBM) is a malignant brain tumour that represents 14.6% of all primary central nervous system tumours.1 In England, it has an incidence of 3.4 cases per 100,0002 and remains incurable, characterized by a high mortality rate, with more than 95% of patients dying within 3 years of diagnosis.3,4 Treatment is ineffective due in part to the widespread permeation of tumour cells along white matter tracts, distinct from the intracranial mass, leading to disease recurrence even after surgical resection and oncological management. Median survival with maximum treatment is 15-18 months;5,6 with a 5 year survival of 3.4%.2
The current standard of care comprises maximal safe resection, 60 Gray in 30 fractions of radiotherapy, given concurrently with a daily dose of the alkylating agent, Temozolomide (TMZ) over 6 weeks. This is followed by an additional 6 cycles of adjuvant TMZ. This so-called ‘Stupp Protocol’ increased survival in GBM patients by 2.5 months compared to surgery and radiotherapy alone.7 Modest as the benefit may be, the introduction of TMZ remains into standard of care is the only meaningful treatment change that improves survival for GBM patients. Despite extensive research into conventional therapies (as of March 2020, there were 441 ongoing trials - https://clinicaltrials.gov), there is yet to be another drug that has further increased the survival benefit of TMZ.8
More recently, Tumour Treating Fields (TTF) has proven effective in the treatment of GBM.9–15 TTF refers to the near constant exposure of ﻿low-intensity, alternating (100–300 kHz) electric fields to the brain and tumour. TTF is delivered via portable devices that generate electrical fields, delivered via four transducer arrays (each consisting of nine insulated electrodes) applied to the shaved scalp. Extrapolation from cell studies suggests that TTF has its therapeutic effect by affecting the alignment of dipole proteins involved in cellular partition. This disrupts the formation of mitotic spindles and contractile rings involved in mitoses of cancerous cells.11,12 There is evidence of synergism with chemotherapy16 (with tumour cells becoming more porous after TTF treatment) and radiotherapy,17 which means the treatment can be added to standard of care treatment with additional benefit. In a randomized controlled trial, Stupp et al. showed that TTF increases survival by 4.9 months compared to Stupp protocol alone.14,15  This improvement in survival is yet to be matched by any other new or novel treatments.
Despite its proven efficacy, there remains scepticism about this new treatment modality.10 Issues surrounding the novelty of a physical treatment and the lack of a concise understanding of its mechanism of action have hindered its adoption into standard practice. From a practical viewpoint, uncertainty remains about the burden on the patient, with treatment required for greater than 18 hours a day, with concerns that social and cultural barriers may affect compliance. The greatest hurdle for acceptability in UK practice is the cost of the device (€21,000 or £16,209 per month8).  The National Institute of Clinical Excellence (NICE) has stated that the treatment should not be offered to UK GBM patients because it currently does not meet the QALY threshold.18  The aim of the current study was to assess the feasibility of integrating TTF into a standard UK neuro-oncology service with a focus on patient tolerability, compliance, treatment delivery and survival benefit.
Methods

Patients and Treatment

Between July 2017 and July 2019, a prospective observational pilot study followed patients with newly diagnosed IDH-wildtype supratentorial GBM (with unmethylated MGMT) treated at one institution. The study size was limited by strict inclusion criteria, availability of sponsored TTF equipment and the reluctance of other sites to participate. The study, approved by the hospital’s audit and new procedures committee, focused on primary GBM patients with histologically poor prognostic markers without any promising treatment options. All patients underwent surgical resection first, followed by radiotherapy with concomitant temozolomide chemotherapy.7 Nearing the end of concomitant chemoradiotherapy, suitable patients were discussed at the neuro-oncology multi-disciplinary team (MDT) meeting and approached for inclusion in the TTF study. Informed consent was obtained for all patients prior to the commencement of TTF; importantly, patients were counselled that the study was a company sponsored project (Novocure, Jersey) to try the use of the device within the NHS setting. Each patient included in the study was matched to a control patient diagnosed during the study period, with a similar age (< 10 years difference), sex, diagnosis (MGMT Unmethylated/IDH Wildtype GBM), performance status (0-2) and treatment (excluding TTF). The inclusion and exclusion criteria are detailed below.
Inclusion Criteria:

· Age 18-80

· WHO/ECOG Performance Score 0-2

· Newly Diagnosed primary supratentorial GBM

· MGMT Unmethylated/IDH 1 Wild type

· No contraindications to Stupp protocol

· Patients able to use the device
Exclusion Criteria:

· Recurrent GBM

· WHO/ECOG Performance Score > 2

· Infratentorial disease

· Inability to use TTF device

· Lack of support at home

· Inability to tolerate Chemotherapy/Radiotherapy
· Unable to have MRI

TTF Device

The TTF device used was the second generation Optune system (NovoTTF-200-A System, CE mark 2015). The device including the battery and field generator weighs approximately 1.2 kg and its dimensions are 18 x 6 x 19 cm. After an initial clinic visit to consent the patient, participants were trained on the use of the device.  The device support specialists were responsible for educating both patients and caregivers and provided technical support as needed. Training included application of transducer arrays on the shaved scalp, battery exchange, charging, turning on the device and dealing with device alarms. The frequency of 200 kHz for GBM treatment was pre-set to avoid electrical output adjustments by the patient. The TTF devices, connection cables and transducer arrays were provided for the patients including emergency contact details. Patient compliance data (measured as use of the device for more than 18 h a day), stored on the device, was available to both clinicians and patients for compliance monitoring. A pre-treatment Magnetic Resonance Imaging (MRI) scan was performed within 3-4 weeks of completing concomitant chemoradiotherapy and prior to the commencement of TTF and adjuvant chemotherapy.

Follow-up

Patients entered into the study were reviewed as an outpatient on a monthly basis. At the monthly TTF clinical review, compliance data and Quality of life (QoL) questionnaires (EORTC QLQ-C30 with BN-20) were collected. MR imaging occurred every three months, . Reviews continued until end of life or discontinuation of TTF (see Figure 1). Discontinuation of TTF occurred based on:

· Patient’s choice

· Deterioration to WHO Performance status score 3 - 4

· Progression according to response assessment in neuro-oncology (RANO) criteria on imaging (on two consecutive MRIs) with no further oncological treatment options

· 24 months of treatment.

Tolerability Questionnaire 

Furthermore, a study specific tolerability questionnaire composed of questions on skin irritation and head shaving, other side effects, activities hindered by the device, and ways to improve the patient experience was reported. An example of the tolerability questionnaire is included in Appendix 1.
Data and Image Analysis

Patient data was collated using case notes and electronic patient records, detailing the patient timeline to include, patient demographic, signs and symptoms, pre-op imaging, surgery, chemoradiotherapy treatments, post-op imaging, and extent of resection (using iPlan Net Server – Brainlab, Munich). Disease progression was measured using standard definitions.7,15,19 In situations where pseudo-progression was suspected, additional imaging including perfusion images and spectrometry scans were used to clarify tumour progression. Patient survival was calculated as the time between surgery and date of death (or date last known alive). Survival within the TTF group was compared to a matched-control group of IDH wildtype/MGMT unmethylated patients. Statistical analysis was performed on GraphPad Prism 8.4.3.  A p value of ≤0.05 was considered to be statistically significant. 

Results

Treatment Compliance and Tolerability 

13 patients were eligible to participate of which nine patients were recruited in the study and four declined (two refused to travel to the hospital for the reviews, 1 had no support to help apply the device and 1 had very limited English language). Median age was 47 years (range 28-72), and there was seven male, and two female patients. Seven of the tumours were in non-eloquent regions and two involved visual pathways. Surgery was performed using image guidance systems (either Medtronic Stealth or BrainLab) in all cases, and two patients also underwent fluorescence-guided surgery with 5-aminolevulinic acid (5-ALA). Post-surgery, all patients included in the study had a performance status of 0 – 2 and were eligible for Stupp protocol as well as TTF. Survival was compared to a matched cohort of 9 patients. The control group consisted of IDH Wildtype, MGMT Unmethylated GBM patients diagnosed within the study period. The control group was matched for age, sex, surgery and oncological treatment. Table 2 summarizes the patient demographics (including the matched-control cohort) and treatment. 

Median duration of device use was 7 months (range 2-11). Two patients died shortly after commencing treatment, due to disease progression; limiting clinic visits and data acquisition; as such, consistent TTF usage/tolerability was only acquired for seven of the nine patients. In the seven surviving patients, the TTF device was used consistently, with most using the device for more than 18 hours a day. Median compliance was 89% (range 16% - 97%), however one patient did not comply with treatment, and had a mean compliance of 44% and stopped using the device after 5 months. Specifically, the patient reported disruption of his daily life (the patient got married during treatment) as a reason for poor compliance. 

Despite all efforts, only five of the seven evaluable patients completed at least one tolerability questionnaire. Where multiple questionnaires were completed, there was no change in the views of patients. The questionnaires revealed an overall positive impression of the TTF device with most patients tolerating the treatment with minimal side effects or problems. The most common side effect was skin irritation, described as mild to moderate (89% of completed forms), although irritation did not affect device usage (Figure 2). There were no reports of systemic side effects. Most patients stated that the device hindered activities such as showering, cooking, cleaning and sleep. There was also emphasis on the fact that the device was not water resistant, restricting activities that exposed the patient to water, including going out in the rain. Activities including family life, relationship with partner and sex life were rarely mentioned as being disrupted by the device. Persistently, the weight, size of the device (battery) and length of array cables, were cited as the worst things about the device (72%). A number of patients were dissatisfied with inconsistent alarms by the device, particularly at night when they disrupted sleep. Part of the frustration was being unable to identify the cause of the alarm. Despite this, 100% of patients stated they would recommend the device to someone else. 

Disease Progression and Survival
Progression-free survival was 5.5 months and overall median survival was 14.9 months (see Figure 3). Of the nine patients, one patient was still alive at the time of analysis. This patient continues to utilize the device with ongoing funding by Novocure. Compared to the matched-control cohort survival was increased by 3.3 months in the TTF group; this was not statistically significant (Log-rank test; P = 0.39). All patients able to attend follow up reviews completed QoL data.  QoL compliance was 100% at baseline, 77% at 3 months, 55% at 6 months and 33% at 9 months. Reduction in QoL completion was related to reduced clinic attendance as morbidity and mortality increased. QoL data showed some early deterioration in global health status, physical and emotional function in the first 2 months of TTF treatment, which then returned to baseline by 3 months. Social function did not deteriorate during TTF treatment until 6 months of TTF treatment. Symptom scales did not show any increase in severity during TTF treatment, in particular, scalp itchiness and headache scores remained low throughout the study period for most patients (Figure 4).
Delivery of Service

Patients were reviewed monthly by a specialist nurse practitioner was trained in the use of the device and completed all clinic reviews with the company device specialist. During clinic visits, as well as being able to download compliance data, ensure completion of tolerability and QoL questionnaires, issues surrounding treatment, such as review of imaging and informing patients of MDT outcomes, could be addressed in a routine fashion. Clinic appointments ranged between 15 – 25 mins, as some required more technical support. Following scan appointments or where clinical issues needed addressing, the treating clinician would join the clinic. 
Discussion 

This study is the first to pragmatically assess the delivery of TTF treatment to UK patients within the setting of the NHS. The study showed that introduction of TTF could easily be incorporated into the normal neuro-oncology service. Median compliance with treatment was above the 75% threshold associated with improved survival20 and patients tolerated the device with the main side effect reported being loco-regional skin reactions. All patients answered favourably when asked if they would recommend the device to others, despite citing the weight and size of the battery as areas that could improve the patient experience. 

Median survival in our group was 14.9 months (range 5.4 - 21.6 months). Our cohort of patients had highly unfavourable tumour characteristics but were a younger cohort (median age – 47 years) with good WHO performance scores.  They were all MGMT unmethylated, IDH 1 wild type, with high Ki67 indices (25-60%), and gross total resection was only possible in one patient. Despite this, the median survival in our group is better than the  outcome of MGMT unmethylated, IDH Wildtype GBM treated with STUPP protocol alone (13.4 - 14.7 months). 21,22 At the time of data analysis, one patient was still alive (24 months). 

TTF treatment does not appear to have a detrimental effect on QoL. The literature suggests that QoL in GBM patients correlates more closely with disease burden than any treatment, with QoL deteriorating as the tumour progresses.23,24 Specific to TTF, Taphoorn et al. did not find any negative influence on QoL in patients treated with TTF, except for increase in scalp irritation.25 Our study showed that whilst there was an initial reduction in global, physical and emotional function during TTF treatment that normalized after 3 months of treatment. This adjustment phase was previously reported by Onken et al. who found a temporary decline in QoL scores in the first month after initiation of TTF that rebounded as patients adjusted to the device.25 This adjustment phase did not affect overall compliance and the current study found compliance greatest in the first month of the study. 

Adherence to TTF is important with clear evidence that higher compliance rates translate to longer survival.26 Our study showed that most patients were able to maintain high compliance rates, with a median of 89%. Studies on TTF have found average compliance rates ranging between 83-90%.13,25–28 There is also evidence that compliance has improved with the second generation Optune system (as used in our study), which is lighter and smaller than the original model.29 Despite the enhanced modifications of the current device, patients in our cohort, as well as other patient groups still report the size and weight of the device as areas requiring improvement.25 Our study was able to only obtain consistent reports on tolerability from 5 patients. This may have introduced a selection bias and greater effort is required to ensure this data is captured. Such feedback is valuable to continue the drive towards innovation and device alterations to improve patient satisfaction. 

When considering the practicalities of TTF in a UK healthcare system, there were no logistical issues. The set-up of monthly visit by an oncology nurse specialist was easily incorporated into standard practice. All the necessary TTF assessments were possible during the monthly visit, as well as any additional health checks and monitoring, with little to no disruption of the normal neuro-oncology treatment process. Insights gained from the study means that if TTF were available to UK patients, 3 monthly reviews by a nurse specialist or clinician to assess compliance would offer a safe and pragmatic approach. Appointments can also be incorporated to coincide with MR scan results and general check-up, avoiding repetition and redundancy within the system.  Suitable training could allow all device checks to be performed in house, removing the need for regular company review, potentially reducing cost.
Despite trial evidence showing that TTF is well tolerated, effective, and practical, the main barrier to implementation in the UK is the high cost of treatment. In the UK, the National Health Service (NHS) provides free healthcare at the point of delivery. As such, all treatments available on the NHS are evaluated by NICE for cost effectiveness.  A French study suggested that the addition of TTF to standard of care therapy increased survival by 4.08 months at an additional cost of €185, 476 per patient. This equates to an incremental cost effectiveness ratio (ICER) of €596,411 (£515,788) per quality adjusted life year (QALY) gained.30 This is significantly higher than the cost threshold per QALY of £20-30,000 currently used by NICE for the approval of treatments.18 By way of comparison, the ICER for TMZ is between £27,000 - £36,000,31–33 only 6% of the cost compared to TTF. Before the UK can introduce TTF on the NHS, the treatment costs have to be substantially lower. Reduced electrode costs, improved outcomes, and / or the development of competing devices may drive down the cost of TTF in the future.34 Until then, regardless of UK patients being able to tolerate or comply with TTF, and however well prepared the services may be to implement treatment, the NHS cannot afford this new and novel therapy. 
Limitations
Our study was limited by a small sample size. This was intrinsic to the study, which was a feasibility study to assess how tolerable the device was and its introduction into the UK healthcare system.  
Conclusion

Despite its novel and effective treatment for patients with GBM, TTF remains a poorly integrated treatment in the UK. Cost effectiveness remains the biggest barrier to overcome, but once addressed, the current study highlights the feasibility of treatment and provides a model for application. Our cohort tolerated the treatment with minimal side effects and compliance with the treatment was high. All patients when asked, would recommend TTF.
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