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Ten Questions for Ethics Committees 
Evaluating the Strength of Evidence in 
Support of Early Phase Trials



SPENCER PHILLIPS HEY, MARK FEDYK, AND JONATHAN KIMMELMAN		



Appendix: PATH Risk/Benefit Assessment Worksheet Applied to a Trial (Worked Example)


TEXT FROM PROTOCOL (NCT03205488)

Title: A Randomized, Double-Blind, Placebo-Controlled, Phase IIa, Parallel Group, Two-Cohort Study to Define the Safety, Tolerability, Clinical and Exploratory Biological Activity of the Chronic Administration of Nilotinib in Participants with Parkinson’s Disease (PD) 
[NOTE: What follows is the actual text of supporting evidence. Text in grey indicates information that would not be captured by PATH.]
1.1 Background
Parkinson’s disease (PD) is the second most common neurodegenerative disease that affects 1% of the population above the age 65 11. The prevalence of PD will increase substantially in the next 20 years due to the aging of the population and age-related increase of the incidence of the disease 12,13. PD is characterized by progressive motor disability that includes bradykinesia, rigidity, resting tremor and gait dysfunction. PD is associated with a spectrum of non-motor symptoms including autonomic, cognitive, mood, sleep dysfunction and sensory abnormalities which are intrinsically related to the widespread PD neuropathological process and can in part precede the onset of motor manifestations 14. The economic burden of PD is estimated to be $23 billion annually in US and projected to increase to $50 billion by year 2040 15. Most of the cost is due to lost productivity and correlates with more advanced stages of the disease signifying the importance of developing treatment strategies that slow progression of accumulating disability 16.
Treatment options for PD are limited to symptomatic therapy (ST) geared towards replacement of dopamine deficiency 17. Despite a wide armamentarium of effective ST for early PD, management of advanced disease is limited. Availability of an effective disease modifying intervention that will slow the progression of the disease will have a substantial impact on the patients’ quality of life and the economic burden of disease.
As of today, there is no single proven neuroprotective agent in PD 18. Tested agents targeted various potential mechanisms of PD pathogenesis including oxidative stress (rasagiline, selegiline, Vitamin E), mitochondrial dysfunction (Coenzyme Q10, creatine), apoptotic mechanism of cell death (caspase inhibitors) and others 19-27.
The defining pathological features of PD include the progressive loss of dopaminergic neurons in the substantia nigra-pars compacta and intra-neuronal accumulation of misfolded proteins to form Lewy bodies and Lewy neurites, where α -synuclein is the major component 28,29. Mutations in the gene encoding alpha (α) -synuclein, SNCA, lead to autosomal dominant PD while polymorphisms constitute risk factors for non-familial PD (reviewed by Mullin and Schapira30). Thus α -synuclein represents a convergent point between genetic etiology and pathology of PD and as such is an attractive target for therapeutic interventions.
Recent genetic, biochemical and pharmacological studies indicate that deficits in the cellular pathways involved in autophagy underlie inadequate clearance of misfolded α -synuclein and contribute to PD pathogenesis (reviewed by Brundin et al.; Xilouri et al.,31,32). A class of enzymes termed tyrosine kinases and exemplified by the non-receptor tyrosine kinase Abelson (c-Abl) are known to induce autophagy33. In fact, inhibitors of c-Abl have emerged as key therapies of certain tumors such as chronic myeloid leukemia (reviewed by Turcotte and Giaccia, 201034) . 
Recent analyses of autopsied tissues from PD patients and animal models of PD show an increase in the level of c-Abl as well as increases in the phosphorylation of its protein substrates, α-synuclein and parkin in dopaminergic neurons1,3,7,35-37. Interestingly, parkin is an E3 ubiquitin ligase, an enzyme critical for proteasome-mediated protein clearance. Like α - synuclein, mutations and polymorphisms in the parkin gene also lead to familial PD and represent risk factors of sporadic PD, respectively38. More importantly, inhibition of c-Abl by nilotinib, a drug used for the treatment of Chronic Myelogenous Leukemia (CML), ameliorated α -synuclein pathology and rescued dopamine neuronal loss in mouse models of PD1,3. Further support for a critical role of c-Abl in inducing α -synuclein-mediated PD pathogenesis was recently provided by Brahmachari et al. 39. Using mouse genetic models they demonstrated that deletion of the gene encoding c-Abl reduced α-synuclein aggregation and neurobehavioral deficits whereas overexpression of the constitutively active c-Abl accelerated α-synuclein aggregation, neuropathology, and neurobehavioral deficits. Thus the first steps towards the development of c-Abl targeted cancer therapies for PD was undertaken and reported by Pagan et al9.
1.2 Clinical Experience
Nilotinib experience in PD population: To date, the safety and tolerability of nilotinib in PD and Dementia with Lewy Bodies (DLB) population have only been studied in a single small open label clinical study 9. The primary objective of the study was safety and tolerability with the secondary objectives of target engagement and pharmacokinetics (PK) and exploratory clinical outcomes. The study recruited 12 participants with advanced PD, PD dementia (PDD) and Lewy body dementia who were randomized to nilotinib 150mg versus 300mg once daily in an open label fashion and were followed for 6 months. 
Thirty patients were screened and twelve late stage (Hoehn and Yahr 3-5) PD, PDD or DLB participants were randomized into 150mg (N=5) or 300mg (N=7) groups and received oral daily doses of nilotinib for 24 weeks with 3 months follow up. Eighteen patients failed screening due to cardiovascular disease, infarcts, corrected QT (QTc) interval >450ms or excluded medications (i.e. warfarin). One participant was withdrawn from the study due to serious adverse events (SAEs) and another discontinued at 5 months due to increased caregiver burden. Ten participants completed the 24-week study and returned for a follow up visit (week 36). One participant did not follow up at week 36. 
Clinical outcomes included Unified Parkinson’s Disease Rating Scale (UPDRS) and Mini Mental Status Exams (MMSE). Motor symptoms were monitored with UPDRS. The UPDRS scores were obtained at 1-4 hours after dosing with nilotinib. An average decrease of 3.4 points and 3.6 points in UPDRS-III (motor) was observed at six months (week 24) compared to baseline with 150mg and 300mg nilotinib, respectively. These effects were reversed at 36-week follow up visit. An average decrease of 7 points and 11.1 points in UPRDS I-IV was also observed at 6 months in the 150mg and 300mg groups, respectively. The change in UPDRS was progressive throughout the 6 months (24 weeks) trial, and was reversed in participants in the follow up visit at 36 weeks. Most participants experienced increased psychotic symptoms (hallucination, paranoia, agitation, etc.) and some dyskinesia. 
Cognitive performance was monitored with MMSE throughout all visits. An average increase of 3.85 and 3.5 points in MMSE was observed at six months (24 weeks) compared to baseline with 150mg and 300mg nilotinib, respectively. The increase in MMSE scores was incremental throughout the 24-week treatment, and returned to baseline at the 36-week follow up visit. The Scales for Outcomes in Parkinson’s Disease-Cognition (SCOPA-Cog) test also showed an average increase of 1.85 and 2 points at six months compared to baseline with 150mg and 300mg nilotinib, respectively. 
While the investigators concluded that nilotinib at tested doses was safe and tolerable in PD population, one participant had a serious cardiac event during the study and two others had QT prolongation (both are within the spectrum of the known nilotinib related adverse events and QT prolongation is reflected in the drug black box warning). The authors reported central nervous system penetration of unbound nilotinib, with the Cerebral Spinal Fluid (CSF):plasma ratio of 12% and 5 % with 300mg and 150mg dose respectively at 2 hours post dose administration and non-detectable CSF levels at 3 hours. With regard to the secondary outcomes of target engagement, the authors reported reduction of phosphorylated Abl by 30 % with both doses of nilotinib. In addition, the authors reported significant increase in CSF dopamine metabolite, homovanilic acid (HVA) in both treatment groups and interpreted it as potentially reflection of nilotinib induced up regulation and protection of dopamine neurons. The authors also reported significant symptomatic benefit of nilotinib with improvement of motor disability and cognitive performance both of which subsided 3 months after discontinuation of treatment. Although the preliminary data appear promising, the study design precludes firm conclusions about safety, tolerability, optimal dose or efficacy. In addition, the data on the PK profile and target engagement have to be validated and replicated10. Nilotinib is approved by the Food and Drug Administration (FDA) for certain types of leukemia but not PD. 
Rationale for dosage: We have chosen to target the lowest dosing range for this study based on the concerns regarding the safety profile of the tested agent and preliminary data from Pagan et al9 demonstrating CNS penetration at these doses which would require confirmation in the current study. 




	Evidence of Molecular Effect

	1. How strong is the evidence that the intervention engages its molecular target in humans with the target disease?

	“[In a single, open label clinical study involving 12 patients] the authors reported central nervous system penetration of unbound nilotinib, with the Cerebral Spinal Fluid (CSF): plasma ratio of 12% and 5 % with 300mg and 150mg dose respectively at 2 hours post dose administration and non-detectable CSF levels at 3 hours. With regard to the secondary outcomes of target engagement, the authors reported reduction of phosphorylated Abl by 30 % with both doses of nilotinib.”

	

MODERATE

	Justification/Notes:
• Sample size is small, and one wonders about precision of estimates.
•  Protocol reports transient detection of “unbound” nilotinib in the CSF. But there is no information to help assess whether this magnitude and duration are sufficient. And elsewhere these data are described as “preliminary.”
• One wonders why there is no dose effect for target engagement.
• Oddly, the publication cited to support this claim stipulates 20-21 patients per group, not 12 total.

	2. How strong is the evidence that the intervention engages its molecular target in model systems, i.e., either in humans with a different disease or another experimental system (e.g., in vitro, or animal models)?

	c-Abl have emerged as key therapies of certain tumors such as chronic myeloid leukemia

	

STRONG


	Justification/Notes:
• The target is c-Abl. That nilotinib was designed to target c-Abl, and that it is effective in chronic myelogenous leukemia, is strong evidence of target engagement in a model system

	3. Considering the totality of model evidence provided, how strong are the grounds for believing model system evidence predicts target engagement in the humans with the target diseases?

	TEXT FROM PROTOCOL: 
Mutations in the gene encoding alpha (α) -synuclein, SNCA, lead to autosomal dominant PD while polymorphisms constitute risk factors for non-familial PD (reviewed by Mullin and Schapira30)

Recent genetic, biochemical and pharmacological studies indicate that deficits in the cellular pathways involved in autophagy underlie inadequate clearance of misfolded α -synuclein and contribute to PD pathogenesis (reviewed by Brundin et al.; Xilouri et al.,31,32). A class of enzymes termed tyrosine kinases and exemplified by the non-receptor tyrosine kinase Abelson (c-Abl) are known to induce autophagy.33

Recent analyses of autopsied tissues from PD patients and animal models of PD show an increase in the level of c-Abl as well as increases in the phosphorylation of its protein substrates, α-synuclein and parkin in dopaminergic neurons1,3,7,35-37. Interestingly, parkin is an E3 ubiquitin ligase, an enzyme critical for proteasome-mediated protein clearance. Like α - synuclein, mutations and polymorphisms in the parkin gene also lead to familial PD and represent risk factors of sporadic PD, respectively38

[In a small trial,] the authors reported central nervous system penetration of unbound nilotinib, with the Cerebral Spinal Fluid (CSF): plasma ratio of 12% and 5 % with 300mg and 150mg dose respectively at 2 hours post dose administration and non-detectable CSF levels at 3 hours. With regard to the secondary outcomes of target engagement, the authors reported reduction of phosphorylated Abl by 30 % with both doses of nilotinib.” 

	
WEAK


	Justification/Notes:
• On the one hand, there is strong evidence that alpha synuclein accumulation drives progression of disease. However,
• The main evidence implicating c-Abl in this process (and PD progression) appears to be from observational autopsy studies, which raises questions about c-Abl elevation as a cause vs. a correlation of PD progression. So- even if c-Abl is successfully targeted, the effect on alpha synuclein target is unclear.
• Evidence implicating c-Abl as a key step in PD progression is also indirect. For example, even if c-Abl plays a key role in autophagy, it is unclear whether other factors- including other tyrosine kinases not inhibited by nilotinib, might play a similar (or compensatory) role such that c-Abl inhibition does not restore autophagy.
• To reach its target, nilotinib will need to cross the blood brain barrier. The protocol provides no information- other than that described under question 1- to help assess whether drug crosses blood brain barrier. 

	Evidence of Physiological Effect

	4. How strong is the evidence that engaging the molecular target in patients with the target disease produces the desired physiological effect?

	[Above effects in 1] the authors reported significant increase in CSF dopamine metabolite,  on homovanilic acid (HVA) in both treatment groups and interpreted it as potentially reflection of nilotinib induced up regulation and protection of dopamine neurons.

	
WEAK


	Justification/Notes:
• A “significant” increase in a dopamine metabolite was observed in a small open label study, though the link between nilotinib and protection of dopamine neurons is – by the sponsor’s admission- speculative.

	5. How strong is the evidence that engaging the molecular target in a model system produces the desired physiological effect in that model system?

	“More importantly, inhibition of c-Abl by nilotinib… ameliorated α -synuclein pathology and rescued dopamine neuronal loss in mouse models of PD1,3”

Using mouse genetic models they demonstrated that deletion of the gene encoding c-Abl reduced α-synuclein aggregation… whereas overexpression of the constitutively active c-Abl accelerated α-synuclein aggregation, neuropathology,” 

	
MODERATE


	Justification/Notes:
• Sponsor seems to have tested c-Abl effect on PD pathology in two model paradigms: a c-Abl paradigm (knockout, and overexpression) and a PD model paradigm.
• On the other hand, the sample size, magnitude of effect and risk of bias for all mouse studies are uncertain, raising questions about the robustness of these findings.
• There seems to be a large body of evidence supporting a relationship between alpha synuclein accumulation and PD progression, suggesting that if physiological effects are observed, clinical effects will follow.


	6. How strong are the grounds for believing that physiological outcomes observed in model systems predicts outcomes in patients with the target disease?

	“Recent analyses of animal models of PD show an increase in the level of c-Abl as well as increases in the phosphorylation of its protein substrates, α-synuclein and parkin in dopaminergic neurons1,3,7,35-37.”

	
WEAK


	Justification/Notes:
• On the one hand, the protocol provides little information on the models, or the conditions under which models were tested, for assessing construct validity of preclinical studies.
• There is no “ruling out” of interfering effects- for example, other tyrosine kinases that might be upregulated in response to c-Abl inhibition, or that might serve redundant functions.
• Even if there is strong evidence implicating alpha synuclein accumulation in pathogenesis of PD, it is not established that inhibiting this process through the c-Abl mechanism would meaningfully impact the process in target patients.
• On the other hand, the fact that the effect was observed in essentially two paradigms (models varying Abl expression and other PD models) is some evidence of a robust and translatable effect. Also, one of these models used a construct valid representation (nilotinib) of the clinical scenario.

	Evidence of Clinical Effect

	7. How strong is the evidence that the target physiological effect in humans produces the desired clinical effect

	To date, the safety and tolerability of nilotinib in PD and Dementia with Lewy Bodies (DLB) population have only been studied in a single small open label clinical study 9. The primary objective of the study was safety and tolerability with the secondary objectives of target engagement and pharmacokinetics (PK) and exploratory clinical outcomes. The study recruited 12 participants with advanced PD, PD dementia (PDD) and Lewy body dementia who were randomized to nilotinib 150mg versus 300mg once daily in an open label fashion and were followed for 6 months. 
Thirty patients were screened and twelve late stage (Hoehn and Yahr 3-5) PD, PDD or DLB participants were randomized into 150mg (N=5) or 300mg (N=7) groups and received oral daily doses of nilotinib for 24 weeks with 3 months follow up. Eighteen patients failed screening due to cardiovascular disease, infarcts, corrected QT (QTc) interval >450ms or excluded medications (i.e. warfarin). One participant was withdrawn from the study due to serious adverse events (SAEs) and another discontinued at 5 months due to increased caregiver burden. Ten participants completed the 24-week study and returned for a follow up visit (week 36). One participant did not follow up at week 36. 
Clinical outcomes included Unified Parkinson’s Disease Rating Scale (UPDRS) and Mini Mental Status Exams (MMSE). Motor symptoms were monitored with UPDRS. The UPDRS scores were obtained at 1-4 hours after dosing with nilotinib. An average decrease of 3.4 points and 3.6 points in UPDRS-III (motor) was observed at six months (week 24) compared to baseline with 150mg and 300mg nilotinib, respectively. These effects were reversed at 36-week follow up visit. An average decrease of 7 points and 11.1 points in UPRDS I-IV was also observed at 6 months in the 150mg and 300mg groups, respectively. The change in UPDRS was progressive throughout the 6 months (24 weeks) trial, and was reversed in participants in the follow up visit at 36 weeks. Most participants experienced increased psychotic symptoms (hallucination, paranoia, agitation, etc.) and some dyskinesia. 
Cognitive performance was monitored with MMSE throughout all visits. An average increase of 3.85 and 3.5 points in MMSE was observed at six months (24 weeks) compared to baseline with 150mg and 300mg nilotinib, respectively. The increase in MMSE scores was incremental throughout the 24-week treatment, and returned to baseline at the 36-week follow up visit. The Scales for Outcomes in Parkinson’s Disease-Cognition (SCOPA-Cog) test also showed an average increase of 1.85 and 2 points at six months compared to baseline with 150mg and 300mg nilotinib, respectively. 


	
WEAK


	Justification/Notes:
• Though there is some clinical evidence of nilotinib in patients, the fact that the study is small, open label (for a condition that is highly responsive to placebo effects) means that these purported clinical effects should be taken with a grain of salt.


	8. How strong is the evidence that the target physiological effect in the model system produces the desired clinical effect in the model system?

	“Using mouse genetic models they demonstrated that deletion of the gene encoding c-Abl reduced… neurobehavioral deficits whereas overexpression of the constitutively active c-Abl accelerated… neurobehavioral deficits”

	

WEAK


	Justification/Notes:
• Appears that researchers have validated behavioral effects in two different paradigms- (probably not independent of previous studies mentioned). But…
• Unfortunately, there is no information about sample sizes, magnitude of effects, risk of bias, or replication, making judgments about the strength uncertain. 

	9. How strong are grounds for believing that clinical outcomes in model systems predict clinical outcomes in the target scenario?

	

	

WEAK


	Justification/Notes:
• Although neurobehavioral response in mice might very well be a good representation of clinical response for patients, it’s unclear whether models used adequately represent the stage of illness for patients in the trial, and anyway, effects in models are uncertain (see above).

	10. Is there an adequately supported pathway from delivery of the drug to intended clinical effects in patients?

	

	

YES



	Justification/Notes:

• There are multiple lines of evidence connecting drug action to clinical responses. 
• For example, where is some evidence drug reaches target, causes physiological changes, and induces clinical response in the target population. However, it must be stressed that this evidence is extremely weak due to powering, open label design and lack of access to brain tissue.
• There is also evidence of (translatable) target engagement and physiological response in more than one animal model. Perhaps too of a (translatable) behavioral response. However, these reports are difficult to interpret due to a lack of description of supporting studies. 
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