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1. Introduction
This is the Food and Drug Administration’s (FDA’s) Executive Summary of premarket approval (PMA) application P100034 from NovoCure Ltd. for the NovoTTF-100A System for Recurrent Glioblastoma Multiforme (GBM). This summary contains a brief device description and a summary of the pilot and pivotal clinical studies conducted by the applicant. The applicant bases their request for approval of the electrical field (“tumor treatment fields”) generating and application system on the results of the pivotal study conducted at sites within the United States (US) and outside the US (OUS).

2. Device Description
The NovoTTF-100A System for the treatment of recurrent GBM is a portable battery or power-supply operated device which produces alternating electrical fields called tumor treatment fields (“TTFields”) within the human body.  TTFields are applied to the subject by electrically-insulated surface electrodes.  The TTFields have been shown in bench and animal studies to disrupt the rapid cell division exhibited by cancer cells.
Treatment parameters are pre-set by NovoCure such that there are no electrical output adjustments available to the subject.  The subject learns to change and recharge depleted device batteries and to connect to an external power supply overnight.  In addition, the electrodes need to be replaced once to twice per week and the scalp re-shaved in order to maintain optimal contact.  Subjects carry the device in an over-the-shoulder bag or backpack and receive continuous treatment.
2.1 
Technological Characteristics
The NovoTTF-100A System is comprised of two main components: (1) an Electric Field Generator; and (2) INE Insulated Electrodes.  In addition, the following components are also included in the NovoTTF-100A System:  power supply, portable battery, battery rack, battery charger, connection cable and carrying case. 

2.1.1
Electric Field Generator 
The NovoTTF-100A Electric Field Generator is a portable, battery or power supply operated device.  The outputs are connected to two pairs of insulated electrode sets operated sequentially.  The intensity of the field (0.7 V/cm RMS), the frequency of the waves (200 kHz), the output current (2000 mA P2P (707 mA RMS), and the temperature of the electrodes are pre-set.  
The device status and monitored parameters are continuously stored in an internal log memory and can be transferred by trained personnel to a personal computer (PC).  In addition, the device includes visual indicators for power ON, Treatment ON, alarms and low battery.

2.1.2
INE Insulated Electrodes 
Two sets of electrodes are connected to the device.  Each set includes a pair of arrays, with 9 serially interconnected single electrodes in each array, which operate together to generate one field direction.  The electrodes are ‘ready to use’ and are supplied packaged with a gel layer, padding, medical tape and overlapping liner.


2.1.3
Additional Components
Listed below are the additional accessories that are included with the Electric Field Generator and INE Electrodes to comprise the NovoTTF-100A System: 

· Power Supply
· Portable Battery, Battery Rack and Battery Charger
· Connection Cable
· Carrying Case
2.2
NovoTTF-100A Principles of Operation
The NovoTTF-100A produces alternating electrical fields within the human body that are inferred to disrupt the rapid cell division exhibited by cancer cells in vitro.  The alternating electrical fields are applied to the brain through electrodes placed on the scalp.

2.2.1
TTFields Effect on Tumor Cells
The applicant provides pre-clinical evidence that TTFields harness electric fields to arrest the proliferation of tumor cells and destroy them.  The TTField technology takes advantage of the special characteristics and geometrical shape of dividing cells, which make them susceptible to the effects of the alternating electric TTFields.  These special fields alter their polarity at an intermediate frequency (on the order of 100-300 kHz).  The frequency used for a particular treatment is specific to the size of the cell type being treated (e.g., 200kHz for GBM cells).

In contrast the TTFields have been hypothesized not to affect cells that are not undergoing division (see Section 2.2.2).  Since most normal adult brain cells proliferate very slowly, if at all, they are hypothesized to be minimally affected by the TTFields.  In addition, because the fields alternate so rapidly, they are hypothesized to have no effect on normal quiescent cells nor do they stimulate peripheral nerves and muscles.  It is noted that, because TTFields are only applied to the brain, they have no effect on rapidly proliferating cells in the rest of the body. 
The mechanisms of action of the TTFields on dividing cells likely include: (1) disrupting the structure and orientation of the microtubules that make up the spindle apparatus, which disrupts the movement of the chromosomes to the two daughter cells; (2) exerting mechanical forces on the cell membrane at the points of attachment of the apparatus to the polar sections of the very delicate membrane, which may be damaged or even broken up; (3) creating the markedly increased electric fields at the narrow “neck” that is formed during the process, which disrupts polar and charged structures; and (4) generating mechanical forces that push all cellular elements into the bridge of the dividing cell.  The strong converging electric field induces charge separation and dielectrophoretic forces towards the “neck.”
The above mechanisms of action are consistent with the extensive peer-reviewed research regarding the effects of TTFields conducted by the applicant.  These results demonstrate both disruption of cell division up to complete cessation of the process, as well as complete destruction of the dividing cells.  It is important to note that all the described effects can be obtained by fields of low intensity such that they are not accompanied by any significant elevation of temperature. 

2.2.2
TTFields Effect on Normal Neuronal Cells
The scientific literature has characterized the cellular membrane time constant and action potential generation of large cellular structures such as the soma (cell body)
,
.  This literature agrees that the higher the frequency, the lower the excitatory potential of the electric field across the membrane, and at 200 kHz the somatic membrane potential will be minimally affected.  However, the scientific literature is not clear what the effect of these intermediate frequency electric fields is for cellular structures with a faster time constant such as distal axons and dendrites.  Mechanisms such as shifts in the timing and phase of ongoing neuronal communication, and synaptic plasticity, have been proposed to affect neurons without directly generating action potentials, thus it is unclear what the effect of even small changes in neuronal polarization are for the proposed duration of use (> 4 weeks), when coupled with normal ongoing neuronal activity.  

The scientific literature has identified other mechanisms in which intermediate electric fields may affect normal neuronal cell types such as tissue heating, electroporation, microscopic particle alignment, and neuronal rotation.  The acute effect of these mechanisms is thought not to be deleterious at the magnitude and frequency of TTFields.  However, it is not clear that studies have demonstrated that these mechanisms are insignificant in response to electric fields applied for the proposed chronic (months) duration of use.  

The applicant has submitted testing demonstrating no differences between treated and control animals in histology of the major internal organs (including the brain), blood examination, cardiac rhythm, body temperature, or in animal behavior. 
FDA’s assessment of  the mechanisms of action of the NovoTTF-100A on rapidly dividing tumor cells have not been directly shown not to occur in normal-functioning neuronal cell types in the proposed targeted supratentorial brain area for the proposed duration of use (months).  Therefore, FDA reviewers believe it is not clear if other neuronal cell types besides rapidly dividing glioblastoma cells could or could not be affected by the chronic treatment. 
The uncertain effect of NovoTTF-100A on normal neuronal function could be a concern for many reasons, as the effect may be attenuated by variables that were not accounted for in the study design resulting in undetected adverse neurologic and psychiatric effects noted in Section 7.1, Safety Results and Analysis.  
3. Proposed Indications for Use 
The applicant proposes the following Indications for Use (IFU) for NovoTTF-100A:

The NovoTTF-100A System is intended as a treatment for adult patients (greater than 21 years of age) with histologically- or radiologically-confirmed glioblastoma multiforme, following recurrence in the supra-tentorial region of the brain.  The device is intended to be used as a monotherapy, after surgical and radiation options have been exhausted, in place of standard medical therapy for GBM.

The Panel will be asked to consider the proposed indication for use and discuss whether it is supported by the data in the PMA.
4.   Regulatory History

The NovoTTF-100A device for the treatment of recurrent GBM was clinically studied under an investigation device exemption (IDE), G030181.  
Per the approved Modular PMA Shell (M090017), the applicant submitted the manufacturing and quality control information for the device, which constitutes the first of three modules comprising the NovoTTF-100A PMA, on December 30, 2009. The applicant subsequently submitted Module 2 covering the preclinical testing of the device on January 25, 2010. These modules have been completed.
5. Pre-Clinical Studies

TTFields have been shown both in vitro and in vivo to effectively inhibit cancer cell replication during mitosis without systemic side effects.  At intensities of approximately 1 V/cm, TTFields can be frequency-tuned to effectively inhibit different cancer cell types (i.e., the smaller the cell, the higher the frequency needed), due to disruption of microtubule polymerization and physical disruption of cell integrity at the cleavage plane during telophase
.
Specifically, TTFields have been shown to inhibit glioblastoma cells in vitro and in vivo at a frequency of 200 kHz and an intensity of 0.7 V/cm.  Safety studies in healthy animals (mice, rats and rabbits) have not shown that TTFields are associated with significant systemic toxicities.  Neither acute, nor chronic systemic toxicities were seen when TTFields were applied to the torso or head, at different frequencies (100-200 kHz), different intensities and for different periods of time.

5.1
In Vitro Studies
NovoCure has shown that when properly tuned for amplitude and frequency, TTFields stunt the growth of tumor cells.  This inhibitory effect has been demonstrated in all proliferating cell types, whereas non-proliferating cells and tissues were unaffected in the testing performed.  Different cell types showed specific intensity and frequency dependences of TTField inhibition.


5.1.1
Mechanism of Action Studies

Studies assessing the mechanism of action of TTFields have confirmed two main processes that occur at the cellular level during exposure to TTFields:  (1) arrest of proliferation, and (2) dividing cell destruction.  These mechanisms of action have been studied and confirmed via NovoCure’s preclinical testing involving finite element simulations and calculations and demonstrate no significant elevation in temperature compared to control cultures/mice.  

In addition to the above early models, NovoCure conducted studies using time-lapse microphotography, colormetric determination, staining of sub-cellular constituents and measurements of electric fields to demonstrate the specific effects of TTFields on proliferating cancer cells grown in tissue culture, and to elucidate the mechanism of action of these effects.  Based on these studies, it was determined that TTFields arrest cell proliferation and result in cell death; the inhibitory effects of TTFields are not limited to a specific cell type; cell recovery can be prevented either by applying the TTFields for longer duration, or by applying fields in two directions normal to each other, that are interleaved in time; and that the axis of division of the dividing cells in relation to the electric fields is important in effecting cell death.


5.1.2
Proof of Concept Studies

NovoCure performed in vitro studies to assess the relationship between dose and frequency response using four of the most common types of cancer: malignant melanoma, glioblastoma, breast carcinoma and non-small cell lung carcinoma.  This testing demonstrated that the optimal frequency of the fields is 200 kHz for rat glioblastoma (F-98) and human glioma (U-87), and that effective inhibition of glioma culture growth can be achieved at low field intensities (0.7-1.4 V/cm). 

Finally, preclinical research both in vitro and in vivo has shown that, upon cessation of TTFields treatment, tumor growth rate does not increase beyond that seen before treatment, so that no rebound effect is expected.


5.1.3
Treatment Duration Studies
NovoCure assessed tumor growth kinetics to evaluate optimal treatment duration and timing.  Using a multi-compartmental model to simulate the growth kinetics of a malignant tumor, NovoCure tested the time to tumor growth stabilization and reversal when exposed to TTFields using the NovoTTF-100A device.  Based on the model, the minimal treatment course duration for the NovoTTF-100A device was determined to be approximately 4 weeks to reach tumor stabilization; a finding that was validated in independent animal studies.  Thus, the applicant has concluded that stopping treatment prior to completion of a 4 week treatment course will likely lead to continued tumor growth within approximately 1-2 weeks.  

5.2
In Vivo Studies

NovoCure conducted a series of early experiments in mice, rats, rabbits, sheep and pigs to verify the data that was previously obtained in prior simulations of TTField distribution.  These experiments demonstrate that effective TTField intensities on the order of 0.7V/cm can be obtained within tumors in the brains of various animal models.

5.2.1
Animal Studies of Effectiveness
NovoCure has shown that TTFields can be applied effectively to animals through electrodes placed on the surface of the body.  Using a special type of electrically insulated (INE) electrode, significant inhibition of the growth of both intracranial glioma (F-98) in rats and intradermal melanoma (B16F1) in mice was seen after less than one week of treatment
.  In addition, NovoCure has studied the effect of TTFields on metastatic spread of solid tumors and investigated the development of an immune response following TTField treatment
.  Importantly, in the rabbit kidney model, TTField treatment could be extended for up to 5 weeks due to the large size of the animals being used.  Analysis of the time-dependence of the effect of TTFields in tumor bearing rabbits showed that a minimum TTField treatment duration of 4 weeks is necessary in order to achieve complete arrest of macroscopic tumor growth.  Thus, the extrapolated minimal treatment course duration in GBM subjects was set at 28 days in the pilot and pivotal studies.

5.2.2
Animal Studies of Safety
Extensive safety studies in healthy rabbits and rats exposed to TTFields for protracted periods of time have shown no treatment related side effects or pathologic damage to the brain.  The reasons for the low toxicity of TTField treatment can be explained in light of the known passive electric properties of normal tissues within the body and the effects of electric fields applied via insulated electrodes.  Specifically, in both acute and chronic application of TTFields to healthy animals, no evidence of abnormal cardiac rhythms or pathologic neurological activity is seen.  In addition, no treatment-related toxicities were found in any of the animal safety trials performed, even when field intensities three times higher than the effective anti-tumoral dose were used.  Finally, these studies demonstrated that hematopoietic cell replication should not be affected even with TTField intensities that are 10 times higher than necessary to inhibit tumor growth are applied. 

5.2.3
Biocompatibility, Electromagnetic compatibility and Electrical Safety, Shelf-Life and Software

The NovoTTF-100A device has passed extensive hardware and software verification and validation.  The system also passed testing of applicable electrical safety and EMC standards at a certified laboratory.  The electrodes that contact the subject were shown to be biocompatible in dermal sensitization, cytotoxicity and delayed type hypersensitivity studies.  The batteries used with the system were shown to meet their specifications after more than 100 recharge cycles. Finally, the electrodes passed shelf life and sterilization validation according to the applicable standards.  All of this testing demonstrates that the NovoTTF-100A operates per its specifications and in accordance with its intended use.
6. Clinical Studies 
Table 1 summarizes the pilot and pivotal clinical studies presented in this document of the NovoTTF-100A in the treatment of recurrent GBM.  They are discussed below in Sections 6.1 and 6.2.
6.1
Pilot Study for NovoTTF-100A 
The NovoTTF-100A device was initially evaluated in a pilot study of 10 subjects with recurrent GBM.  The study was an open-label, prospective single-arm study to evaluate the safety and possible effectiveness of TTFields for the treatment of recurrent GBM.

The effectiveness endpoints of the study included overall survival (OS) and time to disease progression based on radiological assessment of disease progression by monthly magnetic resonance images (MRIs).  Other outcome measures included safety and tolerability of NovoTTF-100A treatment based on the incidence and severity of adverse events (AEs) and side effects (toxicities).  The effectiveness results were compared to two different populations:  a concurrent best standard of care (BSC) comparator group that was assembled retrospectively and an active historical comparator group that was reconstructed from the Gliadel package insert.

All subjects underwent surgery and radiotherapy for the primary tumor, and all had their first or second GBM recurrence at study entry.  All subjects had histologically proven diagnosis of GBM. The study groups were comparable in baseline characteristics.  All NovoTTF-100A subjects were treated with TTFields as monotherapy, with continuous, 24-hour a day, 200 kHz, 0.7 V/cm TTFields.  Subjects completed between 1 and 13 courses of treatment.  The maximal treatment duration was 14.5 months. All subjects received at least 4 weeks of NovoTTF-100A therapy.

The treatment with the NovoTTF-100A device was well tolerated with no treatment related serious AEs seen in any of the subjects.  Mild to moderate contact dermatitis appeared beneath the electrode gel in 8 of the 10 subjects during treatment.  In most cases, this dermatitis appeared for the first time during the second treatment course.  The skin reaction improved with use of topical corticosteroids and regular relocation of the electrode arrays. 

The median OS was 14.7 months in NovoTTF-100A subjects compared to 6 months in the historical comparator group (logrank p=0.002).  The Kaplan-Meier curves are shown in Figure 1. 

The progression-free survival at 6 months (PFS6) was 50% in NovoTTF-100A subjects compared to 11% in the comparator group and 15% in historical control data (Wong et al., 1999
).  The one-year overall survival was 60%.  The median time to progression (TTP) in the NovoTTF-100A subjects exceeded the concurrent comparator group TTP significantly, 26 weeks versus 13 weeks (logrank p=0.013), respectively.  Response rate was 25% and only two subjects had progressive disease despite treatment.
6.2
Pivotal Study for NovoTTF-100A 
The applicant has conducted a prospective randomized, multi-center (28) clinical trial titled “A Prospective, Randomized, Multi-center Trial of NovoTTF-100A Compared to BSC in Patients with Progressive or Recurrent GBM.”  In addition to the U.S., there were also study sites in Austria, Czech Republic, France, Germany, Israel, and Switzerland.
Following is a summary of the eligibility criteria for the pivotal study, effectiveness and safety objectives, the measures used to evaluate the objectives, the study design, the baseline characteristics and subject accountability. 


6.2.1
Eligibility Criteria
The following Sections 6.2.1.1 and 6.2.1.2 list the inclusion and exclusion criteria, respectively. 


6.2.1.1
Inclusion Criteria
To participate in the study, the subjects were required to meet all of the following criteria: 

a.
Pathological evidence of GBM using World Health Organization (WHO) classification criteria

b.
≥ 18 years of age

c.
Not a candidate for further radiotherapy or additional resection of residual tumor

d.
Disease progression (by Macdonald criteria, i.e., > 25% or new lesion) documented by CT or MRI within 4 weeks prior to enrollment

e.
Karnofsky Performance Scale (KPS) ≥ 70

f. 
Life expectancy at least 3 months 

g.
Participants of childbearing age must use effective contraception

h.
All subjects must sign written informed consent

6.2.1.2
Exclusion Criteria
Subjects were excluded from study participation if they met any of the following criteria:
a.
Actively participating in another clinical treatment trial 

b.
Within 4 weeks from surgery for recurrence

c.
Within 4 weeks from any prior chemotherapy
d.
Within 4 weeks from radiation therapy

e.
Pregnant 

f.
Significant co-morbidities within 4 weeks prior to enrollment:

1)
Significant liver function impairment - AST or ALT > 3 times the upper limit of normal

2)
Total bilirubin > upper limit of normal 

3)
Significant renal impairment (serum creatinine > 1.7 mg/dL) 

4)
Coagulopathy (as evidenced by PT or APTT >1.5 times control in subjects not undergoing anticoagulation) 

5)
Thrombocytopenia (platelet count < 100 x 103/μL) 

6)
Neutropenia (absolute neutrophil count < 1 x 103/μL)

7)
Anemia (Hb < 10 g/L) 

8)
Severe acute infection
g. 
Implanted pacemaker, defibrillator or deep brain stimulator, or documented clinically significant arrhythmias

h. 
Infra-tentorial tumor

i.
Evidence of increased intracranial pressure (midline shift > 5mm, clinically significant papilledema, vomiting and nausea or reduced level of consciousness)
Pseudo-progression is a term used for the radiologic imaging appearance suggestive of potential tumor growth in the first three months following concomitant radiotherapy and temozolomide (RT+TMZ). In reviewing the eligibility criteria (6.2.1.1 & 6.2.1.2), please note that the study did not specifically identify or exclude cases of pseudo-progression or radionecrosis.  As multiple centers were involved, there is the potential for intercenter differences in radiologic interpretation leading to incorrect inclusion in the study. In response to this concern posed by the FDA, the applicant reported that 3 and 6 subjects were within 3 months from the end of RT in the NovoTTF-100A and BSC groups, respectively. The prevalence of RT+TMZ was well balanced between the groups [i.e., a similar percentage of subjects received RT+TMZ prior to entering the trial in the BSC group compared to the NovoTTF-100A group (87% vs. 84%, respectively)] and the regions (US: 89% vs. 85%, respectively and OUS: 84% vs. 85%, respectively)].  The applicant concluded that it is unlikely that the study results were biased in favor of the NovoTTF-100A group due to potential enrollment of subjects with pseudo-progression.  
Radionecrosis is the phenomenon of immediate or delayed brain tissue death following ionizing radiation therapy. The tissue can appear as swelling (edema) on an MRI and, rarely, even as an increase in the contrast enhancing area of the tumor, either of which can be mistaken as recurrence or progression.  In response to this concern posed by the FDA, the applicant made the case that the time from last RT to randomization was balanced in the trial in both groups (13.7 vs. 13.9 months), thus, the chance that radionecrosis occurred, small as it is (5% incidence of radionecrosis; max six subjects per group), would likely be balanced between NovoTTF-100A and BSC groups.  There were however, slight differences (not statistically significant) noted between regions in the time from RT to randomization which could have led to a slightly different incidence of radionecrosis between the groups. In order to rule out such differences, the applicant tested the treatment effect of NovoTTF-100A compared to BSC on OS adjusting for time from last RT to randomization using a Cox proportional hazards model. The adjusted and unadjusted results were almost identical. The adjusted hazard ratio (HR) is 0.98 (95% CI 0.74-1.29; p=0.88), compared to the unadjusted HR of 1.0 (95% CI 0.76-1.32; p=0.80). From this analysis of OS adjusting for time from last RT, the applicant concluded that it is unlikely that there was an effect of time to RT on OS.
In summary, in response to FDA reviewer’s concern regarding the potential bias due to the enrollment of some subjects with pseudo-progression and/or radionecrosis, the applicant made the case that the chance that pseudo-progression and/or radionecrosis occurred would likely be balanced between NovoTTF-100A and BSC groups.  FDA would like to point out that such assumption would probably hold for the ITT population but not for the other populations (e.g., mITT1, mITT2 and PP).

 

6.2.2
Study Hypothesis, Objectives and Outcome Measures
The hypothesis of this study is that NovoTTF-100A will significantly increase the overall survival of recurrent GBM subjects compared to subjects treated with BSC (i.e., show superiority to BSC).  
The specific objectives of the study were:
· To prospectively compare the overall survival of recurrent GBM subjects treated with NovoTTF-100A to those treated with BSC.

· To prospectively determine progression free survival rate at 6 months (PFS6), TTP, %1-year survival and quality of life of subjects treated with the NovoTTF-100A compared to BSC. 

· To collect evidence of the safety of TTFields applied to subjects with recurrent GBM using the NovoTTF-100A device.

· To compare the median overall survival of recurrent GBM subjects treated with NovoTTF-100A to historical control data.
6.2.2.1
Primary Effectiveness Endpoint

The stated primary outcome of the study was the median OS. 
6.2.2.2
Secondary Effectiveness Endpoints

The stated secondary outcome measures of the study were:

•
PFS6 – hypothesis tested
•
Time to progression (TTP)

•
One year survival rate (%1-year survival)

•
Quality of life (EORTC QLQ-C30 questionnaire)

•
Radiological response rate

6.2.2.3
Safety Endpoint
The stated safety endpoint was the safety and tolerability of NovoTTF-100A treatment based on the incidence and severity of adverse events and toxicities.

6.2.3
Study Design
The study was designed to be a prospective, multi-center, randomized (1:1 ratio), open-label superiority trial to compare the effectiveness and safety outcomes of recurrent GBM subjects treated with NovoTTF-100A to those treated with an effective BSC chemotherapy.  The study schema is shown in Figure 2.  
Subjects with previously diagnosed GBM who had relapsed or progressed despite conventional therapy (surgery and chemo-radiotherapy followed by chemotherapy) were recruited into the study at 28 clinical centers (US-16; Europe-11; and Israel-1).  The maximum number of subjects recruited at one site was 21 subjects, less than 10% of the total number of subjects.  Approximately 50% of the subjects were enrolled at the US sites (US-113; Europe-103; and Israel-21).
Immediately following screening, subjects were randomized at a 1:1 ratio to receive either NovoTTF-100A treatment or the BSC chemotherapy and were followed until death.  The randomization schedule with variable block sizes was computer-generated, and was stratified by clinical site, and by subjects who did or did not undergo re-operation for their recurrence to avoid unequal distribution of operated subjects between study groups.  The randomization schedule was concealed from the study personnel and was administered by sealed envelopes.  
The nature of the treatment precluded blinding of subjects and their treating clinicians to the actual treatment received by the subjects.  However, a central MRI review was performed by an independent neuro-radiologist blinded to the treatment group assignment of each subject.  In addition, an independent Data Monitoring Committee (DMC) monitored the safety data from the study, and a Clinical Events Committee (CEC) was convened to evaluate and adjudicate, where necessary, regarding final safety and effectiveness results of the trial.  In the pivotal study protocol, “completion of study requirements” is defined as completing two monthly follow-up visits after progression, or death.
Subject accrual lasted 30 months and subject follow up continued for at least six months from accrual of the last subject in each center.  
6.2.3.1
NovoTTF-100A Device Treatment Arm

At treatment initiation, subjects were hospitalized for 24 hrs.  During this period, baseline examinations were performed and NovoTTF-100A treatment was initiated by the investigator under continuous medical supervision.  The TTFields were applied to the subject using electrically insulated surface electrodes. The electrodes were placed on the subject’s shaved head over a layer of adhesive hydrogel and held in place with hypoallergenic plasters. The subjects were also instructed by the investigator on the operation of the NovoTTF-100A and battery replacement. The electrodes had to be replaced every three to four days and the scalp re-shaved in order to maintain optimal contact between the electrodes and the subject’s head. All the treatment parameters were pre-set so there were no electrical output adjustments available to the subject.  Once the subjects were trained in operating the device, they were released to continue treatment at home.  The subjects received continuous NovoTTF-100A treatment, but were permitted to interrupt treatment for periods of up to one hour twice a day.  Also allowed were additional one to three days off between 4-week courses.  Treatment was stopped in the case of serious adverse events (SAEs), non-compliance or clinical disease progression.
6.2.3.2
BSC Control Treatment Arm

All subjects had baseline examinations performed prior to treatment initiation.    

According to the study protocol, subjects randomized to the BSC group were to be treated with one of the following representative chemotherapies agents and dosing regimens according to the BSC practiced at each center:
· Platinum based chemotherapy:

· Carboplatin: 300 mg/m2 IV on day 1 every 4 weeks for six cycles.

· Nitrosureas (BCNU):

· BCNU: 150-200 mg/m2 IV every 8 weeks, for a maximum of 6 cycles.
· Procarbazine

· Dose – 150 mg/m2/day PO or 125 mg/m2/day PO (prior chemotherapy) for 28 days, repeated every 56 days, until tumor progression.

· Procarbazine, lomustine (CCNU) and vincristine

· Dose: CCNU (110 mg/m2) on Day 1, procarbazine (60 mg/m2) daily for 14 days beginning on Day 8, and vincristine (1.4 mg/m2) on Days 8 and 29 of each 6-week cycle of therapy. Repeat until tumor progression.
· Temozolomide

· Dose – 150 – 200mg/m2 daily for 5 days, repeated every 28 days.
Please note that FDA considered this list of 5 chemotherapeutic agents as being ‘representative’ since during the IDE study protocol development, one of the clinical justifications to include multiple BSC chemotherapeutic agents rather than a single agent was to allow each participating center to choose its own BSC. During the study, subjects in the BSC group also received, depending on the preference of the investigator at participating centers, other chemotherapeutic agents such as Etoposide, Imatinib, Irinotecan and bevacizumab (i.e., Avastin, approved by the FDA in 2009 as a single agent for recurrent GBM subjects with progressive disease following prior therapy).  
6.2.3.3
Follow-up

All subjects were seen once a month at an out-patient clinic where they underwent medical follow up and routine laboratory exams.  An MRI was performed every two months until disease progression.  Central MRI review was performed by a neuro-radiologist blinded to the treatment group of each subject. Medical follow-up continued for two months following disease progression.  Subject survival was assessed based on monthly follow up visits, monthly telephone interviews with the subjects’ caregivers, review of hospital records, and review of publicly-available databases.  Table 2 summarizes full schedule of evaluations in the study.
6.2.3.4
Disease Progression Criteria 
The following criteria were used for determining disease progression, in cases where an MRI was available
:
1. Tumor growth > 25% compared to the smallest tumor area measured in this subject during the trial, or
2. Appearance of one or more new tumors in the brain (diagnosed radiologically as GBM).

3. New neurological symptoms which are correlated with radiological findings on contrast MRI of the head.

In cases where an MRI was not available, clinical progression (as verified by CEC-adjudicated investigator assessment) was to be diagnosed according to the following criteria:
1. Decline in functional status as indicated by a decrease in Karmofsky Performance status (KPS) > 10, and

2. Decline in neurological function as indicated by a decrease of 2 points or more in Medical Research Council (MRC) Neurological performance scale, and

3. ≥50% increase in steroid dose. 

In order to avoid early treatment termination, guidance given to investigators included continuing treatment until known clinical progression as set forth above, even if there was a suspicion of progression according to the local MRI reading.
6.2.3.5
Clinical Investigator Review
The clinical investigator review included both radiological and clinical data, based on personal knowledge of each study case. The applicant believes, and FDA agrees, this is probably the most complete and accurate of the evaluations of disease progression. It is, however, non-blinded.  
6.2.3.6
Core Radiology Review
The nature of the treatment precluded blinding of subjects and their treating clinicians to the actual treatment received by the subjects.  However, a pre-specified central MRI (“Core radiology”) review was performed by an independent neuro-radiologist blinded to the treatment group assignment of each subject.  The core radiology review was based on blinded radiological review performed by RadPharm Ltd.  The applicant states, and FDA agrees, that though this is an objective analysis, it lacks clinical data to supplement the radiological picture. In cases where an MRI is not available, this review was supplemented with dates of death and clinical progression as determined by the investigator at each center to construct progression free survival and time to progression analyses.

6.2.3.7
Clinical Events Committee (CEC) Review
In order to remove potential bias that may be introduced by the investigators, a CEC (consisting of an independent neurosurgeon and independent neuro-oncologist) adjudicated the investigator assessment of progression. The CEC-adjudicated progression data included investigator-based MRI measurements, clinical progression based on CEC judgment of investigator assessments, AEs, SAEs, and finally date of death. Each of the subject profiles was reviewed by both CEC members. The CEC members used the following guidelines to adjudicate the date of progression:
When the investigator’s radiological measurements were available, date of progression was taken as the date of the first scan with tumor measurements meeting the protocol defined criteria for radiological progression. If the CEC determined that radiological progression had occurred, the date of progression as reported by the investigators was verified and corrected if necessary.

6.2.4
Statistical Analysis Plan and Analysis Populations
6.2.4.1
Sample Size
A sample size of 236 subjects for the study was designed to test the superiority hypothesis that NovoTTF-100A would significantly increase the overall survival of recurrent GBM subjects compared to subjects treated with BSC.  This sample size was based on Log-rank test and took into consideration missing vital status data on 7% of subjects.  The applicant ultimately enrolled 237 subjects, 120 in the NovoTTF-100A device arm and 117 in the BSC control arm.
6.2.4.2
Statistical Analysis
The statistical hypothesis that was to be tested for the primary endpoint of overall survival was:

H0: β=0

versus

HA: β≠0

where,  exp(β)=h1(t)/h2(t)  and h1(t) is the hazard at time t for the treatment arm and h2(t) is the hazard at time t for the control arm.  This hypothesis was to be tested using the log-rank test at an alpha of 0.05 (after waiving an interim analysis).

The secondary endpoint PFS6 was to be compared between groups.  The statistical hypothesis that was to be tested was:

H0: Pt-Pc < 0
versus

HA: Pt-Pc > 0

where Pt and Pc are the proportions of subjects with progression free survival at six months in the device and control groups, respectively.  PFS6 was the only secondary endpoint with a formal hypothesis test; the endpoint was to be tested at significance level of 0.05.
6.2.4.3
Analysis Populations

The following analysis populations were used to evaluate the study results:
PROTOCOL OR SAP-SPECIFIED ANALYSIS POPULATIONS (see Figure 3)

· Intent-to-Treat (ITT) (NovoTTF-100A=120, BSC=117)
The ITT population included all subjects who were randomized to the trial.  The analysis was performed by the treatment group to which the subject was randomized.  
Please note that FDA views this ITT dataset as the primary analysis population since it will preserve the protection against potential bias, which may be introduced by the exclusion of post-randomized subjects as defined by the applicant’s alternative analysis populations (particularly modified Intent-to-Treat [mITT1] and per protocol (PP)).  
· Per Protocol (PP) (NovoTTF-100A=93, BSC=79)
The PP population included:
· All subjects who do not have any major protocol violations that would affect the endpoints being assessed. (N=1; eligibility violation: a subject with a KPS of 60% was enrolled and randomized to the BSC group)
· All subjects randomized to NovoTTF-100A treatment who received at least one full treatment course as defined in the protocol (28 days of treatment).  (N=93)
· All subjects randomized to BSC treatment who received at least one protocol-specified BSC chemotherapy or Avastin (bevacizumab) alone or in combination with cytotoxic chemotherapy. (N=79)
Please note that the PP population excluded more than 20% of randomized subjects which likely compromised the protection against bias offered by randomization.  
Also note that in the PP population, the applicant excluded 27 NovoTTF-100A subjects treated < four weeks (four of those subjects were not treated at all) because "4 weeks was the predefined single treatment course duration for NovoTTF-100A in the study protocol.  The 4-week course duration was based on preclinical evidence that if less than 4 weeks of TTFields therapy is provided, arrest of tumor growth is not possible. Furthermore, TTFields are a real-time, physical modality, and thus have no half life. The moment the treatment is interrupted, the anti-mitotic effect of the fields stops and the tumor is free to resume growth."  

According to the study protocol, the purpose of using BSC is to allow each center to choose the best available chemotherapeutic agent as a control. Therefore, FDA reviewers believe that the protocol pre-listed 5 agents should be viewed as representatives only, rather than all-inclusive. The BSC group in the study actually received Avastin and other agents beyond the representative list. The applicant’s PP population selectively included Avastin-treated subjects but excluded 11 subjects who received other non-listed chemotherapeutic agents.  In addition, the applicant’s PP population excluded partially treated TTF subjects (n=23) but did not exclude any BSC subject who only received one dose of a chemotherapeutic agent. 
Panel will be asked to comment on the appropriateness of the applicant’s defined PP population.
· Safety Population (for AE analyses) 
The Safety Population included all subjects who received at least one dose of BSC therapy or at least one treatment with the NovoTTF-100A device.  The safety analysis was performed by treatment group according to the treatment that the subject actually received.  Only AEs occurring prior to disease progression were included in the summary tables because of the obvious confounding of the safety analysis that may result from the disease condition and/or subsequent therapy.

ADDITIONAL ANALYSIS POPULATIONS 
As stated above, FDA reviewers believe an appropriate PP population should include all BSC-treated subjects (i.e., 5 representative agents listed in the protocol, Avastin and other non-listed agents) who did not have any major treatment deviation from the BSC practiced at each center.  Thus, FDA requested the applicant to report limited effectiveness analyses of the following two additional populations (Figure 3).
· Alternative PP2 / Modified ITT-2 (mITT2: NovoTTF-100A=93, BSC=91): all NovoTTF-100A subjects who received at least one predefined course of NovoTTF-100A treatment (4 weeks), and BSC subjects who received at least one dose of chemotherapy on study regardless of whether or not the chemotherapy was representatively listed in the protocol.
· Alternative PP1 / Applicant’s “Safety Population” (NovoTTF-100A=116, BSC=91) – Derived from the ITT population after excluding 4 TTF and 26 BSC subjects who never started any assigned treatment due to consent withdrawal, pre-treatment adverse event, non-compliance, etc.. This is equivalent to the population including all subjects who received at least one dose of BSC therapy or at least one treatment with the NovoTTF-100A device.
Please note that mITT2 was referred as mITT in the applicant’s SAS program. 
An additional population was added by the applicant to their Executive Summary, which represents information that was not submitted in the PMA:

· Modified ITT-1 (mITT1: NovoTTF-100A=93, BSC=117): all NovoTTF-100A subjects who received at least one predefined course of NovoTTF-100A treatment (4 weeks), and all subjects randomized to the BSC group regardless of whether or not they received any chemotherapy in the study.
Please note that this mITT1 population was not pre-specified in the study protocol and will be considered by FDA as the applicant’s additional post-hoc analysis.
See Figure 3 showing a pictorial of the analysis populations for the NovoTTF-100A trial.

6.2.5
Subject Accountability and Baseline Demographics
6.2.5.1
Subject Accountability
One-hundred-twenty subjects (120) were randomized to NovoTTF-100A group and 117 subjects to the BSC group.  Four (4) subjects in the NovoTTF-100A group and 26 subjects in the BSC group never received any treatment.  The applicant states that “no data is available on the 30 subjects who never started therapy on trial, except for the date of death, which is available for 21 of the 30 subjects.”  Subject disposition and follow up is shown in Table 3.
Of the 207 subjects who started treatment, most (79%) discontinued from the study either due to death (n=47) or “Other” reasons (e.g., in hospice care, too weak to travel, etc.) (n=49), or because the study requirements had been completed (i.e., two additional clinical visits after disease progression) (n=68).  
The applicant was asked to comment on the increased number of deaths in the NovoTTF-100A group given in Table 3.  The applicant responded that it was not appropriate or valid to compare the death rates between the study groups only based on the subset of subjects who discontinued due to death; rather, death rates should be based on the vital status data collected on all subjects for overall survival.  Comparison of death rates based on the vital status data collected on all subjects showed that of the total number of deaths included in the PMA analysis (i.e., 202/237 or 85% of the ITT population) 87.5% were in NovoTTF-100A group and 82.9% in the BSC group, a difference which was not statistically significant (p=0.36).

Twenty (20) subjects did not complete their follow-up because of AEs which appears to be almost two times higher in the NovoTTF-100A group. However, a larger proportion of subjects in the BSC group did not start treatment.  After correcting for subjects who did not receive treatment, the AE rate was 11% in the NovoTTF-100A group and 8% in the BSC group.  The moderate to severe AEs associated with these subjects were: BSC (7 subjects) – gastrointestinal (GI)bleed, headache, convulsion, progression, encephalopathy, difficulty walking, decreased attentiveness, mental status change, neurologic aggravation; and NovoTTF-100A (13 subjects) - convulsion (5 subjects), headache, progression (2 subjects), neurologic deterioration, moderate skin reaction, encephalopathy, mental status change, psychosis and deterioration of health.  The device group AEs occurred at a much later time than that of the BSC group (166±41 days versus 31±4 days), thus likely were associated with more severe disease.
Twenty (20) subjects withdrew consent before completing two months of post-progression follow-up. 
Three (3) subjects did not complete their follow-up because of non-compliance. The proportion of subjects who did not complete the protocol defined follow-up due to withdrawal of consent or non-compliance was similar between the NovoTTF-100A group (9%) and the BSC group (11%). The differences in completing the study follow-up requirements between groups are mainly due to the higher number of subjects who decided to leave the study before starting the assigned treatments in the BSC group compared to the NovoTTF-100A group, as described above. This difference is not expected to affect the primary endpoint of the trial since vital status was available for all but 17 (7%) subjects in the pivotal trial (i.e., vital status available for 220 subjects at the end of the trial). The observed loss to follow-up is consistent with the expected loss to follow-up assumed in the protocol for the sample size assessment. The pivotal trial was planned for 236 subjects to attain 220 evaluable subjects.
6.2.5.2
Baseline Demographics
The baseline demographics for the ITT population are summarized in Table 4. Significant p-values (<0.05) are bolded.
The significant differences between groups in the ITT population were gender, tumor location (frontal versus non-frontal), and mean KPS score.  The percentage of males was significantly higher in the NovoTTF-100A group than in the BSC group.  The percentage of subjects with frontal tumor location was significantly higher in the BSC group than in the NovoTTF-100A group (50% vs. 32%), leading to a possible bias in favor of the control group with regard to overall survival.  However, the mean KPS was marginally higher in the NovoTTF-100A group than in the BSC group (83.0 vs. 80.1), leading to a possible bias in favor of the NovoTTF-100A group with regard to overall survival.  Statistical analysis of OS differences between groups in the ITT population corrected for these differences in baseline characteristics using a Cox proportional hazards model.  

The significant differences between groups in the PP population were frontal location and gender.  In the PP population, there remained more subjects with frontal tumor location in the BSC group than in the Novo-TTF group (48% vs. 28%).  There were also more men in the NovoTTF-100A group than in the BSC group (80% vs. 59%).  Both tumor location and size are known variables affecting outcomes in GBM; larger non-frontal tumors predict a worse outcome than smaller frontal tumors.

6.2.5.3
Protocol Deviations
There were 140 protocol deviations in the study. As seen in Table 5, the total number of deviations in the study was balanced between NovoTTF-100A and BSC subjects, 74 vs. 76, respectively. 
Eligibility Criteria Deviations

The same number of eligibility criteria deviations was seen in both groups (n=16).  The only eligibility deviation that could reasonably impact the study effectiveness assessment was one subject in the BSC group with a screening KPS of 60 where the inclusion criterion was a minimum KPS of 70. Because lower KPS is a known predictor of worse overall survival in recurrent GBM subjects, the applicant considered this deviation as a major protocol deviation and thus excluded the subject from the PP analysis.  Please note that an analysis by the agency showed: if this subject is included in the PP population, the applicant's unadjusted Wilcoxon p-value goes from 0.039 to 0.054.  

The remaining eligibility criteria deviations, discussed below, are considered minor by the applicant since they do not impact the effectiveness or safety analysis of the study.
About half of the eligibility deviations in each group (n=7) were subjects who entered the study just less than 4 weeks after their last chemotherapy dose. The purpose of the 4-week limit since last chemotherapy in the study inclusion criteria was to allow subjects to fully recuperate from the toxicities of prior therapies before entering the study, in order to avoid misinterpretation of these toxicities as adverse events (AEs) in the study. The 14 subjects enrolled within 4 weeks of their last chemotherapy were all for administrative reasons (the next possible date for a baseline visit would have been at least a week later). All of these subjects also had normal organ function at baseline and had therefore recuperated from prior therapies. 
Two subjects did not have their baseline KPS recorded in their file. However, both subjects were independent in activities of daily life, thus indicating their KPS was at least 70.
The other eligibility deviations were laboratory values marginally out of the normal range, without any clinical significance according to the investigators’ assessment. These included slightly elevated bilirubin in most cases (6), one case of mild thrombocytopenia and one case of neutropenia due to a concomitant viral illness. In addition, prothrombin (PT) and differential were not done at screening in individual subjects. Elevated bilirubin is a normal finding in subjects receiving anti-epileptic drugs (AEDs). All these subjects had either received AEDs in the past or were currently receiving AED treatment. PT was part of the eligibility criteria in order to rule out significant bleeding disorders which could affect subject safety outcomes in the trial. However, all of these subjects had normal PT values on subsequent testing, ruling out any effect on safety assessment in the trial.
One subject in each treatment group had a screening MRI more than 4 weeks before randomization, making the determination of increase in intracranial pressure (possible exclusion criteria) less accurate. However, both these subjects' baseline MRIs did not show any evidence of increased intracranial pressure. Thus, these deviations are administrative and have no implications to the effectiveness or safety outcomes of the trial. 
Finally, the subject with midline shift greater than 5mm (increased ICP) was started on systemic steroids with a subsequent decrease in midline shift (<5mm) at baseline.
Randomization Errors

The pivotal study used a stratified randomization design where subjects who underwent surgery for their current progression (prior to trial entry) were randomized separately from subjects who did not undergo surgery for their recent progression. The intent of the stratified randomization was to avoid imbalance in the proportion of re-operated subjects between the treatment groups, since re-operation may be a predictor of improved survival in recurrent GBM. Six subjects in each treatment group were randomized into the wrong strata (all 12 subjects were incorrectly randomized in the re-operated strata instead of non-re-operated strata). All stratification errors occurred early in the study (within the first 6 months of subject recruitment) and were administrative in nature. The errors occurred due to individual investigators in both the US and Europe misunderstanding the definition of re-operation for recurrence for purposes of randomization strata. These 12 subjects all had surgery in the past for recurrence, but they did not have surgery for the latest recurrence which made them eligible for the trial and thus should have been randomized in the non-operated strata. The subject allocation to re-operation strata was subsequently corrected for analysis purposes, and subjects were allocated to the correct group for effectiveness analysis. Moreover, since the number of subjects randomized in the wrong strata was balanced between treatment groups and the total number of re-operated subjects was the same in both treatment groups (28% vs. 25%; p=0.64; NovoTTF-100A vs. BSC, respectively), the applicant believes, and FDA agrees, that these deviations do not impact the assessment of effectiveness in the study.
Administrative

Four administrative deviations were seen in each group (wrong informed consent form [ICF] version signed and SAE report timing beyond specified).
Follow Up Visit Schedule

The number of follow up visits not performed was slightly lower in the NovoTTF-100A group than in the BSC group. A minimum of 1242 visits were to be performed in the study (screening, baseline, month 1, month 2, post progression visit 1, post progression visit 2 at minimum for all 207 subjects who actually started treatment). Only 39 visits (3%) in the study were not done as expected (1.5% in each group). Since survival data was collected until death on all subjects, this deviation has no impact on the effectiveness assessment in the study.  
In line with the MRI accountability analysis performed in the PMA (Section 13.5.6.2.2.2), more subjects in the BSC group missed an MRI (n=5) than in the NovoTTF-100A group (n=2). These were all cases where a progression MRI was performed and thus had no impact on the assessment of PFS6 or radiological response rate in the trial.
Non-Protocol Specified Therapies

Fourteen (14) subjects in the BSC group who were treated with bevacizumab (Avastin) as BSC and eleven (11) subjects who received other chemotherapies not representatively listed in the protocol were reported as protocol deviations by the applicant. The protocol defined a list of 5 BSC chemotherapies to be used in the trial as an active control group. 
According to the applicant, ten (10) of the eleven (11) subjects who received other chemotherapies were recruited in European centers.  As part of their statistical analysis, the applicant has excluded 11 subjects from the BSC control in the Per Protocol analysis. 
The applicant reports that four subjects in the NovoTTF-100A group never started TTF treatment and twenty-three (23) subjects received less than the minimal protocol pre-specified treatment duration of 28 days (1 course). The applicant excluded these 27 subjects from the Per Protocol analysis.
 

 Visits Out of Window

There were a number of study visits which were performed slightly outside of the protocol specified visit windows. However, all such visits were completed within one week of the pre-specified windows. Moreover, the number of out of window visits was essentially the same in both study groups. According to the applicant, none of the out of window visits impact the trial endpoints, especially since OS is assessed independent of visit window.  
7. Pivotal Study Safety and Effectiveness Results
7.1
Safety Results and Analyses


7.1.1
Safety Results

The analysis of safety was based on the safety population including 116 NovoTTF-100A subjects and 91 BSC subjects followed for 6 months since the inclusion of the last subject in the trial.  A total of 553 AEs occurred in this study:  275 in the NovoTTF-100A group vs. 278 in BSC.  Of the 116 NovoTTF-100A (safety population) subjects: 64 (55%) experienced AEs (vs. 59% of BSC subjects) and 57 (50%) experienced moderate to severe AEs (vs. 60% of BSC subjects).  The key safety outcomes (AEs) for this study are presented in Tables 6 to 8.

Table 6 presents the AE tallies by system organ class.  The between-group statistically different (p<0.05) categories (italicized) were blood and lymphatic system disorders, gastrointestinal disorders, infections, injury and procedural complications as defined by the application and/or administration of treatment.
Table 7 shows adverse events that were seen in >2% of subjects treated with the device in the pivotal study, or in >2% of subjects treated with BSC chemotherapy.  
Discussion of these results is found in the subsequent section, 7.1.2.
Table 8 lists the SAEs seen during the pivotal trial.  The incidence of SAEs was about the same in the NovoTTF-100A and BSC chemotherapy group (13 vs. 11%; average 1 event per subject). These events were considered SAEs mainly because of subject hospitalization and not necessarily because they were life threatening. SAEs were captured only until disease progression because after progression subjects were hospitalized often due to the very severe stage their disease was at (2-7th progression). There were no SAEs seen at an incidence above 3%.
Of note are the nervous system and psychiatric disorder SAEs that were higher in the NovoTTF-100A group.  These are discussed in Section 7.1.2.
Note that the applicant, in their Executive Summary, has separated AEs into device related and non-device related events.  However, FDA’s Executive Summary (Tables 7 and 8) lists all adverse events together as the cause of an event is not always clear. 
7.1.2 Safety Results Analyses
7.1.2.1
AE Categories with Statistically Significant Differences: Blood and lymphatic disorders, gastrointestinal (GI) disorders, infections and injury
The classic side-effects of chemotherapy are hematological (blood and lymphatic) disorders, GI toxicity and infections.  The difference between the groups in these categories of AEs was statistically significant, with more events in the BSC group.  Injury and procedural complications included significantly more AEs in the NovoTTF-100A group.

These categorical differences are discussed below:
Four percent (4%) of NovoTTF-100A subjects had blood and lymphatic disorders.  BSC chemotherapy, as expected, caused a significant proportion of subjects to suffer from moderate to severe blood and lymphatic disorders (27 AEs in 19% of the subjects), mainly thrombocytopenia (12% of subjects).  The difference was statistically significant (p=0.0009). 
There were 12 GI-related AEs in 8% of NovoTTF-100A subjects. There were 51 events of gastrointestinal toxicity in 30% of BSC subjects.  These events included moderate to severe nausea, vomiting, diarrhea, abdominal pain and constipation. The difference in incidence between groups was highly significant (p<0.0001). 
There were 5 infections in 4% of NovoTTF-100A subjects. There were 15 infections in 12% of BSC subjects.  The difference was statistically significant (p=0.0376).  In the BSC subjects, infections were more common, more severe and of a more systemic nature (e.g., severe pneumonia leading to hospitalization).  Mild fungal infections were seen in a handful of NovoTTF-100A subjects but these were thought to be most likely secondary to steroid use.  

Under “Injury and Procedural complications,” 18 NovoTTF-100A subjects or 16% had skin irritation beneath the electrodes versus one BSC subject who had excoriation.   None of these cases were judged as severe.  The difference was highly significant (p<0.0001).  Some of the device subjects had more than one episode of skin damage leading to a frequency of 20 events in the subjects.  The skin reaction resolved in all cases after discontinuing treatment at the affected location and was easily treated with topical steroids or antibiotic creams (in case there are open sores). Treatment is not interrupted by this condition due to the ability to shift between alternative electrode locations.  
Also under Injury and Procedural complications, five (4%) NovoTTF-100A subjects had six falls.  None were severe.  The applicant stated the falls “were most likely related to neurological deficits of the underlying disease” but there were none in the BSC group.
7.1.2.2
Neurologic and Psychiatric AEs

It is known that most of the symptoms related to the recurrent GBM disease itself are neurological and psychiatric in nature.  Some common neurological symptoms of the disease are convulsions, headaches, focal neurologic signs (e.g., hemiparesis, visual disturbances, cognitive disturbances, speech disturbances, etc.) and general neurologic and or functional deterioration.  Mental status changes are common psychiatric events in this population.  The applicant was asked to address the (central nervous system, “CNS”) AEs of convulsions, headaches, hemiparesis and mental status change which were seen in noticeably higher numbers (but as shown, not statistically significant) in the NovoTTF-100A group as shown in Table 9.  Table 10 provides the rates of serious CNS AEs.

The applicant believes the NovoTTF-100A device did not cause the specified CNS adverse events for the following reasons: 1) No statistical difference between groups in incidence of AEs; 2) Mechanism of action does not support neural stimulation; 3) Investigator assessment of relationship does not support causality based on pre-specified WHO criteria; 4) Convulsions, headaches, hemiparesis and mental status change are expected in recurrent GBM; and 5) Their incidence in the NovoTTF-100A trial was lower than expected from other trials.
Each type of CNS AE listed in Tables 9 and 10 are discussed below based on the applicant’s response to FDA concerns.
Convulsions:  Convulsions are expected in 20-50% of GBM subjects at various stages of their disease
.  In both treatment groups, the incidence of convulsions in this trial was low compared to other trials
.  Convulsions were seen in 9% of NovoTTF-100A subjects and in 4% of BSC subjects. Both rates are lower than previously reported in recurrent GBM subjects. The differences in incidence and frequency of convulsions between groups are not statistically significant.  Only 3 cases in the NovoTTF-100A group and 2 cases in the BSC group were rated as severe by the investigators and all but one case were resolved without any sequelae. A case-by-case review of all convulsions in the trial showed that all but 2 events in the NovoTTF-100A group and 2 events in the BSC group could be attributed to other causes. These included mainly a presumption of disease progression in close temporal proximity to the event and a case of Gliadel wafer implantation (known to lead to an increase in convulsions).  
Headaches:  Headaches are an expected AE when using the NovoTTF-100A device because of the minor discomfort from wearing the electrodes.  In addition, this is one of the basic symptoms of having a brain tumor in general and in recurrent GBM specifically.  There was no significant difference in the incidence of headaches between treatment groups (16% vs. 10% in NovoTTF-100A and BSC groups, respectively).  Both rates are lower than previously reported for recurrent GBM subjects (e.g., 37% of subjects in the Avastin registration trial; Friedman et al).  Only 2 headaches in the NovoTTF-100A group were severe and both resolved without sequelae. A case-by-case review of all headaches in the trial showed that all but 3 events in the NovoTTF-100A group and 5 events in the BSC group could be attributed to other causes. These included disease progression in close temporal proximity to the event, one case where the event started 5 days before treatment was initiated and a case where no steroids were given to control headaches due to recurrence at trial entry.
Hemiparesis: Hemiparesis was seen in 9% and 4% of NovoTTF-100A and BSC subjects, respectively. None of the cases were severe in the NovoTTF-100A group and only one case was severe in the BSC group.  A case-by-case review of all cases of hemiparesis in the trial showed that all but 4 events in the NovoTTF-100A group and 1 event in the BSC group could be attributed to other causes. These included disease progression in close temporal proximity to the event, a case where hemiparesis was known prior to entering the trial (in which case it should not have been reported as an AE since it is a pre-existing condition), and one case where hemiparesis started prior to treatment initiation.  It should be noted that hemiparesis and/or hemiplegia are a clear symptom of brain tumors in general and are thus usually not reported in recurrent GBM trials. For example, in the Bevacizumab registration trial publication, hemiparesis was not reported at all as an AE.  However, in the Gliadel wafer registration trial (Brem et al.), hemiplegia was seen in 41% and 44% of treatment arm and placebo control arm subjects, respectively.
Mental Status Changes: Mental status change was seen in 5% and 1% of NovoTTF-100A and BSC subjects, respectively. No events were judged as severe. All but 3 events in the NovoTTF-100A group and the 2 events in the BSC group were resolved without sequelae. A case-by-case review of all cases of mental status change in the trial showed that all but 3 events in the NovoTTF-100A group and 2 events in the BSC group could be attributed to other causes. These included disease progression in close temporal proximity to the event, a subject with a 32 cm2 tumor at baseline who was not receiving steroids and one subject who had just failed bevacizumab (Avastin) and had his third resection of a rapidly growing tumor. Mental status change was reported in the Gliadel wafer registration trial in 6% and 8% of subjects in the treatment arm and placebo control arm, respectively (termed – “thinking abnormal”).
The applicant concludes that the incidence of all four AEs was lower in both groups than in prior trials reported in the literature.  Furthermore, based on looking at the “incidence of CNS adverse events vs. time from treatment initiation,” the applicant also concludes that the elevated rates in the NovoTTF-100A group of CNS AEs listed above were mostly due to “chance clustering” around disease progression.  More specifically, based on case analyses, the applicant states, “In the NovoTTF-100A subjects, the underlying cause of the event is clearly tumor growth immediately before or after the event (within a week) in about half of the cases (24 of 51 events). 
In addition, there are several cases (6 of 51 events) where subjects had enormous baseline tumors (6-8 cm in diameter) and were not optimally treated with systemic steroids and antiepileptics for prevention of neurological symptoms.  In fact, in only 12 cases was no alternative underlying cause found besides having a brain tumor. On the other hand, of the 19 AEs in BSC subjects, only 7 occurred immediately before or after tumor growth and only 2 could be explained by other medical conditions.”
Finally, Table 11, provided by the applicant, compares between NovoTTF-100A and BSC groups the CNS AEs (listed above) without plausible medical explanation.  As shown, the overall event rates were similar between the NovoTTF-100A and BSC groups (12 and 10 events in 10 (9%) and 9 (10%) subjects, respectively).
FDA reviewers believe the cause of these CNS events is still not definitive and that the affect of TTFields on normal neuronal structures over chronic administration is unclear.  Thus, the slightly elevated rates of CNS AEs in the NovoTTF-100A group could potentially be contributed by the device.
There were slightly higher numbers of CNS AEs – in particular convulsions (9% vs. 4%), headaches (16% vs. 10%), hemiparesis (9% vs. 4%) and mental status changes (5% vs. 1%) – in the NovoTTF-100A group compared to the BSC group, of which the relationship to treatment is uncertain.  The Panel will be asked to take this into consideration when deliberating on the safety of this device.
7.2
Effectiveness Results and Analyses


7.2.1
Primary Endpoint – Overall Survival
7.2.1.1
Vital Status Subject Accountability

Vital status is known for 221 (93%) subjects at the end of the study; 202 subjects were known to have died and 19 subjects (TTF=9, BSC=10) were still alive at the end of the study (6 months after last subject randomized). Sixteen (7%) subjects (TTF=6, BSC=10) were lost to vital status follow-up. The majority of subjects lost to follow-up were subjects who never started the assigned treatment after randomization (TTF=1, BSC=8). The remaining 7 subjects (TTF=5, BSC=2) were lost to follow-up during the study due to non-compliance with the follow-up protocol.
7.2.1.2
Overall Survival Analyses

7.2.1.2.1 
ITT Population

In the ITT population, the Kaplan-Meier survival curves for the two treatment groups (Figure 4) appeared to be very similar during first 12 months of follow-up, where 80% of the events occurred in both groups. Between 12 and24 months, the survival curves separated somewhat in favor of the BSC control group.  After 24 months, the number of subjects remaining at may be too small to reliably estimate the long term survival outcome (Figure 4).  
Regarding the K-M curves: According to pre-clinical evidence, the applicant believes that TTFields harness electric fields to arrest the proliferation of tumor cells. Taking into consideration this TTF treatment mechanism, the panel will be asked to discuss any clinical implication of the observed separation of the two survival curves in favor of the BSC control group after the first 12 months (Fig. 4).
Table 12 shows the results of the primary effectiveness endpoint analysis for the ITT population.  As shown by both Log-rank and Wilcoxon statistical analyses, there was no significant difference in OS between the two treatment groups (median OS TTF=6.3 vs. BSC=6.4 months; Log-rank p=0.98, Hazard Ratio (HR) = 1.0 95% CI: 0.76, 1.32).  A HR of 1.0 reflects an equal hazard of death in the two groups. The higher the HR, the higher the risk of death using the device compared to chemotherapy. Although the performance of NovoTTF-100A appeared to be clinically comparable to BSC as shown by the similar median OS, the point estimate and 95% confidence interval of HR, please be aware that, a switch from failed superiority trial into a statistical non-inferiority claim after the study has completed is generally not considered to be statistically sound. To assess whether the NovoTTF-100A is non-inferior to BSC, the 95% CI upper bound of the HR, i.e., NovoTTF-100A/BSC=1.32, should also be particularly considered.
7.2.1.2.2 
PP Population
In the PP population, the Kaplan-Meier survival curves for the two treatment groups (Figure 5) appeared to favor NovoTTF-100A during the first 12 months of follow-up.
Table 13 shows the results of the effectiveness analyses of the PP population (as well as the Alternative PP1 (Safety) and PP2 (mITT2) populations).

In the PP population (Table 13), which excluded those subjects who never started any assigned treatment (NovoTTF=4 vs. BSC=26) or received less than one course of treatment in the NovoTTF group (n=23) and the additional 12 BSC subjects who violated KPS eligibility (n=1) or received other chemotherapeutic agents not representatively listed in the protocol with the exception of Avastin (n=11), the median OS in subjects treated with NovoTTF-100A device appeared to be 20% longer than subjects treated with BSC chemotherapies, which the applicant claimed to be statistically significant using the (post-trial chosen) Wilcoxon test (BSC 7.8 vs. TTF 6.5 months; Wilcoxon p=0.04 without any adjustment for multiplicity). However, when this analysis 1) included the single subject with KPS violation (Wilcoxon p=0.054) or 2)  was adjusted for tumor position (frontal vs. non-frontal) or tumor location or gender or Avastin use prior to randomization, the Wilcoxon test is no longer statistically significant even without any penalty adjustment for the multiple tests.   Please also note that the 95% CI (0.61, 1.20) for the hazard ratio (TTF/BSC) of the PP population based on Cox regression model controlling for other relevant covariates suggested  that the rate of death in subjects receiving NovoTTF-100A could be up to 1.2 times the rate of death in subjects receiving BSC.  
Note that although the prospectively-defined statistical test for the primary endpoint was the logrank test, the Wilcoxon test
 was stated by the applicant to be a more appropriate method with which to analyze the data for OS. 
FDA reviewers believe that it is not appropriate to conclude superiority of NovoTTF-100A based on the PP analysis using the unadjusted Wilcoxon test (p=0.04) because of the following concerns:
· As pointed out before in 6.2.3.4 “Analysis Populations,” the applicant’s defined PP may not be clinically appropriate due to its selective exclusion of BSC-treated subjects (i.e., subjects treated by other chemotherapeutic agents with the exception of Avastin were excluded).  In addition, no BSC subjects who received only one day of chemotherapeutic agents were excluded from the applicant’s PP analysis.
· The PP analysis excluded more than 20% of randomized subjects, which likely compromised the protection against bias offered by randomization. 
· The PP analysis is not the pre-specified primary analysis.  Therefore, Type I error rate will not be controlled at the pre-specified 5% level.
· The Wilcoxon test did not control for any baseline covariate. After adjusting for the pre-specified baseline covariate (e.g., tumor location), the result of Wilcoxon test is no longer statistically significant at 0.05 level even without any multiplicity adjustment (e.g., p=0.24 after controlling tumor location).
7.2.1.2.3 
Additional Populations
To minimize the potential bias associated with the large percentage of exclusion of randomized subjects by the applicant’s PP analysis, FDA asked the applicant to report several additional effectiveness analyses as follows:

1. Alternative PP1 (referred by the applicant as Safety Population) – Derived from the ITT excluding those subjects (TTF=4) or (BSC =26) who never started any assigned treatment due to consent withdrawal, pre-treatment adverse event, non-compliance, etc.
2. Alternative PP2 (also referred as mITT by the applicant’s SAS program and mITT2 in the applicant’s executive summary) – Derived from the Alternative PP1 population after excluding the additional 23 TTF subjects who received less than 28 days of TTF treatment.
3. Sensitivity analyses: include all randomized subjects (TTF=120, BSC=117) but censoring those subjects excluded from the above three per-protocol populations.

As shown in Table 13 and the sensitivity analyses in Table 14, the agency-recommended additional analyses agreed well with the protocol pre-specified primary ITT analysis with respect to both p-values and HRs: there was no significant difference in OS between the two groups. For example, after including those excluded subjects (BSC=27 and NovoTTF-100A=38) as censored in the applicant’s preferred PP population, the Wilcoxon test is no longer statistically significant (p=0.42), which is consistent with Log-rank test (p=0.80, HR 95% CI: 1.04 (0.75, 1.44))

Please note that the applicant reported a mITT1 analysis in their executive summary. FDA reviewers believe that the unbalanced selective exclusion of subjects who were randomized to the NovoTTF-100A group might introduce bias in favor of the NovoTTF-100A group.  Therefore, the applicant will be asked to remove any superiority claims from their labeling.

7.2.1.3 Overall Survival (OS) by Re-Operation Status

Re-operation may extend OS, thus the randomization in the pivotal study was stratified by re-operation status (yes or no) to balance the proportion of re-operated subjects assigned to each study group. In the pivotal study, overall, 26% of the subjects were re-operated for their recurrence immediately before randomization. The re-operation rate is the same in the two study groups (28% in the NovoTTF-100A group and 25% in the BSC group; p=0.63).

In the ITT population, in the re-operated subjects, OS was essentially the same in NovoTTF-100A subjects and BSC subjects (median OS 7.3 vs. 7.5 months, respectively). The between-group difference in OS was not statistically significant (logrank p=0.18; Wilcoxon p=0.51). In the non-re-operated subjects (75% of subjects in the trial), the results in NovoTTF-100A and BSC subjects are very similar to those seen for the entire cohort (median OS 6.2 vs. 5.8 months, respectively). There is no significant difference in overall survival between the treatment groups in this analysis (logrank p=0.55; Wilcoxon p=0.47). In the PP population, consistent with the overall results for OS, the median OS is higher in NovoTTF-100A subjects compared to BSC subjects, regardless of whether they were re-operated (median OS 8.5 vs. 6.5 months in NovoTTF-100A and BSC subjects, respectively; logrank p=0.71; Wilcoxon p=0.42) or not (median OS 7.6 vs. 6.6 months; logrank p=0.17; Wilcoxon p=0.06) prior to randomization. Based on the above results, the applicant concluded that the treatment effect of NovoTTF-100A compared to BSC on the overall survival is not affected by the re-operation status of subjects at baseline.
7.2.1.4
Country and Regional Differences in OS: US vs. OUS
Table 15 summarizes overall survival statistics of NovoTTF-100A treated subjects versus BSC chemotherapy subjects by country in the ITT population.   The median OS of subjects treated with the NovoTTF-100A device ranged from 4.8 months (in Austria) to 9.3 months (in the Czech Republic). The median OS of BSC chemotherapy subjects ranged from 5.2 months (in France) to 8.4 months (in the Czech Republic). Median OS was higher in NovoTTF-100A subjects than in BSC chemotherapy patients in the Czech Republic, France and the US. Median OS was lower in NovoTTF-100A subjects than in BSC chemotherapy patients in Austria, Germany, Israel and Switzerland.

It is noteworthy that the median OS is relatively high in the Czech Republic (9.8 months) where the NovoTTF-100A pilot trials in recurrent and newly diagnosed GBM subjects were performed.  Although this does not explain the entire difference between the OS seen in the pilot studies and the pivotal study, it raises the possibility that local experience with the device and supportive care are better in Czech Republic than in other countries in the pivotal trial.

Although country to country variation in results exists, the differences are not drastic, considering the number of subjects in each treatment group is less than 20 in all countries except for the US. Also, it should be noted that similar variation exists in both treatment groups, making it more likely that this variation is the result of small sample sizes and not differences in local medical practice.  
Approximately half of the subjects in the study were recruited in the US and half out of the US (OUS) in highly respectable European and Israeli oncology centers. While the median OS is somewhat longer in the OUS subjects than in the US subjects, the comparative results of NovoTTF-100A treatment vs. BSC chemotherapy treatment in the US and OUS sites are similar, and consistent with the overall results.

In the US, the median overall survival was 6.1 vs. 5.3 months for NovoTTF-100A vs. BSC chemotherapy, respectively, in the ITT population and 7.3 vs. 5.9 months in the PP population.

In OUS sites, the median overall survival was modestly longer for both the NovoTTF-100A and BSC chemotherapy subjects. The median overall survival was 7.1 vs. 7.2 months for NovoTTF-100A vs. BSC chemotherapy respectively in the ITT population and 8.3 vs. 6.8 months in the PP population.  These results and statistical comparisons between the groups by region and analysis population are shown in Table 16.

Although some differences in local supportive care may exist between OUS and US centers, leading to a modest increase in the OS of subjects treated in OUS centers, the equivalence of NovoTTF-100A to BSC chemotherapy in the ITT population and trend towards superiority in the PP population is identical in both regions. In fact, there is a small trend towards higher OS in the NovoTTF--100A compared to BSC chemotherapy in the US vs. OUS sites in the ITT analysis. Comparison of the treatment arms in the PP population by region does not meet statistical significance due to halving of the number of subjects in each region.
7.2.1.5
Overall Survival (OS) by BSC Therapy

Individual clinical sites determined the BSC for their patient population (n).  The by-BSC Therapy analysis is presented in Table 17.  

7.2.1.6
Covariate Analysis

The following covariates were specified in the protocol and adjusted for using a Cox Proportional Hazards Model of OS by treatment group:

1. Age (Years) – Continuous variable

2. Karnofsky Performance Status (0-100) – Continuous variable

3. Baseline Tumor Area as per RadPharm (mm2) – Continuous variable

4. Tumor Location (Left Hemisphere; Right Hemisphere, Bilateral or midline) – Dichotomous variable (Left+right versus bilateral+midline)

5. Tumor Position (Frontal and non frontal lobe locations) – Dichotomous variable

6. Number of Prior Recurrence – continuous variable
7. Prior Surgery – Dichotomous variable
In addition, the increasing use of Avastin in recurrent GBM subjects during the years the pivotal trial was performed led to a significant number of subjects who had failed Avastin entering the trial.  Prior Avastin failure is a significant predictor of survival
 and was thus included in an additional adjusted analysis as a dichotomous variable.
All of these parameters are known clinically significant predictors of overall survival in the general clinical trial GBM population
.  
Adjusting for the above covariates (with or without Avastin), using a Cox Proportional Hazard Model of OS, does not have significant effect on the p-value or HR regarding the treatment effect of NovoTTF-100A compared to BSC chemotherapy for both ITT and PP population analyses (logrank p=0.66 and p=0.47, respectively).  Please see the applicant’s Table 18 (page 71 of their Executive Summary).
Of note, when all subjects excluded from the Safety population (TTF=4BSC=26) were censored, aCox regression model adjusted for gender, tumor position, KPS, region, prior Avastin use, reoperation status, tumor size and prior surgery showed a significant difference (unadjusted for multiplicity) in favor of BSC (p=0.042, HR 95% CI: 1.4 (1.01, 1.93)).  The applicant believes that the sensitivity analysis by censoring subjects excluded from the safety population is overly conservative and does not provide a meaningful comparison between the two treatment groups. 
7.2.1.7
Effect of Treatment Compliance on OS
NovoTTF-100A subjects were compliant with treatment on average 72% of the scheduled time (range 38-91%).  More than 80% of the subjects in the trial received treatment ≥75% of the time.  For the subjects who received therapy more than 13 days and had log files available, overall survival in the ITT population was found to be correlated with compliance with treatment. Subjects with maximal compliance greater than or equal to 75% (i.e., 18 hours a day on average) had an OS of 7.7 months compared to subjects with compliance below 75% who had an OS of 4.5 months.  The unadjusted logrank p=0.04. 

In the PP population, OS did not reach statistical significance (median OS = 8.1 months vs. 7.1 months; unadjusted logrank p=0.51).  The applicant states that “The non-significant difference in the PP population is a reflection of the fact that by excluding subjects who received less than 4 weeks of treatment with the device from the PP population, several subjects with very poor outcomes were excluded from the <75% compliance group and thus the difference between the two groups decreased.”

7.2.2
Secondary Effectiveness Endpoints
The applicant was asked to address the issue of steroid dosing because an imbalance in steroid dose could have affected the radiological response. The applicant’s analysis of average daily steroid dose (normalized to equivalent doses in mg of dexamethasone) found it to be slightly lower in NovoTTF-100A subjects than in BSC subjects in both the ITT and PP populations (6.3 mg vs. 6.8 mg in ITT, 5.0 mg vs. 6.8 mg in PP).  Thus, it can be concluded that steroid use likely did not confound the assessment of radiological endpoints in the study.  
Assessment of radiological response by (blinded) core radiology review of radiographic response does not have the benefit of clinical correlation, thus, can be inaccurate.  Investigator assessment offers the benefit of clinical correlation but is unblinded and may introduce bias.  In order to reduce this potential bias, the applicant primarily relies on CEC review analysis of radiological endpoints (PFS6, TTP, radiological response – RR rate).

The secondary endpoint results are summarized below:
7.2.2.1
Progression free survival rate at 6 months (PFS6) 

PFS6 was defined as follows:

· Success: Alive and progression-free at 6 months, defined as any subject with at least one valid tumor response at the 6-month visit (or later) showing no signs of clinical or radiological progression, and with no tumor assessments of progressive disease at any point from baseline to that visit.

· Failure: Dead or progressive disease at 6 months, defined as any subject with a radiological tumor response or clinical assessment of progressive disease at the 6-month visit or earlier, or any subject that has died for any reason ≤166 days (180 days – 2 weeks exam window) after the date of randomization, as long as the subject was not discontinued from the trial prior to failure.

· Indeterminate: Defined as any subject with no tumor assessments at the 6-month visit or later who cannot be classified into either of the two preceding categories. Indeterminate subjects are not included in the denominator for the calculation of the rate of PFS at 6 months.

Based on Core radiology review alone, in the ITT population, 100 of 120 NovoTTF-100A subjects (83%) were evaluable for PFS6 (i.e., were not indeterminate). In contrast, 67 of 117 BSC subjects (57%) were evaluable for PFS6 based on MRI alone. The applicant discusses the reasons for this difference in its Section 8.7.2.2.2.
Using CEC review, the number of evaluable subjects was more balanced between groups: 86% of NovoTTF-100A subjects and 79% of BSC subjects were evaluable in the ITT population.  As per the applicant (see the applicant’s section 8.7.2.2.2), this was likely because of the reduction in indeterminate cases.   Thus, the applicant performed the bulk of its analysis of PFS6 based on CEC review.

PFS6 did not show a statistically significant difference between the two groups in the ITT population when CEC or core radiology review was used (p=0.13 and p=0.65, respectively).  PFS6 was higher in NovoTTF-100A-100A subjects than in BSC chemotherapy subjects in the ITT population (CEC review – 21.4% vs. 15.2%, respectively – p=0.13).  These results are shown in Table 18.  The applicant’s Kaplan-Meier Curves for the ITT population may be viewed in the applicant’s Executive Summary Figure 19 (page 76).

In the PP population, using CEC-adjudication, PFS6 was significantly higher in the NovoTTF-100A group than in the BSC group (26.2% vs. 12.7%; chi-square p = 0.02).  Kaplan-Meier Curves for the PP population may be viewed as the applicant’s Figure 20 (page 77 of the applicant’s Executive Summary).

The results of the PFS6 analyses for the other additional populations are shown in Table 19.
As shown, statistically significant differences were found to favor NovoTTF-100A group for the mITT2 populations (chi-square p=0.047).   Kaplan-Meier Curves for the mITT1 and mITT2 populations may be viewed as the applicant’s Figures 21 and 22 (pages 77 and 78, respectively, of the applicant’s Executive Summary.
7.2.2.2
Time to progression (TTP)
For determination of progression for TTP analysis, disease progression can be radiological progression (i.e., Core radiology) and/or clinical progression as determined by the investigator in the absence of an MRI.  

The median TTP as determined by core radiology review was less in the NovoTTF-100A group versus the BSC group in the ITT (9.9 weeks versus 12.1 weeks, respectively) and PP populations (10.1 weeks versus 12.1 weeks).  It was essentially the same in both groups when CEC-adjudicated assessment was used however, as shown in Table 20, the difference in the PP population (10.1 weeks in the NovoTTF-100A-100A group versus 9.7 weeks in the BSC group) favored the NovoTTF-100A-100A group and was statistically significant (logrank p=0.036).  

7.2.2.3
One year survival rate (% 1-year survival)

One-year-survival was in the NovoTTF-100A group (114 of 120 subjects available) was similar to that in the BSC group (104 of 117 subjects available) in the ITT population (21.9% vs. 22.1%, respectively) and was higher in the PP population (27.8% vs. 21.6%, respectively), as shown in Table 21. 

For comparison, a median one year survival of 28.2% is demonstrated by “effective chemotherapies” based on a literature review, supplied by the applicant (Table 25 of this summary).  

7.2.2.4 
Radiological response rate

Investigator assessment of radiological response rate for NovoTTF-100A subjects was higher than for BSC chemotherapy subjects in the ITT population (14.0% vs. 9.6%, respectively, P=0.19) and significantly so in the PP population (15.9% vs. 6.7%; chi-square p=0.046).   The results are shown in Table 22.
Core radiology review in both populations identified considerably fewer radiological responses in both groups compared to investigator assessment (4.1% vs. 6.7% in NovoTTF-100A and BSC groups, respectively; p=0.77 in the ITT population and 4.7% vs. 4.8% (p=0.52) in the PP population).
A summary of above secondary endpoint results for the ITT and PP populations is presented in Table 23.
7.2.2.5 Quality of life (EORTC QLQ-C30 questionnaire)

In the ITT population, quality of life, based on QLQ C-30 and BN-20 questionnaires, was consistently better in the NovoTTF-100A group than the BSC control group (5 out of 6 general scales and 7 of 9 symptom scales including, nausea, vomiting, diarrhea, constipation and pain).  Figures 6 and 7 show bar graphs of the results of the QLQ C-30 Functional Scales and Symptom Scales, respectively.

In light of the outcomes of the secondary effectiveness endpoints, the Panel will be asked to consider whether the data represents a clinically significant effectiveness difference for the NovoTTF-100A device as compared to the BSC control.

7.2.3
Effectiveness of NovoTTF-100A Compared to Literature on In-effective and Effective Chemotherapy 

This section asks the question, “How did NovoTTF-100A-100A compare to in-effective and effective chemotherapy studies in the literature?” 

An applicant-provided literature review of ineffective (“inactive”) chemotherapies, a “historical placebo control,” summarized in Table 24 shows a median OS of 3.73 months (95% CI 2.4-4.8 months). The median OS for NovoTTF-100A subjects in the ITT population of the pivotal trial is 6.3 months (95% CI 5.6-7.8 months). Because the 95% confidence intervals of the median OS in the NovoTTF-100A group and the historical control data do not overlap, the applicant concludes that “in the ITT population, NovoTTF-100A treatment increases OS significantly compared to the ineffective chemotherapies with p < 0.025.”  
Further, based on a applicant-provided literature review of effective chemotherapies summarized in Table 25, the applicant states, “the estimated excess risk of mortality for the ineffective chemotherapies relative to the effective chemotherapies is 94% based on the estimated median OS (7.23/3.73=1.94). The HR (NovoTTF-100A/BSC) in the ITT population observed in the pivotal trial is 1.0 with a 95% CI of 0.76 to 1.32. Since the upper 95% CI 1.32 is less than 1.94, consistent with the conclusion reached using the median OS, the company concludes that NovoTTF-100A treatment is superior to ineffective chemotherapies in reducing the mortality risk.”
With regards to the applicant-provided summary of large studies (>50 subjects) of effective chemotherapies for recurrent GBM (Table 25), the applicant states, with respect to OS, “the 95% CI of the BSC control group in the ITT population of the pivotal trial (5.2–7.4 months) is fully contained within the 95% CI of the historical control data in the literature for effective chemotherapies (5.1–9.5 months).”  Thus, the applicant states that “the constancy assumption required for establishing non-inferiority using (effective chemotherapy) historical controls is maintained in the BSC control group in the pivotal study.”  Finally, the applicant uses a 50% non-inferiority margin to show that all four analyses discussed have upper bounds of their respective HR 95% CIs below or close to 1.47, which is a HR of 1.0 plus the estimated risk of death with ineffective chemotherapies versus effective chemotherapies of 0.94 times the 50% non-inferiority margin. Hence, the applicant concludes “that using both the estimates of OS with 95% CIs… and a non-inferiority margin approach based on hazard ratios, with a conservative non-inferiority margin, the NovoTTF-100A device is non-inferior to the best available chemotherapy today for the treatment of recurrent GBM.”
Based on OS and HR comparison to historical controls, the applicant believes that “NovoTTF-100A is superior to ineffective chemotherapies in reducing the mortality risk” and that “the NovoTTF-100A device is non-inferior to the best available chemotherapy today for the treatment of recurrent GBM.”  
The panel will be asked to comment on the following: 
a. The comparability between the historical controls from the literature and the NovoTTF-100A treated subjects.  Does the applicant’s comparison with the historical control provide a reasonable assurance that the NovoTTF-100A is effective? 
b. The applicant’s claim of non-inferiority to “BSC (Best Standard of Care)” based on the post-trial selected non-inferiority margin after the pre-specified superiority hypothesis test failed.
8. Post-Approval Study

NOTE TO PANELISTS: FDA reviewer’s inclusion of a section/discussion on a Post-Approval study (PAS) in this executive summary should not be interpreted to mean that FDA has made a decision on the approvability of this PMA device. The presence of post-approval study plans or commitments does not in any way alter the requirements for premarket approval and the recommendation from the Panel on whether the risks outweigh benefits. The premarket data must reach the threshold for providing reasonable assurance of safety and effectiveness before the device can be found approvable and any post-approval study could be considered. The issues noted below are FDA reviewer’s comments regarding potential post-approval studies, for the Panel to include in the deliberations, should FDA find the device approvable based upon the clinical premarket data.

Overview of Proposed Post-Approval Study

The applicant proposes to use another IDE (G070228, briefly described below) as the post-approval study for the current PMA (the NovoTTF-100A device for the treatment of recurrent GBM).

The applicant is currently conducting IDE G070228, a pivotal clinical study of NovoTTF-100A for the treatment of newly diagnosed GBM (IDE G070228).  This study is meant to answer the question of whether using the device at an earlier stage of the same disease will lead to an increase in effectiveness. In addition, the newly diagnosed GBM trial protocol allows for treatment beyond first recurrence, so that subjects will be exposed to treatment for many more months than in the recurrent GBM pivotal trial.  Therefore, this trial aims at answering the question of whether longer exposure time could result in device-related adverse events not seen to date. Table 26 shows the synopsis of the applicant’s PAS proposal. 

FDA Assessment of PAS Proposal

If the device were to be approved, the applicant can not use an IDE study, being conducted for another device indication, to fulfill a PAS condition of approval for the current PMA (subjects with recurrent GBM). Therefore, the study as proposed is not appropriate. 

FDA believes evaluation of the postmarket device performance for the currently proposed indication is needed. 

The Panel will be asked to comment on the need for a PAS (should the application be approved). 
Should the device be approved, the applicant is proposing that FDA considers the use of the G070228 pivotal trial, including subjects with newly diagnosed GBM and following them through recurrence, as the PAS for the NovoTTF-100A device for the treatment of recurrent GBM. Panel will be asked to discuss the following:

a. The applicant has not proposed a new PAS to study specifically recurrent GBM. Please discuss if there is need for a PAS to evaluate postmarket performance of the device in subjects with recurrent GBM.

b. Please discuss if the proposed primary and secondary endpoints for the PAS are appropriate. 

c. Please discuss if there are additional adverse events that need to be studied postmarket.   

d. The proposed protocol did not include the characterization of genetic tumor make up in relation to treatment response and adverse events. Please discuss if genetic tumor make up should be characterized in a PAS?

e. The proposed protocol did not include the characterization of radiologic type in relation to treatment response and adverse events. Please discuss if radiologic type should be characterized in a PAS? 
f. Please discuss whether the study should consider additional subgroups analyses?
Tables

Table 1.  Summary of NovoTTF-100A Clinical Studies

	Study Type
	Study Design
	Objective
	Number of Sites
	Number of Subjects
	Accountability

	Pilot
	Prospective single-arm trial
	To assess the safety and effectiveness of NovoTTF-100A treatment compared to recurrent GBM historical controls
	1
	10
	All patients were followed until death. 

	Pivotal
	Prospective, open label, randomized, BSC control trial
	To compare the overall survival of patients treated with the NovoTTF-100A alone to patients treated with the BSC chemotherapy available for recurrent GBM
	28
	237
	207 patients received treatment. Vital status is known for 221 (93%) of patients. Last follow up date – June 29, 2010


Table 2.  Schedule of Evaluations Performed for Each Subject

	
	T=0 (baseline)
	T=1 month (±7 days)
	T=2 months (±7 days)
	T=3 months (±7 days)
	T=4 months (±7 days)
	T=5 months (±7 days)
	T=6 months (±14 days)
	T=monthly until progression+
	T=Progression
	T=1 month From progression+
	T=2 months From progression+
	Monthly thereafter+

	MRI of the head
	X*
	
	X*
	
	X*
	
	X*
	
	X*
	
	
	

	ECG
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	

	Physical examination
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	

	Neurological status
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	

	Complete blood count (CBC) and differential
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	

	Chemistry panel (SMAC)
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	

	Coagulation study
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	

	Quality of life questionnaire
	X
	
	
	X
	
	
	X
	X&
	
	
	
	

	Telephone interview
	
	
	
	
	
	
	
	
	
	
	
	X


*MRI of the head was performed routinely at baseline and again after 2, 4 and 6 months. An MRI of the head was obtained in the event of clinical signs of progression.

& Every third month until progression. 

+ Visit window of ± 7 days if visit occurs prior to the 6 month follow-up window, ± 14 days if visit occurs on or after the 6 month follow-up window.

Table 3. Subject Disposition – All Randomized Subjects (ITT Population)

	
	NovoTTF-100A
	BSC
	ALL SUBJECTS


	
	(N=120)
	(N=117)
	(N=237)


	Number of Subjects Randomized

	120 (100)
	117 (100)
	237 (100)

	No. Subjects not Receiving Study Treatment

	4 (3)
	26 (22)
	30 (13)

	Due to:
	

	Withdrawal of Consent
	3 (3)
	15 (13)
	18 (8)

	Non-Compliance
	0 (0)
	5 (4)
	5 (2)

	Pre-treatment Adverse Event
	1 (1)
	3 (3)
	4 (2)

	Other
	0 (0)
	3 (3)
	3 (1)

	No. Subjects Receiving Treatment/Therapy

	116 ( 97)
	91 ( 78)
	207 ( 87)

	Number of Subjects Completing 2 months post- progression follow up

	32 ( 27)
	36 ( 31)
	68 ( 29)

	Number of Subjects Discontinued from the Study prior to completing 2 months post progression follow-up (excluding subjects who never started treatment) 

	84 ( 70)
	55 ( 47)
	139 ( 59)

	Reason for Discontinuation (for subjects who started therapy)
	N=116
	N=91
	N=207

	Death
	31 ( 27)
	16 ( 18)
	47 ( 23)

	Adverse Event (Incl. SAE)
	13 (  11)
	7 ( 8)
	20 ( 10)

	Non-Compliance
	1 (  1)
	2 (  2)
	3 ( 2)

	Withdrawal of Consent
	10 ( 9)
	10 ( 11)
	20 ( 10)

	Other1
	29 ( 25)
	20 ( 22)
	49 ( 24)



 “Other” includes different definitions which most likely correspond to one of the three previous categories, but did not fit any one CRF category perfectly. For example, subjects who moved to hospice care and could not return for visits, patients with general clinical decline who stopped coming for visits due to transportation limitation, individual cases where the investigator thought it would be better to take the patient off trial without specifying a reason beyond clinical judgment, etc.
Table 4.  Demographics and Baseline Characteristics by Treatment Group (ITT Population) 

Statistically significant p-values (p<0.05) given in bold.
	
	NovoTTF-100A
	BSC

	

	Characteristics
	(N=120)
	(N=117)
	P-Value

	Race

	Caucasian 
	111 ( 93)
	106 ( 91)
	ns

	African American
	2 (2)
	5 (4)
	

	Asian
	0
	3 (3)
	

	Hispanic
	7 (6)
	2 (2)
	

	Other
	0
	1 (1)
	

	Female Gender 
	28 ( 23)
	44 ( 38)
	0.0169

	Frontal Tumor Position
	38 ( 32)
	58 ( 50)
	0.0018

	Bilateral or Midline Tumor Location
	23 ( 19)
	17 ( 15)
	ns

	Prior Avastin Use
	24 ( 20)
	21 ( 18)
	ns

	Re-operation for Recurrence 
	33 (28)
	29 (25)
	ns

	Prior Low-grade Glioma
	12 ( 10)
	11 (9)
	ns

	Median Age (years) (min, max)
	54 (24, 80)
	54 (29,74)
	ns

	Median Weight (kg)
	80
	80.5
	ns

	Mean # of Prior GBM Recurrences
	1.5
	1.3
	ns

	Mean KPS Score (min, max)
	83±10.84
	80.1±11.01
	0.0456

	Median Tumor Area (mm2)
	1440
	1391
	ns

	Median Time from GBM Diagnosis to Randomization (days)
	334.5
	340
	ns

	Mean Time from last RT dose to Randomization (months)
	13.71
	13.93
	ns


	Deviation
	NovoTTF-100A
	BSC Chemotherapy
	All Subjects

	Eligibility Criteria
	16
	16
	32

	Randomized to Wrong Strata
	6
	6
	12

	Wrong ICF version date
	2
	2
	4

	SAE Report timing
	2
	2
	4

	Bevacizumab (Avastin) used as BSC
	0
	14
	14

	Non-Protocol chemotherapy as BSC
	0
	11
	11

	Less than 4 weeks NovoTTF-100A treatment
	27
	0
	27

	Visit Not Done
	19
	20
	39

	MRI Not Done
	2
	5
	7

	Total
	74
	76
	140


 Table 5. Number of Deviations by Category and Treatment Group
Table 6.  Adverse Events by Category  

Statistically significant p-values (p<0.05) are italicized.

[image: image5.emf]
Table 7.  Adverse Events by Body System and Preferred Term. Safety Population (Incidence > 2%).

	
	NovoTTF-100A

[N=116]
	BSC

[N=91]

	System Organ Class                         
	# of Events
	# of  Pts.
	# of Events
	# of  Pts.

	Preferred Term
	(Frequency)
	(Incidence)
	(Frequency)
	(Incidence)

	Number with ≥1 AE
	275
	64 ( 55)
	278
	54 ( 59)

	

	Blood and lymphatic system disorders
	12
	5 (  4)
	27
	17 ( 19)

	Leukopenia
	1
	1 (  1)
	6
	6 (  7)

	Lymphopenia
	3
	2 (  2)
	4
	3 (  3)

	Thrombocytopenia
	4
	3 (  3)
	11
	11 ( 12)

	

	Cardiac disorders
	10
	8 (  7)
	7
	6 (  7)

	Edema peripheral
	8
	6 (  5)
	3
	3 (  3)

	Tachycardia
	1
	1 (  1)
	4
	3 (  3)

	

	Ear and labyrinth disorders
	1
	1 (  1)
	3
	3 (  3)

	

	Eye disorders
	3
	3 (  3)
	6
	5 (  5)

	

	Gastrointestinal disorders
	12
	9 (  8)
	51
	27 ( 30)

	Abdominal pain
	0
	0 (  0)
	6
	6 (  7)

	Constipation
	2
	2 (  2)
	4
	4 (  4)

	Diarrhea
	0
	0 (  0)
	14
	11 ( 12)

	Nausea
	3
	3 (  3)
	16
	15 ( 16)

	Vomiting
	3
	3 (  3)
	6
	6 (  7)

	

	General disorders and administration site conditions
	18
	15 ( 13)
	16
	14 ( 15)

	Malaise
	13
	11 (  9)
	12
	10 ( 11)

	

	Infections and infestations
	5
	5 (  4)
	15
	11 ( 12)

	Candidiasis
	4
	4 (  3)
	3
	3 (  3)

	Urinary tract infection
	0
	0 (  0)
	3
	3 (  3)

	

	Injury, poisoning and procedural complications
	28
	21 ( 18)
	2
	1 (  1)

	Fall
	6
	5 (  4)
	0
	0 (  0)

	Medical device site reaction
	20
	18 ( 16)
	0
	0 (  0)

	

	Investigations
	10
	8 (  7)
	7
	5 (  5)

	

	Metabolism and nutrition disorders
	13
	9 (  8)
	19
	12 ( 13)

	Anorexia
	0
	0 (  0)
	4
	4 (  4)

	Hyperglycaemia
	2
	2 (  2)
	3
	2 (  2)

	Hypokalaemia
	2
	2 (  2)
	7
	4 (  4)

	

	Musculoskeletal and connective tissue disorders
	6
	6 (  5)
	9
	8 (  9)

	Back pain
	2
	2 (  2)
	3
	3 (  3)

	Muscular weakness
	0
	0 (  0)
	3
	3 (  3)

	Pain in extremity
	0
	0 (  0)
	3
	2 (  2)

	

	Nervous system disorders
	99
	50 ( 43)
	59
	33 ( 36)

	Amnesia
	3
	3 (  3)
	0
	0 (  0)

	Convulsion
	14
	11 (  9)
	4
	4 (  4)

	Coordination abnormal
	2
	2 (  2)
	4
	4 (  4)

	Cranial nerve disorder
	3
	3 (  3)
	1
	1 (  1)

	Dizziness
	4
	3 (  3)
	2
	2 (  2)

	Dysphasia
	4
	4 (  3)
	2
	2 (  2)

	Headache
	19
	18 ( 16)
	9
	9 ( 10)

	Hemianopia
	2
	2 (  2)
	4
	4 (  4)

	Hemiparesis
	11
	11 (  9)
	4
	4 (  4)

	Hyperreflexia
	3
	3 (  3)
	2
	2 (  2)

	Hypoesthesia
	2
	2 (  2)
	3
	3 (  3)

	Nervous system disorder
	3
	3 (  3)
	3
	3 (  3)

	

	Psychiatric disorders
	20
	12 ( 10)
	12
	7 (  8)

	Depression
	2
	2 (  2)
	5
	5 (  5)

	Mental status changes
	7
	6 (  5)
	2
	1 (  1)

	

	Renal and urinary disorders
	8
	7 (  6)
	4
	3 (  3)

	Urinary incontinence
	4
	4 (  3)
	2
	2 (  2)

	

	Respiratory, thoracic and mediastinal disorders
	9
	7 (  6)
	15
	10 ( 11)

	Cough
	4
	4 (  3)
	4
	4 (  4)

	Dyspnea
	2
	2 (  2)
	5
	4 (  4)

	

	Skin and subcutaneous tissue disorders
	11
	9 (  8)
	13
	9 ( 10)

	Alopecia
	0
	0 (  0)
	3
	3 (  3)

	Rash
	5
	5 (  4)
	0
	0 (  0)

	

	Vascular disorders
	6
	5 (  4)
	9
	6 (  7)

	Hypertension
	1
	1 (  1)
	3
	3 (  3)


Table 8. Serious Adverse Events by Body System and Preferred Term. Safety Population.
	
	NovoTTF-100A 
[N=116]
	BSC 
[N=91]

	System Organ Class                     
	# of Events
	# of  Pts.
	# of Events
	# of  Pts.

	Preferred Term
	(Frequency)
	(Incidence)
	(Frequency)
	(Incidence)

	

	Number with ≥1 SAE
	16
	15 ( 13)
	11
	10 ( 11)

	
	
	
	
	

	Blood and lymphatic system disorders
	0
	0 (  0)
	1
	1 (  1)

	Febrile neutropenia
	0
	0 (  0)
	1
	1 (  1)

	

	Cardiac disorders
	2
	2 (  2)
	0
	0 (  0)

	Edema peripheral
	2
	2 (  2)
	0
	0 (  0)

	

	Gastrointestinal disorders
	0
	0 (  0)
	1
	1 (  1)

	Intestinal perforation
	0
	0 (  0)
	1
	1 (  1)

	
	
	
	
	

	General disorders and administration site conditions
	1
	1 (  1)
	0
	0 (  0)

	General physical health deterioration
	1
	1 (  1)
	0
	0 (  0)

	

	Infections and infestations
	0
	0 (  0)
	3
	2 (  2)

	Cellulitis
	0
	0 (  0)
	1
	1 (  1)

	Pneumonia
	0
	0 (  0)
	1
	1 (  1)

	Urinary tract infection
	0
	0 (  0)
	1
	1 (  1)

	
	
	
	
	

	Injury, poisoning and procedural complications
	1
	1 (  1)
	0
	0 (  0)

	Cerebrospinal fluid leakage
	1
	1 (  1)
	0
	0 (  0)

	

	Metabolism and nutrition disorders
	1
	1 (  1)
	1
	1 (  1)

	Anorexia
	0
	0 (  0)
	1
	1 (  1)

	Dehydration
	1
	1 (  1)
	0
	0 (  0)

	

	Neoplasms benign, malignant and unspecified (incl cysts and polyps)
	2
	2 (  2)
	2
	2 (  2)

	Neoplasm progression
	2
	2 (  2)
	2
	2 (  2)

	

	Nervous system disorders
	5
	5 (  4)
	1
	1 (  1)

	Convulsion
	3
	3 (  3)
	0
	0 (  0)

	Headache
	2
	2 (  2)
	0
	0 (  0)

	Nervous system disorder
	0
	0 (  0)
	1
	1 (  1)

	

	Psychiatric disorders
	1
	1 (  1)
	0
	0 (  0)

	Mental status changes
	1
	1 (  1)
	0
	0 (  0)

	
	
	
	
	

	Respiratory, thoracic and mediastinal disorders
	1
	1 (  1)
	0
	0 (  0)

	Dyspnea
	1
	1 (  1)
	0
	0 (  0)

	

	Vascular disorders
	2
	2 (  2)
	2
	2 (  2)

	Cerebral hemorrhage
	1
	1 (  1)
	0
	0 (  0)

	Pulmonary embolism
	1
	1 (  1)
	2
	2 (  2)


Table 9. Between-Group Comparison of Selected CNS Adverse Events
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Table 10.  Between-Group Comparison of Selected CNS Serious Adverse Events
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Table 11.  Comparison of Treatment Emergent AEs with No Plausible Medical Explanation Between Treatment Groups in the Safety Population
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Table 12.  Primary Effectiveness Endpoint Analysis: ITT population
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Table 13.  Primary Effectiveness Endpoint Analyses: All populations (FDA-compiled table)  
	Populations
	ITT
	Alternative PP1

(Safety Population)
	Alternative PP2

(mITT2)
	PP

	Treatment 

Sample Size (N)
	TTF

120
	BSC

117
	TTF

116
	BSC

91
	TTF

93
	BSC

91
	TTF

93
	BSC

79

	Median OS
months
(95% CI)
	6.3 

(5.6, 7.7)
	6.4

 (5.1, 7.4)
	6.6

(5.6, 7.8)
	6.8

(5.4, 8.4)
	7.8

 (6.6,  9.5)
	6.8 

(5.4, 8.4)
	7.8

(6.6, 9.5)
	6.5

(5.2, 7.4)

	Log-rank

 - unadjusted

Wilcoxon (Gehan)

 - unadjusted

- adjusted for tumor location

 - adjusted for prior Avastin use 
	P = 0.98

P = 0.72
P = 0.99

P = 0.95


	P = 0.51

P = 0.67
P = 0.50

P = 0.44 
	P = 0.53

P = 0.12
P = 0.51

P = 0.45
	P = 0.28

P = 0.04

P = 0.24

P = 0.24

	Cox - unadjusted
Hazard Ratio TTF/BSC

 (95% CI)


	P = 0.98

1.0

(0.76, 1.32)
	P = 0.51

1.1

(0.82, 1.48)
	P=0.53

0.91

(0.66, 1.24)
	P = 0.28

0.84

(0.61, 1.16)

	Cox

- adjusted for Age, Tumor location, tumor size and prior Avastin use

Hazard Ratio TTF/BSC

(95% CI)
	P = 0.97

1.0

 (0.75, 1.33)


	P = 0.66

1.1

(0.79, 1.45)


	P = 0.47

0.89

(0.64, 1.23)


	P = 0.36

0.86

(0.61, 1.20)


ITT: All randomized patients without any exclusion and analyzed as in randomized group.

Alternative PP1 (Safety Population): Derived from the ITT excluding those patients (TTF=4) or (BSC =26) who never started assigned treatment due to consent withdrawal, pre-treatment adverse event, non-compliance, etc.

Alternative PP2 (sponsor’s mITT2): Derived from the Alternative PP1 after excluding the additional 23 TTF patients who received less than 28 days of TTF treatment. This is the same as the sponsor defined mITT in their SAS program.

PP: Sponsor post-hoc defined PP, derived from the Alternative PP2 after excluding the additional 12 BSC patients: 1 with eligibility violation and 11 patients who received chemotherapy not represented in the protocol. Note that Avastin-treated subjects were not excluded even though Avastin is also not represented in the protocol.

Table 14.  Sensitivity Analysis  

Started with all randomized subjects (TTF=120 and BSC=117) and censored those excluded from the three PP populations at their last follow-up (FDA-compiled table).
	Population
	Alternative PP1

 (Safety Population)
	Alternative PP2

(mITT2)
	PP

	Treatment Group
	TTF
	BSC
	TTF
	BSC
	TTF
	BSC

	Number of Additional Subjects included in the analysis as Censored
	4
	26
	27
	26
	27
	38

	Median OS (months) 

 (95% CI)
	6.7

(5.8, 7.9)
	 7.2

(6.2, 8.8)
	7.9

(6.7, 9.5)
	7.2

(6.2, 8.8)
	7.8

(6.5, 9.5)
	7.2

(5.8, 8.7)

	Log-Rank

Wilcoxon (Gehan)
Cox - unadjusted
Hazard Ratio TTF/BSC

 (95% CI)


	P = 0.22

P = 0.32
1.2
(0.89, 1.61)
	P = 0.79

P = 0.17
0.96
(0.70, 1.31)
	P = 0.80

P = 0.42

1.04
(0.75, 1.44)


Table 15.  Overall Survival by Country.  Intent-to-Treat Population.

	
	NovoTTF-100A

[N=116]
	BSC

[N=91]

	COUNTRY                
	N
	Median OS* (95% CI)
	N
	Median OS* (95% CI)

	Austria
	5
	4.8 (2.2, 10.1)
	4
	6.2 (2.9, 23.2)

	Czech Republic
	9
	9.3 (4.9, 13.4)
	8
	8.4 (3.0, 17.3)

	France
	13
	7.8 (3.0, 17.0)
	10
	5.2 (3.4, 6.8)

	Germany
	15
	5.9 (5.0, 8.3)
	16
	6.7 (3.1, 9.5)

	Israel
	10
	7.0 (4.0, 11.0)
	12
	8.3 (6.5, 11.5)

	Switzerland
	11
	6.6 (4.4, 19.0)
	12
	7.2 (2.8, 24.3)

	US
	57
	6.1 (4.0, 7.7)
	56
	5.3 (3.6, 7.2)


*months
[image: image10.emf]Table 16.  Overall Survival by Region: ITT and PP Populations
*n/N: number of events/number of subjects

Table 17.  Overall Survival by BSC Therapy

	Chemotherapy
	n
	Median OS (months)
	95% CI



	Platinum based
	16
	6.5
	(3.1, 7.4)

	Nitrosureas
	27
	5.7
	(4.2, 8.4)

	Procarbazine
	1
	2
	(NA, NA)

	PCV
	8
	6.9
	(5.8, 11.1)

	Temozolomide
	14
	15.1
	(6.8, 21.5)

	Avastin (Bevacizumab)
	13
	5.4
	(3.2, 10.5)

	Other (not protocol specified)
	12
	10.2
	(2.9, 20.0)


Table 18.  Progression Free Survival at 6 Months: ITT Population – CEC-Adjudicated

[image: image1.emf]
[image: image11.emf]Table 19.  Progression Free Survival at 6 Months: Additional Populations – CEC-Adjudicated 

[image: image12.emf]Table 20.  Time to Progression by Analysis Population: CEC-adjudicated

Table 21.  One-Year Survival Rate: ITT and PP Analysis Populations
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Table 22. Summary of Response Rate: ITT and PP Populations – Investigator Assessment
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Table 23.  Summary of Secondary Endpoints (except Quality of Life)

	Secondary Endpoints
	
	Treatment Group

	
	Population
	NovoTTF-100A
	BSC

	One-Year Survival (%)
	
	
	

	N
	ITT

PP
	120

93
	117

79

	1-year survival %
	ITT

PP
	21.9

27.8
	22.1

21.6

	
	
	
	

	PFS6 (%)
	
	
	

	CEC adjudicated
	ITT

PP
	21.4

26.2
	15.2

12.7

	Chi-square p-value


	ITT

PP
	0.13

0.02

	Core radiology review
	ITT

PP
	17.0

20.5
	19.4

17.3

	Chi-square p-value


	ITT

PP
	0.65

0.32

	
	
	
	

	Radiological Response Rate (%)
	
	
	

	Investigator assessment
	ITT

PP
	14.0

15.9
	9.6

6.7

	Core radiology review


	ITT

PP
	4.1

4.7
	6.7

4.8

	
	
	
	

	Median TTP (weeks)
	
	
	

	CEC adjudicated
	ITT

PP
	9.3

10.1
	9.6

9.7

	Core radiology review
	ITT

PP
	9.9

10.1
	12.1

12.1


[image: image13.emf]Table 24.  Summary of Historical Literature of Inactive Chemotherapies for Recurrent GBM*

*Literature on Ineffective Chemotherapy

· Chamberlain, M; Tsao-Wei, D (March 15, 2004) Salvage Chemotherapy with Cyclophosphamide for Recurrent, Temozolomide-Refractory Glioblastoma Multiforme, Cancer, 100(6): 1213-1220.

· Kesari, S; Schiff, D; Doherty, L; Gigas, D; Batchelor, T; Muzikansky, A; O’Neill, A; Drappatz, J; Chen-Plotkin, A; Ramakrishna, N; Weiss, S; Levy, B; Bradshaw, J; Kracher, J; Laforme, A; Black, P; Folkman, J; Kieran, M; Wen, P (2007) Phase II Study of Metronomic Chemotherapy for Recurrent Malignant Gliomas in Adults, Neuro-Oncology, 354-363.

· Oudard, S; Carpentier, A; Banu, E; Fauchon, F; Celerier, D; Poupon, M; Dutrillaux, B; Andrieu, J; Delattre, J (2003) Phase II Study of Lonidamine and Diazepam in the Treatment of Recurrent Glioblastoma Multiforme, Journal of Neuro-Oncology, 63: 81-86.

· Puduvalli, V; Yung, W.K.; Hess, K; Kuhn, J; Groves, M; Levin, V; Zwiebel, J; Chang, S; Cloughesy, T; Junck, L; Wen, P; Lieberman, F; Conrad, C; Gilbert, M; Meyers, C; Liu, V; Mehta, M; Nicholas, M.K.; Prados, M (November 1, 2004) Phase II Study of Fenretinide (NSC 374551) in Adults with Recurrent Malignant Gliomas: A North American Brain Tumor Consortium Study, Journal of Clinical Oncology, 22(21): 4282-4289.

· Quinn, J; Jiang, S; Reardon, D; Desjardins, A; Vredenburgh, J; Rich, J; Gururangan, S; Friedman, A; Bigner, D; Sampson, J; McLendon, R; Herndon, J; Walker, A; Friedman, H (2009) Phase II Trial of Temozolomide Plus O6 – Benzylguanine in Adults with Recurrent, Temozolomide-Resistant Malignant Glioma, Journal of Clinical Oncology, 27(8): 1262-1267.
· Robe, P; Martin, D; Nguyen-Khac, M; Artesi, M; Deprez, M; Albert, A; Vanbelle, S; Califice, S; Bredel, M; Bours, V (2009) Early Termination of ISRCTN45828668, a Phase 1/2 Prospective, Randomized Study of Sulfasalazine for the Treatment of Progressing Malignant Gliomas in Adults, BMC Cancer, Published online at www.biomedcentral.com/1471-2407/9/372.
· Rosenthal, M; Gruber, M; Glass, J; Nirenberg, A; Finlay, J; Hochster, H; Muggia, F (2000) Phase II Study of Combination Taxol and Estramustine Phosphate in the Treatment of Recurrent Glioblastoma Multiforme, Journal of Neuro-Oncology, 47: 59-63.

Table 25.  Summary of Historical Literature of Effective Chemotherapies for Recurrent GBM**

	Author
	Year
	Treatment group
	Median Age
	Median KPS (Range)
	Progression #
	Number of GBM Patients
	Median Overall Survival (months)
	1-year survival (%)
	Median time to disease progression (weeks)
	Progression-free survival at 6 months (%; PFS6)
	Response rate (PR+CR) %

	Wong et al.
	1999
	Meta-analysis  8 prior trials
	45
	80 (60-100)
	
	225
	5.83
	21
	9
	15
	6

	Yung et al.
	2000
	Temozolomide
	52
	(70-100)
	1
	112
	7.23
	
	12.4
	19
	5.4

	
	
	Procarbazine
	51
	(70-100)
	1
	113
	5.83
	
	8.32
	9
	5.3

	Brada et al.
	2001
	Temozolomide
	54
	(70-100)
	1
	126
	5.48
	
	9.1
	18
	8

	Chang et al.
	2003
	Temozolomide
	53
	80 (≥70)
	
	142
	7.47
	
	10
	18
	16

	Rich et al.
	2004
	Gefitinib (Iresa)
	54
	(60-100)
	1
	57
	9.19
	35.6
	8.1
	13
	0

	Balmaceda et al.
	2008
	Twice daily temozolomide
	53
	80
	71% 1st
	68
	9.01
	35
	17
	35
	31

	Neyns et al.
	2009
	Cetuximab
	53
	70 (60-100)
	40% 1st
	55
	4.99
	
	8.1
	7.3
	5.5

	Friedman et al.
	2009
	Avastin
	54
	80
	81% 1st
	85
	9.19
	
	18
	42.6
	28.2

	
	
	Avastin + Irinotecan
	57
	80
	80.5% 1st
	82
	8.70
	
	24
	50.3
	37.8

	Perry et al.
	2010
	Dose intense temozolomide (RESCUE)
	52
	ECOG 0-1
	1
	88
	9.57
	21.4
	11.75
	23.9
	7.7

	Wick et al.
	2010
	Enzastaurin
	50
	80
	74% 1st
	174
	6.60
	
	6.4
	15
	2.9

	
	
	Lomustine
	50
	80
	77% 1st
	92
	7.09
	
	6.9
	20
	4.3

	Median
	1999-2010
	53
	80
	1
	92 (55-225)
	7.23
	28.2
	9.1
	16.5
	5.75
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Figures
Figure 1.  Recurrent GBM Pilot Study – Kaplan-Meier Curves showing Overall Survival 
Dotted lines represent standard errors.  Dashed lines mark the median values for each curve.
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Figure 2.  Pivotal study schema
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Figure 3.  Analysis Populations

FDA-requested additional analysis populations are Alternative PP1 and Alternative PP2.
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Figure 4.  Kaplan-Meier curves for overall survival in the ITT population
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Figure 5.  Kaplan-Meier curves for overall survival in the PP population.
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Figure 6.  QLQ C-30 Functional Scales
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Figure 7.  QLQ C-30 Symptom Scales
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