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Abstract

Objectives: To pool clinical trials of similar design to assess overall sensitivity and specificity of
Toflupane I 123 Injection (DaTSCAN™ or ioflupane ('*’D)) to detect or exclude a striatal
dopaminergic deficit disorder (SDDD), such as Parkinsonian syndrome and dementia with Lewy
bodies.

Design: Pooled analysis of three Phase 3 and one Phase 4 clinical trial.

Setting: Multi-center, open-label, non-randomized.

Participants: Patients with either a movement disorder or dementia, and healthy volunteers.
Interventions: loflupane ('**I) was administered.

Outcome measures: Images were assessed by panels of 3-5 blinded experts and/or on-site
nuclear medicine physicians, classified as normal or abnormal, and compared with clinical
diagnosis (reference standard) to determine sensitivity and specificity.

Results: Pooling the four studies, 928 subjects were enrolled, 849 were dosed, and 764
completed their study. Across all studies, when images were assessed by on-site readers,

. 123
ioflupane (

I) diagnostic effectiveness had an overall (95% CI) sensitivity of 91.9% (88.7 to
94.5) and specificity of 83.6% (78.7 to 87.9). When reads were conducted blindly by a panel of
independent experts, the overall sensitivity was 88.7% (86.8 to 90.4) and specificity was 91.2%
(89.0 to0 93.0).

Conclusions: In this pooled analysis, the visual assessment of ioflupane ('*’I) images provided
high levels of sensitivity and specificity in detecting the presence/absence of an SDDD.
Toflupane ('*°T) imaging has the potential to improve diagnostic accuracy in patients with signs

and symptoms of a movement disorder and/or dementia.

Abstract word count: 232
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Article Summary

Article focus

The ability to visualize striatal dopamine transporter in vivo has enhanced clinicians’ ability
to differentiate diseases that involve loss of dopaminergic nigrostriatal neurons from those
that do not.

Several clinical trials with limited numbers of subjects have been performed to provide some

information about diagnostic value of ioflupane (‘>

I). However, some investigators still
question the value ioflupane (‘*’I) provides for diagnosing movement disorders and

dementia.

Strengths

This study provides the largest and most definitive set of clinical evidence to date,
summarizing experience from three Phase 3 and one Phase 4 trial with all data pooled for a
new statistical analysis, N=726, showing that ioflupane (‘**I) SPECT imaging indeed has
high sensitivity and specificity for detecting the presence or absence of a striatal
dopaminergic deficit in patients with movement disorders and dementia (Intent to diagnose
(ITD) and Per protocol (PP) populations). Differences among different patient populations,

and inter-reader blinded image evaluation results are reported.
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e Well-designed, prospective studies with 12-36 months of clinical follow-up after
ioflupane ('*’T) imaging, in which blinded image evaluation by 3-5 independent nuclear

medicine physicians (no access to clinical information) was used for image assessment.

Limitations:
e Studies did not have autopsy confirmation of diagnosis (found to be impractical for up to
36 months of follow-up in the majority of patients in early stage of the disease), though
the standard of expert clinical diagnosis used is an accepted reference standard for
biomarker validation studies.
e Only two of the studies (PDT301 and PDT304) used expert clinical panels to establish
the clinical diagnosis; the others relied on on-site investigator diagnosis (though made

blind to imaging findings, except one clinical utility study PDT408).
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INTRODUCTION

Despite the development of consensus clinical diagnostic criteria,[ 1-5] early and accurate
diagnosis of common neurodegenerative conditions like Parkinson’s disease (PD) and dementia
with Lewy bodies (DLB) continues to present challenges. Delays in diagnosis cause unnecessary
distress and uncertainty for subjects and their families, increase healthcare use through additional
appointments and investigations, and increase the risk that patients will develop preventable
disability.[6] Not surprisingly, the longer a patient is observed and the greater the amount of
accumulated clinical information, such as response to medications and progression of signs and
symptom, the greater the accuracy of the diagnosis.[7] Inaccurate diagnoses may result in
prescription of inappropriate medications, needlessly exposing patients to potentially harmful
side effects, while denying patients treatment of symptoms.[6] Furthermore, diagnostic
discrimination between degenerative and non-degenerative diseases is important because disease
course, therapy, and prognosis differ considerably among patients.[6, 8]

Differential diagnosis of movement disorders may be confounded by presence of inconsistent
parkinsonian features and/or atypical presentation of classic symptoms. Differentiation of
Alzheimer’s disease (AD) from DLB is also difficult, even after multiple evaluations. Consensus
clinical criteria[2-5, 9] without imaging results have good specificity (80%-90%), but sensitivity
is highly variable and can be as low as 30%, with the most common misdiagnosis being AD.[9,
10]

The advent of in vivo visualization of striatal dopamine transporter using the radiopharmaceutical
ioflupane (‘*I) {Iodine-123-fluoropropyl (FP)-carbomethoxy- 3 p-(4-iodophenyltropane) (CIT)
or loflupane 1123 Injection or [123I]Ioﬂupane or ['**I] FP-CIT or DaTSCAN™ or DaTscan™ }

and single-photon emission computed tomography (SPECT) imaging has enhanced clinicians’
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ability to differentiate diseases that involve loss of dopaminergic nigrostriatal neurons from those
that do not. Throughout this paper, we will refer to these disorders as striatal dopaminergic
deficit disorders (SDDD), which is the clinico-patho-anatomical term used here as a group term
for the clinical reference diagnoses of Parkinsonian syndrome (PS) and/or DLB, by virtue of
them being recognized as clinical disorders that are known to have striatal dopaminergic deficit.

Toflupane ('*

I) is the only approved imaging agent for this purpose; the European Medicines
Agency (EMA) approved it under the trade name DaTSCAN™ (ioflupane (1231) in 2000,[11] and
the US Food and Drug Administration approved it under the trade name DaTscan"" (Ioflupane
1123 Injection) in 2011.[12] It is currently approved in 33 countries. Numerous clinical trials
have been performed to establish the technical feasibility, and diagnostic effectiveness,
sensitivity, and specificity of ioflupane ('*’I).[3, 13-18] However, each trial had limited numbers
of subjects for whom results were available, ranging from 20 to 326.[3, 16] To better estimate

the diagnostic performance of ioflupane ('**

I), we conducted a pooled analysis. Four clinical
trials (three Phase 3 and one Phase 4) performed to support the US New Drug Application
(NDA) were chosen for this pooled analysis because of their similar designs, methodologies,

endpoints, and patient populations. It should be noted that this is a pooled analysis, and is not a

meta-analysis of peer-reviewed publications.
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METHODS

Participants

Four clinical trials were used for this pooled analysis, based on their similar designs and
objectives; we used source data from studies performed in support of the ioflupane (‘**I) US
NDA.[3, 13-15, 17] All studies tested the effectiveness of ioflupane (**’I) {Iodine-123-
fluoropropyl (FP)-carbomethoxy- 3 B-(4-iodophenyltropane) (CIT) or loflupane 1123 Injection or
[123I]Ioﬂupane or ['**I] FP-CIT or DaTSCAN™ or DaTscan™ , GE Healthcare, Amersham,UK.
For the purposes of this report, ioflupane ("**1) will be used throughout the paper.} in detecting
the loss of dopaminergic nigrostriatal neurons in subjects with symptoms and signs of movement
disorders and/or dementia. The reference standard was the final clinical diagnosis of a disease
that is known to have or not have a striatal dopaminergic deficit (hereafter called reference
clinical diagnosis).[19] This clinical diagnosis was made blind to imaging results in three of the
four studies (Phase 3 studies DP008-003, PDT301, PDT304). In two of the four studies (PDT301
and PDT304), the final clinical diagnosis was made by a panel of experts. Table 1 summarizes
the attributes of the four studies. PDT03004 is also known as PDT304, and will be referred to as
PDT304 throughout this paper. Although Phase 4 study PDT408 was designed to assess the
clinical utility of ioflupane ("*1) image assessments as the primary endpoint, sensitivity and
specificity were secondary endpoints, and the image results were included in the pooled analysis.
The investigators who participated in each of the four studies are listed in Table S1

(supplementary table).
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Table 1 Summary of studies included in pooled analysis

Principal Study

Subjects with a clinical

diagnosis of:

o Parkinson’s disease

o Multiple system atrophy

o Progressive
supranuclear palsy, or

o Essential tremor

Subjects with the clinical

features of:

o Early Parkinson’s
disease, or

o Tremor (mainly

essential tremor)

(features of possible DLB
or with features of other

dementia [AD, VaD])

DP008-003 PDT304 PDT301 PDT408
Study design e Phase 3 e Phase 3 e Phase 3 e Phase 4
e Multicenter, open-label, e Multicenter, open-label, e Multicenter, open-label, e Multicenter, open-label,
non-randomized non-randomized non-randomized non-randomized
¢ Single-dose e Repeat-dose (max. of 3) ¢ Single-dose ¢ Single-dose
e Expert clinical diagnosis at | e Expert clinical diagnosis at | e Expert clinical diagnosis at | e Expert clinical diagnosis at
baseline according to 36 months as the RCD 12 months as the RCD 24 months as the RCD
published consensus
criteria as the RCD
Population e Healthy volunteers e Healthy volunteers e Subjects with dementia e Subjects with movement

disorders (an uncertain
clinical diagnosis as to PS

or non-PS)
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Principal Study

DP008-003

PDT304

PDT301

PDT408

Efficacy objectives

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary”

o Impact of ioflupane
(**’T) image assessments
on patient diagnoses,
confidence that patient
had PS, and planned
management

e Secondary

o Sensitivity and

specificity for detecting

or excluding an SDDD

Type of control

No control used

No control used

No control used

No control used

Investigational product

Toflupane (") 111-185 MBq

(3 to 5 mCi) iv, 1 dose

Toflupane (") 111-185 MBq
(3 to 5 mCi) iv, 3 doses 18

months apart

Toflupane (") 111-185 MBq

(3 to 5 mCi) iv, 1 dose

Toflupane (") 111-185 MBq
(3 to 5 mCi) iv, 1 dose (73
subjects) or 2 doses 24

months apart (14 subjects)

No. of study centers

10

40

15

No. of subjects enrolled

250

202

351

125

10
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Principal Study

DP008-003

PDT304

PDT301

PDT408

Age of ITD population, range

©CoO~NOUTA,WNPE

(mean)

40, 80 (62.7)

33,79 (60.4)

54,90 (73.9)

25, 84 (64.2)

11 Gender

62% male, 38% female

56% male, 44% female

57% male, 43% female

58% male, 42% female

Race

Caucasian 98%

Black 1%

Asian <1%

Caucasian 100%

Caucasian 100%

Caucasian 99%

Asian 1%

No. of subjects evaluable for

efficacy

220

102

288

118

Blinded reads performed

Yes

Yes

Yes

No

AD = Alzheimer’s disease; DLB = dementia with Lewy bodies; ITD = intent to diagnose; MBq = megabecquerel; PS = Parkinsonian

28 syndrome; RCD = reference clinical diagnosis; SDDD = striatal dominergic deficit disorder; VaD = vascular dementia.

30 ? Primary objective was to assess clinical utility of ioflupane ('*’I) images, however, images were used for pooled efficacy analysis.
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All studies were conducted in accordance with the current revision of the Declaration of
Helsinki; the Good Clinical Practice: Consolidated Guideline, approved by the International
Conference on Harmonisation; and applicable national and local laws. Ethics Committees or
Institutional Review Boards approved the protocol and amendments for each study (See
Supplementary Table S2). Subjects or their guardians gave written informed consent after the
aims, methods, anticipated benefits, and potential hazards were explained, and prior to
commencing any study procedures or assessments. The informed consent for each study included
a provision for subsequent analyses, of which this pooled analysis is an example. Study PDT301
is identified in clinicaltrials.gov as NCT00209456. All other trials began enrolling prior to 01
July 2005, the cut-off date for the initiation of the requirement by the International Committee of
Medical Journal Editors for trials to be registered, so are not associated with any public database

identifiers.

Procedures

All studies, including each study’s inclusion and exclusion criteria, have been published;[3, 13-
15, 17] a brief overview of the methods follows. All four studies were open-label, non-
randomized, Phase 3 or 4 clinical trials to determine the sensitivity (positive percent agreement
[PPA]) and specificity (negative percent agreement [NPA]) of ioflupane (***I) SPECT imaging to
detect or exclude an SDDD in subjects with various movement disorders (PS, including PD,
multiple system atrophy [MSA], and progressive supranuclear palsy [PSP]; or essential tremor
[ET]), and/or dementia (DLB, AD, or vascular dementia [VaD]); and healthy volunteers.
Subjects received either a single or repeat (up to three doses total) dose of 111-185 MBq of

123

ioflupane ("~°I). SPECT imaging was performed between three and six hours after injection.
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Ioflupane (1) images were read on-site (institutional reads), as well as by three or five
independent blinded readers (blinded image evaluation, BIE) in three of the studies, and
classified as normal (SDDD absent) or abnormal (SDDD present). Abnormal images were
further classified as type 1, 2, or 3.[12] Expert clinical diagnosis using a blinded panel of three
neurologists or dementia specialists established whether the subject had an SDDD (PD, PS, PSP,
MSA, or DLB) or a non-SDDD (ET, AD, or VaD and healthy volunteers). Expert clinical
diagnosis was established at various time points across the four studies: DP008-003 at baseline,
PDT301 at baseline and Month 12, PDT408 at baseline and Month 24, and PDT304 at baseline,
and Months 18 and 36. In PDT408, the final diagnosis was made with access to the ioflupane
('**I) SPECT images.

Each ioflupane (1) image result was compared with the corresponding reference clinical
diagnosis, and classified as a True Positive (TP), True Negative (TN), False Positive (FP), or
False Negative (FN) scan to allow calculation of sensitivity and specificity. Sensitivity was
calculated as nTP / (nTP + nFN), (n = number of subjects). Specificity was calculated as nTN /
(nTN + nFP).

Additional efficacy endpoints included inter-reader agreement between BIE readers, as well as

BIE readers vs. on-site institutional readers (DP008-003, PDT304, and PDT301).

Statistical analysis

All statistical analyses were performed using Statistical Analysis Software (SAS Institute Inc.,

Cary, NC, USA). Demographic data were collected and are presented using descriptive statistics.

Populations analyzed included Enrolled (all subjects who were enrolled in any one of the four

studies), Dosed (all enrolled subjects who received ioflupane ('*1)), Intent to diagnose (ITD; all

13
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dosed subjects who underwent SPECT imaging and underwent the reference clinical diagnosis
assessment for the relevant analysis), and Per protocol (PP; all subjects in the ITD population
with no major protocol violations). Sensitivity and specificity were calculated for the ITD and PP
populations, and are reported with 95% confidence intervals (CI). For the purpose of this report,
we will be using sensitivity and specificity (equivalent to PPA and NPA). Pairwise inter-reader
and BIE vs. on-site reader agreement were analyzed using Cohen’s kappa statistic. Inter-reader

agreement across all BIE readers was analyzed using Fleiss’ kappa statistic.
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RESULTS

Subject disposition and characteristics

Subject disposition for each study and for the pooled analysis is shown in Figure 1. Of the 928
subjects enrolled, 849 (91%) were dosed, and 764 (82%) completed their study. The most
common reasons for not completing a study included subject request/withdrew consent (85
subjects, 9%), lost to follow-up (34 subjects, 4%), and protocol violation (14 subjects, 2%).
Eleven subjects (1%) did not complete due to safety concerns, including adverse events.
Medical history data were not collected consistently across studies and could not be pooled for
this analysis.

By-study and pooled subject baseline demographics are shown in Table 2 (ITD population; PP
population in Supplementary Table S3). No meaningful differences were noted in baseline
demographics between the ITD and PP populations. Age was similar in three of the four studies,
with subjects in PDT301 being older—unsurprisingly because this study only included people
with dementia. In all studies, there were more males than females, with a similar ratio across
studies. The majority was Caucasian, with Blacks and/or Asians representing 1% or less in any
single study. Clinical diagnoses represented in each study are tabulated in Tables 2 (ITD
population) and S4 (PP population), and are presented graphically in Figures 2a (ITD population)
and 2b (PP population). Overall, 393 (54%) of subjects in the ITD population were classified as
having SDDD (SDDD present), while 249 (34%) were classified with conditions that did not

have an SDDD (SDDD absent).
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Study
DP008-003 PDT304 PDT301 PDT408 Total
(N =220) (N=102) (N =326) (N=78) (N =1726)
Age (yr) Mean (SD) 62.7 (8.87) 60.4 (10.91) 73.9 (7.17) 64.2 (11.99) 67.6 (10.60)
Min, Max 40, 80 33,79 54,90 25, 84 25,90
Median 63.5 61.0 75.0 67.0 69.0
Gender Male 136 (62%) 57 (56%) 187 (57%) 41 (53%) 421 (58%)
Female 84 (38%) 45 (44%) 139 (43%) 37 (47%) 305 (42%)
Race Caucasian 216 (98%) 102 (100%) 326 (100%) 77 (99%) 721 (99%)
Black 3 (1%) 0 (0%) 0 (0%) 0 (0%) 3 (<1%)
Asian 1 (<1%) 0 (0%) 0 (0%) 1 (1%) 2 (<1%)
Other 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
PS (SDDD) 158 (72%) 71 (70%) 0 (0%) 48 (62%) 277 (38%)
Possible PS 158 (72%) 5 (5%) 0 (0%) 48 (62%) 211 (29%)
Probable PS 0 (0%) 66 (65%) 0 (0%) 0 (0%) 66 (9%)
16
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DP008-003

(N = 220)

PDT304

(N=102)

PDT301

(N = 326)

PDT408

(N=78)

Total

(N = 726)

11 DLB (SDDD)
13 Possible DLB

15 Probable DLB

0 (0%)
0 (0%)

0 (0%)

0 (0%)
0 (0%)

0 (0%)

116 (36%)
27 (8%)

89 (27%)

0 (0%)
0 (0%)

0 (0%)

116 (16%)
27 (4%)

89 (12%)

18 Non-PS/Non-DLB (no SDDD)
20 ET
AD

25 Other

62 (28%)
27 (12%)
0 (0%)

35 (16%)

31 (30%)
14 (14%)
0 (0%)

17 (17%)

126 (39%)
0 (0%)
125 (38%)

1 (<1%)

30 (38%)
23 (29%)
0 (0%)

7 (9%)

249 (34%)
64 (9%)
125 (17%)

60 (8%)

27 SDDD Present”

30 SDDD Absent

158 (72%)

62 (28%)

71 (70%)

31 (30%)

116 (36%)

126 (39%)

48 (62%)

30 (38%)

393 (54%)

249 (34%)

32 *Includes Possible and Probable PS and Possible and Probable DLB diagnoses.

AD = Alzheimer’s disease; BMI = Body mass index; DLB = Dementia with Lewy bodies; ET = Essential tremor; ITD = Intent to

37 diagnose; N = number of subjects in the study; PS = Parkinsonian syndrome SD = standard deviation; SDDD = striatal dopaminergic

39 deficit disorder.
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Sensitivity (PPA) and specificity (NPA)

Sensitivity and specificity for ioflupane (**’1) to detect SDDD (abnormal scan) or non-SDDD
(normal scan) using the mean of BIE reads is displayed in Figure 3. Supplementary Tables S4
and S5 (ITD and PP populations, respectively) show the means and 95% CI for the individual
reads for Parkinsonian syndromes, dementia with Lewy bodies, and total. Figure 3a shows high
sensitivity and specificity in the ITD population for both movement disorders (PS) and the total
pooled analysis, with a slightly lower sensitivity value (78.5%) when assessing subjects with
dementia. Sensitivity and specificity did not change substantially when reference clinical
diagnoses were made for DLB at Month 12. Sensitivity decreased when reference clinical
diagnoses were made for PS at Months 18 and 36 (78.9% and 76.6%), but specificity values
increased slightly, exceeding 95% at each time point. Overall, the sensitivity of BIE reads of

. 123
ioflupane (

I) SPECT images in the ITD population for PS and dementia at all diagnosis time
points ranged from 76.6% to 91.1%, and specificity ranged from 90.1% to 96.7%; PP population
results (Figs 3¢ and 3d) were very similar. Figures 4a-4d display the same analyses using the on-
site read results. Overall, sensitivity in the ITD population (Fig 4a and 4b) ranged from 81.4% to
89.9%, and tended to be higher for on-site reads compared with the BIE reads. Specificity ranged
from 81.6% to 90.3%, and tended to be lower compared with BIE reads. No meaningful
differences were noted in the values when analyzing the PP population (Fig 4c and 4d). Tables 3

and 4 (ITD and PP populations, respectively) summarize the sensitivity and specificity by expert

clinical diagnosis for on-site, institutional reads.
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Table 3. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-site institutional reads — ITD

population (N = 726)

Response

Expert Clinical Diagnosis

Parkinsonian Syndrome

(PS; SDDD)

Dementia with Lewy Bodies

(DLB; SDDD)

Total

Sensitivity

Specificity

Sensitivity

Specificity

Sensitivity

Specificity

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

Pooled Studies®

93.1% (89.5 to 95.8)

91.1% (84.6 to 95.5)

88.3% (80.0 to 94.0)

77.4% (69.7 to 83.9)

91.9% (88.7 to 94.5)

83.6% (78.7 to 87.9)

Study PDT301 — Month 12

89.9% (81.7 to 95.3)

81.6% (73.7 to 88.0)

Study PDT304 — Month 18

81.4% (70.3 to 89.7)

90.3% (74.2 to 98.0)

Study PDT304 — Month 36

83.8% (72.9 t0 91.6)

86.2% (68.3 0 96.1)

Mean Results®

89.6% (86.3 to 92.4)

90.2% (84.9 to 94.1)

89.9% (81.7 to 95.3)

81.6% (73.7 to 88.0)

89.7% (86.7 t0 92.2)

86.7% (82.4 t0 90.3)

CI = Confidence interval; ITD = Intent to diagnose; NPA = Negative percent agreement; PPA = Positive percent agreement; SDDD =

Striatal dopaminergic deficit disorder.

“ Pooled studies include on-site ioflupane (**°I) reads for DP008-003, PDT304, (at baseline), PDT301 (baseline reference clinical

diagnosis), and PDT408.

® Summary results calculated across all studies and time points. For PDT301, the Month 12 reference clinical diagnosis was used.

Sensitivity/Specificity for DLB is calculated based on Probable DLB vs. Non-DLB.
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Sensitivity/Specificity for Total is calculated based on SDDD vs. non-SDDD.
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Table 4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-site institutional reads — PP

population (N = 622)

Expert Clinical Diagnosis

Response

Parkinsonian Syndrome Dementia with Lewy Bodies Total
(PS; SDDD) (DLB; SDDD)
Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

Pooled Studies® 91.8% (87.5 t0 95.0) | 90.3% (82.9 t0 95.2) | 87.5% (78.7 t0 93.6) | 77.1% (69.3 to 83.7) | 90.6% (86.8 t0 93.6) | 82.6% (77.3 to 87.1)
Study PDT301 — Month 12 89.4% (80.8 t0 95.0) | 81.3% (73.3 to 87.8)
Study PDT304 — Month 18 | 80.9% (69.5 to 89.4) | 90.3% (74.2 to 98.0)

Study PDT304 — Month 36

83.3% (72.1 to 91.4)

86.2% (68.3 0 96.1)

Mean Results®

88.2% (84.5 t0 91.3)

89.6% (83.8 t0 93.8)

89.4% (80.8 t0 95.0)

81.3% (73.3 to 87.8)

88.4% (85.1 t0 91.2)

86.0% (81.4 to 89.8)

CI = Confidence interval; NPA = Negative percent agreement; PP = Per Protocol; PPA = Positive percent agreement; SDDD = Striatal

dopaminergic deficit disorder.

“ Pooled studies include on-site ['**IJFP-CIT reads for DP008-003, PDT304, (at baseline), PDT301 (baseline reference clinical

diagnosis), and PDT408.

® Summary results calculated across all studies and time points. For PDT301, the Month 12 reference clinical diagnosis was used.

Sensitivity/Specificity for DLB is calculated based on Probable DLB vs. Non-DLB.
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Sensitivity/Specificity for Total is calculated based on SDDD vs. non-SDDD.
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Inter-reader agreement

Three of the studies had BIE readers, and Study PDT304 had three sets of images to be read.
Overall, the agreement between the BIE reader pairs was good, and ranged from 0.81 (95% CI
0.73 t0 0.90) to 1.00 (1.00 to 1.00). The Fleiss’ kappa for all BIE readers in a study ranged from
0.88 (0.84 t0 0.92) to 0.99 (0.87 to 1.10). Agreement between the BIE readers and the on-site
read was similar for two of the studies, and ranged from 0.82 (0.73 to 0.90) to 0.94 (0.87 to
1.01); for Study PDT301, the agreement for this comparison was not as good, with kappa
ranging from 0.60 (0.51 to 0.69) to 0.68 (0.60 to 0.76). Inter-reader agreement for the PP

population was comparable to that determined for the ITD population (data not shown).
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DISCUSSION
This pooled analysis of four clinical trials provides the largest set of clinical evidence to date

showing that ioflupane (‘**

I) SPECT imaging has high sensitivity and specificity for detecting
the presence or absence of a striatal dopaminergic deficit in ITD and PP population of patients
with movement disorders and/or dementia. Another strength of this study is that we pooled well-
designed prospective studies with 12-36 months of clinical follow-up after ioflupane (‘*I)
imaging in which blinded image evaluation by 3-5 independent nuclear medicine physicians (no
access to clinical information) was used for image assessment. Overall, ioflupane ('*’T) SPECT
image evaluation demonstrated a sensitivity (ability to detect an SDDD when it is present)
ranging from 75.0% to 96.5%, and a specificity (ability to exclude an SDDD when it is absent)
ranging from 83.0% to 100.0%. Inter-reader agreement was high, indicating that diagnostic
accuracy is not dependent upon individual expert performance.

When BIE reads were compared with on-site reads, specificity was higher for the BIE reads,
whereas sensitivity was higher for the on-site reads. BIE vs. on-site reader agreement was lower
in the PDT301 study. This study focused on subjects with dementia, whereas the other studies
focused primarily on subjects with movement disorders. Clinical diagnosis of DLB tends to be
less accurate than PS.[10, 13, 15, 20] On-site readers had access to patient clinical information,
whereas BIE readers did not. This likely contributed to the observed increase in sensitivity and
decrease in specificity when images were read by the on-site readers compared with BIE readers,
resulting in lower agreement between the two reader groups in this study.

A limitation of this study is that the four studies in the pooled analysis used expert clinical

diagnosis as a reference standard for the presence or absence of an SDDD. Two of the studies

(PDT301 and PDT304) used expert panels to establish the clinical diagnosis. In DP008-003,

24

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 24 of 67

"yBuAdoo Ag peroalold 1senb Aq 20z ‘0z yarew uo jwod fwg-uadolwig//:dny woly papeojumoq +T0Z AINC € Uo ZZTS00-¥T0Z-uadolwag/9eTT 0T St paysignd 1s1y :uadO CINg


http://bmjopen.bmj.com/

Page 25 of 67

©CoO~NOUITA,WNPE

BMJ Open

enrolled subjects had established diagnoses, so an expert panel was not considered necessary. In
PDT408, the final diagnosis was made with access to the ioflupane ('**I) SPECT images, which
was required to assess the test clinical utility. The truth standard for diagnosing movement
disorders and dementia is neuropathological confirmation of brain tissue at autopsy. However,
with a slowly progressive, mostly benign course of these disorders, these patients are unlikely to
die during the course of relatively short clinical trial duration and be subjects for autopsy
assessment. Previous post-mortem studies demonstrated a good correlation between ioflupane
('*I) SPECT imaging with neuropathological findings.[16, 19] In a study by Walker, when
validation was by autopsy diagnosis, sensitivity and specificity of initial clinical diagnoses in
DLB was 75% and 42%, respectively, whereas sensitivity and specificity of ioflupane ("*1)
imaging was higher, with values of 88% and 83%, respectively (88% and 100% for semi
quantitative analysis of scans).[16] Therefore, the use of clinical diagnosis as the non-perfect
reference standard rather than neuropathological confirmation at autopsy may have contributed
to the sensitivity and specificity values obtained in this pooled analysis. Another limitation of the
study is that Study PDT408 was not designed specifically to assess the sensitivity and specificity

of ioflupane (***

I) SPECT imaging for detecting or excluding an SDDD. However, they were
secondary endpoints, and expert clinical diagnosis and ioflupane (1231) images were available on
these subjects, so it was deemed appropriate to include this study in the pooled analysis. Of note,
the sensitivity and specificity values for this study fell within the range for the other three studies
in which clinical diagnoses were made blinded to ioflupane ("*1) images, and exclusion of this
study would not have altered the main findings reported here.

Substantial clinical need has been established for an adjunct to existing diagnostic tools for

differentiating PD from ET, and DLB from AD. Examiner expertise affects diagnostic accuracy,
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with sub-specialists having the highest accuracy, followed by general neurologists; primary care
physicians tend to have the lowest.[21] In a general practice setting (N=202), 15% of patients
who had been diagnosed with parkinsonism, had tremor with onset after the age of 50, or who
had ever received parkinsonism drugs had their diagnosis unequivocally rejected when strict
clinical diagnostic criteria were applied and they completed a detailed neurological
interview.[22] On the other hand, 13 patients (19%) not previously diagnosed with Parkinson’s
disease (PD) received this diagnosis following use of strict clinical diagnostic criteria.[22] In
another general practice setting in Scotland (N=610), 5% of patients taking antiparkinson therapy
for a diagnosis of PD had their medication successfully withdrawn following evaluation by two
movement disorder specialists; ioflupane ('*’I) scanning was performed if there was
uncertainty.[23] General neurologists changed the diagnosis in 75% and movement disorder
specialists in 47% of clinically uncertain Parkinsonian Syndrome (PS) cases after ioflupane (1)
imaging results became available.[6, 24] These studies highlight the frequency of PD or PS
misdiagnosis, and illustrate how using ioflupane ('*’T) scanning can result in corrections to
treatment. Early diagnosis is confounded by the fact that these diseases are progressive, and it
may take time for the signs and symptoms to worsen until they clearly point to one disease.[7]
The choice of consensus criteria also affects the sensitivity and specificity of the clinical
diagnosis.[25, 26] All these factors contribute to clinical diagnosis failing to align with autopsy

findings up to 25% of the time.[25] Ioflupane ('**

I) SPECT imaging does not diagnose disease.
Rather, it is used to determine the presence or absence of a striatal dopaminergic deficit. The
performance of ioflupane ('*’I) reported here may have been lower than expected, particularly in

DLB patients, because we were comparing it to clinical diagnosis based on consensus criteria,

known to be imprecise.
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Regulatory approval of ioflupane (**’I) in Europe and the US has facilitated meeting the clinical
need to improve the accuracy of clinical diagnosis. Adoption and utilization of this new
technology is expanding, and several professional societies and organizations are supporting
ioflupane ("*1) imaging as a useful and validated diagnostic tool. These include mention in the
2013 EFNS/MDS-ES/ENS guideline (Category A),[27] The Society of Nuclear Medicine,[28]
the UK’s National Institute for Health and Clinical Excellence (NICE) 2006 guidance,[29] the
Scottish Intercollegiate Guidelines Network (SIGN),[30] and the EFNS-ENS Guidelines.[4] The
Parkinson Progression Marker Initiative (PPMI) is adding ioflupane (1) imaging to be included
in study inclusion criteria, as well as during a 5-year study of PD biomarker progression.[31]
Research is needed to more fully elucidate future applications of ioflupane (‘*’I) SPECT
imaging. While not currently licensed for this application, discussions have recently focused on

the possibility of whether quantitative analysis of ioflupane (***

I) binding might further increase
the sensitivity and specificity of SDDD detection and enable differentiation of other PS, such as
PSP, MSA, or vascular parkinsonism from PD.[18, 32, 33] Additional studies that compare
ioflupane (‘*’I) imaging results with post mortem neuropathology rather than expert clinical
diagnosis may document better the accuracy of estimates of sensitivity and specificity. Our use
of expert clinical diagnosis as the standard of truth, whilst validated, was not as perfect as
autopsy. In addition, not all DLB patients have nigrostriatal degeneration and a small percentage
of these patients may have primarily cortical degeneration.[34] Finally, ioflupane ("*1) imaging
may be helpful in identifying dopaminergic nigrostriatal degeneration in the prodromal stages,

such as rapid-eye-movement sleep behavior disorder of alpha-synucleinopathies (PD, MSA,

DLB) and tauopathies (PSP, corticobasal degeneration).[35, 36]
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(Note to journal — please place this text in a call-out box within the article)

Literature Review and Interpretation

We searched PubMed on October 4, 2013 using the terms (*FP-CIT or *loflupane[Title]) AND
(Lewy or dementia or parkinson™® or essential tremor[Title]) AND (diagnos™* or accura*[Title])
and applied the filter “Human.” The search retrieved 181 articles. After reviews, case reports,
and commentaries were removed, 138 remained. Of these, 28 were clinical studies that evaluated
the diagnostic accuracy of ioflupane (1231),[3, 13-17, 37-59] with the number of subjects ranging
from 16[53] to 326.[14] We selected four of these, which were the studies that supported the US
NDA. We also found in our search a meta-analysis[60] of the diagnostic accuracy of ioflupane
(***I) in DLB was performed in 2012 and summarized four studies with a total of 419 subjects.
One of the studies included in this meta-analysis is the PDT301 study (with the baseline clinical
evaluation)[3] included in our pooled analysis.

This pooled analysis provides the largest dataset of clinical evidence (N = 726 in the ITD

population) to date of the diagnostic accuracy of ioflupane ('**

I) SPECT imaging. The analysis
includes patients with dementia and/or movement disorders. Overall, sensitivity for detecting the
presence or absence of an SDDD ranged from 75-0% to 96-5%, and specificity ranged from
83-0% to 100-0%. Inter-reader agreement was high, with kappa for blinded reader pairs ranging

from 0-81 to 1-00. Adoption and utilization of this new technology is expanding, reinforcing the

usefulness of ioflupane ('*’T) imaging as a validated diagnostic tool.
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Figure Legends

Figure 1. Subject disposition

Figure 2. Summary of clinical diagnosis (per Reference Clinical Standard) by study
Fig 2a. — ITD population

Fig 2b. — PP population

Figure 3. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis —
Mean of Blind Reads

3a. ITD population — Summary results calculated across all studies and readers at baseline. DLB
is calculated based on Probable DLB vs. non-DLB. Total is calculated based on SDDD present
vs. SDDD absent.
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3b. ITD population — DLB at Month 12 calculated for all readers in study PDT301. PS at Month
18 and 36 calculated for all readers in study PDT304.

3c. PP population — Summary results calculated across all studies and readers at baseline. DLB is
calculated based on Probably DLB vs. non-DLB. Total is calculated based on SDDD present vs.
SDDD absent

3d. PP population — DLB at Month 12 calculated for all readers in study PDT301. PS at Month

18 and 36 calculated for all readers in study PDT304.

Figure 4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-
site Institutional Reads

4a. ITD population — Summary results calculated across all studies and time points. For PDT301,
Month 12 reference clinical diagnosis was used in this analysis. DLB is calculated based on
Probable DLB vs. non-DLB. Total is calculated based on SDDD present vs. SDDD absent.

4b. ITD population — DLB at Month 12 calculated for on-site readers in study PDT301. PS at
Month 18 and 36 calculated for on-site readers in study PDT304.

4c. PP population — Summary results calculated across all studies and time points. For PDT301,
Month 12 reference clinical diagnosis was used in this analysis. DLB is calculated based on
Probable DLB vs. non-DLB. Total is calculated based on SDDD present vs. SDDD absent.

4d. PP population — DLB at Month 12 calculated for on-site readers in study PDT301. PS at

Month 18 and 36 calculated for on-site readers in study PDT304.
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Figure 3. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — Mean of Blind
Reads
3a. ITD population - Summary results calculated across all studies and readers at baseline. DLB is

calculated based on Probable DLB vs. non-DLB. Total is calculated based on SDD present vs. SDD absent.

3b. ITD population — DLB at Month 12 calculated for all readers in study PDT301. PS at Month 18 and 36
calculated for all readers in study PDT304.

3c. PP population - Summary results calculated across all studies and readers at baseline. DLB is calculated

based on Probably DLB vs. non-DLB. Total is calculated based on SDD present vs. SDD absent
3d. PP population — DLB at Month 12 calculated for all readers in study PDT301. PS at Month 18 and 36
calculated for all readers in study PDT304.
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Figure 4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-site
Institutional Reads
4a. ITD population - Summary results calculated across all studies and time points. For PDT301, Month 12
reference clinical diagnosis was used in this analysis. DLB is calculated based on Probable DLB vs. non-DLB.
Total is calculated based on SDD present vs. SDD absent.
4b. ITD population — DLB at Month 12 calculated for on-site readers in study PDT301. PS at Month 18 and
36 calculated for on-site readers in study PDT304.
4c. PP population - Summary results calculated across all studies and time points. For PDT301, Month 12
reference clinical diagnosis was used in this analysis. DLB is calculated based on Probable DLB vs. non-DLB.
Total is calculated based on SDD present vs. SDD absent.
4d. PP population — DLB at Month 12 calculated for on-site readers in study PDT301. PS at Month 18 and 36
calculated for on-site readers in study PDT304.
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Table S2. Ethics Committees for the Four Studies in the Pooled Analysis
Study DP008-003
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Committee Name City Country Chaileman
Medical Research Ethics Committee, The Phillips University Clinic | Marburg Germany Dr. PSHeubel
The Faculty of Medicine Ethics Committee, Ludwig Maximilian Munich Germany Prof..Dr. med. Dent.
University of Munich W Geérnet
Southern General Hospital Medical Ethics Committee Glasgow UK Rev. ® Keddie
Medical Ethics Committee, Academic Medical Center, Amsterdam | Amsterdam | The Prof.g_ Arisz
University Netherlands g
Joint UCL/UCLH Committees on the Ethics of Human Research London UK Prof.ZA McLean
Ethics Review Committee, University Hospital Ghent Belgium Prof.i&)r. M Bogaert
PDT301 5
Committee Name City Country ChaiZman
Ethikkommission des Landes Obergsterreich Linz Austria UnivéﬁProf. Prim Dr.
Fishes
Ethik-Kommission der Medizinischen Fakultét der Universitat Wien | Wien Austria Univ_EProf. Dr.E
und des Allgemeinen Krnkenhauses der Stadt Wien AKH Singéf
Comité consultative pour la protection des personnes dans la Bordeaux France Prof.gMC Saux
recherché biomédicale Bordeaux B 2
Ethik-Kommission an der Medizinischen Fakultat der Universitat Leipzig Germany Prof.?r. med. R
Leipzig Preil®
Ethikkommission, Campus Charité Mitte Berlin Germany Prof.Dr. med. R
Uebethack
Ethik-Kommission der Ruhr- Universitat Bochum, Medizinischen Bochum Germany Prof.§)r. Zenz
Fakultat g
Ethik-Kommission der Georg-August-Ruhr-Universitat Gottingen Gottingen Germany Prof.fCIDDr. med. E
Ruther
Ethik-Kommission der Arztekammer Hamburg Hamburg Germany Prof.Dr. med. Th.
Webér
Medizinischen Hochschule Hannover, Ethikkommission Hannover Germany Prof.Dr. HD Troger
Landesarztekammer Rheinland-Pfalz, Ethikkommission Mainz Germany Prof Dr. Rittner
e
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2 Committee Name City Country Chaifman
5 Kommission fur Ethik in der arztlichen Forschung. Bereich Marburg Germany Prof.@r. Med. G
6 Humanmedizin, Klinikum der Philipps- Universitat Marburg Rich@r
7 Regione Veneto, Aziendo Ospedaliera di Padova, Comitato Etico Padova Italy Dr. RBPegoraro
8 per la Sperimentazione ©
20 Azienda Ospedaliera Pisana, Comitato etico per la studio del Pisa Italy Prof%e Barsotti
11 farmaco sull’ uomo =
12 Regional komité for medisinsk forskninsetikk, Vest-Norge (REK Bergen Norway A Be‘gstad
13 Vest), Universitetet i Bergen, det medisinske fakultet g
ig Comité Etico de Investigacao Clinica Porto Portugal 5
16 Karolinska Institutet, Forskningsettikkommitté Syd Stockholm Sweden Prof.§-| Glaumann
17 Regionala etikprovningsnamnden i Stockholm Stockholm Sweden Prof.2£ E Rutquist
18 Clinic Barcelona, Hospital Universitari, Comite étic investigacio Barcelona Spain s
19 clinica g
32 Comité Etico de Investigacion Clinica, Hospital Universitario de Madrid Spain §
22 Getafe )
23 Comité etico de investigacion clinica Hospital “La Fe” Valencia Valencia Spain 3
24 Northern and Yorkshire Multi-Centre Ethics Committee, Durham Durham UK J KeHy/S Brunton-
25 University Shiels
g? Gateshead Local research Ethics Committee Sunderland | UK Dr. BG Raw
28 Northumberland, Tyne and Wear NHS Strategic Health Authority Newcastle UK Dr. J%.othian, PD
29 Local Research Ethics Committees, Newcastle General Hospital upon Tyne Carrg
30 Southampton & South West Hampshire Local Research Ethics Southampton | UK C Wright
31 Committee >
gé Ethikkommission der Medizinischen Fakultat der Ludwig- Minchen Germany Prof.§)r. G
34 Maximilans-Universitat, LMU, Klinikum Gro3hadern Paunggartner
35 Ethikkommission der Fakultét fir Medizin der Technischen Minchen Germany ProfDr. A Schomig
36 Universitat Minchen &
g; Aligemeines 6ffentliches Krankenhaus der Stadt Linz, Kommission | Linz Austria Primdr Dr. H Stekel
39 zur Beurteilung klinischer Prifungen von Arzneimitteln, g
40 Ethikkommission &
41 Ospedali Civili Brescia, Aziendo Ospedaliera, Comitato Etico Brescia Italy Prof ¥ De Ferrari
42 g
43 E
44 Es
45
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Committee Name City Country ChaiFman
Fakultni nemocnice v Motole, Etickakomise Prague Czech MUDBX. V Smelhaus

Republic R

Brighton and Sussex Local Research Ethics Committee Brighton UK Dr. PSSeddon
East Sussex Local Research Ethics Committee Brighton UK Dr. JRademaker
South Manchester Local Research Ethics Committee Manchester | UK Dr. & Pettit
Central Manchester Research Ethics Committee Manchester | UK Dr. [(EMandal
NHS Tayside Board, Tayside Committee on Medical Research Dundee UK NF B@own
Ethics, Ninewells Hospital & Medical School 2
Fazio-Fondazione San Raffaele Del Monte Tabor Milano, Comitato | Milano Italy Prof.§ Miller
Etico Dell’istituto Nazionale Neurologico Besta di Milano §
IRCCS - Fondazione San Raffaele Del Monte Tabor di Milano Milano Italy Prof.%£5 Zoppei
Comité ético de investigacion clinica, Servicio Andaluz de Salud, Sevilla Spain s
Consejeria de Salud, Hospitales Universitarios Virgen de Rocio de g
Sevilla S
Ethikkommission der stadt Wien Wien Austria Dr. KESerban
North Sheffield Local Research Ethics Committee, Northern General | Sheffield UK Dr. GPM Clark
Hospital g
Glasgow West Local Research Ethics Committee Glasgow UK Dr. JHunter
NHS Greater Glasgow Primary Care Division Local Research Ethics | Glasgow UK Dr. P§Fleming
Committee, Gartnavel Royal Hospital >
Frenchay Research Ethics Committee, North Bristol NHS Trust Bristol UK Drs. (afaKendaII and M
Headquarters Sher
Arztekammer Berlin, Ethik-Kommission Berlin Germany C Bigndo
Ethikkommission des Landes Bremen, Institut fiir Klinische Bremen Germany Dr. I@Boomgaarden-
Pharmaakologie, Klinikum Bremen-Mitte Branges
Ethikkommission der Fakultat fir Medizin der Technischen Minchen Germany Prof.“raDDr. A Schomig
Universitat Minchen 2

3
PDT304 2
Committee Name City Country CBairman
Ethics Committee of the Southern General Hospital NHS Trust, Glasgow UK Re:‘\-I. D Keddie
Glasgow S

§
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2 Committee Name ) City Country Cfiairman
5 Kommission fur Ethik in der Arztlichen Forschung, Klinikum der Marburg Germany Prgf. Dr. med. G
6 Philipps-Universitat Marburg Riéhter
7 New Cross Hospital Local Research Ethics Committee Wolverhampton | UK D3Little
8 Southampton and South West Hampshire Joint Local Southampton UK DE. A Kermode
20 Joint Ethics Committee Newcastle and North Tyneside Health Newcastle UK Plﬁf. PA Heasman
11 Authority =
12 Comite Etico de Investigacion Clinica Hospital Clinic | Provincial Barcelona Spain Praf. J Rodes
ﬁ Comite Etico de Investigacion Clinica del Hospital de la Santa Creu | Barcelona Spain FE;Carrenca
| Sant Pau ]
ig Comité d’ ethique hospitalier, Cliniques Universitaires de Mont- Yvoir Belgium DE%P Evrard
17 Godinne =
18 Hospitais da Universidade de Coimbra Coimbra Portugal DB JA Branquinho de
19 Ca&valho
32 Ethikkommission der Medizinischen Faultat der Universitat Innsbruck Austria Usiv. Prof. Dr. P
22 Innsbruck Likas
23 g
24 PDT408 g
25 Committee Name City Country Chaigman
g? Hospital Ethical Committee, University Hospital UCL Mont- Yvoir Belgium Dr. P§Evrard
28 Godinne >
29 Commission for Ethics, AZ St.-Jan AV Brugge Belgium Dr. J§/an
30 Droogenbroeck
31 Comite Consultatif de Protection des Personnes Dans La Recherche | Lille France ProfPY Hatron
gg Biomedicale de Lille, Hopital Huriez S
34 Ethik-Kommission der Arztekammer Hamburg Korperschaft des Hamburg Germany Prof.®r. Med. K
35 offentlichen Rechts Helde
36 Ethikkomission des Klinikums der Universitat Regensberg Regensberg | Germany Prof.r. R
37 Andr&esen
gg Vorsitzenden der Ethikkommission Bei der Arztekammer des Saarbriicken | Germany Dr. %Ertz
40 Saarlandes &
41 Spett. Le Comitato Etico Milano Italy Prof <A Randazzo
jé Comitato Etico Per La Sperimentazione Clinica Del Farmaci Firenze Italy Prof.;j_ Zilletti
44 ‘5;
45
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Ministério Da Saude Hospitais Da Universidade De Coimbra Coimbra Portugal Prof.3@r. JM Pedroso
Limas
Comité Etico De Investigacion Clinica Hospital Clinic | Provincial Barcelona Spain Prof.9MA Asenjo
Sebastian
Comité Etico De Investigacion Clinica Del Hospital De La Santa Barcelona Spain FJ C%’rencé
Creu | Sant Pau =
>
King’s College Hospital London UK Prof. ER Howard
Southampton and South West Hampshire Local Research Ethics Southampton | UK Dr. A§Kermode
Committees @
Etik-Kommission Der Medizinischen Faultat der Universitat Wien Wien Austria UnivgProf. Dr. E
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g
1 ®
: 3
2 Table S3. Demographic characteristics and clinical diagnosis (per Reference Clinical Diagnosis) by study — t|§P population (N = 622)
5 Study
6 DP008-003 PDT304 PDT301 PDT4§8 Total
7 (N = 157) (N = 100) (N = 288) (N=7B (N = 622)
8 Age (yr) Mean (SD) 63.1 (8.51) 60.5 (10.97) 74.2 (7.02) 64.1 (12%95) 67.9 (10.61)
20 Min, Max 40, 80 33,79 54, 90 25, 8% 25, 90
11 Median 64.0 61.5 75.0 67.02 69.0
12 Gender Male 99 (63%) 57 (57%) 160 (56%) 40 (53%) 356 (57%)
13 Female 58 (37%) 43 (43%) 128 (44%) 37 (B%) 266 (43%)
14 Race Caucasian 153 (97%) 100 (100%) 288 (100%) 76 (B%) 617 (99%)
I Black 3 (2%) 0 (0%) 0 (0%) 0 (B0) 3 (<1%)
17 Asian 1 (1%) 0 (0%) 0 (0%) 1 (1%) 2 (<1%)
18 Other 0 (0%) 0 (0%) 0 (0%) 0 (CB6) 0 (0%)
19 PS (SDDD) 115 (73%) 69 (69%) 0 (0%) 47 (6%) 231 (37%)
20 Possible PS 115 (73%) 5 (5%) 0 (0%) 47 (62%0) 167 (27%)
g; Probable PS 0 (0%) 64 (64%) 0 (0%) 0 (0%) 64 (10%)
3 DLB (SDDD) 0 (0%) 0 (0%) 110 (38%) 0 (0%) 110 (18%)
24 Possible DLB 0 (0%) 0 (0%) 25 (9%) 0 (0%) 25 (4%)
25 Probable DLB 0 (0%) 0 (0%) 85 (30%) 0 (0%) 85 (14%)
26 Non-PS/Non-DLB (no SDDD) 42 (27%) 31 (31%) 123 (43%) 30 (38%) 226 (36%)
gg ET 16 (10%) 14 (14%) 0 (0%) 23 (36%) 53 (9%)
29 AD 0 (0%) 0 (0%) 122 (42%) 0 (0%) 122 (20%)
30 Other 26 (17%) 17 (17%) 1 (<1%) 7 (9%) 51 (8%)
31 SDDD Present? 115 (73%) 69 (69%) 110 (38%) 47 (65%) 341 (55%)
32 SDDD Absent 42 (27%) 31 (31%) 123 (43%) 30 (3@/0) 226 (36%)
gi 4ncludes Possible and Probable PS and Possible and Probable DLB diagnoses.
35 AD = Alzheimer’s disease; DLB = Dementia with Lewy bodies; ET = Essential tremor; N = number of subjeﬁts in the study; PP = Per
36 protocol; PS = Parkinsonian syndrome; SD = standard deviation; SDDD = striatal dopaminergic deficit dlsorﬂer
37 o
38 S
39 &
40 5
41 <
42 3
43 3
44 =
45
46 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Table S4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — Means of mdmdual blind reads — ITD

population (N = 726) g
Expert Clinical Diagnosis o
Parkinsonian Syndrome Dementia with Lewy Bodies § Total
Response (PS; SDDD) (DLB; SDDD) w
Sensitivity Specificity Sensitivity Specificity Sénsitivity Specificity
(%, 95% CI) (%, 95% CI) (%, 95% CI) (%, 95% CI) (%-95% CI) (%, 95% CI)
Mean Results Across all 91.1% (89.2 t0 92.8) | 92.3% (89.3t0 94.7) | 78.5% (72.7 to 83.5) | 90.1% (86.8 t0 92.8) | 88.7%%86.8 t0 90.4) | 91.2% (89.0 to 93.0)
Readers? — Baseline =
Mean Results Across all 78.5% (72.7 to 83.5) | 92.8% (89.6 t0 95.2) g
Readers® — Month 12 3
Mean Results Across all 78.9% (72.8 10 84.2) | 95.7% (89.2 to 98.8) §
Readers® — Month 18 ]
Mean Results Across all 76.6% (70.1t0 82.3) | 96.7% (90.6 to 99.3) =
Readers® — Month 36 %
CI = Confidence interval; ITD = Intent to diagnose; NPA = Negative percent agreement; PPA = Positive per@nt agreement; SDDD =

Striatal dopaminergic deficit disorder.
aSummary results calculated across all studies and readers at baseline.
b Summary results calculated across all readers for study PDT301.
¢ Summary results calculated across all readers for study PDT304.

Sensitivity/specificity for DLB is calculated based on Probable DLB vs. Non-DLB, and Total is calculated b

SDDD absent.
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1
2
2 Table S5. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — Means of mdmdual blind reads — PP
5 population (N = 622) g
6 Expert Clinical Diagnosis N
7 Parkinsonian Syndrome Dementia with Lewy Bodies o Total
8 Response (PS; SDDD) (DLB; SDDD) w
9 Sensitivity Specificity Sensitivity Specificity Seigitivity Specificity
10 (%, 95% CI) (%, 95% CI) (%, 95% CI) (%, 95% CI) (%,85% CI) (%, 95% CI)
11 Mean Results Across all | 90.0% (87.6 t0 92.0) | 93.7% (90.4 to 96.2) | 78.5% (72.7 to 83.5) | 90.3% (87.0 to 93.0) | 87.3% (85.1 to 89.3) | 91.7% (89.5 t0 93.7)
12 Readers®— Baseline =
13 Mean Results Across all 78.3% (72.5 t0 83.4) | 93.0% (89.8 to 95.4) g
14 Readers® — Month 12 3
15 Mean Results Across all | 78.3% (72.0 to 83.7) | 95.7% (89.2 to 98.8) §
16 Readers® — Month 18 ]
17 Mean Results Across all | 75.9% (69.3 to 81.7) | 96.7% (90.6 to 99.3) 3
18 Readers® — Month 36 3
19 CI = Confidence interval; NPA = Negative percent agreement; PP = Per Protocol; PPA = Positive percent aggement SDDD = Striatal
20 dopaminergic deficit disorder. S
21 aSummary results calculated across all studies and readers at baseline. 3
5:23 b Summary results calculated across all readers for study PDT301. §
24 ¢ Summary results calculated across all readers for study PDT304. 5
25 Sensitivity/specificity for DLB is calculated based on Probable DLB vs. Non-DLB, and Total is calculated bgsed on SDDD present vs.
26 SDDD absent. 5
27 S
28 =z
29 2
>0
2 5
32 S
33 R
34 g
35 =
36 8
37 v
38 S
Q
20 2
41 <
o
43 £
44 c%
45 '
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STARD checklist for reporting of studies of diagnhostic accuracy

(version January 2003)

Section and Topic Item On page #
#
TITLE/ABSTRACT/ 1 Identify the article as a study of diagnostic accuracy (recommend MeSH 1-4
KEYWORDS heading 'sensitivity and specificity').
INTRODUCTION 2 State the research questions or study aims, such as estimating diagnostic 7
accuracy or comparing accuracy between tests or across participant
groups.
METHODS
Participants 3 The study population: The inclusion and exclusion criteria, setting and 8-12, Table
locations where data were collected. 1°
4 Participant recruitment: Was recruitment based on presenting symptoms, 8-12°
results from previous tests, or the fact that the participants had received
the index tests or the reference standard?
5 Participant sampling: Was the study population a consecutive series of 8-13°
participants defined by the selection criteria in item 3 and 47 If not,
specify how participants were further selected.
6 Data collection: Was data collection planned before the index test and 8-13°
reference standard were performed (prospective study) or after
(retrospective study)?
Test methods 7 The reference standard and its rationale. 12-13, 24-
25
8 Technical specifications of material and methods involved including how 12-13
and when measurements were taken, and/or cite references for index
tests and reference standard.
9 Definition of and rationale for the units, cut-offs and/or categories of the 12-13
results of the index tests and the reference standard.
10 The number, training and expertise of the persons executing and reading 8-13°
the index tests and the reference standard.
11 Whether or not the readers of the index tests and reference standard 12-13
were blind (masked) to the results of the other test and describe any
other clinical information available to the readers.
Statistical methods 12 Methods for calculating or comparing measures of diagnostic accuracy, 13-14
and the statistical methods used to quantify uncertainty (e.g. 95%
confidence intervals).
13 Methods for calculating test reproducibility, if done. 14
RESULTS
Participants 14 When study was performed, including beginning and end dates of 72
recruitment.
15 Clinical and demographic characteristics of the study population (at least |Tables 1, 2,
information on age, gender, spectrum of presenting symptoms). & S3
16 The number of participants satisfying the criteria for inclusion who did or Figure 1
did not undergo the index tests and/or the reference standard; describe
why participants failed to undergo either test (a flow diagram is strongly
recommended).
Test results 17 Time-interval between the index tests and the reference standard, and 13
any treatment administered in between.
18 Distribution of severity of disease (define criteria) in those with the target Figure 2
condition; other diagnoses in participants without the target condition.
19 A cross tabulation of the results of the index tests (including N/A?
indeterminate and missing results) by the results of the reference
standard; for continuous results, the distribution of the test results by the
results of the reference standard.
20 Any adverse events from performing the index tests or the reference N/AP
standard.
Estimates 21 Estimates of diagnostic accuracy and measures of statistical uncertainty Figs 3 & 4,
(e.g. 95% confidence intervals). Tables 3, 4,
S4, & S5
22 How indeterminate results, missing data and outliers of the index tests N/A?
were handled.
23 Estimates of variability of diagnostic accuracy between subgroups of 23, Tables
participants, readers or centers, if done. 3,4,54, &
S5
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24

Estimates of test reproducibility, if done.

23

DISCUSSION

25

Discuss the clinical applicability of the study findings.

24-27

@ Since this was a pooled analysis of 4 clinical trials and each of these individual studies have been previously

published, some of these details are not included in this paper with the references provided. The individual primary
publications of the 4 studies were referred to to obtain these details.

® Safety data were not a focus of the current report and will be published in a separate report.
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Abstract

Objectives: To pool clinical trials of similar design to assess overall sensitivity and specificity of
Toflupane I 123 Injection (DaTSCAN™ or ioflupane ('*’D)) to detect or exclude a striatal
dopaminergic deficit disorder (SDDD), such as Parkinsonian syndrome and dementia with Lewy
bodies.

Design: Pooled analysis of three Phase 3 and one Phase 4 clinical trial.

Setting: Multi-center, open-label, non-randomized.

Participants: Patients with either a movement disorder or dementia, and healthy volunteers.
Interventions: loflupane ('**I) was administered.

Outcome measures: Images were assessed by panels of 3-5 blinded experts and/or on-site
nuclear medicine physicians, classified as normal or abnormal, and compared with clinical
diagnosis (reference standard) to determine sensitivity and specificity.

Results: Pooling the four studies, 928 subjects were enrolled, 849 were dosed, and 764
completed their study. Across all studies, when images were assessed by on-site readers,

. 123
ioflupane (

I) diagnostic effectiveness had an overall (95% CI) sensitivity of 91.9% (88.7 to
94.5) and specificity of 83.6% (78.7 to 87.9). When reads were conducted blindly by a panel of
independent experts, the overall sensitivity was 88.7% (86.8 to 90.4) and specificity was 91.2%
(89.0 to0 93.0).

Conclusions: In this pooled analysis, the visual assessment of ioflupane ('*’I) images provided
high levels of sensitivity and specificity in detecting the presence/absence of an SDDD.
Toflupane ('*°T) imaging has the potential to improve diagnostic accuracy in patients with signs

and symptoms of a movement disorder and/or dementia.

Abstract word count: 232
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Article Summary

Article focus

The ability to visualize striatal dopamine transporter in vivo has enhanced clinicians’ ability
to differentiate diseases that involve loss of dopaminergic nigrostriatal neurons from those
that do not.

Several clinical trials with limited numbers of subjects have been performed to provide some

information about diagnostic value of ioflupane (‘>

I). However, some investigators still
question the value ioflupane (‘*’I) provides for diagnosing movement disorders and

dementia.

Strengths

This study provides the largest and most definitive set of clinical evidence to date,
summarizing experience from three Phase 3 and one Phase 4 trial with all data pooled for a
new statistical analysis, N=726, showing that ioflupane ('*’I) SPECT imaging indeed has
high sensitivity and specificity for detecting the presence or absence of a striatal
dopaminergic deficit in patients with movement disorders and dementia (Intent to diagnose
(ITD) and Per protocol (PP) populations). Differences among different patient populations,
and inter-reader blinded image evaluation results are reported.
e Well-designed, prospective studies with 12-36 months of clinical follow-up after
ioflupane (‘*’I) imaging, in which blinded image evaluation by 3-5 independent nuclear

medicine physicians (no access to clinical information) was used for image assessment.
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Limitations:

Studies did not have autopsy confirmation of diagnosis (found to be impractical for up to
36 months of follow-up in the majority of patients in early stage of the disease), though
the standard of expert clinical diagnosis, particularly at follow-up after 12 months or
later, is an accepted reference standard for biomarker validation studies.

Only two of the studies (PDT301 and PDT304) used expert clinical panels to establish
the clinical diagnosis; the others relied on on-site investigator diagnosis (though made

blind to imaging findings, except one clinical utility study PDT408).
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INTRODUCTION

Despite the development of consensus clinical diagnostic criteria,[ 1-5] early and accurate
diagnosis of common neurodegenerative conditions like Parkinson’s disease (PD) and dementia
with Lewy bodies (DLB) continues to present challenges. Delays in diagnosis cause unnecessary
distress and uncertainty for subjects and their families, increase healthcare use through additional
appointments and investigations, and increase the risk that patients will develop preventable
disability.[6] Not surprisingly, the longer a patient is observed and the greater the amount of
accumulated clinical information, such as response to medications and progression of signs and
symptom, the greater the accuracy of the diagnosis.[7] Inaccurate diagnoses may result in
prescription of inappropriate medications, needlessly exposing patients to potentially harmful
side effects, while denying patients treatment of symptoms.[6] Furthermore, diagnostic
discrimination between degenerative and non-degenerative diseases is important because disease
course, therapy, and prognosis differ considerably among patients.[6, 8]

Differential diagnosis of movement disorders may be confounded by presence of inconsistent
parkinsonian features and/or atypical presentation of classic symptoms. Differentiation of
Alzheimer’s disease (AD) from DLB is also difficult, even after multiple evaluations. Consensus
clinical criteria[2-5, 9] without imaging results have good specificity (80%-90%), but sensitivity
is highly variable and can be as low as 30%, with the most common misdiagnosis being AD.[9,
10]

The advent of in vivo visualization of striatal dopamine transporter using the radiopharmaceutical
ioflupane (‘*I) {Iodine-123-fluoropropyl (FP)-carbomethoxy- 3 p-(4-iodophenyltropane) (CIT)
or loflupane 1123 Injection or [123I]Ioﬂupane or ['**I] FP-CIT or DaTSCAN™ or DaTscan™ }

and single-photon emission computed tomography (SPECT) imaging has enhanced clinicians’

6
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ability to differentiate diseases that involve loss of dopaminergic nigrostriatal neurons from those
that do not. Throughout this paper, we will refer to these disorders as striatal dopaminergic
deficit disorders (SDDD), which is the clinico-patho-anatomical term used here as a group term
for the clinical reference diagnoses of Parkinsonian syndrome (PS) and/or DLB, by virtue of
them being recognized as clinical disorders that are known to have striatal dopaminergic deficit.

Toflupane ('*

I) is the only approved imaging agent for this purpose; the European Medicines
Agency (EMA) approved it under the trade name DaTSCAN™ (ioflupane (1231) in 2000,[11] and
the US Food and Drug Administration approved it under the trade name DaTscan"" (Ioflupane
1123 Injection) in 2011.[12] It is currently approved in 33 countries. Numerous clinical trials
have been performed to establish the technical feasibility, and diagnostic effectiveness,
sensitivity, and specificity of ioflupane ('*’I).[3, 13-18] However, each trial had limited numbers
of subjects for whom results were available, ranging from 20 to 326.[3, 16] To better estimate

the diagnostic performance of ioflupane ('**

I), we conducted a pooled analysis of four clinical
studies. These studies were selected as they are the large, pivotal, multi-site efficacy trials
included in the DaTscan clinical development program. They were conducted to GCP standards
in pre-defined populations, and were the ones submitted to support the NDA filing in the USA (3
of them for EU) for licensing. We did not include single site studies, small early development
trials, or clinical utility studies in uncertain populations, because many of these had not evaluated
DaTscan efficacy performance. Our intent was to use the original database from the NDA

submission for the pooled analysis, and not to perform a meta-analysis of the published

literature, because this has been done.[19, 20].
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METHODS

Participants

Four clinical trials were used for this pooled analysis, based on their similar designs and
objectives; we used source data from studies performed in support of the ioflupane (‘**I) US
NDA.[3, 13-15, 17] All studies tested the effectiveness of ioflupane (**’I) {Iodine-123-
fluoropropyl (FP)-carbomethoxy- 3 B-(4-iodophenyltropane) (CIT) or Ioflupane 1123 Injection or
[123I]Ioﬂupane or ['**I] FP-CIT or DaTSCAN™ or DaTscan™ , GE Healthcare, Amersham,UK.
For the purposes of this report, ioflupane (**°I) will be used throughout the paper.} in detecting
the loss of dopaminergic nigrostriatal neurons in subjects with symptoms and signs of movement
disorders and/or dementia. The reference standard was the final clinical diagnosis of a disease
that is known to have or not have a striatal dopaminergic deficit (hereafter called reference
clinical diagnosis).[21] This clinical diagnosis was made blind to imaging results in three of the
four studies (Phase 3 studies DP008-003, PDT301, PDT304 [also elsewhere sometimes known
as PDT03004]). In two of the four studies (PDT301 and PDT304), the final clinical diagnosis
was made by a panel of experts. Table 1 summarizes the attributes of the four studies. Although
Phase 4 study PDT408 was designed to assess the clinical utility of ioflupane (1) image
assessments as the primary endpoint, sensitivity and specificity were secondary endpoints, and
the image results were included in the pooled analysis. The investigators who participated in

each of the four studies are listed in Table S1 (supplementary table).
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Table 1 Summary of studies included in pooled analysis

Principal Study

DP008-003

PDT304

PDT301

PDT408

Study design

Phase 3

Multicenter, open-label,

non-randomized

Single-dose

Expert clinical diagnosis at

Phase 3

Multicenter, open-label,
non-randomized
Repeat-dose (max. of 3)

Expert clinical diagnosis at

Phase 3

Multicenter, open-label,
non-randomized
Single-dose

Expert clinical diagnosis at

Phase 4

Multicenter, open-label,

non-randomized

Single-dose

Expert clinical diagnosis at

baseline according to 36 months as the RCD 12 months as the RCD 24 months as the RCD
published consensus
criteria as the RCD

Dates study was conducted e Aug 1997 to Feb 1998 e Jan 1999 to Jun 2005 e Dec 2003 to Jun 2006 e Nov 2000 to Nov 2003
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Principal Study

DP008-003

PDT304

PDT301

PDT408

Population

e Healthy volunteers
o Subjects with a clinical
diagnosis of:
o Parkinson’s disease
o Multiple system atrophy
o Progressive
supranuclear palsy, or

o Essential tremor

e Healthy volunteers
o Subjects with the clinical
features of:
o Early Parkinson’s
disease, or
o Tremor (mainly

essential tremor)

e Subjects with dementia
(features of possible DLB
or with features of other

dementia [AD, VaD])

e Subjects with movement
disorders (an uncertain
clinical diagnosis as to PS

or non-PS)

6uAdod Ag parosioid 1senb Ag 20z ‘0z ydre uo /wod g uadolwg//:dny woiy papeojumoq 10z AINC € Uo ZZTS00-7T0Z-uadolwa/9eTT 0T st paysiignd 1s11y :uadO (NG
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Principal Study

DP008-003

PDT304

PDT301

PDT408

Efficacy objectives

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary”

o Impact of ioflupane
(**’T) image assessments
on patient diagnoses,
confidence that patient
had PS, and planned
management

e Secondary

o Sensitivity and

specificity for detecting

or excluding an SDDD

Type of control

No control used

No control used

No control used

No control used

Investigational product

Toflupane (") 111-185 MBq

(3 to 5 mCi) iv, 1 dose

Toflupane (") 111-185 MBq
(3 to 5 mCi) iv, 3 doses 18

months apart

Toflupane (") 111-185 MBq

(3 to 5 mCi) iv, 1 dose

Toflupane (") 111-185 MBq
(3 to 5 mCi) iv, 1 dose (73
subjects) or 2 doses 24

months apart (14 subjects)

No. of study centers

10

40

15

No. of subjects enrolled

250

202

351

125
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Principal Study

DP008-003 PDT304 PDT301 PDT408

Age of ITD population, range | 40, 80 (62.7) 33,79 (60.4) 54,90 (73.9) 25, 84 (64.2)
(mean)
Gender 62% male, 38% female 56% male, 44% female 57% male, 43% female 58% male, 42% female
Race Caucasian 98% Caucasian 100% Caucasian 100% Caucasian 99%

Black 1% Asian 1%

Asian <1%
No. of subjects evaluable for | 220 102 288 118
efficacy
Blinded reads performed Yes Yes Yes No

AD = Alzheimer’s disease; DLB = dementia with Lewy bodies; ITD = intent to diagnose; MBq = megabecquerel; PS = Parkinsonian

syndrome; RCD = reference clinical diagnosis; SDDD = striatal dominergic deficit disorder; VaD = vascular dementia.

? Primary objective was to assess clinical utility of ioflupane ('*’I) images, however, images were used for pooled efficacy analysis.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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All studies were conducted in accordance with the current revision of the Declaration of
Helsinki; the Good Clinical Practice: Consolidated Guideline, approved by the International
Conference on Harmonisation; and applicable national and local laws. Ethics Committees or
Institutional Review Boards approved the protocol and amendments for each study (See
Supplementary Table S2). Subjects or their guardians gave written informed consent after the
aims, methods, anticipated benefits, and potential hazards were explained, and prior to
commencing any study procedures or assessments. The informed consent for each study included
a provision for subsequent analyses, of which this pooled analysis is an example. Study PDT301
is identified in clinicaltrials.gov as NCT00209456. All other trials began enrolling prior to 01
July 2005, the cut-off date for the initiation of the requirement by the International Committee of
Medical Journal Editors for trials to be registered, so are not associated with any public database

identifiers.

Procedures

All studies, including each study’s inclusion and exclusion criteria, have been published;[3, 13-
15, 17] a brief overview of the methods follows. All four studies were open-label, non-
randomized, Phase 3 or 4 clinical trials to determine the sensitivity (positive percent agreement
[PPA]) and specificity (negative percent agreement [NPA]) of ioflupane (***I) SPECT imaging to
detect or exclude an SDDD in subjects with various movement disorders (PS, including PD,
multiple system atrophy [MSA], and progressive supranuclear palsy [PSP]; or essential tremor
[ET]), and/or dementia (DLB, AD, or vascular dementia [VaD]); and healthy volunteers.
Subjects received either a single or repeat (up to three doses total) dose of 111-185 MBq of

123

ioflupane ("~°I). SPECT imaging was performed between three and six hours after injection.

13
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Ioflupane (1) images were read on-site (institutional reads), as well as by three or five
independent blinded readers (blinded image evaluation, BIE) in three of the studies, and
classified as normal (SDDD absent) or abnormal (SDDD present). Abnormal images were
further classified as type 1, 2, or 3.[12] Expert clinical diagnosis using a blinded panel of three
neurologists or dementia specialists established whether the subject had an SDDD (PD, PS, PSP,
MSA, or DLB) or a non-SDDD (ET, AD, or VaD and healthy volunteers). Expert clinical
diagnosis was established at various time points across the four studies: DP008-003 at baseline,
PDT301 at baseline and Month 12, PDT408 at baseline and Month 24, and PDT304 at baseline,
and Months 18 and 36. In PDT408, the final diagnosis was made with access to the ioflupane
('**I) SPECT images.

Each ioflupane (1) image result was compared with the corresponding reference clinical
diagnosis, and classified as a True Positive (TP), True Negative (TN), False Positive (FP), or
False Negative (FN) scan to allow calculation of sensitivity and specificity. Sensitivity was
calculated as nTP / (nTP + nFN), (n = number of subjects). Specificity was calculated as nTN /
(nTN + nFP).

Additional efficacy endpoints included inter-reader agreement between BIE readers, as well as

BIE readers vs. on-site institutional readers (DP008-003, PDT304, and PDT301).

Statistical analysis

All statistical analyses were performed using Statistical Analysis Software (SAS Institute Inc.,

Cary, NC, USA). Demographic data were collected and are presented using descriptive statistics.

Populations analyzed included Enrolled (all subjects who were enrolled in any one of the four

studies), Dosed (all enrolled subjects who received ioflupane ('*1)), Intent to diagnose (ITD; all

14

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"yBuAdoo Ag peroalold 1senb Aq 20z ‘0z yarew uo jwod fwg-uadolwig//:dny woly papeojumoq +T0Z AINC € Uo ZZTS00-¥T0Z-uadolwag/9eTT 0T St paysignd 1s1y :uadO CINg


http://bmjopen.bmj.com/

Page 15 of 112 BMJ Open

©CoO~NOUITA,WNPE

dosed subjects who underwent SPECT imaging and underwent the reference clinical diagnosis
assessment for the relevant analysis), and Per protocol (PP; all subjects in the ITD population
with no major protocol violations). Sensitivity and specificity were calculated for the ITD and PP
populations, and are reported with 95% confidence intervals (CI). For the purpose of this report,
we will be using sensitivity and specificity (equivalent to PPA and NPA). Pairwise inter-reader
and BIE vs. on-site reader agreement were analyzed using Cohen’s kappa statistic. Inter-reader

agreement across all BIE readers was analyzed using Fleiss’ kappa statistic.
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RESULTS

Subject disposition and characteristics

Subject disposition for each study and for the pooled analysis is shown in Figure 1. Of the 928
subjects enrolled, 849 (91%) were dosed, and 764 (82%) completed their study. The most
common reasons for not completing a study included subject request/withdrew consent (85
subjects, 9%), lost to follow-up (34 subjects, 4%), and protocol violation (14 subjects, 2%).
Eleven subjects (1%) did not complete due to safety concerns, including adverse events.
Medical history data were not collected consistently across studies and could not be pooled for
this analysis.

By-study and pooled subject baseline demographics are shown in Table 2 (ITD population; PP
population in Supplementary Table S3). No meaningful differences were noted in baseline
demographics between the ITD and PP populations. Age was similar in three of the four studies,
with subjects in PDT301 being older—unsurprisingly because this study only included people
with dementia. In all studies, there were more males than females, with a similar ratio across
studies. The majority was Caucasian, with Blacks and/or Asians representing 1% or less in any
single study. Clinical diagnoses represented in each study are tabulated in Tables 2 (ITD
population) and S4 (PP population), and are presented graphically in Figures 2a (ITD population)
and 2b (PP population). Overall, 393 (54%) of subjects in the ITD population were classified as
having SDDD (SDDD present), while 249 (34%) were classified with conditions that did not

have an SDDD (SDDD absent).
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Table 2. Demographic characteristics and clinical diagnosis (per Reference Clinical Diagnosis) by study — ITD population (N = 726)

Study

©CoO~NOUITA,WNPE

DP008-003 PDT304 PDT301 PDT408 Total

11 (N =220) (N=102) (N =326) (N=78) (N=1726)

13 Age (yr) Mean (SD) 62.7 (8.87) 60.4 (10.91) 73.9 (7.17) 64.2 (11.99) 67.6 (10.60)
15 Min, Max 40, 80 33,79 54,90 25, 84 25,90

18 Median 63.5 61.0 75.0 67.0 69.0

20 Gender Male 136 (62%) 57 (56%) 187 (57%) 41 (53%) 421 (58%)

Female 84 (38%) 45 (44%) 139 (43%) 37 (47%) 305 (42%)

25 Race Caucasian 216 (98%) 102 (100%) 326 (100%) 77 (99%) 721 (99%)
27 Black 3 (1%) 0 (0%) 0 (0%) 0 (0%) 3 (<1%)
30 Asian 1 (<1%) 0 (0%) 0 (0%) 1 (1%) 2 (<1%)

32 Other 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

34 PS (SDDD) 158 (72%) 71 (70%) 0 (0%) 48 (62%) 277 (38%)
37 Possible PS 158 (72%) 5(5%) 0 (0%) 48 (62%) 211 (29%)

39 Probable PS 0 (0%) 66 (65%) 0 (0%) 0 (0%) 66 (9%)
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Study
DP008-003 PDT304 PDT301 PDT408 Total

(N =220) (N=102) (N =326) (N=78) (N =1726)
DLB (SDDD) 0 (0%) 0 (0%) 116 (36%) 0 (0%) 116 (16%)

Possible DLB 0 (0%) 0 (0%) 27 (8%) 0 (0%) 27 (4%)
Probable DLB 0 (0%) 0 (0%) 89 (27%) 0 (0%) 89 (12%)
Non-PS/Non-DLB (no SDDD) 62 (28%) 31 (30%) 126 (39%) 30 (38%) 249 (34%)

ET 27 (12%) 14 (14%) 0 (0%) 23 (29%) 64 (9%)
AD 0 (0%) 0 (0%) 125 (38%) 0 (0%) 125 (17%)

Other 35 (16%) 17 (17%) 1 (<1%) 7 (9%) 60 (8%)
SDDD Present” 158 (72%) 71 (70%) 116 (36%) 48 (62%) 393 (54%)
SDDD Absent 62 (28%) 31 (30%) 126 (39%) 30 (38%) 249 (34%)

*Includes Possible and Probable PS and Possible and Probable DLB diagnoses.
AD = Alzheimer’s disease; BMI = Body mass index; DLB = Dementia with Lewy bodies; ET = Essential tremor; ITD = Intent to
diagnose; N = number of subjects in the study; PS = Parkinsonian syndrome SD = standard deviation; SDDD = striatal dopaminergic

deficit disorder.
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Sensitivity (PPA) and specificity (NPA)

Sensitivity and specificity for ioflupane (**’1) to detect SDDD (abnormal scan) or non-SDDD
(normal scan) using the mean of BIE reads is displayed in Figure 3. Supplementary Tables S4
and S5 (ITD and PP populations, respectively) show the means and 95% CI for the individual
reads for Parkinsonian syndromes, dementia with Lewy bodies, and total. Figure 3a shows high
sensitivity and specificity in the ITD population for both movement disorders (PS) and the total
pooled analysis, with a slightly lower sensitivity value (78.5%) when assessing subjects with
dementia. Sensitivity and specificity did not change substantially when reference clinical
diagnoses were made for DLB at Month 12. Sensitivity decreased when reference clinical
diagnoses were made for PS at Months 18 and 36 (78.9% and 76.6%), but specificity values
increased slightly, exceeding 95% at each time point. Overall, the sensitivity of BIE reads of

. 123
ioflupane (

I) SPECT images in the ITD population for PS and dementia at all diagnosis time
points ranged from 76.6% to 91.1%, and specificity ranged from 90.1% to 96.7%; PP population
results (Figs 3¢ and 3d) were very similar. Figures 4a-4d display the same analyses using the on-
site read results. Overall, sensitivity in the ITD population (Fig 4a and 4b) ranged from 81.4% to
89.9%, and tended to be higher for on-site reads compared with the BIE reads. Specificity ranged
from 81.6% to 90.3%, and tended to be lower compared with BIE reads. No meaningful
differences were noted in the values when analyzing the PP population (Fig 4c and 4d). Tables 3

and 4 (ITD and PP populations, respectively) summarize the sensitivity and specificity by expert

clinical diagnosis for on-site, institutional reads.
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Table 3. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-site institutional reads — ITD

population (N = 726)

Response

Expert Clinical Diagnosis

Parkinsonian Syndrome

(PS; SDDD)

Dementia with Lewy Bodies

(DLB; SDDD)

Total

Sensitivity

Specificity

Sensitivity

Specificity

Sensitivity

Specificity

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

Pooled Studies®

93.1% (89.5 to 95.8)

91.1% (84.6 to 95.5)

88.3% (80.0 to 94.0)

77.4% (69.7 to 83.9)

91.9% (88.7 to 94.5)

83.6% (78.7 to 87.9)

Study PDT301 — Month 12

89.9% (81.7 to 95.3)

81.6% (73.7 to 88.0)

Study PDT304 — Month 18

81.4% (70.3 to 89.7)

90.3% (74.2 to 98.0)

Study PDT304 — Month 36

83.8% (72.9 t0 91.6)

86.2% (68.3 0 96.1)

Mean Results®

89.6% (86.3 to 92.4)

90.2% (84.9 to 94.1)

89.9% (81.7 to 95.3)

81.6% (73.7 to 88.0)

89.7% (86.7 t0 92.2)

86.7% (82.4 t0 90.3)

CI = Confidence interval; ITD = Intent to diagnose; NPA = Negative percent agreement; PPA = Positive percent agreement; SDDD =

Striatal dopaminergic deficit disorder.

“ Pooled studies include on-site ioflupane (**°I) reads for DP008-003, PDT304, (at baseline), PDT301 (baseline reference clinical

diagnosis), and PDT408.

® Summary results calculated across all studies and time points. For PDT301, the Month 12 reference clinical diagnosis was used.

Sensitivity/Specificity for DLB is calculated based on Probable DLB vs. Non-DLB.
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Table 4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-site institutional reads — PP

population (N = 622)

Expert Clinical Diagnosis

Response

Parkinsonian Syndrome Dementia with Lewy Bodies Total
(PS; SDDD) (DLB; SDDD)
Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

Pooled Studies®

91.8% (87.5 t0 95.0)

90.3% (82.9 to 95.2)

87.5% (78.7 t0 93.6)

77.1% (69.3 to 83.7)

90.6% (36.8 to 93.6)

82.6% (77.3 to 87.1)

Study PDT301 — Month 12

89.4% (80.8 o 95.0)

81.3% (73.3 to 87.8)

Study PDT304 — Month 18

80.9% (69.5 to 89.4)

90.3% (74.2 to 98.0)

Study PDT304 — Month 36

83.3% (72.1 to 91.4)

86.2% (68.3 0 96.1)

Mean Results®

88.2% (84.5 t0 91.3)

89.6% (83.8 t0 93.8)

89.4% (80.8 t0 95.0)

81.3% (73.3 to 87.8)

88.4% (85.1 t0 91.2)

86.0% (81.4 to 89.8)

CI = Confidence interval; NPA = Negative percent agreement; PP = Per Protocol; PPA = Positive percent agreement; SDDD = Striatal

dopaminergic deficit disorder.

“ Pooled studies include on-site ['**IJFP-CIT reads for DP008-003, PDT304, (at baseline), PDT301 (baseline reference clinical

diagnosis), and PDT408.

® Summary results calculated across all studies and time points. For PDT301, the Month 12 reference clinical diagnosis was used.

Sensitivity/Specificity for DLB is calculated based on Probable DLB vs. Non-DLB.
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Inter-reader agreement

Three of the studies had BIE readers, and Study PDT304 had three sets of images to be read.
Overall, the agreement between the BIE reader pairs was good, and ranged from 0.81 (95% CI
0.73 t0 0.90) to 1.00 (1.00 to 1.00). The Fleiss’ kappa for all BIE readers in a study ranged from
0.88 (0.84 t0 0.92) to 0.99 (0.87 to 1.10). Agreement between the BIE readers and the on-site
read was similar for two of the studies, and ranged from 0.82 (0.73 to 0.90) to 0.94 (0.87 to
1.01); for Study PDT301, the agreement for this comparison was not as good, with kappa
ranging from 0.60 (0.51 to 0.69) to 0.68 (0.60 to 0.76). Inter-reader agreement for the PP

population was comparable to that determined for the ITD population (data not shown).
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DISCUSSION
This pooled analysis of four clinical trials provides the largest set of clinical evidence to date

showing that ioflupane (‘**

I) SPECT imaging has high sensitivity and specificity for detecting
the presence or absence of a striatal dopaminergic deficit in ITD and PP population of patients
with movement disorders and/or dementia. Another strength of this study is that we pooled well-
designed prospective studies with 12-36 months of clinical follow-up after ioflupane (‘*I)
imaging in which blinded image evaluation by 3-5 independent nuclear medicine physicians (no
access to clinical information) was used for image assessment. Overall, ioflupane ('*’T) SPECT
image evaluation demonstrated a sensitivity (ability to detect an SDDD when it is present)
ranging from 75.0% to 96.5%, and a specificity (ability to exclude an SDDD when it is absent)
ranging from 83.0% to 100.0%. Inter-reader agreement was high, indicating that diagnostic
accuracy is not dependent upon individual expert performance.

When BIE reads were compared with on-site reads, specificity was higher for the BIE reads,
whereas sensitivity was higher for the on-site reads. BIE vs. on-site reader agreement was lower
in the PDT301 study. This study focused on subjects with dementia, whereas the other studies
focused primarily on subjects with movement disorders. Clinical diagnosis of DLB tends to be
less accurate than PS.[10, 13, 15, 22] On-site readers had access to patient clinical information,
whereas BIE readers did not. This likely contributed to the observed increase in sensitivity and
decrease in specificity when images were read by the on-site readers compared with BIE readers,
resulting in lower agreement between the two reader groups in this study.

A limitation of this study is that the four studies in the pooled analysis used expert clinical

diagnosis as a reference standard for the presence or absence of an SDDD. Two of the studies

(PDT301 and PDT304) used expert panels to establish the clinical diagnosis. In DP008-003,
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enrolled subjects had established diagnoses, so an expert panel was not considered necessary. In
PDT408, the final diagnosis was made with access to the ioflupane ('**I) SPECT images, which
was required to assess the test clinical utility. The truth standard for diagnosing movement
disorders and dementia is neuropathological confirmation of brain tissue at autopsy. However,
with a slowly progressive, mostly benign course of these disorders, these patients are unlikely to
die during the course of relatively short clinical trial duration and be subjects for autopsy
assessment. Previous post-mortem studies demonstrated a good correlation between ioflupane
('*I) SPECT imaging with neuropathological findings.[16, 21] In a study by Walker, when
validation was by autopsy diagnosis, sensitivity and specificity of initial clinical diagnoses in
DLB was 75% and 42%, respectively, whereas sensitivity and specificity of ioflupane (‘*'I)
imaging was higher, with values of 88% and 83%, respectively (88% and 100% for semi
quantitative analysis of scans).[16] Therefore, the use of clinical diagnosis as the non-perfect
reference standard rather than neuropathological confirmation at autopsy may have contributed
to the sensitivity and specificity values obtained in this pooled analysis. Another limitation of the
study is that Study PDT408 was not designed specifically to assess the sensitivity and specificity

of ioflupane (***

I) SPECT imaging for detecting or excluding an SDDD. However, they were
secondary endpoints, and expert clinical diagnosis and ioflupane (1231) images were available on
these subjects, so it was deemed appropriate to include this study in the pooled analysis. Of note,
the sensitivity and specificity values for this study fell within the range for the other three studies
in which clinical diagnoses were made blinded to ioflupane ("*1) images, and exclusion of this
study would not have altered the main findings reported here.

Substantial clinical need has been established for an adjunct to existing diagnostic tools for

differentiating PD from ET, and DLB from AD. Examiner expertise affects diagnostic accuracy,
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with sub-specialists having the highest accuracy, followed by general neurologists; primary care
physicians tend to have the lowest.[23] In a general practice setting (N=202), 15% of patients
who had been diagnosed with parkinsonism, had tremor with onset after the age of 50, or who
had ever received parkinsonism drugs had their diagnosis unequivocally rejected when strict
clinical diagnostic criteria were applied and they completed a detailed neurological
interview.[24] On the other hand, 13 patients (19%) not previously diagnosed with Parkinson’s
disease (PD) received this diagnosis following use of strict clinical diagnostic criteria.[24] In
another general practice setting in Scotland (N=610), 5% of patients taking antiparkinson therapy
for a diagnosis of PD had their medication successfully withdrawn following evaluation by two
movement disorder specialists; ioflupane ('*’I) scanning was performed if there was
uncertainty.[25] General neurologists changed the diagnosis in 75% and movement disorder
specialists in 47% of clinically uncertain Parkinsonian Syndrome (PS) cases after ioflupane (1)
imaging results became available.[6, 26] These studies highlight the frequency of PD or PS
misdiagnosis, and illustrate how using ioflupane ('*’T) scanning can result in corrections to
treatment. Early diagnosis is confounded by the fact that these diseases are progressive, and it
may take time for the signs and symptoms to worsen until they clearly point to one disease.[7]
The choice of consensus criteria also affects the sensitivity and specificity of the clinical
diagnosis.[27, 28] All these factors contribute to clinical diagnosis failing to align with autopsy

findings up to 25% of the time.[27] Ioflupane ('**

I) SPECT imaging does not diagnose disease.
Rather, it is used to determine the presence or absence of a striatal dopaminergic deficit. The
performance of ioflupane ('*’I) reported here may have been lower than expected, particularly in

DLB patients, because we were comparing it to clinical diagnosis based on consensus criteria,

known to be imprecise.
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Regulatory approval of ioflupane (**’I) in Europe and the US has facilitated meeting the clinical
need to improve the accuracy of clinical diagnosis. Adoption and utilization of this new
technology is expanding, and several professional societies and organizations are supporting
ioflupane ("*1) imaging as a useful and validated diagnostic tool. These include mention in the
2013 EFNS/MDS-ES/ENS guideline (Category A),[29] The Society of Nuclear Medicine,[30]
the UK’s National Institute for Health and Clinical Excellence (NICE) 2006 guidance,[31] the
Scottish Intercollegiate Guidelines Network (SIGN),[32] and the EFNS-ENS Guidelines.[4] The
Parkinson Progression Marker Initiative (PPMI) is adding ioflupane (1) imaging to be included
in study inclusion criteria, as well as during a 5-year study of PD biomarker progression.[33]
Research is needed to more fully elucidate future applications of ioflupane (‘*’I) SPECT
imaging. While not currently licensed for this application, discussions have recently focused on

the possibility of whether quantitative analysis of ioflupane (***

I) binding might further increase
the sensitivity and specificity of SDDD detection and enable differentiation of other PS, such as
PSP, MSA, or vascular parkinsonism from PD.[18, 34, 35] Additional studies that compare
ioflupane (‘*’I) imaging results with post mortem neuropathology rather than expert clinical
diagnosis may document better the accuracy of estimates of sensitivity and specificity. Our use
of expert clinical diagnosis as the standard of truth, whilst validated, was not as perfect as
autopsy. In addition, not all DLB patients have nigrostriatal degeneration and a small percentage
of these patients may have primarily cortical degeneration.[34] Finally, ioflupane ("*1) imaging
may be helpful in identifying dopaminergic nigrostriatal degeneration in the prodromal stages,

such as rapid-eye-movement sleep behavior disorder of alpha-synucleinopathies (PD, MSA,

DLB) and tauopathies (PSP, corticobasal degeneration).[37,38]
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(Note to journal — please place this text in a call-out box within the article)

Literature Review and Interpretation

We searched PubMed on October 4, 2013 using the terms (*FP-CIT or *loflupane[Title]) AND
(Lewy or dementia or parkinson™® or essential tremor[Title]) AND (diagnos* or accura*[Title])
and applied the filter “Human.” The search retrieved 181 articles. After reviews, case reports,
and commentaries were removed, 138 remained. Of these, 28 were clinical studies that evaluated
the diagnostic accuracy of ioflupane ("*’1),[3, 13-17, 39-61] with the number of subjects ranging
from 16[55] to 326.[14] We selected four of these, which were the studies that supported the US
NDA. We also found in our search two meta-analyses[19, 20] of the diagnostic accuracy of

. 123
ioflupane (

I) in DLB and parkinsonian syndromes. The first was performed in 2012 and
summarized four studies with a total of 419 subjects. One of the studies included in this meta-
analysis is the PDT301 study (with the baseline clinical evaluation)[3] included in our pooled
analysis. The second was performed in 2007 and summarized 32 studies, one of which was
DP008-003.[13]

This pooled analysis provides the largest dataset of clinical evidence (N = 726 in the ITD

population) to date of the diagnostic accuracy of ioflupane ('**

I) SPECT imaging. The analysis
includes patients with dementia and/or movement disorders. Overall, sensitivity for detecting the
presence or absence of an SDDD ranged from 75-0% to 96-5%, and specificity ranged from
83-0% to 100-0%. Inter-reader agreement was high, with kappa for blinded reader pairs ranging

from 0-81 to 1-00. Adoption and utilization of this new technology is expanding, reinforcing the

usefulness of ioflupane ('*’T) imaging as a validated diagnostic tool.
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Figure Legends

Figure 1. Subject disposition

Figure 2. Summary of clinical diagnosis (per Reference Clinical Standard) by study
Fig 2a. — ITD population

Fig 2b. — PP population

Figure 3. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis —
Mean of Blind Reads

3a. ITD population — Summary results calculated across all studies and readers at baseline. DLB
is calculated based on Probable DLB vs. non-DLB. Total is calculated based on SDDD present
vs. SDDD absent.

3b. ITD population — DLB at Month 12 calculated for all readers in study PDT301. PS at Month
18 and 36 calculated for all readers in study PDT304.

3c. PP population — Summary results calculated across all studies and readers at baseline. DLB is
calculated based on Probably DLB vs. non-DLB. Total is calculated based on SDDD present vs.
SDDD absent

3d. PP population — DLB at Month 12 calculated for all readers in study PDT301. PS at Month

18 and 36 calculated for all readers in study PDT304.

Figure 4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-

site Institutional Reads
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4a. ITD population — Summary results calculated across all studies and time points. For PDT301,
Month 12 reference clinical diagnosis was used in this analysis. DLB is calculated based on
Probable DLB vs. non-DLB. Total is calculated based on SDDD present vs. SDDD absent.

4b. ITD population — DLB at Month 12 calculated for on-site readers in study PDT301. PS at
Month 18 and 36 calculated for on-site readers in study PDT304.

4c. PP population — Summary results calculated across all studies and time points. For PDT301,
Month 12 reference clinical diagnosis was used in this analysis. DLB is calculated based on
Probable DLB vs. non-DLB. Total is calculated based on SDDD present vs. SDDD absent.

4d. PP population — DLB at Month 12 calculated for on-site readers in study PDT301. PS at

Month 18 and 36 calculated for on-site readers in study PDT304.
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Abstract

Objectives: To pool clinical trials of similar design to assess overall sensitivity and specificity of
Toflupane I 123 Injection (DaTSCAN™ or ioflupane ('*’D)) to detect or exclude a striatal
dopaminergic deficit disorder (SDDD), such as Parkinsonian syndrome and dementia with Lewy
bodies.

Design: Pooled analysis of three Phase 3 and one Phase 4 clinical trial.

Setting: Multi-center, open-label, non-randomized.

Participants: Patients with either a movement disorder or dementia, and healthy volunteers.
Interventions: loflupane ('**I) was administered.

Outcome measures: Images were assessed by panels of 3-5 blinded experts and/or on-site
nuclear medicine physicians, classified as normal or abnormal, and compared with clinical
diagnosis (reference standard) to determine sensitivity and specificity.

Results: Pooling the four studies, 928 subjects were enrolled, 849 were dosed, and 764
completed their study. Across all studies, when images were assessed by on-site readers,

. 123
ioflupane (

I) diagnostic effectiveness had an overall (95% CI) sensitivity of 91.9% (88.7 to
94.5) and specificity of 83.6% (78.7 to 87.9). When reads were conducted blindly by a panel of
independent experts, the overall sensitivity was 88.7% (86.8 to 90.4) and specificity was 91.2%
(89.0 to0 93.0).

Conclusions: In this pooled analysis, the visual assessment of ioflupane ('*’I) images provided
high levels of sensitivity and specificity in detecting the presence/absence of an SDDD.
Toflupane ('*°T) imaging has the potential to improve diagnostic accuracy in patients with signs

and symptoms of a movement disorder and/or dementia.

Abstract word count: 232
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Article Summary

Article focus

The ability to visualize striatal dopamine transporter in vivo has enhanced clinicians’ ability
to differentiate diseases that involve loss of dopaminergic nigrostriatal neurons from those
that do not.

Several clinical trials with limited numbers of subjects have been performed to provide some

information about diagnostic value of ioflupane (‘>

I). However, some investigators still
question the value ioflupane (‘*’I) provides for diagnosing movement disorders and

dementia.

Strengths

This study provides the largest and most definitive set of clinical evidence to date,
summarizing experience from three Phase 3 and one Phase 4 trial with all data pooled for a
new statistical analysis, N=726, showing that ioflupane ('**I) SPECT imaging indeed has
high sensitivity and specificity for detecting the presence or absence of a striatal
dopaminergic deficit in patients with movement disorders and dementia (Intent to diagnose
(ITD) and Per protocol (PP) populations). Differences among different patient populations,

and inter-reader blinded image evaluation results are reported.

4
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Well-designed, prospective studies with 12-36 months of clinical follow-up after
ioflupane ('*’T) imaging, in which blinded image evaluation by 3-5 independent nuclear

medicine physicians (no access to clinical information) was used for image assessment.

Limitations:

Studies did not have autopsy confirmation of diagnosis (found to be impractical for up to
36 months of follow-up in the majority of patients in early stage of the disease), though

the standard of expert clinical diagnosis, particularly at follow-up after 12 months or

later,theughthe standard-ef-expert-clinteal diagnosis-used is an accepted reference

standard for biomarker validation studies.
Only two of the studies (PDT301 and PDT304) used expert clinical panels to establish
the clinical diagnosis; the others relied on on-site investigator diagnosis (though made

blind to imaging findings, except one clinical utility study PDT408).

5
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INTRODUCTION

Despite the development of consensus clinical diagnostic criteria,[ 1-5] early and accurate
diagnosis of common neurodegenerative conditions like Parkinson’s disease (PD) and dementia
with Lewy bodies (DLB) continues to present challenges. Delays in diagnosis cause unnecessary
distress and uncertainty for subjects and their families, increase healthcare use through additional
appointments and investigations, and increase the risk that patients will develop preventable
disability.[6] Not surprisingly, the longer a patient is observed and the greater the amount of
accumulated clinical information, such as response to medications and progression of signs and
symptom, the greater the accuracy of the diagnosis.[7] Inaccurate diagnoses may result in
prescription of inappropriate medications, needlessly exposing patients to potentially harmful
side effects, while denying patients treatment of symptoms.[6] Furthermore, diagnostic
discrimination between degenerative and non-degenerative diseases is important because disease
course, therapy, and prognosis differ considerably among patients.[6, 8]

Differential diagnosis of movement disorders may be confounded by presence of inconsistent
parkinsonian features and/or atypical presentation of classic symptoms. Differentiation of
Alzheimer’s disease (AD) from DLB is also difficult, even after multiple evaluations. Consensus
clinical criteria[2-5, 9] without imaging results have good specificity (80%-90%), but sensitivity
is highly variable and can be as low as 30%, with the most common misdiagnosis being AD.[9,
10]

The advent of in vivo visualization of striatal dopamine transporter using the radiopharmaceutical
ioflupane (‘*I) {Iodine-123-fluoropropyl (FP)-carbomethoxy- 3 p-(4-iodophenyltropane) (CIT)
or loflupane 1123 Injection or [123I]Ioﬂupane or ['**I] FP-CIT or DaTSCAN™ or DaTscan™ }

and single-photon emission computed tomography (SPECT) imaging has enhanced clinicians’

6
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ability to differentiate diseases that involve loss of dopaminergic nigrostriatal neurons from those
that do not. Throughout this paper, we will refer to these disorders as striatal dopaminergic
deficit disorders (SDDD), which is the clinico-patho-anatomical term used here as a group term
for the clinical reference diagnoses of Parkinsonian syndrome (PS) and/or DLB, by virtue of
them being recognized as clinical disorders that are known to have striatal dopaminergic deficit.

123

Ioflupane (") is the only approved imaging agent for this purpose; the European Medicines

Agency (EMA) approved it under the trade name DaTSCAN™ (ioflupane ('*’I) in 2000,[11] and
the US Food and Drug Administration approved it under the trade name DaTscan™" (Ioflupane
1123 Injection) in 2011.[12] It is currently approved in 33 countries. Numerous clinical trials

have been performed to establish the technical feasibility, and diagnostic effectiveness,

123

sensitivity, and specificity of ioflupane ("“’I).[3, 13-18] However, each trial had limited numbers

of subjects for whom results were available, ranging from 20 to 326.[3, 16] To better estimate

123

the diagnostic performance of ioflupane ("~°I), we conducted a pooled analysis of four clinical

studies. These studies were selected as they are the large, pivotal, multi-site efficacy trials

included in the DaTscan clinical development program. They were conducted to GCP standards

in pre-defined populations, and were the ones submitted to support the NDA filing in the USA (3

of them for EU) for licensing. We did not include single site studies, small early development

trials, or clinical utility studies in uncertain populations, because many of these had not evaluated

DaTscan efficacy performance. Our intent was to use the original database from the NDA

submission for the pooled analysis, and not to perform a meta-analysis of the published

literature, because this has been done.[19, 20].
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METHODS

Participants

Four clinical trials were used for this pooled analysis, based on their similar designs and
objectives; we used source data from studies performed in support of the ioflupane (‘**I) US
NDA.[3, 13-15, 17] All studies tested the effectiveness of ioflupane (**’I) {Iodine-123-
fluoropropyl (FP)-carbomethoxy- 3 B-(4-iodophenyltropane) (CIT) or loflupane 1123 Injection or
[123I]Ioﬂupane or ['**I] FP-CIT or DaTSCAN™ or DaTscan™ , GE Healthcare, Amersham,UK.
For the purposes of this report, ioflupane (**°I) will be used throughout the paper.} in detecting
the loss of dopaminergic nigrostriatal neurons in subjects with symptoms and signs of movement
disorders and/or dementia. The reference standard was the final clinical diagnosis of a disease
that is known to have or not have a striatal dopaminergic deficit (hereafter called reference
clinical diagnosis).[+921] This clinical diagnosis was made blind to imaging results in three of

the four studies (Phase 3 studies DP008-003, PDT301, PDT304 [also elsewhere sometimes

known as PDT03004]). In two of the four studies (PDT301 and PDT304), the final clinical

diagnosis was made by a panel of experts. Table 1 summarizes the attributes of the four studies.

Although Phase 4 study PDT408 was designed to assess the clinical utility of ioflupane ('*’I)

image assessments as the primary endpoint, sensitivity and specificity were secondary endpoints,
and the image results were included in the pooled analysis. The investigators who participated in

each of the four studies are listed in Table S1 (supplementary table).

9

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"yBuAdoo Ag peroalold 1senb Aq 20z ‘0z yarew uo jwod fwg-uadolwig//:dny wols papeojumoq +T0Z AINC € U0 ZZTS00-¥T0Z-uadolwag/9eTT 0T St paysignd 1siy :uadO CINg


http://bmjopen.bmj.com/

©CoO~NOUTA,WNPE

BMJ Open

Table 1 Summary of studies included in pooled analysis

Page 54 of 112

Principal Study

DP008-003

PDT304

PDT301

PDT408

Study design

Phase 3

Multicenter, open-label,

non-randomized

Single-dose

Expert clinical diagnosis at
baseline according to
published consensus

criteria as the RCD

Phase 3

Multicenter, open-label,
non-randomized
Repeat-dose (max. of 3)
Expert clinical diagnosis at

36 months as the RCD

Phase 3

Multicenter, open-label,
non-randomized
Single-dose

Expert clinical diagnosis at

12 months as the RCD

Phase 4

Multicenter, open-label,
non-randomized
Single-dose

Expert clinical diagnosis at

24 months as the RCD

Dates study was conducted

e Aug 1997 to Feb 1998

Jan 1999 to Jun 2005

Dec 2003 to Jun 2006

Nov 2000 to Nov 2003

10
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Principal Study

DP008-003

PDT304

PDT301

PDT408

Population

e Healthy volunteers
o Subjects with a clinical
diagnosis of:
o Parkinson’s disease
o Multiple system atrophy
o Progressive
supranuclear palsy, or

o Essential tremor

e Healthy volunteers
o Subjects with the clinical
features of:
o Early Parkinson’s
disease, or
o Tremor (mainly

essential tremor)

e Subjects with dementia
(features of possible DLB
or with features of other

dementia [AD, VaD])

e Subjects with movement
disorders (an uncertain
clinical diagnosis as to PS

or non-PS)

6uAdod Ag parosioid 1senb Ag 20z ‘0z ydre uo /wod g uadolwg//:dny woiy papeojumoq 10z AINC € Uo ZZTS00-7T0Z-uadolwa/9eTT 0T st paysiignd 1s11y :uadO (NG
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Principal Study

DP008-003

PDT304

PDT301

PDT408

Efficacy objectives

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary”

o Impact of ioflupane
(**’T) image assessments
on patient diagnoses,
confidence that patient
had PS, and planned
management

e Secondary

o Sensitivity and

specificity for detecting

or excluding an SDDD

Type of control

No control used

No control used

No control used

No control used

Investigational product

Toflupane (") 111-185 MBq

(3 to 5 mCi) iv, 1 dose

Toflupane (") 111-185 MBq
(3 to 5 mCi) iv, 3 doses 18

months apart

Toflupane (") 111-185 MBq

(3 to 5 mCi) iv, 1 dose

Toflupane (") 111-185 MBq
(3 to 5 mCi) iv, 1 dose (73
subjects) or 2 doses 24

months apart (14 subjects)

No. of study centers

10

40

15

No. of subjects enrolled

250

202

351

125

buAdod Ag parosiold 1senb Ag 20z ‘0z ydre uo /wod fwg uadolwgq//:dny woiy papeojumoq 10z AINC € Uo ZZTS00-7T0Z-uadolwa/9eTT 0T st paysiignd 1s11y :uadO (NG
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Principal Study

DP008-003

PDT304

PDT301

PDT408

Age of ITD population, range

©CoO~NOUTA,WNPE

(mean)

40, 80 (62.7)

33,79 (60.4)

54,90 (73.9)

25, 84 (64.2)

11 Gender

62% male, 38% female

56% male, 44% female

57% male, 43% female

58% male, 42% female

Race

Caucasian 98%

Black 1%

Asian <1%

Caucasian 100%

Caucasian 100%

Caucasian 99%

Asian 1%

No. of subjects evaluable for

efficacy

220

102

288

118

Blinded reads performed

Yes

Yes

Yes

No

AD = Alzheimer’s disease; DLB = dementia with Lewy bodies; ITD = intent to diagnose; MBq = megabecquerel; PS = Parkinsonian

28 syndrome; RCD = reference clinical diagnosis; SDDD = striatal dominergic deficit disorder; VaD = vascular dementia.

30 ? Primary objective was to assess clinical utility of ioflupane ('*’I) images, however, images were used for pooled efficacy analysis.
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All studies were conducted in accordance with the current revision of the Declaration of
Helsinki; the Good Clinical Practice: Consolidated Guideline, approved by the International
Conference on Harmonisation; and applicable national and local laws. Ethics Committees or
Institutional Review Boards approved the protocol and amendments for each study (See
Supplementary Table S2). Subjects or their guardians gave written informed consent after the
aims, methods, anticipated benefits, and potential hazards were explained, and prior to
commencing any study procedures or assessments. The informed consent for each study included
a provision for subsequent analyses, of which this pooled analysis is an example. Study PDT301
is identified in clinicaltrials.gov as NCT00209456. All other trials began enrolling prior to 01
July 2005, the cut-off date for the initiation of the requirement by the International Committee of
Medical Journal Editors for trials to be registered, so are not associated with any public database

identifiers.

Procedures

All studies, including each study’s inclusion and exclusion criteria, have been published;[3, 13-
15, 17] a brief overview of the methods follows. All four studies were open-label, non-
randomized, Phase 3 or 4 clinical trials to determine the sensitivity (positive percent agreement
[PPA]) and specificity (negative percent agreement [NPA]) of ioflupane (***I) SPECT imaging to
detect or exclude an SDDD in subjects with various movement disorders (PS, including PD,
multiple system atrophy [MSA], and progressive supranuclear palsy [PSP]; or essential tremor
[ET]), and/or dementia (DLB, AD, or vascular dementia [VaD]); and healthy volunteers.
Subjects received either a single or repeat (up to three doses total) dose of 111-185 MBq of

123

ioflupane ("~°I). SPECT imaging was performed between three and six hours after injection.

14
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Ioflupane (1) images were read on-site (institutional reads), as well as by three or five
independent blinded readers (blinded image evaluation, BIE) in three of the studies, and
classified as normal (SDDD absent) or abnormal (SDDD present). Abnormal images were
further classified as type 1, 2, or 3.[12] Expert clinical diagnosis using a blinded panel of three
neurologists or dementia specialists established whether the subject had an SDDD (PD, PS, PSP,
MSA, or DLB) or a non-SDDD (ET, AD, or VaD and healthy volunteers). Expert clinical
diagnosis was established at various time points across the four studies: DP008-003 at baseline,
PDT301 at baseline and Month 12, PDT408 at baseline and Month 24, and PDT304 at baseline,
and Months 18 and 36. In PDT408, the final diagnosis was made with access to the ioflupane
('**I) SPECT images.

Each ioflupane (1) image result was compared with the corresponding reference clinical
diagnosis, and classified as a True Positive (TP), True Negative (TN), False Positive (FP), or
False Negative (FN) scan to allow calculation of sensitivity and specificity. Sensitivity was
calculated as nTP / (nTP + nFN), (n = number of subjects). Specificity was calculated as nTN /
(nTN + nFP).

Additional efficacy endpoints included inter-reader agreement between BIE readers, as well as

BIE readers vs. on-site institutional readers (DP008-003, PDT304, and PDT301).

Statistical analysis

All statistical analyses were performed using Statistical Analysis Software (SAS Institute Inc.,

Cary, NC, USA). Demographic data were collected and are presented using descriptive statistics.

Populations analyzed included Enrolled (all subjects who were enrolled in any one of the four

studies), Dosed (all enrolled subjects who received ioflupane ('*1)), Intent to diagnose (ITD; all

15
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dosed subjects who underwent SPECT imaging and underwent the reference clinical diagnosis
assessment for the relevant analysis), and Per protocol (PP; all subjects in the ITD population
with no major protocol violations). Sensitivity and specificity were calculated for the ITD and PP
populations, and are reported with 95% confidence intervals (CI). For the purpose of this report,
we will be using sensitivity and specificity (equivalent to PPA and NPA). Pairwise inter-reader
and BIE vs. on-site reader agreement were analyzed using Cohen’s kappa statistic. Inter-reader

agreement across all BIE readers was analyzed using Fleiss’ kappa statistic.
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RESULTS

Subject disposition and characteristics

Subject disposition for each study and for the pooled analysis is shown in Figure 1. Of the 928
subjects enrolled, 849 (91%) were dosed, and 764 (82%) completed their study. The most
common reasons for not completing a study included subject request/withdrew consent (85
subjects, 9%), lost to follow-up (34 subjects, 4%), and protocol violation (14 subjects, 2%).
Eleven subjects (1%) did not complete due to safety concerns, including adverse events.
Medical history data were not collected consistently across studies and could not be pooled for
this analysis.

By-study and pooled subject baseline demographics are shown in Table 2 (ITD population; PP
population in Supplementary Table S3). No meaningful differences were noted in baseline
demographics between the ITD and PP populations. Age was similar in three of the four studies,
with subjects in PDT301 being older—unsurprisingly because this study only included people
with dementia. In all studies, there were more males than females, with a similar ratio across
studies. The majority was Caucasian, with Blacks and/or Asians representing 1% or less in any
single study. Clinical diagnoses represented in each study are tabulated in Tables 2 (ITD
population) and S4 (PP population), and are presented graphically in Figures 2a (ITD population)
and 2b (PP population). Overall, 393 (54%) of subjects in the ITD population were classified as
having SDDD (SDDD present), while 249 (34%) were classified with conditions that did not

have an SDDD (SDDD absent).
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Table 2. Demographic characteristics and clinical diagnosis (per Reference Clinical Diagnosis) by study — ITD population (N = 726)

Study
DP008-003 PDT304 PDT301 PDT408 Total
(N =220) (N=102) (N =326) (N=78) (N =1726)
Age (yr) Mean (SD) 62.7 (8.87) 60.4 (10.91) 73.9 (7.17) 64.2 (11.99) 67.6 (10.60)
Min, Max 40, 80 33,79 54,90 25, 84 25,90
Median 63.5 61.0 75.0 67.0 69.0
Gender Male 136 (62%) 57 (56%) 187 (57%) 41 (53%) 421 (58%)
Female 84 (38%) 45 (44%) 139 (43%) 37 (47%) 305 (42%)
Race Caucasian 216 (98%) 102 (100%) 326 (100%) 77 (99%) 721 (99%)
Black 3 (1%) 0 (0%) 0 (0%) 0 (0%) 3 (<1%)
Asian 1 (<1%) 0 (0%) 0 (0%) 1 (1%) 2 (<1%)
Other 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
PS (SDDD) 158 (72%) 71 (70%) 0 (0%) 48 (62%) 277 (38%)
Possible PS 158 (72%) 5 (5%) 0 (0%) 48 (62%) 211 (29%)
Probable PS 0 (0%) 66 (65%) 0 (0%) 0 (0%) 66 (9%)
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DP008-003

(N = 220)

PDT304

(N=102)

PDT301

(N = 326)

PDT408

(N=78)

Total

(N = 726)

11 DLB (SDDD)
13 Possible DLB

15 Probable DLB

0 (0%)
0 (0%)

0 (0%)

0 (0%)
0 (0%)

0 (0%)

116 (36%)
27 (8%)

89 (27%)

0 (0%)
0 (0%)

0 (0%)

116 (16%)
27 (4%)

89 (12%)

18 Non-PS/Non-DLB (no SDDD)
20 ET
AD

25 Other

62 (28%)
27 (12%)
0 (0%)

35 (16%)

31 (30%)
14 (14%)
0 (0%)

17 (17%)

126 (39%)
0 (0%)
125 (38%)

1 (<1%)

30 (38%)
23 (29%)
0 (0%)

7 (9%)

249 (34%)
64 (9%)
125 (17%)

60 (8%)

27 SDDD Present”

30 SDDD Absent

158 (72%)

62 (28%)

71 (70%)

31 (30%)

116 (36%)

126 (39%)

48 (62%)

30 (38%)

393 (54%)

249 (34%)

32 *Includes Possible and Probable PS and Possible and Probable DLB diagnoses.

AD = Alzheimer’s disease; BMI = Body mass index; DLB = Dementia with Lewy bodies; ET = Essential tremor; ITD = Intent to

37 diagnose; N = number of subjects in the study; PS = Parkinsonian syndrome SD = standard deviation; SDDD = striatal dopaminergic

39 deficit disorder.
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Sensitivity (PPA) and specificity (NPA)

Sensitivity and specificity for ioflupane (**’1) to detect SDDD (abnormal scan) or non-SDDD
(normal scan) using the mean of BIE reads is displayed in Figure 3. Supplementary Tables S4
and S5 (ITD and PP populations, respectively) show the means and 95% CI for the individual
reads for Parkinsonian syndromes, dementia with Lewy bodies, and total. Figure 3a shows high
sensitivity and specificity in the ITD population for both movement disorders (PS) and the total
pooled analysis, with a slightly lower sensitivity value (78.5%) when assessing subjects with
dementia. Sensitivity and specificity did not change substantially when reference clinical
diagnoses were made for DLB at Month 12. Sensitivity decreased when reference clinical
diagnoses were made for PS at Months 18 and 36 (78.9% and 76.6%), but specificity values
increased slightly, exceeding 95% at each time point. Overall, the sensitivity of BIE reads of

. 123
ioflupane (

I) SPECT images in the ITD population for PS and dementia at all diagnosis time
points ranged from 76.6% to 91.1%, and specificity ranged from 90.1% to 96.7%; PP population
results (Figs 3¢ and 3d) were very similar. Figures 4a-4d display the same analyses using the on-
site read results. Overall, sensitivity in the ITD population (Fig 4a and 4b) ranged from 81.4% to
89.9%, and tended to be higher for on-site reads compared with the BIE reads. Specificity ranged
from 81.6% to 90.3%, and tended to be lower compared with BIE reads. No meaningful
differences were noted in the values when analyzing the PP population (Fig 4c and 4d). Tables 3

and 4 (ITD and PP populations, respectively) summarize the sensitivity and specificity by expert

clinical diagnosis for on-site, institutional reads.
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Table 3. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-site institutional reads — ITD

population (N = 726)

Response

Expert Clinical Diagnosis

Parkinsonian Syndrome

(PS; SDDD)

Dementia with Lewy Bodies

(DLB; SDDD)

Total

Sensitivity

Specificity

Sensitivity

Specificity

Sensitivity

Specificity

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

Pooled Studies®

93.1% (89.5 to 95.8)

91.1% (84.6 to 95.5)

88.3% (80.0 to 94.0)

77.4% (69.7 to 83.9)

91.9% (88.7 to 94.5)

83.6% (78.7 to 87.9)

Study PDT301 — Month 12

89.9% (81.7 to 95.3)

81.6% (73.7 to 88.0)

Study PDT304 — Month 18

81.4% (70.3 to 89.7)

90.3% (74.2 to 98.0)

Study PDT304 — Month 36

83.8% (72.9 t0 91.6)

86.2% (68.3 0 96.1)

Mean Results®

89.6% (86.3 to 92.4)

90.2% (84.9 to 94.1)

89.9% (81.7 to 95.3)

81.6% (73.7 to 88.0)

89.7% (86.7 t0 92.2)

86.7% (82.4 t0 90.3)

CI = Confidence interval; ITD = Intent to diagnose; NPA = Negative percent agreement; PPA = Positive percent agreement; SDDD =

Striatal dopaminergic deficit disorder.

“ Pooled studies include on-site ioflupane (**°I) reads for DP008-003, PDT304, (at baseline), PDT301 (baseline reference clinical

diagnosis), and PDT408.

® Summary results calculated across all studies and time points. For PDT301, the Month 12 reference clinical diagnosis was used.

Sensitivity/Specificity for DLB is calculated based on Probable DLB vs. Non-DLB.
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Sensitivity/Specificity for Total is calculated based on SDDD vs. non-SDDD.
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Table 4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-site institutional reads — PP

population (N = 622)

Expert Clinical Diagnosis

Response

Parkinsonian Syndrome Dementia with Lewy Bodies Total
(PS; SDDD) (DLB; SDDD)
Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

Pooled Studies® 91.8% (87.5 t0 95.0) | 90.3% (82.9 t0 95.2) | 87.5% (78.7 t0 93.6) | 77.1% (69.3 to 83.7) | 90.6% (86.8 t0 93.6) | 82.6% (77.3 to 87.1)
Study PDT301 — Month 12 89.4% (80.8 t0 95.0) | 81.3% (73.3 to 87.8)
Study PDT304 — Month 18 | 80.9% (69.5 to 89.4) | 90.3% (74.2 to 98.0)

Study PDT304 — Month 36

83.3% (72.1 to 91.4)

86.2% (68.3 0 96.1)

Mean Results®

88.2% (84.5 t0 91.3)

89.6% (83.8 t0 93.8)

89.4% (80.8 t0 95.0)

81.3% (73.3 to 87.8)

88.4% (85.1 t0 91.2)

86.0% (81.4 to 89.8)

CI = Confidence interval; NPA = Negative percent agreement; PP = Per Protocol; PPA = Positive percent agreement; SDDD = Striatal

dopaminergic deficit disorder.

“ Pooled studies include on-site ['**IJFP-CIT reads for DP008-003, PDT304, (at baseline), PDT301 (baseline reference clinical

diagnosis), and PDT408.

® Summary results calculated across all studies and time points. For PDT301, the Month 12 reference clinical diagnosis was used.

Sensitivity/Specificity for DLB is calculated based on Probable DLB vs. Non-DLB.
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Sensitivity/Specificity for Total is calculated based on SDDD vs. non-SDDD.
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Inter-reader agreement

Three of the studies had BIE readers, and Study PDT304 had three sets of images to be read.
Overall, the agreement between the BIE reader pairs was good, and ranged from 0.81 (95% CI
0.73 t0 0.90) to 1.00 (1.00 to 1.00). The Fleiss’ kappa for all BIE readers in a study ranged from
0.88 (0.84 t0 0.92) to 0.99 (0.87 to 1.10). Agreement between the BIE readers and the on-site
read was similar for two of the studies, and ranged from 0.82 (0.73 to 0.90) to 0.94 (0.87 to
1.01); for Study PDT301, the agreement for this comparison was not as good, with kappa
ranging from 0.60 (0.51 to 0.69) to 0.68 (0.60 to 0.76). Inter-reader agreement for the PP

population was comparable to that determined for the ITD population (data not shown).
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DISCUSSION
This pooled analysis of four clinical trials provides the largest set of clinical evidence to date

showing that ioflupane (‘**

I) SPECT imaging has high sensitivity and specificity for detecting
the presence or absence of a striatal dopaminergic deficit in ITD and PP population of patients
with movement disorders and/or dementia. Another strength of this study is that we pooled well-
designed prospective studies with 12-36 months of clinical follow-up after ioflupane (‘*I)
imaging in which blinded image evaluation by 3-5 independent nuclear medicine physicians (no
access to clinical information) was used for image assessment. Overall, ioflupane ('*’T) SPECT
image evaluation demonstrated a sensitivity (ability to detect an SDDD when it is present)
ranging from 75.0% to 96.5%, and a specificity (ability to exclude an SDDD when it is absent)
ranging from 83.0% to 100.0%. Inter-reader agreement was high, indicating that diagnostic
accuracy is not dependent upon individual expert performance.

When BIE reads were compared with on-site reads, specificity was higher for the BIE reads,
whereas sensitivity was higher for the on-site reads. BIE vs. on-site reader agreement was lower
in the PDT301 study. This study focused on subjects with dementia, whereas the other studies
focused primarily on subjects with movement disorders. Clinical diagnosis of DLB tends to be
less accurate than PS.[10, 13, 15, 2220] On-site readers had access to patient clinical
information, whereas BIE readers did not. This likely contributed to the observed increase in
sensitivity and decrease in specificity when images were read by the on-site readers compared
with BIE readers, resulting in lower agreement between the two reader groups in this study.

A limitation of this study is that the four studies in the pooled analysis used expert clinical

diagnosis as a reference standard for the presence or absence of an SDDD. Two of the studies

(PDT301 and PDT304) used expert panels to establish the clinical diagnosis. In DP008-003,
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enrolled subjects had established diagnoses, so an expert panel was not considered necessary. In
PDT408, the final diagnosis was made with access to the ioflupane ('**I) SPECT images, which
was required to assess the test clinical utility. The truth standard for diagnosing movement
disorders and dementia is neuropathological confirmation of brain tissue at autopsy. However,
with a slowly progressive, mostly benign course of these disorders, these patients are unlikely to
die during the course of relatively short clinical trial duration and be subjects for autopsy
assessment. Previous post-mortem studies demonstrated a good correlation between ioflupane
('**I) SPECT imaging with neuropathological findings.[16, +921] In a study by Walker, when
validation was by autopsy diagnosis, sensitivity and specificity of initial clinical diagnoses in
DLB was 75% and 42%, respectively, whereas sensitivity and specificity of ioflupane (‘*’I)
imaging was higher, with values of 88% and 83%, respectively (88% and 100% for semi
quantitative analysis of scans).[16] Therefore, the use of clinical diagnosis as the non-perfect
reference standard rather than neuropathological confirmation at autopsy may have contributed
to the sensitivity and specificity values obtained in this pooled analysis. Another limitation of the
study is that Study PDT408 was not designed specifically to assess the sensitivity and specificity

of ioflupane (***

I) SPECT imaging for detecting or excluding an SDDD. However, they were
secondary endpoints, and expert clinical diagnosis and ioflupane (1231) images were available on
these subjects, so it was deemed appropriate to include this study in the pooled analysis. Of note,
the sensitivity and specificity values for this study fell within the range for the other three studies
in which clinical diagnoses were made blinded to ioflupane ("*1) images, and exclusion of this
study would not have altered the main findings reported here.

Substantial clinical need has been established for an adjunct to existing diagnostic tools for

differentiating PD from ET, and DLB from AD. Examiner expertise affects diagnostic accuracy,
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with sub-specialists having the highest accuracy, followed by general neurologists; primary care
physicians tend to have the lowest.[2423] In a general practice setting (N=202), 15% of patients
who had been diagnosed with parkinsonism, had tremor with onset after the age of 50, or who
had ever received parkinsonism drugs had their diagnosis unequivocally rejected when strict
clinical diagnostic criteria were applied and they completed a detailed neurological
interview.[2224] On the other hand, 13 patients (19%) not previously diagnosed with
Parkinson’s disease (PD) received this diagnosis following use of strict clinical diagnostic
criteria.[2224] In another general practice setting in Scotland (N=610), 5% of patients taking
antiparkinson therapy for a diagnosis of PD had their medication successfully withdrawn
following evaluation by two movement disorder specialists; ioflupane (1) scanning was
performed if there was uncertainty.[2325] General neurologists changed the diagnosis in 75%
and movement disorder specialists in 47% of clinically uncertain Parkinsonian Syndrome (PS)
cases after ioflupane ("*1) imaging results became available.[6, 2426] These studies highlight the
frequency of PD or PS misdiagnosis, and illustrate how using ioflupane ("*1) scanning can result
in corrections to treatment. Early diagnosis is confounded by the fact that these diseases are
progressive, and it may take time for the signs and symptoms to worsen until they clearly point
to one disease.[ 7] The choice of consensus criteria also affects the sensitivity and specificity of
the clinical diagnosis.[2527, 2628] All these factors contribute to clinical diagnosis failing to
align with autopsy findings up to 25% of the time.[2527] Ioflupane ('**I) SPECT imaging does
not diagnose disease. Rather, it is used to determine the presence or absence of a striatal
dopaminergic deficit. The performance of ioflupane ('*’I) reported here may have been lower
than expected, particularly in DLB patients, because we were comparing it to clinical diagnosis

based on consensus criteria, known to be imprecise.
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Regulatory approval of ioflupane (**’I) in Europe and the US has facilitated meeting the clinical
need to improve the accuracy of clinical diagnosis. Adoption and utilization of this new
technology is expanding, and several professional societies and organizations are supporting
ioflupane ("*1) imaging as a useful and validated diagnostic tool. These include mention in the
2013 EFNS/MDS-ES/ENS guideline (Category A),[2729] The Society of Nuclear
Medicine,[2830] the UK’s National Institute for Health and Clinical Excellence (NICE) 2006
guidance,[293 1] the Scottish Intercollegiate Guidelines Network (SIGN),[3632] and the EFNS-
ENS Guidelines.[4] The Parkinson Progression Marker Initiative (PPMI) is adding ioflupane
('*’I) imaging to be included in study inclusion criteria, as well as during a 5-year study of PD
biomarker progression.[3+33]

Research is needed to more fully elucidate future applications of ioflupane (‘**T) SPECT
imaging. While not currently licensed for this application, discussions have recently focused on

the possibility of whether quantitative analysis of ioflupane (***

I) binding might further increase
the sensitivity and specificity of SDDD detection and enable differentiation of other PS, such as
PSP, MSA, or vascular parkinsonism from PD.[18, 3234, 3335] Additional studies that compare
ioflupane (‘*’I) imaging results with post mortem neuropathology rather than expert clinical
diagnosis may document better the accuracy of estimates of sensitivity and specificity. Our use
of expert clinical diagnosis as the standard of truth, whilst validated, was not as perfect as
autopsy. In addition, not all DLB patients have nigrostriatal degeneration and a small percentage
of these patients may have primarily cortical degeneration.[34] Finally, ioflupane ("*1) imaging

may be helpful in identifying dopaminergic nigrostriatal degeneration in the prodromal stages,

such as rapid-eye-movement sleep behavior disorder of alpha-synucleinopathies (PD, MSA,
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DLB) and tauopathies (PSP, corticobasal degeneration).[3537,3638]
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(Note to journal — please place this text in a call-out box within the article)

Literature Review and Interpretation

We searched PubMed on October 4, 2013 using the terms (*FP-CIT or *loflupane[Title]) AND
(Lewy or dementia or parkinson™® or essential tremor[Title]) AND (diagnos* or accura*[Title])
and applied the filter “Human.” The search retrieved 181 articles. After reviews, case reports,
and commentaries were removed, 138 remained. Of these, 28 were clinical studies that evaluated
the diagnostic accuracy of ioflupane (‘*1),[3, 13-17, 3739-5961] with the number of subjects
ranging from 16[5355] to 326.[14] We selected four of these, which were the studies that
supported the US NDA. We also found in our search atwo meta-analysies[6619, 20] of the

123

diagnostic accuracy of ioflupane ('“’I) in DLB_and parkinsonian syndromes. The first was

performed in 2012 and summarized four studies with a total of 419 subjects. One of the studies
included in this meta-analysis is the PDT301 study (with the baseline clinical evaluation)[3]

included in our pooled analysis. The second was performed in 2007 and summarized 32 studies,

one of which was DP00&-003.[13]

This pooled analysis provides the largest dataset of clinical evidence (N = 726 in the ITD

population) to date of the diagnostic accuracy of ioflupane ('**

I) SPECT imaging. The analysis
includes patients with dementia and/or movement disorders. Overall, sensitivity for detecting the
presence or absence of an SDDD ranged from 75-0% to 96-5%, and specificity ranged from
83-0% to 100-0%. Inter-reader agreement was high, with kappa for blinded reader pairs ranging

from 0-81 to 1-00. Adoption and utilization of this new technology is expanding, reinforcing the

usefulness of ioflupane ('*’T) imaging as a validated diagnostic tool.
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Figure Legends

Figure 1. Subject disposition

Figure 2. Summary of clinical diagnosis (per Reference Clinical Standard) by study
Fig 2a. — ITD population

Fig 2b. — PP population

Figure 3. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis —
Mean of Blind Reads

3a. ITD population — Summary results calculated across all studies and readers at baseline. DLB
is calculated based on Probable DLB vs. non-DLB. Total is calculated based on SDDD present
vs. SDDD absent.

3b. ITD population — DLB at Month 12 calculated for all readers in study PDT301. PS at Month
18 and 36 calculated for all readers in study PDT304.

3c. PP population — Summary results calculated across all studies and readers at baseline. DLB is
calculated based on Probably DLB vs. non-DLB. Total is calculated based on SDDD present vs.
SDDD absent

3d. PP population — DLB at Month 12 calculated for all readers in study PDT301. PS at Month

18 and 36 calculated for all readers in study PDT304.

Figure 4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-

site Institutional Reads
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4a. ITD population — Summary results calculated across all studies and time points. For PDT301,
Month 12 reference clinical diagnosis was used in this analysis. DLB is calculated based on
Probable DLB vs. non-DLB. Total is calculated based on SDDD present vs. SDDD absent.

4b. ITD population — DLB at Month 12 calculated for on-site readers in study PDT301. PS at
Month 18 and 36 calculated for on-site readers in study PDT304.

4c. PP population — Summary results calculated across all studies and time points. For PDT301,
Month 12 reference clinical diagnosis was used in this analysis. DLB is calculated based on
Probable DLB vs. non-DLB. Total is calculated based on SDDD present vs. SDDD absent.

4d. PP population — DLB at Month 12 calculated for on-site readers in study PDT301. PS at

Month 18 and 36 calculated for on-site readers in study PDT304.
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Table S3. Demographic characteristics and clinical diagnosis (per Reference Clinical Diagnosis) by study — t|§P population (N = 622)

©CoO~NOUITA,WNPE

Study
DP008-003 PDT304 PDT301 PDT4§8 Total
(N = 157) (N = 100) (N = 288) (N=7B (N = 622)
Age (yr) Mean (SD) 63.1 (8.51) 60.5 (10.97) 74.2 (7.02) 64.1 (1295) 67.9 (10.61)
Min, Max 40, 80 33,79 54, 90 25, 8% 25, 90
Median 64.0 615 75.0 67.02 69.0
Gender Male 99 (63%) 57 (57%) 160 (56%) 40 (52%) 356 (57%)
Female 58 (37%) 43 (43%) 128 (44%) 37 (B%) 266 (43%)
Race Caucasian 153 (97%) 100 (100%) 288 (100%) 76 (B%) 617 (99%)
Black 3 (2%) 0 (0%) 0 (0%) 0 (0B6) 3 (<1%)
Asian 1 (1%) 0 (0%) 0 (0%) 1 (1%) 2 (<1%)
Other 0 (0%) 0 (0%) 0 (0%) 0 (0B6) 0 (0%)
PS (SDDD) 115 (73%) 69 (69%) 0 (0%) 47 (6E%) 231 (37%)
Possible PS 115 (73%) 5 (5%) 0 (0%) 47 (6326) 167 (27%)
Probable PS 0 (0%) 64 (64%) 0 (0%) 0 (0%h) 64 (10%)
DLB (SDDD) 0 (0%) 0 (0%) 110 (38%) 0 (0%) 110 (18%)
Possible DLB 0 (0%) 0 (0%) 25 (9%) 0 (0%) 25 (4%)
Probable DLB 0 (0%) 0 (0%) 85 (30%) 0 (0%) 85 (14%)
Non-PS/Non-DLB (no SDDD) 42 (27%) 31 (31%) 123 (43%) 30 (38%) 226 (36%)
ET 16 (10%) 14 (14%) 0 (0%) 23 (38%) 53 (9%)
AD 0 (0%) 0 (0%) 122 (42%) 0 (0%) 122 (20%)
Other 26 (17%) 17 (17%) 1 (<1%) 7 (9%) 51 (8%)
SDDD Present? 115 (73%) 69 (69%) 110 (38%) 47 (68%) 341 (55%)
SDDD Absent 42 (27%) 31 (31%) 123 (43%) 30 (3@/0) 226 (36%)

4ncludes Possible and Probable PS and Possible and Probable DLB diagnoses.
AD = Alzheimer’s disease; DLB = Dementia with Lewy bodies; ET = Essential tremor; N = number of subjeﬁts in the study; PP = Per
protocol; PS = Parkinsonian syndrome; SD = standard deviation; SDDD = striatal dopaminergic deficit dlsorﬂer
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Table S4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — Means of mdmdual blind reads — ITD

population (N = 726) g
Expert Clinical Diagnosis o
Parkinsonian Syndrome Dementia with Lewy Bodies § Total
Response (PS; SDDD) (DLB; SDDD) w
Sensitivity Specificity Sensitivity Specificity Sénsitivity Specificity
(%, 95% CI) (%, 95% CI) (%, 95% CI) (%, 95% CI) (%-95% CI) (%, 95% CI)
Mean Results Across all 91.1% (89.2 t0 92.8) | 92.3% (89.3t0 94.7) | 78.5% (72.7 to 83.5) | 90.1% (86.8 t0 92.8) | 88.7%%86.8 t0 90.4) | 91.2% (89.0 to 93.0)
Readers? — Baseline =
Mean Results Across all 78.5% (72.7 to 83.5) | 92.8% (89.6 t0 95.2) g
Readers® — Month 12 3
Mean Results Across all 78.9% (72.8 10 84.2) | 95.7% (89.2 to 98.8) §
Readers® — Month 18 ]
Mean Results Across all 76.6% (70.1t0 82.3) | 96.7% (90.6 to 99.3) =
Readers® — Month 36 %
CI = Confidence interval; ITD = Intent to diagnose; NPA = Negative percent agreement; PPA = Positive per@nt agreement; SDDD =

Striatal dopaminergic deficit disorder.
aSummary results calculated across all studies and readers at baseline.
b Summary results calculated across all readers for study PDT301.
¢ Summary results calculated across all readers for study PDT304.

Sensitivity/specificity for DLB is calculated based on Probable DLB vs. Non-DLB, and Total is calculated b

SDDD absent.
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Table S5. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — Means of mdmdual blind reads — PP

population (N = 622) g
Expert Clinical Diagnosis o
Parkinsonian Syndrome Dementia with Lewy Bodies § Total
Response (PS; SDDD) (DLB; SDDD) w
Sensitivity Specificity Sensitivity Specificity Seigitivity Specificity
(%, 95% CI) (%, 95% CI) (%, 95% CI) (%, 95% CI) (%,85% CI) (%, 95% CI)

Mean Results Across all
Readers?— Baseline
Mean Results Across all
Readers® — Month 12
Mean Results Across all
Readers® — Month 18
Mean Results Across all
Readers® — Month 36

90.0% (87.6 t0 92.0) | 93.7% (90.4 t0 96.2)

78.3% (72.0 t0 83.7) | 95.7% (89.2 t0 98.8)

75.9% (69.3 t0 81.7) | 96.7% (90.6 to 99.3)

78.5% (72.7 t0 83.5) | 90.3% (87.0 to 93.0)

78.3% (72.5 t0 83.4) | 93.0% (89.8 to 95.4)

87.3% (85.1 t0 89.3)

woJ) papeojumoq ‘¥

91.7% (89.5 t0 93.7)

CI = Confidence interval; NPA = Negative percent agreement; PP = Per Protocol; PPA = Positive percent aggement SDDD = Striatal
dopaminergic deficit disorder.
aSummary results calculated across all studies and readers at baseline.
b Summary results calculated across all readers for study PDT301.
¢ Summary results calculated across all readers for study PDT304.

Sensitivity/specificity for DLB is calculated based on Probable DLB vs. Non-DLB, and Total is calculated b

SDDD absent.
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STARD checklist for reporting of studies of diagnhostic accuracy

(version January 2003)

Section and Topic Item On page #
#
TITLE/ABSTRACT/ 1 Identify the article as a study of diagnostic accuracy (recommend MeSH 1-4
KEYWORDS heading 'sensitivity and specificity').
INTRODUCTION 2 State the research questions or study aims, such as estimating diagnostic 7
accuracy or comparing accuracy between tests or across participant
groups.
METHODS
Participants 3 The study population: The inclusion and exclusion criteria, setting and 8-12, Table
locations where data were collected. 1°
4 Participant recruitment: Was recruitment based on presenting symptoms, 8-12°
results from previous tests, or the fact that the participants had received
the index tests or the reference standard?
5 Participant sampling: Was the study population a consecutive series of 8-13°
participants defined by the selection criteria in item 3 and 47 If not,
specify how participants were further selected.
6 Data collection: Was data collection planned before the index test and 8-13°
reference standard were performed (prospective study) or after
(retrospective study)?
Test methods 7 The reference standard and its rationale. 12-13, 24-
25
8 Technical specifications of material and methods involved including how 12-13
and when measurements were taken, and/or cite references for index
tests and reference standard.
9 Definition of and rationale for the units, cut-offs and/or categories of the 12-13
results of the index tests and the reference standard.
10 The number, training and expertise of the persons executing and reading 8-13°
the index tests and the reference standard.
11 Whether or not the readers of the index tests and reference standard 12-13
were blind (masked) to the results of the other test and describe any
other clinical information available to the readers.
Statistical methods 12 Methods for calculating or comparing measures of diagnostic accuracy, 13-14
and the statistical methods used to quantify uncertainty (e.g. 95%
confidence intervals).
13 Methods for calculating test reproducibility, if done. 14
RESULTS
Participants 14 When study was performed, including beginning and end dates of 72
recruitment.
15 Clinical and demographic characteristics of the study population (at least |Tables 1, 2,
information on age, gender, spectrum of presenting symptoms). & S3
16 The number of participants satisfying the criteria for inclusion who did or Figure 1
did not undergo the index tests and/or the reference standard; describe
why participants failed to undergo either test (a flow diagram is strongly
recommended).
Test results 17 Time-interval between the index tests and the reference standard, and 13
any treatment administered in between.
18 Distribution of severity of disease (define criteria) in those with the target Figure 2
condition; other diagnoses in participants without the target condition.
19 A cross tabulation of the results of the index tests (including N/A?
indeterminate and missing results) by the results of the reference
standard; for continuous results, the distribution of the test results by the
results of the reference standard.
20 Any adverse events from performing the index tests or the reference N/AP
standard.
Estimates 21 Estimates of diagnostic accuracy and measures of statistical uncertainty Figs 3 & 4,
(e.g. 95% confidence intervals). Tables 3, 4,
S4, & S5
22 How indeterminate results, missing data and outliers of the index tests N/A?
were handled.
23 Estimates of variability of diagnostic accuracy between subgroups of 23, Tables
participants, readers or centers, if done. 3,4,54, &
S5
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24

Estimates of test reproducibility, if done.

23

DISCUSSION

25

Discuss the clinical applicability of the study findings.

24-27

@ Since this was a pooled analysis of 4 clinical trials and each of these individual studies have been previously

published, some of these details are not included in this paper with the references provided. The individual primary
publications of the 4 studies were referred to to obtain these details.

® Safety data were not a focus of the current report and will be published in a separate report.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"yBuAdoo Ag peroalold 1senb Aq 20z ‘0z yarew uo jwod fwg-uadolwig//:dny wols papeojumoq +T0Z AINC € Uo ZZTS00-¥T0Z-uadolwag/9eTT 0T St paysignd 1s1y :uadO NG


http://bmjopen.bmj.com/

BMJ Open

BM) Open

Is Ioflupane I123 Injection Diagnostically Effective in
Patients with Movement Disorders and Dementia? Pooled
Analysis of Four Clinical Trials

Journal: | BMJ Open

Manuscript ID: | bmjopen-2014-005122.R2

Article Type: | Research

Date Submitted by the Author: | 30-May-2014

Complete List of Authors: | O'Brien, John; University of Cambridge, Department of Psychiatry

Oertel, Wolfgang; PhilippsUniversity, Marburg, Department of Neurology
McKeith, Ian; Newcastle University, Institute of Ageing

Grosset, Donald; Southern General Hospital and University of Glasgow,
Department of Neurology and Institute of Neurological Sciences

Walker, Zuzana; University College London, Department of Mental Health
Sciences

Tatsch, Klaus; Stadtisches Klinikum Karlsruhe, Department of Nuclear
Medicine

Tolosa, Eduardo; Hospital Clinic de Barcelona and University of Barcelona,
Parkinson's Disease and Movement Disorders Unit, Neurology Service
Sherwin, Paul; GE Healthcare, Clinical Development, Life Sciences
Grachev, Igor; GE Healthcare, Medical Affairs

<b>Primary Subject

Heading</b>: Neurology

Secondary Subject Heading: | Radiology and imaging

Dementia < NEUROLOGY, Neuroradiology < RADIOLOGY & IMAGING,

Keywords: | b kinson-s disease < NEUROLOGY

ARONE"

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"yBuAdoo Ag peroslold 1senb Aq 20z ‘02 yarew uo jwod fwg-uadolwig//:dny woly papeojumoq +T0Z AINC € U0 ZZTS00-¥T0Z-uadolwag/9eTT 0T Se paysignd 1s1y :uadO NG


http://bmjopen.bmj.com/

Page 1 of 115

©CoO~NOUITA,WNPE

BMJ Open

Is Ioflupane 1123 Injection Diagnostically Effective in Patients with Movement Disorders
and Dementia? Pooled Analysis of Four Clinical Trials
John T O’Brienl, Wolfgang H Oertel’ ,lan G McKeith3, Donald G Grosset4, Zuzana Walker’,

Klaus Tatsch6, Eduardo Tolosa’, Paul F Sherwing, Igor D Grachev’

'Professor of Old Age Psychiatry, Department of Psychiatry, University of Cambridge School of
Clinical Medicine, and Cambridgeshire and Peterborough Foundation NHS Trust, Cambridge,

CB2 0SP, UK

*Director, Department of Neurology, Philipps-University of Marburg, Marburg, D 35043

Germany

*Professor of Old Age Psychiatry, Director of NIHR DeNDRoN, Campus for Ageing and

Vitality, Newcastle University, Newcastle upon Tyne, NE4 5PL, UK

*Consultant Neurologist and Honorary Professor, Department of Neurology, Institute of
Neurological Sciences, Southern General Hospital, and University of Glasgow, Glasgow,

Scotland, G51 4TF, UK

*Reader in Psychiatry of the Elderly and Honorary Consultant Psychiatrist, Mental Health

Sciences Unit, University College London, London, and North Essex Partnership University

NHS Foundation Trust, Essex, CM16 6TN, UK

SDirector for the Clinic of Nuclear Medicine, Department of Nuclear Medicine, Municipal

Hospital Karlsruhe, Inc., 76133 Karlsruhe, Germany

"Senior Consultant, Hospital Clinic de Barcelona, and Professor of Neurology. Faculty of Medicine,
University of Barcelona, Parkinson’s Disease and Movement Disorders Unit, Neurology Service, Institut

Clinic de Neurociéncies, Hospital Clinic de Barcelona, 08036 Barcelona, Spain

1

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdod Ag paloaloid 1senb Ag 202 ‘02 Ydore uo /wod (g uadolwg//:dny woij papeojumoq +T0Z AINC € Uo ZZTS00-¥T0Z-uadolwa/9eTT 0T st paysiignd 1suiy :uado CINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

8Senior Medical Director, Clinical Development, Life Sciences, GE Healthcare, Princeton, New

Jersey, 08540, USA

Global Head of Neurology/DaTscan, Medical Affairs, Life Sciences, GE Healthcare, Princeton,

New Jersey, 08540, USA

Correspondence to:

John T. O'Brien

Foundation Professor of Old Age Psychiatry
Department of Psychiatry

University of Cambridge School of Clinical Medicine
Box 189, Level E4 Cambridge Biomedical Campus
Cambridge CB2 0SP UK

Tel: +44 (0)1223 760682

Fax: +44 (0)1223 336968

Email: john.obrien@medschl.cam.ac.uk

Article type: Research paper

Running title: Diagnostic Effectiveness of loflupane 1123 Injection
Manuscript main body word count: 3237

4 Tables 4 Figures 5 Supplemental Tables for posting online

References: 61

2

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 115

"yBuAdoo Ag peroalold 1senb Aq 20z ‘0z yarew uo jwod fwg-uadolwig//:dny woly papeojumoq +T0Z AINC € Uo ZZTS00-¥T0Z-uadolwag/9eTT 0T St paysignd 1s1y :uadO CINg


http://bmjopen.bmj.com/

Page 3 of 115

©CoO~NOUITA,WNPE

BMJ Open

Abstract

Objectives: To pool clinical trials of similar design to assess overall sensitivity and specificity of

Toflupane I 123 Injection (DaTSCAN™ or ioflupane ('*’D)) to detect or exclude a striatal
dopaminergic deficit disorder (SDDD), such as Parkinsonian syndrome and dementia with Lewy
bodies.

Design: Pooled analysis of three Phase 3 and one Phase 4 clinical trial. These four trials were
selected because they were the four pivotal studies used for the US new drug application to the
FDA.

Setting: Multi-center, open-label, non-randomized.

Participants: Patients with either a movement disorder or dementia, and healthy volunteers.
Interventions: loflupane (1231) was administered.

Outcome measures: Images were assessed by panels of 3-5 blinded experts and/or on-site
nuclear medicine physicians, classified as normal or abnormal, and compared with clinical
diagnosis (reference standard) to determine sensitivity and specificity.

Results: Pooling the four studies, 928 subjects were enrolled, 849 were dosed, and 764
completed their study. Across all studies, when images were assessed by on-site readers,

. 123
ioflupane (

I) diagnostic effectiveness had an overall (95% CI) sensitivity of 91.9% (88.7 to
94.5) and specificity of 83.6% (78.7 to 87.9). When reads were conducted blindly by a panel of
independent experts, the overall sensitivity was 88.7% (86.8 to 90.4) and specificity was 91.2%
(89.0 t0 93.0).

Conclusions: In this pooled analysis, the visual assessment of ioflupane ('*’I) images provided

high levels of sensitivity and specificity in detecting the presence/absence of an SDDD.

3
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Toflupane ('*°T) imaging has the potential to improve diagnostic accuracy in patients with signs
and symptoms of a movement disorder and/or dementia.

Abstract word count: 232

Funding: GE Healthcare (Princeton, NJ).
Keywords: Parkinson’s disease, Movement disorders, Dementia, SPECT, Neuroradiology
Primary Subject Heading: Neurology

Secondary Subject Heading: Radiology and imaging

Article Summary

Article focus

e The ability to visualize striatal dopamine transporter in vivo has enhanced clinicians’ ability
to differentiate diseases that involve loss of dopaminergic nigrostriatal neurons from those
that do not.

e Several clinical trials with limited numbers of subjects have been performed to provide some

information about diagnostic value of ioflupane (‘>

I). However, some investigators still
question the value ioflupane (‘*’I) provides for diagnosing movement disorders and
dementia.

Strengths

e This study provides the largest and most definitive set of clinical evidence to date,
summarizing experience from three Phase 3 and one Phase 4 trial with all data pooled for a

new statistical analysis, N=726, showing that ioflupane (‘**I) SPECT imaging indeed has

high sensitivity and specificity for detecting the presence or absence of a striatal

4
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dopaminergic deficit in patients with movement disorders and dementia (Intent to diagnose

(ITD) and Per protocol (PP) populations). Differences among different patient populations,

and inter-reader blinded image evaluation results are reported.

e Well-designed, prospective studies with 12-36 months of clinical follow-up after
ioflupane ('*’T) imaging, in which blinded image evaluation by 3-5 independent nuclear

medicine physicians (no access to clinical information) was used for image assessment.

Limitations:
e Studies did not have autopsy confirmation of diagnosis (found to be impractical for up to
36 months of follow-up in the majority of patients in early stage of the disease), though
the standard of expert clinical diagnosis, particularly at follow-up after 12 months or
later, is an accepted reference standard for biomarker validation studies.
e Only two of the studies (PDT301 and PDT304) used expert clinical panels to establish
the clinical diagnosis; the others relied on on-site investigator diagnosis (though made

blind to imaging findings, except one clinical utility study PDT408).

5

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"yBuAdoo Ag peroalold 1senb Aq 20z ‘0z yarew uo jwod fwg-uadolwig//:dny woly papeojumoq +T0Z AINC € Uo ZZTS00-¥T0Z-uadolwag/9eTT 0T St paysignd 1s1y :uadO CINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

INTRODUCTION

Despite the development of consensus clinical diagnostic criteria,[ 1-5] early and accurate
diagnosis of common neurodegenerative conditions like Parkinson’s disease (PD) and dementia
with Lewy bodies (DLB) continues to present challenges. Delays in diagnosis cause unnecessary
distress and uncertainty for subjects and their families, increase healthcare use through additional
appointments and investigations, and increase the risk that patients will develop preventable
disability.[6] Not surprisingly, the longer a patient is observed and the greater the amount of
accumulated clinical information, such as response to medications and progression of signs and
symptom, the greater the accuracy of the diagnosis.[7] Inaccurate diagnoses may result in
prescription of inappropriate medications, needlessly exposing patients to potentially harmful
side effects, while denying patients treatment of symptoms.[6] Furthermore, diagnostic
discrimination between degenerative and non-degenerative diseases is important because disease
course, therapy, and prognosis differ considerably among patients.[6, 8]

Differential diagnosis of movement disorders may be confounded by presence of inconsistent
parkinsonian features and/or atypical presentation of classic symptoms. Differentiation of
Alzheimer’s disease (AD) from DLB is also difficult, even after multiple evaluations. Consensus
clinical criteria[2-5, 9] without imaging results have good specificity (80%-90%), but sensitivity
is highly variable and can be as low as 30%, with the most common misdiagnosis being AD.[9,
10]

The advent of in vivo visualization of striatal dopamine transporter using the radiopharmaceutical
ioflupane (‘*I) {Iodine-123-fluoropropyl (FP)-carbomethoxy- 3 p-(4-iodophenyltropane) (CIT)
or loflupane 1123 Injection or [123I]Ioﬂupane or ['**I] FP-CIT or DaTSCAN™ or DaTscan™ }

and single-photon emission computed tomography (SPECT) imaging has enhanced clinicians’

6
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ability to differentiate diseases that involve loss of dopaminergic nigrostriatal neurons from those
that do not. Throughout this paper, we will refer to these disorders as striatal dopaminergic
deficit disorders (SDDD), which is the clinico-patho-anatomical term used here as a group term
for the clinical reference diagnoses of Parkinsonian syndrome (PS) and/or DLB, by virtue of
them being recognized as clinical disorders that are known to have striatal dopaminergic deficit.

Toflupane ('*

I) is the only approved imaging agent for this purpose; the European Medicines
Agency (EMA) approved it under the trade name DaTSCAN™ (ioflupane (1231) in 2000,[11] and
the US Food and Drug Administration (FDA) approved it under the trade name DaTscan""
(Ioflupane 1123 Injection) in 2011.[12] It is currently approved in 33 countries. Numerous
clinical trials have been performed to establish the technical feasibility, and diagnostic
effectiveness, sensitivity, and specificity of ioflupane ('*°I).[3, 13-18] However, each trial had
limited numbers of subjects for whom results were available, ranging from 20 to 326.[3, 16] To

better estimate the diagnostic performance of ioflupane (‘>

I), we conducted a pooled analysis of
four clinical studies. These studies were selected as they are the large, pivotal, multi-site efficacy
trials included in the DaTscan clinical development program. They were conducted to GCP
standards in pre-defined populations, and were the ones submitted to support the NDA filing in
the USA (3 of them for EU) for licensing. We did not include single site studies, small early
development trials, or clinical utility studies in uncertain populations, because many of these had
not evaluated DaTscan efficacy performance. Our intent was to use the original database from

the NDA submission for the pooled analysis, and not to perform a meta-analysis of the published

literature, because this has been done.[19, 20]

7
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METHODS

Participants

The research question was to determine the pooled diagnostic accuracy (sensitivity and
specificity) of the four trials submitted to the US FDA application for ioflupane (D). [3, 13-15,
17] All studies tested the effectiveness of ioflupane ('*°I) {Iodine-123-fluoropropyl (FP)-
carbomethoxy- 3 B-(4-iodophenyltropane) (CIT) or loflupane 1123 Injection or [123I]Ioﬂupane or
['**1] FP-CIT or DaTSCAN™ or DaTscan™ , GE Healthcare, Amersham,UK. For the purposes

of this report, ioflupane ('*

I) will be used throughout the paper.} in detecting the loss of
dopaminergic nigrostriatal neurons in subjects with symptoms and signs of movement disorders
and/or dementia. The reference standard was the final clinical diagnosis of a disease that is
known to have or not have a striatal dopaminergic deficit (hereafter called reference clinical
diagnosis).[21] This clinical diagnosis was made blind to imaging results in three of the four
studies (Phase 3 studies DP008-003, PDT301, PDT304 [also elsewhere sometimes known as
PDT03004]). In two of the four studies (PDT301 and PDT304), the final clinical diagnosis was
made by a panel of experts. Table 1 summarizes the attributes of the four studies. Although
Phase 4 study PDT408 was designed to assess the clinical utility of ioflupane ('*°T) image
assessments as the primary endpoint, sensitivity and specificity were secondary endpoints, and

the image results were included in the pooled analysis. The investigators who participated in

each of the four studies are listed in Table S1 (supplementary table).

8
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Table 1 Summary of studies included in pooled analysis

Principal Study

DP008-003

PDT304

PDT301

PDT408

Study design

Phase 3

Multicenter, open-label,

non-randomized

Single-dose

Expert clinical diagnosis at

Phase 3

Multicenter, open-label,
non-randomized
Repeat-dose (max. of 3)

Expert clinical diagnosis at

Phase 3

Multicenter, open-label,
non-randomized
Single-dose

Expert clinical diagnosis at

Phase 4

Multicenter, open-label,

non-randomized

Single-dose

Expert clinical diagnosis at

baseline according to 36 months as the RCD 12 months as the RCD 24 months as the RCD
published consensus
criteria as the RCD

Dates study was conducted e Aug 1997 to Feb 1998 e Jan 1999 to Jun 2005 e Dec 2003 to Jun 2006 e Nov 2000 to Nov 2003

y6uAdod Ag parosioid 1senb Ag 20z ‘0z ydre uo /wod fwg uadolwg//:dny woiy papeojumoq 10z AINC € uo ZZTS00-7T0Z-uadolwa/9eTT 0T st paysiignd 1s11y :uadO (NG
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Principal Study

DP008-003

PDT304

PDT301

PDT408

Population

e Healthy volunteers
o Subjects with a clinical
diagnosis of:
o Parkinson’s disease
o Multiple system atrophy
o Progressive
supranuclear palsy, or

o Essential tremor

e Healthy volunteers
o Subjects with the clinical
features of:
o Early Parkinson’s
disease, or
o Tremor (mainly

essential tremor)

e Subjects with dementia
(features of possible DLB
or with features of other

dementia [AD, VaD])

e Subjects with movement
disorders (an uncertain
clinical diagnosis as to PS

or non-PS)

6uAdod Ag parosioid 1senb Ag 20z ‘0z ydre uo /wod g uadolwg//:dny woiy papeojumoq 10z AINC € Uo ZZTS00-7T0Z-uadolwa/9eTT 0T st paysiignd 1s11y :uadO (NG
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Principal Study

DP008-003

PDT304

PDT301

PDT408

Efficacy objectives

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary”

o Impact of ioflupane
(**’T) image assessments
on patient diagnoses,
confidence that patient
had PS, and planned
management

e Secondary

o Sensitivity and

specificity for detecting

or excluding an SDDD

Type of control

No control used

No control used

No control used

No control used

Investigational product

Toflupane (") 111-185 MBq

(3 to 5 mCi) iv, 1 dose

Toflupane (") 111-185 MBq
(3 to 5 mCi) iv, 3 doses 18

months apart

Toflupane (") 111-185 MBq

(3 to 5 mCi) iv, 1 dose

Toflupane (") 111-185 MBq
(3 to 5 mCi) iv, 1 dose (73
subjects) or 2 doses 24

months apart (14 subjects)

No. of study centers

10

40

15

No. of subjects enrolled

250

202

351

125

buAdod Ag parosiold 1senb Ag 20z ‘0z ydre uo /wod fwg uadolwgq//:dny woiy papeojumoq 10z AINC € Uo ZZTS00-7T0Z-uadolwa/9eTT 0T st paysiignd 1s11y :uadO (NG
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Principal Study

DP008-003 PDT304 PDT301 PDT408

Age of ITD population, range | 40, 80 (62.7) 33,79 (60.4) 54,90 (73.9) 25, 84 (64.2)
(mean)
Gender 62% male, 38% female 56% male, 44% female 57% male, 43% female 58% male, 42% female
Race Caucasian 98% Caucasian 100% Caucasian 100% Caucasian 99%

Black 1% Asian 1%

Asian <1%
No. of subjects evaluable for | 220 102 288 118
efficacy
Blinded reads performed Yes Yes Yes No

AD = Alzheimer’s disease; DLB = dementia with Lewy bodies; ITD = intent to diagnose; MBq = megabecquerel; PS = Parkinsonian

syndrome; RCD = reference clinical diagnosis; SDDD = striatal dominergic deficit disorder; VaD = vascular dementia.

? Primary objective was to assess clinical utility of ioflupane ('*’I) images, however, images were used for pooled efficacy analysis.
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All studies were conducted in accordance with the current revision of the Declaration of
Helsinki; the Good Clinical Practice: Consolidated Guideline, approved by the International
Conference on Harmonisation; and applicable national and local laws. Ethics Committees or
Institutional Review Boards approved the protocol and amendments for each study (See
Supplementary Table S2). Subjects or their guardians gave written informed consent after the
aims, methods, anticipated benefits, and potential hazards were explained, and prior to
commencing any study procedures or assessments. The informed consent for each study included
a provision for subsequent analyses, of which this pooled analysis is an example. Study PDT301
is identified in clinicaltrials.gov as NCT00209456. All other trials began enrolling prior to 01
July 2005, the cut-off date for the initiation of the requirement by the International Committee of
Medical Journal Editors for trials to be registered, so are not associated with any public database

identifiers.

Procedures

All studies, including each study’s inclusion and exclusion criteria, have been published;[3, 13-
15, 17] a brief overview of the methods follows. All four studies were open-label, non-
randomized, Phase 3 or 4 clinical trials to determine the sensitivity (positive percent agreement
[PPA]) and specificity (negative percent agreement [NPA]) of ioflupane (***I) SPECT imaging to
detect or exclude an SDDD in subjects with various movement disorders (PS, including PD,
multiple system atrophy [MSA], and progressive supranuclear palsy [PSP]; or essential tremor
[ET]), and/or dementia (DLB, AD, or vascular dementia [VaD]); and healthy volunteers.
Subjects received either a single or repeat (up to three doses total) dose of 111-185 MBq of

123

ioflupane ("~°I). SPECT imaging was performed between three and six hours after injection.

13
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Ioflupane (1) images were read on-site (institutional reads), as well as by three or five
independent blinded readers (blinded image evaluation, BIE) in three of the studies, and
classified as normal (SDDD absent) or abnormal (SDDD present). Abnormal images were
further classified as type 1, 2, or 3.[12] Expert clinical diagnosis using a blinded panel of three
neurologists or dementia specialists established whether the subject had an SDDD (PD, PS, PSP,
MSA, or DLB) or a non-SDDD (ET, AD, or VaD and healthy volunteers). Expert clinical
diagnosis was established at various time points across the four studies: DP008-003 at baseline,
PDT301 at baseline and Month 12, PDT408 at baseline and Month 24, and PDT304 at baseline,
and Months 18 and 36. In PDT408, the final diagnosis was made with access to the ioflupane
('**I) SPECT images.

Each ioflupane (1) image result was compared with the corresponding reference clinical
diagnosis, and classified as a True Positive (TP), True Negative (TN), False Positive (FP), or
False Negative (FN) scan to allow calculation of sensitivity and specificity. Sensitivity was
calculated as nTP / (nTP + nFN), (n = number of subjects). Specificity was calculated as nTN /
(nTN + nFP).

Additional efficacy endpoints included inter-reader agreement between BIE readers, as well as

BIE readers vs. on-site institutional readers (DP008-003, PDT304, and PDT301).

Statistical analysis

All statistical analyses were performed using Statistical Analysis Software (SAS Institute Inc.,

Cary, NC, USA). Demographic data were collected and are presented using descriptive statistics.

Populations analyzed included Enrolled (all subjects who were enrolled in any one of the four

studies), Dosed (all enrolled subjects who received ioflupane ('*1)), Intent to diagnose (ITD; all

14
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dosed subjects who underwent SPECT imaging and underwent the reference clinical diagnosis
assessment for the relevant analysis), and Per protocol (PP; all subjects in the ITD population
with no major protocol violations). Sensitivity and specificity were calculated for the ITD and PP
populations, and are reported with 95% confidence intervals (CI). For the purpose of this report,
we will be using sensitivity and specificity (equivalent to PPA and NPA). Pairwise inter-reader
and BIE vs. on-site reader agreement were analyzed using Cohen’s kappa statistic. Inter-reader

agreement across all BIE readers was analyzed using Fleiss’ kappa statistic.

15
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RESULTS

Subject disposition and characteristics

Subject disposition for each study and for the pooled analysis is shown in Figure 1. Of the 928
subjects enrolled, 849 (91%) were dosed, and 764 (82%) completed their study. The most
common reasons for not completing a study included subject request/withdrew consent (85
subjects, 9%), lost to follow-up (34 subjects, 4%), and protocol violation (14 subjects, 2%).
Eleven subjects (1%) did not complete due to safety concerns, including adverse events.
Medical history data were not collected consistently across studies and could not be pooled for
this analysis.

By-study and pooled subject baseline demographics are shown in Table 2 (ITD population; PP
population in Supplementary Table S3). No meaningful differences were noted in baseline
demographics between the ITD and PP populations. Age was similar in three of the four studies,
with subjects in PDT301 being older—unsurprisingly because this study only included people
with dementia. In all studies, there were more males than females, with a similar ratio across
studies. The majority was Caucasian, with Blacks and/or Asians representing 1% or less in any
single study. Clinical diagnoses represented in each study are tabulated in Tables 2 (ITD
population) and S4 (PP population), and are presented graphically in Figures 2a (ITD population)
and 2b (PP population). Overall, 393 (54%) of subjects in the ITD population were classified as
having SDDD (SDDD present), while 249 (34%) were classified with conditions that did not

have an SDDD (SDDD absent).

16
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Table 2. Demographic characteristics and clinical diagnosis (per Reference Clinical Diagnosis) by study — ITD population (N = 726)

Study

©CoO~NOUITA,WNPE

DP008-003 PDT304 PDT301 PDT408 Total

11 (N =220) (N=102) (N =326) (N=78) (N=1726)

13 Age (yr) Mean (SD) 62.7 (8.87) 60.4 (10.91) 73.9 (7.17) 64.2 (11.99) 67.6 (10.60)
15 Min, Max 40, 80 33,79 54,90 25, 84 25,90

18 Median 63.5 61.0 75.0 67.0 69.0

20 Gender Male 136 (62%) 57 (56%) 187 (57%) 41 (53%) 421 (58%)

Female 84 (38%) 45 (44%) 139 (43%) 37 (47%) 305 (42%)

25 Race Caucasian 216 (98%) 102 (100%) 326 (100%) 77 (99%) 721 (99%)
27 Black 3 (1%) 0 (0%) 0 (0%) 0 (0%) 3 (<1%)
30 Asian 1 (<1%) 0 (0%) 0 (0%) 1 (1%) 2 (<1%)

32 Other 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

34 PS (SDDD) 158 (72%) 71 (70%) 0 (0%) 48 (62%) 277 (38%)
37 Possible PS 158 (72%) 5(5%) 0 (0%) 48 (62%) 211 (29%)

39 Probable PS 0 (0%) 66 (65%) 0 (0%) 0 (0%) 66 (9%)

44 17

46 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

48 6uAdod Ag parosiold 1senb Ag 20z ‘0z ydre uo /wod fwg uadolwg//:dny woiy papeojumoq 10z AINC € uo ZZTS00-7T0Z-uadolwa/9eTT 0T st paysiignd 1s11y :uadO (NG


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open Page 18 of 115

Study
DP008-003 PDT304 PDT301 PDT408 Total

(N =220) (N=102) (N =326) (N=78) (N =1726)
DLB (SDDD) 0 (0%) 0 (0%) 116 (36%) 0 (0%) 116 (16%)

Possible DLB 0 (0%) 0 (0%) 27 (8%) 0 (0%) 27 (4%)
Probable DLB 0 (0%) 0 (0%) 89 (27%) 0 (0%) 89 (12%)
Non-PS/Non-DLB (no SDDD) 62 (28%) 31 (30%) 126 (39%) 30 (38%) 249 (34%)

ET 27 (12%) 14 (14%) 0 (0%) 23 (29%) 64 (9%)
AD 0 (0%) 0 (0%) 125 (38%) 0 (0%) 125 (17%)

Other 35 (16%) 17 (17%) 1 (<1%) 7 (9%) 60 (8%)
SDDD Present” 158 (72%) 71 (70%) 116 (36%) 48 (62%) 393 (54%)
SDDD Absent 62 (28%) 31 (30%) 126 (39%) 30 (38%) 249 (34%)

*Includes Possible and Probable PS and Possible and Probable DLB diagnoses.
AD = Alzheimer’s disease; BMI = Body mass index; DLB = Dementia with Lewy bodies; ET = Essential tremor; ITD = Intent to
diagnose; N = number of subjects in the study; PS = Parkinsonian syndrome SD = standard deviation; SDDD = striatal dopaminergic

deficit disorder.
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Sensitivity (PPA) and specificity (NPA)

Sensitivity and specificity for ioflupane (**’1) to detect SDDD (abnormal scan) or non-SDDD
(normal scan) using the mean of BIE reads is displayed in Figure 3. Supplementary Tables S4
and S5 (ITD and PP populations, respectively) show the means and 95% CI for the individual
reads for Parkinsonian syndromes, dementia with Lewy bodies, and total. Figure 3a shows high
sensitivity and specificity in the ITD population for both movement disorders (PS) and the total
pooled analysis, with a slightly lower sensitivity value (78.5%) when assessing subjects with
dementia. Sensitivity and specificity did not change substantially when reference clinical
diagnoses were made for DLB at Month 12. Sensitivity decreased when reference clinical
diagnoses were made for PS at Months 18 and 36 (78.9% and 76.6%), but specificity values
increased slightly, exceeding 95% at each time point. Overall, the sensitivity of BIE reads of

. 123
ioflupane (

I) SPECT images in the ITD population for PS and dementia at all diagnosis time
points ranged from 76.6% to 91.1%, and specificity ranged from 90.1% to 96.7%; PP population
results (Figs 3¢ and 3d) were very similar. Figures 4a-4d display the same analyses using the on-
site read results. Overall, sensitivity in the ITD population (Fig 4a and 4b) ranged from 81.4% to
89.9%, and tended to be higher for on-site reads compared with the BIE reads. Specificity ranged
from 81.6% to 90.3%, and tended to be lower compared with BIE reads. No meaningful
differences were noted in the values when analyzing the PP population (Fig 4c and 4d). Tables 3

and 4 (ITD and PP populations, respectively) summarize the sensitivity and specificity by expert

clinical diagnosis for on-site, institutional reads.
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Table 3. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-site institutional reads — ITD

population (N = 726)

Response

Expert Clinical Diagnosis

Parkinsonian Syndrome

(PS; SDDD)

Dementia with Lewy Bodies

(DLB; SDDD)

Total

Sensitivity

Specificity

Sensitivity

Specificity

Sensitivity

Specificity

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

Pooled Studies®

93.1% (89.5 to 95.8)

91.1% (84.6 to 95.5)

88.3% (80.0 to 94.0)

77.4% (69.7 to 83.9)

91.9% (88.7 to 94.5)

83.6% (78.7 to 87.9)

Study PDT301 — Month 12

89.9% (81.7 to 95.3)

81.6% (73.7 to 88.0)

Study PDT304 — Month 18

81.4% (70.3 to 89.7)

90.3% (74.2 to 98.0)

Study PDT304 — Month 36

83.8% (72.9 t0 91.6)

86.2% (68.3 0 96.1)

Mean Results®

89.6% (86.3 to 92.4)

90.2% (84.9 to 94.1)

89.9% (81.7 to 95.3)

81.6% (73.7 to 88.0)

89.7% (86.7 t0 92.2)

86.7% (82.4 t0 90.3)

CI = Confidence interval; ITD = Intent to diagnose; NPA = Negative percent agreement; PPA = Positive percent agreement; SDDD =

Striatal dopaminergic deficit disorder.

“ Pooled studies include on-site ioflupane (**°I) reads for DP008-003, PDT304, (at baseline), PDT301 (baseline reference clinical

diagnosis), and PDT408.

® Summary results calculated across all studies and time points. For PDT301, the Month 12 reference clinical diagnosis was used.

Sensitivity/Specificity for DLB is calculated based on Probable DLB vs. Non-DLB.
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Table 4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-site institutional reads — PP

population (N = 622)

Expert Clinical Diagnosis

Response

Parkinsonian Syndrome Dementia with Lewy Bodies Total
(PS; SDDD) (DLB; SDDD)
Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

Pooled Studies®

91.8% (87.5 t0 95.0)

90.3% (82.9 to 95.2)

87.5% (78.7 t0 93.6)

77.1% (69.3 to 83.7)

90.6% (36.8 to 93.6)

82.6% (77.3 to 87.1)

Study PDT301 — Month 12

89.4% (80.8 o 95.0)

81.3% (73.3 to 87.8)

Study PDT304 — Month 18

80.9% (69.5 to 89.4)

90.3% (74.2 to 98.0)

Study PDT304 — Month 36

83.3% (72.1 to 91.4)

86.2% (68.3 0 96.1)

Mean Results®

88.2% (84.5 t0 91.3)

89.6% (83.8 t0 93.8)

89.4% (80.8 t0 95.0)

81.3% (73.3 to 87.8)

88.4% (85.1 t0 91.2)

86.0% (81.4 to 89.8)

CI = Confidence interval; NPA = Negative percent agreement; PP = Per Protocol; PPA = Positive percent agreement; SDDD = Striatal

dopaminergic deficit disorder.

“ Pooled studies include on-site ['**IJFP-CIT reads for DP008-003, PDT304, (at baseline), PDT301 (baseline reference clinical

diagnosis), and PDT408.

® Summary results calculated across all studies and time points. For PDT301, the Month 12 reference clinical diagnosis was used.

Sensitivity/Specificity for DLB is calculated based on Probable DLB vs. Non-DLB.
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Inter-reader agreement

Three of the studies had BIE readers, and Study PDT304 had three sets of images to be read.
Overall, the agreement between the BIE reader pairs was good, and ranged from 0.81 (95% CI
0.73 t0 0.90) to 1.00 (1.00 to 1.00). The Fleiss’ kappa for all BIE readers in a study ranged from
0.88 (0.84 t0 0.92) to 0.99 (0.87 to 1.10). Agreement between the BIE readers and the on-site
read was similar for two of the studies, and ranged from 0.82 (0.73 to 0.90) to 0.94 (0.87 to
1.01); for Study PDT301, the agreement for this comparison was not as good, with kappa
ranging from 0.60 (0.51 to 0.69) to 0.68 (0.60 to 0.76). Inter-reader agreement for the PP

population was comparable to that determined for the ITD population (data not shown).

24

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 24 of 115

yBuAdod Ag paloaloid 1senb Ag 202 ‘02 Ydore uo /wod (g uadolwg//:dny woij papeojumoq +T0Z AINC € Uo ZZTS00-¥T0Z-uadolwa/9eTT 0T st paysiignd 1suiy :uado CINg


http://bmjopen.bmj.com/

Page 25 of 115 BMJ Open

©CoO~NOUITA,WNPE

DISCUSSION

In conducting the study, our goal was to evaluate the diagnostic accuracy of ioflupane (1)
SPECT imaging using a large body of evidence. Our options were to perform a pooled analysis
of data or a meta-analysis. We searched PubMed on October 4, 2013 using the terms (*FP-CIT
or *loflupane[Title]) AND (Lewy or dementia or parkinson* or essential tremor[Title]) AND
(diagnos* or accura*[Title]) and applied the filter “Human.” The search retrieved 181 articles.
After reviews, case reports, and commentaries were removed, 138 remained. Of these, 28 were
clinical studies that evaluated the diagnostic accuracy of ioflupane ('*D),[3, 13-17, 22-44] with
the number of subjects ranging from 16[38] to 326.[14] We selected four of these, which were
the studies that were submitted to FDA to support the US NDA. These studies were the large,
pivotal, multi-site efficacy trials conducted to GCP standards in pre-defined populations. We
excluded single site studies, small early development trials, or clinical utility studies in uncertain
populations, because many of these had not evaluated DaTscan sensitivity and specificity. We
opted to perform a pooled analysis rather than a meta-analysis, because this had already been
done.[19, 20] The first was performed in 2012 and summarized four studies with a total of 419
subjects with DLB. One of the studies included in this meta-analysis is the PDT301 study (with
the baseline clinical evaluation) [3] included in our pooled analysis. This meta-analysis also
showed high diagnostic accuracy, with sensitivity of 86.5% and specificity of 93.6%. The second
was performed in 2007 and summarized 32 studies in subjects with parkinsonian syndromes, one
of which was DP008-003.[13] The authors concluded that ioflupane (‘**T) SPECT imaging was
relatively accurate in differentiating early PD from normalcy, PD from ET, and PD from

vascular parkinsonism.
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The current pooled analysis provides the largest dataset of clinical evidence (N = 726 in the ITD

population) to date showing that ioflupane (‘>

I) SPECT imaging has high sensitivity and
specificity for detecting the presence or absence of a striatal dopaminergic deficit in ITD and PP
population of patients with movement disorders and/or dementia. Another strength of this study
is that we pooled well-designed, prospective studies with 12-36 months of clinical follow-up
after ioflupane (‘*’I) imaging in which blinded image evaluation by 3-5 independent nuclear
medicine physicians (no access to clinical information) was used for image assessment. Overall,
sensitivity for detecting the presence or absence of an SDDD ranged from 75-:0% to 96-5%, and
specificity ranged from 83-0% to 100-0%. Inter-reader agreement was high, with kappa for

blinded reader pairs ranging from 0-81 to 1-00, indicating that diagnostic accuracy is not

dependent upon individual expert performance.

When BIE reads were compared with on-site reads, specificity was higher for the BIE reads,
whereas sensitivity was higher for the on-site reads. BIE vs. on-site reader agreement was lower
in the PDT301 study. This study focused on subjects with dementia, whereas the other studies
focused primarily on subjects with movement disorders. Clinical diagnosis of DLB tends to be
less accurate than PS.[10, 13, 15, 45] On-site readers had access to patient clinical information,
whereas BIE readers did not. This likely contributed to the observed increase in sensitivity and
decrease in specificity when images were read by the on-site readers compared with BIE readers,
resulting in lower agreement between the two reader groups in this study.

A limitation of this study is that the four studies in the pooled analysis used expert clinical
diagnosis as a reference standard for the presence or absence of an SDDD. Two of the studies

(PDT301 and PDT304) used expert panels to establish the clinical diagnosis. In DP008-003,
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enrolled subjects had established diagnoses, so an expert panel was not considered necessary. In
PDT408, the final diagnosis was made with access to the ioflupane ('**I) SPECT images, which
was required to assess the test clinical utility. The truth standard for diagnosing movement
disorders and dementia is neuropathological confirmation of brain tissue at autopsy. However,
with a slowly progressive, mostly benign course of these disorders, these patients are unlikely to
die during the course of relatively short clinical trial duration and be subjects for autopsy
assessment. Previous post-mortem studies demonstrated a good correlation between ioflupane
('*I) SPECT imaging with neuropathological findings.[16, 21] In a study by Walker, when
validation was by autopsy diagnosis, sensitivity and specificity of initial clinical diagnoses in
DLB was 75% and 42%, respectively, whereas sensitivity and specificity of ioflupane (‘*'I)
imaging was higher, with values of 88% and 83%, respectively (88% and 100% for semi
quantitative analysis of scans).[16] Therefore, the use of clinical diagnosis as the non-perfect
reference standard rather than neuropathological confirmation at autopsy may have contributed
to the sensitivity and specificity values obtained in this pooled analysis. Another limitation of the
study is that Study PDT408 was not designed specifically to assess the sensitivity and specificity

of ioflupane (***

I) SPECT imaging for detecting or excluding an SDDD. However, they were
secondary endpoints, and expert clinical diagnosis and ioflupane (1231) images were available on
these subjects, so it was deemed appropriate to include this study in the pooled analysis. Of note,
the sensitivity and specificity values for this study fell within the range for the other three studies
in which clinical diagnoses were made blinded to ioflupane ("*1) images, and exclusion of this
study would not have altered the main findings reported here.

Substantial clinical need has been established for an adjunct to existing diagnostic tools for

differentiating PD from ET, and DLB from AD. Examiner expertise affects diagnostic accuracy,
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with sub-specialists having the highest accuracy, followed by general neurologists; primary care
physicians tend to have the lowest.[46] In a general practice setting (N=202), 15% of patients
who had been diagnosed with parkinsonism, had tremor with onset after the age of 50, or who
had ever received parkinsonism drugs had their diagnosis unequivocally rejected when strict
clinical diagnostic criteria were applied and they completed a detailed neurological
interview.[24] On the other hand, 13 patients (19%) not previously diagnosed with Parkinson’s
disease (PD) received this diagnosis following use of strict clinical diagnostic criteria.[47] In
another general practice setting in Scotland (N=610), 5% of patients taking antiparkinson therapy
for a diagnosis of PD had their medication successfully withdrawn following evaluation by two
movement disorder specialists; ioflupane ('*’I) scanning was performed if there was
uncertainty.[48] General neurologists changed the diagnosis in 75% and movement disorder
specialists in 47% of clinically uncertain Parkinsonian Syndrome (PS) cases after ioflupane (1)
imaging results became available.[6, 49] These studies highlight the frequency of PD or PS
misdiagnosis, and illustrate how using ioflupane ('*’T) scanning can result in corrections to
treatment. Early diagnosis is confounded by the fact that these diseases are progressive, and it
may take time for the signs and symptoms to worsen until they clearly point to one disease.[7]
The choice of consensus criteria also affects the sensitivity and specificity of the clinical
diagnosis.[50, 51] All these factors contribute to clinical diagnosis failing to align with autopsy

findings up to 25% of the time.[50] Ioflupane ('**

I) SPECT imaging does not diagnose disease.
Rather, it is used to determine the presence or absence of a striatal dopaminergic deficit. The
performance of ioflupane ('*’I) reported here may have been lower than expected, particularly in

DLB patients, because we were comparing it to clinical diagnosis based on consensus criteria,

known to be imprecise.
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Regulatory approval of ioflupane (**’I) in Europe and the US has facilitated meeting the clinical
need to improve the accuracy of clinical diagnosis. Adoption and utilization of this new
technology is expanding, and several professional societies and organizations are supporting
ioflupane ("*1) imaging as a useful and validated diagnostic tool. These include mention in the
2013 EFNS/MDS-ES/ENS guideline (Category A),[52] The Society of Nuclear Medicine,[53]
the UK’s National Institute for Health and Clinical Excellence (NICE) 2006 guidance,[54] the
Scottish Intercollegiate Guidelines Network (SIGN),[55] and the EFNS-ENS Guidelines.[4] The
Parkinson Progression Marker Initiative (PPMI) is adding ioflupane (1) imaging to be included
in study inclusion criteria, as well as during a 5-year study of PD biomarker progression.[56]
Research is needed to more fully elucidate future applications of ioflupane (‘*’I) SPECT
imaging. While not currently licensed for this application, discussions have recently focused on

the possibility of whether quantitative analysis of ioflupane (**

I) binding might further increase
the sensitivity and specificity of SDDD detection and enable differentiation of other PS, such as
PSP, MSA, or vascular parkinsonism from PD.[18, 57, 58] Additional studies that compare
ioflupane (‘*’I) imaging results with post mortem neuropathology rather than expert clinical
diagnosis may document better the accuracy of estimates of sensitivity and specificity. Our use
of expert clinical diagnosis as the standard of truth, whilst validated, was not as perfect as
autopsy. In addition, not all DLB patients have nigrostriatal degeneration and a small percentage
of these patients may have primarily cortical degeneration.[59] Finally, ioflupane ("*1) imaging
may be helpful in identifying dopaminergic nigrostriatal degeneration in the prodromal stages,

such as rapid-eye-movement sleep behavior disorder of alpha-synucleinopathies (PD, MSA,

DLB) and tauopathies (PSP, corticobasal degeneration).[60,61]
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Figure Legends

Figure 1. Subject disposition

Figure 2. Summary of clinical diagnosis (per Reference Clinical Standard) by study
Fig 2a. — ITD population

Fig 2b. — PP population

Figure 3. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis —
Mean of Blind Reads

3a. ITD population — Summary results calculated across all studies and readers at baseline. DLB
is calculated based on Probable DLB vs. non-DLB. Total is calculated based on SDDD present
vs. SDDD absent.

3b. ITD population — DLB at Month 12 calculated for all readers in study PDT301. PS at Month
18 and 36 calculated for all readers in study PDT304.

3c. PP population — Summary results calculated across all studies and readers at baseline. DLB is
calculated based on Probably DLB vs. non-DLB. Total is calculated based on SDDD present vs.
SDDD absent

3d. PP population — DLB at Month 12 calculated for all readers in study PDT301. PS at Month

18 and 36 calculated for all readers in study PDT304.

Figure 4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-

site Institutional Reads
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4a. ITD population — Summary results calculated across all studies and time points. For PDT301,
Month 12 reference clinical diagnosis was used in this analysis. DLB is calculated based on
Probable DLB vs. non-DLB. Total is calculated based on SDDD present vs. SDDD absent.

4b. ITD population — DLB at Month 12 calculated for on-site readers in study PDT301. PS at
Month 18 and 36 calculated for on-site readers in study PDT304.

4c. PP population — Summary results calculated across all studies and time points. For PDT301,
Month 12 reference clinical diagnosis was used in this analysis. DLB is calculated based on
Probable DLB vs. non-DLB. Total is calculated based on SDDD present vs. SDDD absent.

4d. PP population — DLB at Month 12 calculated for on-site readers in study PDT301. PS at

Month 18 and 36 calculated for on-site readers in study PDT304.
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Abstract

Objectives: To pool clinical trials of similar design to assess overall sensitivity and specificity of

Toflupane I 123 Injection (DaTSCAN™ or ioflupane ('*’D)) to detect or exclude a striatal
dopaminergic deficit disorder (SDDD), such as Parkinsonian syndrome and dementia with Lewy
bodies.

Design: Pooled analysis of three Phase 3 and one Phase 4 clinical trial. These four trials were

selected because they were the four pivotal studies used for the US new drug application to the

FDA.

Setting: Multi-center, open-label, non-randomized.

Participants: Patients with either a movement disorder or dementia, and healthy volunteers.
Interventions: loflupane ('**I) was administered.

Outcome measures: Images were assessed by panels of 3-5 blinded experts and/or on-site
nuclear medicine physicians, classified as normal or abnormal, and compared with clinical
diagnosis (reference standard) to determine sensitivity and specificity.

Results: Pooling the four studies, 928 subjects were enrolled, 849 were dosed, and 764
completed their study. Across all studies, when images were assessed by on-site readers,

. 123
ioflupane (

I) diagnostic effectiveness had an overall (95% CI) sensitivity of 91.9% (88.7 to
94.5) and specificity of 83.6% (78.7 to 87.9). When reads were conducted blindly by a panel of
independent experts, the overall sensitivity was 88.7% (86.8 to 90.4) and specificity was 91.2%
(89.0 t0 93.0).

Conclusions: In this pooled analysis, the visual assessment of ioflupane ('*’I) images provided

high levels of sensitivity and specificity in detecting the presence/absence of an SDDD.
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Toflupane ('*°T) imaging has the potential to improve diagnostic accuracy in patients with signs
and symptoms of a movement disorder and/or dementia.

Abstract word count: 232

Funding: GE Healthcare (Princeton, NJ).
Keywords: Parkinson’s disease, Movement disorders, Dementia, SPECT, Neuroradiology
Primary Subject Heading: Neurology

Secondary Subject Heading: Radiology and imaging

Article Summary

Article focus

e The ability to visualize striatal dopamine transporter in vivo has enhanced clinicians’ ability
to differentiate diseases that involve loss of dopaminergic nigrostriatal neurons from those
that do not.

e Several clinical trials with limited numbers of subjects have been performed to provide some

information about diagnostic value of ioflupane (‘>

I). However, some investigators still
question the value ioflupane (‘*’I) provides for diagnosing movement disorders and
dementia.

Strengths

e This study provides the largest and most definitive set of clinical evidence to date,
summarizing experience from three Phase 3 and one Phase 4 trial with all data pooled for a

new statistical analysis, N=726, showing that ioflupane (‘**I) SPECT imaging indeed has

high sensitivity and specificity for detecting the presence or absence of a striatal
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dopaminergic deficit in patients with movement disorders and dementia (Intent to diagnose

(ITD) and Per protocol (PP) populations). Differences among different patient populations,

and inter-reader blinded image evaluation results are reported.

e Well-designed, prospective studies with 12-36 months of clinical follow-up after
ioflupane ('*’T) imaging, in which blinded image evaluation by 3-5 independent nuclear

medicine physicians (no access to clinical information) was used for image assessment.

Limitations:
e Studies did not have autopsy confirmation of diagnosis (found to be impractical for up to
36 months of follow-up in the majority of patients in early stage of the disease), though
the standard of expert clinical diagnosis, particularly at follow-up after 12 months or
later, is an accepted reference standard for biomarker validation studies.
e Only two of the studies (PDT301 and PDT304) used expert clinical panels to establish
the clinical diagnosis; the others relied on on-site investigator diagnosis (though made

blind to imaging findings, except one clinical utility study PDT408).
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INTRODUCTION

Despite the development of consensus clinical diagnostic criteria,[ 1-5] early and accurate
diagnosis of common neurodegenerative conditions like Parkinson’s disease (PD) and dementia
with Lewy bodies (DLB) continues to present challenges. Delays in diagnosis cause unnecessary
distress and uncertainty for subjects and their families, increase healthcare use through additional
appointments and investigations, and increase the risk that patients will develop preventable
disability.[6] Not surprisingly, the longer a patient is observed and the greater the amount of
accumulated clinical information, such as response to medications and progression of signs and
symptom, the greater the accuracy of the diagnosis.[7] Inaccurate diagnoses may result in
prescription of inappropriate medications, needlessly exposing patients to potentially harmful
side effects, while denying patients treatment of symptoms.[6] Furthermore, diagnostic
discrimination between degenerative and non-degenerative diseases is important because disease
course, therapy, and prognosis differ considerably among patients.[6, 8]

Differential diagnosis of movement disorders may be confounded by presence of inconsistent
parkinsonian features and/or atypical presentation of classic symptoms. Differentiation of
Alzheimer’s disease (AD) from DLB is also difficult, even after multiple evaluations. Consensus
clinical criteria[2-5, 9] without imaging results have good specificity (80%-90%), but sensitivity
is highly variable and can be as low as 30%, with the most common misdiagnosis being AD.[9,
10]

The advent of in vivo visualization of striatal dopamine transporter using the radiopharmaceutical
ioflupane (‘*I) {Iodine-123-fluoropropyl (FP)-carbomethoxy- 3 p-(4-iodophenyltropane) (CIT)
or loflupane 1123 Injection or [123I]Ioﬂupane or ['**I] FP-CIT or DaTSCAN™ or DaTscan™ }

and single-photon emission computed tomography (SPECT) imaging has enhanced clinicians’

6
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ability to differentiate diseases that involve loss of dopaminergic nigrostriatal neurons from those
that do not. Throughout this paper, we will refer to these disorders as striatal dopaminergic
deficit disorders (SDDD), which is the clinico-patho-anatomical term used here as a group term
for the clinical reference diagnoses of Parkinsonian syndrome (PS) and/or DLB, by virtue of
them being recognized as clinical disorders that are known to have striatal dopaminergic deficit.

Toflupane ('*

I) is the only approved imaging agent for this purpose; the European Medicines
Agency (EMA) approved it under the trade name DaTSCAN™ (ioflupane (1231) in 2000,[11] and
the US Food and Drug Administration (FDA) approved it under the trade name DaTscan""
(Ioflupane 1123 Injection) in 2011.[12] It is currently approved in 33 countries. Numerous
clinical trials have been performed to establish the technical feasibility, and diagnostic
effectiveness, sensitivity, and specificity of ioflupane ('*°I).[3, 13-18] However, each trial had
limited numbers of subjects for whom results were available, ranging from 20 to 326.[3, 16] To

better estimate the diagnostic performance of ioflupane (‘>

I), we conducted a pooled analysis of
four clinical studies. These studies were selected as they are the large, pivotal, multi-site efficacy
trials included in the DaTscan clinical development program. They were conducted to GCP
standards in pre-defined populations, and were the ones submitted to support the NDA filing in
the USA (3 of them for EU) for licensing. We did not include single site studies, small early
development trials, or clinical utility studies in uncertain populations, because many of these had
not evaluated DaTscan efficacy performance. Our intent was to use the original database from

the NDA submission for the pooled analysis, and not to perform a meta-analysis of the published

literature, because this has been done.[19, 20]
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METHODS
Participants

The research gquestion was to determine the pooled diagnostic accuracy (sensitivity and

specificity) of the four trials submitted to the US FDA application for ioflupane ( 1231). Four

17] All studies tested the effectiveness of ioflupane ('*’T) {Iodine-123-fluoropropyl (FP)-

carbomethoxy- 3 B-(4-iodophenyltropane) (CIT) or loflupane 1123 Injection or [IZSI]Ioﬂupane or
['*1] FP-CIT or DaTSCAN™ or DaTscan™ , GE Healthcare, Amersham,UK. For the purposes

of this report, ioflupane ('*

I) will be used throughout the paper.} in detecting the loss of
dopaminergic nigrostriatal neurons in subjects with symptoms and signs of movement disorders
and/or dementia. The reference standard was the final clinical diagnosis of a disease that is
known to have or not have a striatal dopaminergic deficit (hereafter called reference clinical
diagnosis).[21] This clinical diagnosis was made blind to imaging results in three of the four
studies (Phase 3 studies DP008-003, PDT301, PDT304 [also elsewhere sometimes known as
PDT03004]). In two of the four studies (PDT301 and PDT304), the final clinical diagnosis was
made by a panel of experts. Table 1 summarizes the attributes of the four studies. Although
Phase 4 study PDT408 was designed to assess the clinical utility of ioflupane (‘*’I) image
assessments as the primary endpoint, sensitivity and specificity were secondary endpoints, and

the image results were included in the pooled analysis. The investigators who participated in

each of the four studies are listed in Table S1 (supplementary table).
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Table 1 Summary of studies included in pooled analysis

Principal Study

DP008-003

PDT304

PDT301

PDT408

Study design

Phase 3

Multicenter, open-label,

non-randomized

Single-dose

Expert clinical diagnosis at

Phase 3

Multicenter, open-label,
non-randomized
Repeat-dose (max. of 3)

Expert clinical diagnosis at

Phase 3

Multicenter, open-label,
non-randomized
Single-dose

Expert clinical diagnosis at

Phase 4

Multicenter, open-label,

non-randomized

Single-dose

Expert clinical diagnosis at

baseline according to 36 months as the RCD 12 months as the RCD 24 months as the RCD
published consensus
criteria as the RCD

Dates study was conducted e Aug 1997 to Feb 1998 e Jan 1999 to Jun 2005 e Dec 2003 to Jun 2006 e Nov 2000 to Nov 2003
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Principal Study

DP008-003

PDT304

PDT301

PDT408

Population

e Healthy volunteers
o Subjects with a clinical
diagnosis of:
o Parkinson’s disease
o Multiple system atrophy
o Progressive
supranuclear palsy, or

o Essential tremor

e Healthy volunteers
o Subjects with the clinical
features of:
o Early Parkinson’s
disease, or
o Tremor (mainly

essential tremor)

e Subjects with dementia
(features of possible DLB
or with features of other

dementia [AD, VaD])

e Subjects with movement
disorders (an uncertain
clinical diagnosis as to PS

or non-PS)

6uAdod Ag parosioid 1senb Ag 20z ‘0z ydre uo /wod g uadolwg//:dny woiy papeojumoq 10z AINC € Uo ZZTS00-7T0Z-uadolwa/9eTT 0T st paysiignd 1s11y :uadO (NG
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Principal Study

DP008-003

PDT304

PDT301

PDT408

Efficacy objectives

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary”

o Impact of ioflupane
(**’T) image assessments
on patient diagnoses,
confidence that patient
had PS, and planned
management

e Secondary

o Sensitivity and

specificity for detecting

or excluding an SDDD

Type of control

No control used

No control used

No control used

No control used

Investigational product

Toflupane (") 111-185 MBq

(3 to 5 mCi) iv, 1 dose

Toflupane (") 111-185 MBq
(3 to 5 mCi) iv, 3 doses 18

months apart

Toflupane (") 111-185 MBq

(3 to 5 mCi) iv, 1 dose

Toflupane (") 111-185 MBq
(3 to 5 mCi) iv, 1 dose (73
subjects) or 2 doses 24

months apart (14 subjects)

No. of study centers

10

40

15

No. of subjects enrolled

250

202

351

125
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Principal Study

DP008-003 PDT304 PDT301 PDT408

Age of ITD population, range | 40, 80 (62.7) 33,79 (60.4) 54,90 (73.9) 25, 84 (64.2)
(mean)
Gender 62% male, 38% female 56% male, 44% female 57% male, 43% female 58% male, 42% female
Race Caucasian 98% Caucasian 100% Caucasian 100% Caucasian 99%

Black 1% Asian 1%

Asian <1%
No. of subjects evaluable for | 220 102 288 118
efficacy
Blinded reads performed Yes Yes Yes No

AD = Alzheimer’s disease; DLB = dementia with Lewy bodies; ITD = intent to diagnose; MBq = megabecquerel; PS = Parkinsonian

syndrome; RCD = reference clinical diagnosis; SDDD = striatal dominergic deficit disorder; VaD = vascular dementia.

? Primary objective was to assess clinical utility of ioflupane ('*’I) images, however, images were used for pooled efficacy analysis.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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All studies were conducted in accordance with the current revision of the Declaration of
Helsinki; the Good Clinical Practice: Consolidated Guideline, approved by the International
Conference on Harmonisation; and applicable national and local laws. Ethics Committees or
Institutional Review Boards approved the protocol and amendments for each study (See
Supplementary Table S2). Subjects or their guardians gave written informed consent after the
aims, methods, anticipated benefits, and potential hazards were explained, and prior to
commencing any study procedures or assessments. The informed consent for each study included
a provision for subsequent analyses, of which this pooled analysis is an example. Study PDT301
is identified in clinicaltrials.gov as NCT00209456. All other trials began enrolling prior to 01
July 2005, the cut-off date for the initiation of the requirement by the International Committee of
Medical Journal Editors for trials to be registered, so are not associated with any public database

identifiers.

Procedures

All studies, including each study’s inclusion and exclusion criteria, have been published;[3, 13-
15, 17] a brief overview of the methods follows. All four studies were open-label, non-
randomized, Phase 3 or 4 clinical trials to determine the sensitivity (positive percent agreement
[PPA]) and specificity (negative percent agreement [NPA]) of ioflupane (***I) SPECT imaging to
detect or exclude an SDDD in subjects with various movement disorders (PS, including PD,
multiple system atrophy [MSA], and progressive supranuclear palsy [PSP]; or essential tremor
[ET]), and/or dementia (DLB, AD, or vascular dementia [VaD]); and healthy volunteers.
Subjects received either a single or repeat (up to three doses total) dose of 111-185 MBq of

123

ioflupane ("~°I). SPECT imaging was performed between three and six hours after injection.

13
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Ioflupane (1) images were read on-site (institutional reads), as well as by three or five
independent blinded readers (blinded image evaluation, BIE) in three of the studies, and
classified as normal (SDDD absent) or abnormal (SDDD present). Abnormal images were
further classified as type 1, 2, or 3.[12] Expert clinical diagnosis using a blinded panel of three
neurologists or dementia specialists established whether the subject had an SDDD (PD, PS, PSP,
MSA, or DLB) or a non-SDDD (ET, AD, or VaD and healthy volunteers). Expert clinical
diagnosis was established at various time points across the four studies: DP008-003 at baseline,
PDT301 at baseline and Month 12, PDT408 at baseline and Month 24, and PDT304 at baseline,
and Months 18 and 36. In PDT408, the final diagnosis was made with access to the ioflupane
('**I) SPECT images.

Each ioflupane (1) image result was compared with the corresponding reference clinical
diagnosis, and classified as a True Positive (TP), True Negative (TN), False Positive (FP), or
False Negative (FN) scan to allow calculation of sensitivity and specificity. Sensitivity was
calculated as nTP / (nTP + nFN), (n = number of subjects). Specificity was calculated as nTN /
(nTN + nFP).

Additional efficacy endpoints included inter-reader agreement between BIE readers, as well as

BIE readers vs. on-site institutional readers (DP008-003, PDT304, and PDT301).

Statistical analysis

All statistical analyses were performed using Statistical Analysis Software (SAS Institute Inc.,

Cary, NC, USA). Demographic data were collected and are presented using descriptive statistics.

Populations analyzed included Enrolled (all subjects who were enrolled in any one of the four

studies), Dosed (all enrolled subjects who received ioflupane ('*1)), Intent to diagnose (ITD; all

14
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dosed subjects who underwent SPECT imaging and underwent the reference clinical diagnosis
assessment for the relevant analysis), and Per protocol (PP; all subjects in the ITD population
with no major protocol violations). Sensitivity and specificity were calculated for the ITD and PP
populations, and are reported with 95% confidence intervals (CI). For the purpose of this report,
we will be using sensitivity and specificity (equivalent to PPA and NPA). Pairwise inter-reader
and BIE vs. on-site reader agreement were analyzed using Cohen’s kappa statistic. Inter-reader

agreement across all BIE readers was analyzed using Fleiss’ kappa statistic.

15
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RESULTS

Subject disposition and characteristics

Subject disposition for each study and for the pooled analysis is shown in Figure 1. Of the 928
subjects enrolled, 849 (91%) were dosed, and 764 (82%) completed their study. The most
common reasons for not completing a study included subject request/withdrew consent (85
subjects, 9%), lost to follow-up (34 subjects, 4%), and protocol violation (14 subjects, 2%).
Eleven subjects (1%) did not complete due to safety concerns, including adverse events.
Medical history data were not collected consistently across studies and could not be pooled for
this analysis.

By-study and pooled subject baseline demographics are shown in Table 2 (ITD population; PP
population in Supplementary Table S3). No meaningful differences were noted in baseline
demographics between the ITD and PP populations. Age was similar in three of the four studies,
with subjects in PDT301 being older—unsurprisingly because this study only included people
with dementia. In all studies, there were more males than females, with a similar ratio across
studies. The majority was Caucasian, with Blacks and/or Asians representing 1% or less in any
single study. Clinical diagnoses represented in each study are tabulated in Tables 2 (ITD
population) and S4 (PP population), and are presented graphically in Figures 2a (ITD population)
and 2b (PP population). Overall, 393 (54%) of subjects in the ITD population were classified as
having SDDD (SDDD present), while 249 (34%) were classified with conditions that did not

have an SDDD (SDDD absent).

16
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Study

©CoO~NOUITA,WNPE

DP008-003 PDT304 PDT301 PDT408 Total

11 (N =220) (N=102) (N =326) (N=78) (N=1726)

13 Age (yr) Mean (SD) 62.7 (8.87) 60.4 (10.91) 73.9 (7.17) 64.2 (11.99) 67.6 (10.60)
15 Min, Max 40, 80 33,79 54,90 25, 84 25,90

18 Median 63.5 61.0 75.0 67.0 69.0

20 Gender Male 136 (62%) 57 (56%) 187 (57%) 41 (53%) 421 (58%)

Female 84 (38%) 45 (44%) 139 (43%) 37 (47%) 305 (42%)

25 Race Caucasian 216 (98%) 102 (100%) 326 (100%) 77 (99%) 721 (99%)
27 Black 3 (1%) 0 (0%) 0 (0%) 0 (0%) 3 (<1%)
30 Asian 1 (<1%) 0 (0%) 0 (0%) 1 (1%) 2 (<1%)

32 Other 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

34 PS (SDDD) 158 (72%) 71 (70%) 0 (0%) 48 (62%) 277 (38%)
37 Possible PS 158 (72%) 5(5%) 0 (0%) 48 (62%) 211 (29%)

39 Probable PS 0 (0%) 66 (65%) 0 (0%) 0 (0%) 66 (9%)

44 17
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Study
DP008-003 PDT304 PDT301 PDT408 Total

(N =220) (N=102) (N =326) (N=78) (N =1726)
DLB (SDDD) 0 (0%) 0 (0%) 116 (36%) 0 (0%) 116 (16%)

Possible DLB 0 (0%) 0 (0%) 27 (8%) 0 (0%) 27 (4%)
Probable DLB 0 (0%) 0 (0%) 89 (27%) 0 (0%) 89 (12%)
Non-PS/Non-DLB (no SDDD) 62 (28%) 31 (30%) 126 (39%) 30 (38%) 249 (34%)

ET 27 (12%) 14 (14%) 0 (0%) 23 (29%) 64 (9%)
AD 0 (0%) 0 (0%) 125 (38%) 0 (0%) 125 (17%)

Other 35 (16%) 17 (17%) 1 (<1%) 7 (9%) 60 (8%)
SDDD Present” 158 (72%) 71 (70%) 116 (36%) 48 (62%) 393 (54%)
SDDD Absent 62 (28%) 31 (30%) 126 (39%) 30 (38%) 249 (34%)

*Includes Possible and Probable PS and Possible and Probable DLB diagnoses.
AD = Alzheimer’s disease; BMI = Body mass index; DLB = Dementia with Lewy bodies; ET = Essential tremor; ITD = Intent to
diagnose; N = number of subjects in the study; PS = Parkinsonian syndrome SD = standard deviation; SDDD = striatal dopaminergic

deficit disorder.
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Sensitivity (PPA) and specificity (NPA)

Sensitivity and specificity for ioflupane (**’1) to detect SDDD (abnormal scan) or non-SDDD
(normal scan) using the mean of BIE reads is displayed in Figure 3. Supplementary Tables S4
and S5 (ITD and PP populations, respectively) show the means and 95% CI for the individual
reads for Parkinsonian syndromes, dementia with Lewy bodies, and total. Figure 3a shows high
sensitivity and specificity in the ITD population for both movement disorders (PS) and the total
pooled analysis, with a slightly lower sensitivity value (78.5%) when assessing subjects with
dementia. Sensitivity and specificity did not change substantially when reference clinical
diagnoses were made for DLB at Month 12. Sensitivity decreased when reference clinical
diagnoses were made for PS at Months 18 and 36 (78.9% and 76.6%), but specificity values
increased slightly, exceeding 95% at each time point. Overall, the sensitivity of BIE reads of

. 123
ioflupane (

I) SPECT images in the ITD population for PS and dementia at all diagnosis time
points ranged from 76.6% to 91.1%, and specificity ranged from 90.1% to 96.7%; PP population
results (Figs 3¢ and 3d) were very similar. Figures 4a-4d display the same analyses using the on-
site read results. Overall, sensitivity in the ITD population (Fig 4a and 4b) ranged from 81.4% to
89.9%, and tended to be higher for on-site reads compared with the BIE reads. Specificity ranged
from 81.6% to 90.3%, and tended to be lower compared with BIE reads. No meaningful
differences were noted in the values when analyzing the PP population (Fig 4c and 4d). Tables 3

and 4 (ITD and PP populations, respectively) summarize the sensitivity and specificity by expert

clinical diagnosis for on-site, institutional reads.
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Table 3. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-site institutional reads — ITD

population (N = 726)

Response

Expert Clinical Diagnosis

Parkinsonian Syndrome

(PS; SDDD)

Dementia with Lewy Bodies

(DLB; SDDD)

Total

Sensitivity

Specificity

Sensitivity

Specificity

Sensitivity

Specificity

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

Pooled Studies®

93.1% (89.5 to 95.8)

91.1% (84.6 to 95.5)

88.3% (80.0 to 94.0)

77.4% (69.7 to 83.9)

91.9% (88.7 to 94.5)

83.6% (78.7 to 87.9)

Study PDT301 — Month 12

89.9% (81.7 to 95.3)

81.6% (73.7 to 88.0)

Study PDT304 — Month 18

81.4% (70.3 to 89.7)

90.3% (74.2 to 98.0)

Study PDT304 — Month 36

83.8% (72.9 t0 91.6)

86.2% (68.3 0 96.1)

Mean Results®

89.6% (86.3 to 92.4)

90.2% (84.9 to 94.1)

89.9% (81.7 to 95.3)

81.6% (73.7 to 88.0)

89.7% (86.7 t0 92.2)

86.7% (82.4 t0 90.3)

CI = Confidence interval; ITD = Intent to diagnose; NPA = Negative percent agreement; PPA = Positive percent agreement; SDDD =

Striatal dopaminergic deficit disorder.

“ Pooled studies include on-site ioflupane (**°I) reads for DP008-003, PDT304, (at baseline), PDT301 (baseline reference clinical

diagnosis), and PDT408.

® Summary results calculated across all studies and time points. For PDT301, the Month 12 reference clinical diagnosis was used.

Sensitivity/Specificity for DLB is calculated based on Probable DLB vs. Non-DLB.
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Table 4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-site institutional reads — PP

population (N = 622)

Expert Clinical Diagnosis

Response

Parkinsonian Syndrome Dementia with Lewy Bodies Total
(PS; SDDD) (DLB; SDDD)
Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

Pooled Studies®

91.8% (87.5 t0 95.0)

90.3% (82.9 to 95.2)

87.5% (78.7 t0 93.6)

77.1% (69.3 to 83.7)

90.6% (36.8 to 93.6)

82.6% (77.3 to 87.1)

Study PDT301 — Month 12

89.4% (80.8 o 95.0)

81.3% (73.3 to 87.8)

Study PDT304 — Month 18

80.9% (69.5 to 89.4)

90.3% (74.2 to 98.0)

Study PDT304 — Month 36

83.3% (72.1 to 91.4)

86.2% (68.3 0 96.1)

Mean Results®

88.2% (84.5 t0 91.3)

89.6% (83.8 t0 93.8)

89.4% (80.8 t0 95.0)

81.3% (73.3 to 87.8)

88.4% (85.1 t0 91.2)

86.0% (81.4 to 89.8)

CI = Confidence interval; NPA = Negative percent agreement; PP = Per Protocol; PPA = Positive percent agreement; SDDD = Striatal

dopaminergic deficit disorder.

“ Pooled studies include on-site ['**IJFP-CIT reads for DP008-003, PDT304, (at baseline), PDT301 (baseline reference clinical

diagnosis), and PDT408.

® Summary results calculated across all studies and time points. For PDT301, the Month 12 reference clinical diagnosis was used.

Sensitivity/Specificity for DLB is calculated based on Probable DLB vs. Non-DLB.
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Inter-reader agreement

Three of the studies had BIE readers, and Study PDT304 had three sets of images to be read.
Overall, the agreement between the BIE reader pairs was good, and ranged from 0.81 (95% CI
0.73 t0 0.90) to 1.00 (1.00 to 1.00). The Fleiss’ kappa for all BIE readers in a study ranged from
0.88 (0.84 t0 0.92) to 0.99 (0.87 to 1.10). Agreement between the BIE readers and the on-site
read was similar for two of the studies, and ranged from 0.82 (0.73 to 0.90) to 0.94 (0.87 to
1.01); for Study PDT301, the agreement for this comparison was not as good, with kappa
ranging from 0.60 (0.51 to 0.69) to 0.68 (0.60 to 0.76). Inter-reader agreement for the PP

population was comparable to that determined for the ITD population (data not shown).
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DISCUSSION

In conducting the study, our goal was to evaluate the diagnostic accuracy of ioflupane ( 1231)

SPECT imaging using a large body of evidence. Our options were to perform a pooled analysis

of data or a meta-analysis. We searched PubMed on October 4, 2013 using the terms (*FP-CIT

or *loflupane[Title]) AND (Lewy or dementia or parkinson* or essential tremor|[ Title]) AND

(diagnos* or accura*[Title]) and applied the filter “Human.” The search retrieved 181 articles.

After reviews, case reports, and commentaries were removed, 138 remained. Of these, 28 were

clinical studies that evaluated the diagnostic accuracy of ioflupane ( 1231),[3, 13-17, 22-44] with

the number of subjects ranging from 16[38] to 326.[14] We selected four of these, which were

the studies that were submitted to FDA to support the US NDA. These studies were the large,

pivotal, multi-site efficacy trials conducted to GCP standards in pre-defined populations. We

excluded single site studies, small early development trials, or clinical utility studies in uncertain

populations, because many of these had not evaluated DaTscan sensitivity and specificity. We

opted to perform a pooled analysis rather than a meta-analysis, because this had already been

done.[19. 20] The first was performed in 2012 and summarized four studies with a total of 419

subjects with DLB. One of the studies included in this meta-analysis is the PDT301 study (with

the baseline clinical evaluation) [3] included in our pooled analysis. This meta-analysis also

showed high diagnostic accuracy, with sensitivity of 86.5% and specificity of 93.6%. The second

was performed in 2007 and summarized 32 studies in subjects with parkinsonian syndromes, one

of which was DP008-003.[13] The authors concluded that ioflupane (**’I) SPECT imaging was

relatively accurate in differentiating early PD from normalcy, PD from ET, and PD from

vascular parkinsonism.
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The current pooled analysis provides the largest dataset of clinical evidence (N = 726 in the ITD

123

population) to date showing that ioflupane ("“°1) SPECT imaging has high sensitivity and

specificity for detecting the presence or absence of a striatal dopaminergic deficit in I'TD and PP

population of patients with movement disorders and/or dementia. Another strength of this study

1s that we pooled well-designed, prospective studies with 12-36 months of clinical follow-up

after ioflupane ( 1231) imaging in which blinded image evaluation by 3-5 independent nuclear

medicine physicians (no access to clinical information) was used for image assessment. Overall,

sensitivity for detecting the presence or absence of an SDDD ranged from 75:0% to 96:5%. and

specificity ranged from 83-0% to 100-0%. Inter-reader agreement was high, with kappa for

blinded reader pairs ranging from 0-81 to 1-00, indicating that diagnostic accuracy is not

dependent upon individual expert performance.
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When BIE reads were compared with on-site reads, specificity was higher for the BIE reads,
whereas sensitivity was higher for the on-site reads. BIE vs. on-site reader agreement was lower
in the PDT301 study. This study focused on subjects with dementia, whereas the other studies
focused primarily on subjects with movement disorders. Clinical diagnosis of DLB tends to be
less accurate than PS.[10, 13, 15, 4522] On-site readers had access to patient clinical
information, whereas BIE readers did not. This likely contributed to the observed increase in
sensitivity and decrease in specificity when images were read by the on-site readers compared
with BIE readers, resulting in lower agreement between the two reader groups in this study.

A limitation of this study is that the four studies in the pooled analysis used expert clinical
diagnosis as a reference standard for the presence or absence of an SDDD. Two of the studies
(PDT301 and PDT304) used expert panels to establish the clinical diagnosis. In DP008-003,
enrolled subjects had established diagnoses, so an expert panel was not considered necessary. In
PDT408, the final diagnosis was made with access to the ioflupane ('**I) SPECT images, which
was required to assess the test clinical utility. The truth standard for diagnosing movement
disorders and dementia is neuropathological confirmation of brain tissue at autopsy. However,
with a slowly progressive, mostly benign course of these disorders, these patients are unlikely to
die during the course of relatively short clinical trial duration and be subjects for autopsy
assessment. Previous post-mortem studies demonstrated a good correlation between ioflupane
('*I) SPECT imaging with neuropathological findings.[16, 21] In a study by Walker, when
validation was by autopsy diagnosis, sensitivity and specificity of initial clinical diagnoses in
DLB was 75% and 42%, respectively, whereas sensitivity and specificity of ioflupane ("*1)
imaging was higher, with values of 88% and 83%, respectively (88% and 100% for semi

quantitative analysis of scans).[16] Therefore, the use of clinical diagnosis as the non-perfect
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reference standard rather than neuropathological confirmation at autopsy may have contributed
to the sensitivity and specificity values obtained in this pooled analysis. Another limitation of the
study is that Study PDT408 was not designed specifically to assess the sensitivity and specificity

of ioflupane (***

I) SPECT imaging for detecting or excluding an SDDD. However, they were
secondary endpoints, and expert clinical diagnosis and ioflupane (1) images were available on
these subjects, so it was deemed appropriate to include this study in the pooled analysis. Of note,
the sensitivity and specificity values for this study fell within the range for the other three studies
in which clinical diagnoses were made blinded to ioflupane (‘*’I) images, and exclusion of this
study would not have altered the main findings reported here.

Substantial clinical need has been established for an adjunct to existing diagnostic tools for
differentiating PD from ET, and DLB from AD. Examiner expertise affects diagnostic accuracy,
with sub-specialists having the highest accuracy, followed by general neurologists; primary care
physicians tend to have the lowest.[4623] In a general practice setting (N=202), 15% of patients
who had been diagnosed with parkinsonism, had tremor with onset after the age of 50, or who
had ever received parkinsonism drugs had their diagnosis unequivocally rejected when strict
clinical diagnostic criteria were applied and they completed a detailed neurological
interview.[24] On the other hand, 13 patients (19%) not previously diagnosed with Parkinson’s
disease (PD) received this diagnosis following use of strict clinical diagnostic criteria.[4724] In
another general practice setting in Scotland (N=610), 5% of patients taking antiparkinson therapy
for a diagnosis of PD had their medication successfully withdrawn following evaluation by two
movement disorder specialists; ioflupane (‘**I) scanning was performed if there was
uncertainty.[4825] General neurologists changed the diagnosis in 75% and movement disorder

specialists in 47% of clinically uncertain Parkinsonian Syndrome (PS) cases after ioflupane (1)
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imaging results became available.[6, 4926] These studies highlight the frequency of PD or PS
misdiagnosis, and illustrate how using ioflupane ('*’I) scanning can result in corrections to
treatment. Early diagnosis is confounded by the fact that these diseases are progressive, and it
may take time for the signs and symptoms to worsen until they clearly point to one disease.[7]
The choice of consensus criteria also affects the sensitivity and specificity of the clinical
diagnosis.[5027, 5128] All these factors contribute to clinical diagnosis failing to align with
autopsy findings up to 25% of the time.[5027] Ioflupane (‘**T) SPECT imaging does not
diagnose disease. Rather, it is used to determine the presence or absence of a striatal
dopaminergic deficit. The performance of ioflupane ('*’I) reported here may have been lower
than expected, particularly in DLB patients, because we were comparing it to clinical diagnosis
based on consensus criteria, known to be imprecise.

Regulatory approval of ioflupane (**’I) in Europe and the US has facilitated meeting the clinical
need to improve the accuracy of clinical diagnosis. Adoption and utilization of this new
technology is expanding, and several professional societies and organizations are supporting
ioflupane ("*1) imaging as a useful and validated diagnostic tool. These include mention in the
2013 EFNS/MDS-ES/ENS guideline (Category A),[5229] The Society of Nuclear
Medicine,[5336] the UK’s National Institute for Health and Clinical Excellence (NICE) 2006
guidance,[543+] the Scottish Intercollegiate Guidelines Network (SIGN),[5532] and the EFNS-
ENS Guidelines.[4] The Parkinson Progression Marker Initiative (PPMI) is adding ioflupane
("*1) imaging to be included in study inclusion criteria, as well as during a 5-year study of PD
biomarker progression.[5633]

Research is needed to more fully elucidate future applications of ioflupane (‘**T) SPECT

imaging. While not currently licensed for this application, discussions have recently focused on
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the possibility of whether quantitative analysis of ioflupane (***

I) binding might further increase
the sensitivity and specificity of SDDD detection and enable differentiation of other PS, such as
PSP, MSA, or vascular parkinsonism from PD.[18, 5734, 5835] Additional studies that compare
ioflupane (‘*’I) imaging results with post mortem neuropathology rather than expert clinical
diagnosis may document better the accuracy of estimates of sensitivity and specificity. Our use
of expert clinical diagnosis as the standard of truth, whilst validated, was not as perfect as
autopsy. In addition, not all DLB patients have nigrostriatal degeneration and a small percentage
of these patients may have primarily cortical degeneration.[5936] Finally, ioflupane (1)
imaging may be helpful in identifying dopaminergic nigrostriatal degeneration in the prodromal

stages, such as rapid-eye-movement sleep behavior disorder of alpha-synucleinopathies (PD,

MSA, DLB) and tauopathies (PSP, corticobasal degeneration).[6037,6138]
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Figure Legends

Figure 1. Subject disposition

Figure 2. Summary of clinical diagnosis (per Reference Clinical Standard) by study
Fig 2a. — ITD population

Fig 2b. — PP population

Figure 3. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis —
Mean of Blind Reads

3a. ITD population — Summary results calculated across all studies and readers at baseline. DLB
is calculated based on Probable DLB vs. non-DLB. Total is calculated based on SDDD present
vs. SDDD absent.

3b. ITD population — DLB at Month 12 calculated for all readers in study PDT301. PS at Month
18 and 36 calculated for all readers in study PDT304.

3c. PP population — Summary results calculated across all studies and readers at baseline. DLB is
calculated based on Probably DLB vs. non-DLB. Total is calculated based on SDDD present vs.
SDDD absent

3d. PP population — DLB at Month 12 calculated for all readers in study PDT301. PS at Month

18 and 36 calculated for all readers in study PDT304.

Figure 4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-

site Institutional Reads
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4a. ITD population — Summary results calculated across all studies and time points. For PDT301,
Month 12 reference clinical diagnosis was used in this analysis. DLB is calculated based on
Probable DLB vs. non-DLB. Total is calculated based on SDDD present vs. SDDD absent.

4b. ITD population — DLB at Month 12 calculated for on-site readers in study PDT301. PS at
Month 18 and 36 calculated for on-site readers in study PDT304.

4c. PP population — Summary results calculated across all studies and time points. For PDT301,
Month 12 reference clinical diagnosis was used in this analysis. DLB is calculated based on
Probable DLB vs. non-DLB. Total is calculated based on SDDD present vs. SDDD absent.

4d. PP population — DLB at Month 12 calculated for on-site readers in study PDT301. PS at

Month 18 and 36 calculated for on-site readers in study PDT304.
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Committee Name City Country Chaileman
Medical Research Ethics Committee, The Phillips University Clinic | Marburg Germany Dr. PSHeubel
The Faculty of Medicine Ethics Committee, Ludwig Maximilian Munich Germany Prof..Dr. med. Dent.
University of Munich W Geérnet
Southern General Hospital Medical Ethics Committee Glasgow UK Rev. ® Keddie
Medical Ethics Committee, Academic Medical Center, Amsterdam | Amsterdam | The Prof.g_ Arisz
University Netherlands g
Joint UCL/UCLH Committees on the Ethics of Human Research London UK Prof.ZA McLean
Ethics Review Committee, University Hospital Ghent Belgium Prof.i&)r. M Bogaert
PDT301 5
Committee Name City Country ChaiZman
Ethikkommission des Landes Obergsterreich Linz Austria UnivéﬁProf. Prim Dr.
Fishes
Ethik-Kommission der Medizinischen Fakultét der Universitat Wien | Wien Austria Univ_EProf. Dr.E
und des Allgemeinen Krnkenhauses der Stadt Wien AKH Singéf
Comité consultative pour la protection des personnes dans la Bordeaux France Prof.gMC Saux
recherché biomédicale Bordeaux B 2
Ethik-Kommission an der Medizinischen Fakultat der Universitat Leipzig Germany Prof.?r. med. R
Leipzig Preil®
Ethikkommission, Campus Charité Mitte Berlin Germany Prof.Dr. med. R
Uebethack
Ethik-Kommission der Ruhr- Universitat Bochum, Medizinischen Bochum Germany Prof.§)r. Zenz
Fakultat g
Ethik-Kommission der Georg-August-Ruhr-Universitat Gottingen Gottingen Germany Prof.fCIDDr. med. E
Ruther
Ethik-Kommission der Arztekammer Hamburg Hamburg Germany Prof.Dr. med. Th.
Webér
Medizinischen Hochschule Hannover, Ethikkommission Hannover Germany Prof.Dr. HD Troger
Landesarztekammer Rheinland-Pfalz, Ethikkommission Mainz Germany Prof Dr. Rittner
e
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2 Committee Name City Country Chaifman
5 Kommission fur Ethik in der arztlichen Forschung. Bereich Marburg Germany Prof.@r. Med. G
6 Humanmedizin, Klinikum der Philipps- Universitat Marburg Rich@r
7 Regione Veneto, Aziendo Ospedaliera di Padova, Comitato Etico Padova Italy Dr. RBPegoraro
8 per la Sperimentazione ©
20 Azienda Ospedaliera Pisana, Comitato etico per la studio del Pisa Italy Prof%e Barsotti
11 farmaco sull’ uomo =
12 Regional komité for medisinsk forskninsetikk, Vest-Norge (REK Bergen Norway A Be‘gstad
13 Vest), Universitetet i Bergen, det medisinske fakultet g
ig Comité Etico de Investigacao Clinica Porto Portugal 5
16 Karolinska Institutet, Forskningsettikkommitté Syd Stockholm Sweden Prof.§-| Glaumann
17 Regionala etikprovningsnamnden i Stockholm Stockholm Sweden Prof.2£ E Rutquist
18 Clinic Barcelona, Hospital Universitari, Comite étic investigacio Barcelona Spain s
19 clinica g
32 Comité Etico de Investigacion Clinica, Hospital Universitario de Madrid Spain §
22 Getafe )
23 Comité etico de investigacion clinica Hospital “La Fe” Valencia Valencia Spain 3
24 Northern and Yorkshire Multi-Centre Ethics Committee, Durham Durham UK J KeHy/S Brunton-
25 University Shiels
g? Gateshead Local research Ethics Committee Sunderland | UK Dr. BG Raw
28 Northumberland, Tyne and Wear NHS Strategic Health Authority Newcastle UK Dr. J%.othian, PD
29 Local Research Ethics Committees, Newcastle General Hospital upon Tyne Carrg
30 Southampton & South West Hampshire Local Research Ethics Southampton | UK C Wright
31 Committee >
gé Ethikkommission der Medizinischen Fakultat der Ludwig- Minchen Germany Prof.§)r. G
34 Maximilans-Universitat, LMU, Klinikum Gro3hadern Paunggartner
35 Ethikkommission der Fakultét fir Medizin der Technischen Minchen Germany ProfDr. A Schomig
36 Universitat Minchen &
g; Aligemeines 6ffentliches Krankenhaus der Stadt Linz, Kommission | Linz Austria Primdr Dr. H Stekel
39 zur Beurteilung klinischer Prifungen von Arzneimitteln, g
40 Ethikkommission &
41 Ospedali Civili Brescia, Aziendo Ospedaliera, Comitato Etico Brescia Italy Prof ¥ De Ferrari
42 g
43 E
44 Es
45
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Committee Name City Country ChaiFman
Fakultni nemocnice v Motole, Etickakomise Prague Czech MUDBX. V Smelhaus

Republic R

Brighton and Sussex Local Research Ethics Committee Brighton UK Dr. PSSeddon
East Sussex Local Research Ethics Committee Brighton UK Dr. JRademaker
South Manchester Local Research Ethics Committee Manchester | UK Dr. & Pettit
Central Manchester Research Ethics Committee Manchester | UK Dr. [(EMandal
NHS Tayside Board, Tayside Committee on Medical Research Dundee UK NF B@own
Ethics, Ninewells Hospital & Medical School 2
Fazio-Fondazione San Raffaele Del Monte Tabor Milano, Comitato | Milano Italy Prof.§ Miller
Etico Dell’istituto Nazionale Neurologico Besta di Milano §
IRCCS - Fondazione San Raffaele Del Monte Tabor di Milano Milano Italy Prof.%£5 Zoppei
Comité ético de investigacion clinica, Servicio Andaluz de Salud, Sevilla Spain s
Consejeria de Salud, Hospitales Universitarios Virgen de Rocio de g
Sevilla S
Ethikkommission der stadt Wien Wien Austria Dr. KESerban
North Sheffield Local Research Ethics Committee, Northern General | Sheffield UK Dr. GPM Clark
Hospital g
Glasgow West Local Research Ethics Committee Glasgow UK Dr. JHunter
NHS Greater Glasgow Primary Care Division Local Research Ethics | Glasgow UK Dr. P§Fleming
Committee, Gartnavel Royal Hospital >
Frenchay Research Ethics Committee, North Bristol NHS Trust Bristol UK Drs. (afaKendaII and M
Headquarters Sher
Arztekammer Berlin, Ethik-Kommission Berlin Germany C Bigndo
Ethikkommission des Landes Bremen, Institut fiir Klinische Bremen Germany Dr. I@Boomgaarden-
Pharmaakologie, Klinikum Bremen-Mitte Branges
Ethikkommission der Fakultat fir Medizin der Technischen Minchen Germany Prof.“raDDr. A Schomig
Universitat Minchen 2

3
PDT304 2
Committee Name City Country CBairman
Ethics Committee of the Southern General Hospital NHS Trust, Glasgow UK Re:‘\-I. D Keddie
Glasgow S

§
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5 Kommission fur Ethik in der Arztlichen Forschung, Klinikum der Marburg Germany Prgf. Dr. med. G
6 Philipps-Universitat Marburg Riéhter
7 New Cross Hospital Local Research Ethics Committee Wolverhampton | UK D3Little
8 Southampton and South West Hampshire Joint Local Southampton UK DE. A Kermode
20 Joint Ethics Committee Newcastle and North Tyneside Health Newcastle UK Plﬁf. PA Heasman
11 Authority =
12 Comite Etico de Investigacion Clinica Hospital Clinic | Provincial Barcelona Spain Praf. J Rodes
ﬁ Comite Etico de Investigacion Clinica del Hospital de la Santa Creu | Barcelona Spain FE;Carrenca
| Sant Pau ]
ig Comité d’ ethique hospitalier, Cliniques Universitaires de Mont- Yvoir Belgium DE%P Evrard
17 Godinne =
18 Hospitais da Universidade de Coimbra Coimbra Portugal DB JA Branquinho de
19 Ca&valho
32 Ethikkommission der Medizinischen Faultat der Universitat Innsbruck Austria Usiv. Prof. Dr. P
22 Innsbruck Likas
23 g
24 PDT408 g
25 Committee Name City Country Chaigman
g? Hospital Ethical Committee, University Hospital UCL Mont- Yvoir Belgium Dr. P§Evrard
28 Godinne >
29 Commission for Ethics, AZ St.-Jan AV Brugge Belgium Dr. J§/an
30 Droogenbroeck
31 Comite Consultatif de Protection des Personnes Dans La Recherche | Lille France ProfPY Hatron
gg Biomedicale de Lille, Hopital Huriez S
34 Ethik-Kommission der Arztekammer Hamburg Korperschaft des Hamburg Germany Prof.®r. Med. K
35 offentlichen Rechts Helde
36 Ethikkomission des Klinikums der Universitat Regensberg Regensberg | Germany Prof.r. R
37 Andr&esen
gg Vorsitzenden der Ethikkommission Bei der Arztekammer des Saarbriicken | Germany Dr. %Ertz
40 Saarlandes &
41 Spett. Le Comitato Etico Milano Italy Prof <A Randazzo
jé Comitato Etico Per La Sperimentazione Clinica Del Farmaci Firenze Italy Prof.;j_ Zilletti
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Ministério Da Saude Hospitais Da Universidade De Coimbra Coimbra Portugal Prof.3@r. JM Pedroso
Limas
Comité Etico De Investigacion Clinica Hospital Clinic | Provincial Barcelona Spain Prof.9MA Asenjo
Sebastian
Comité Etico De Investigacion Clinica Del Hospital De La Santa Barcelona Spain FJ C%’rencé
Creu | Sant Pau =
>
King’s College Hospital London UK Prof. ER Howard
Southampton and South West Hampshire Local Research Ethics Southampton | UK Dr. A§Kermode
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g
1 ®
: 3
2 Table S3. Demographic characteristics and clinical diagnosis (per Reference Clinical Diagnosis) by study — t|§P population (N = 622)
5 Study
6 DP008-003 PDT304 PDT301 PDT4§8 Total
7 (N = 157) (N = 100) (N = 288) (N=7B (N = 622)
8 Age (yr) Mean (SD) 63.1 (8.51) 60.5 (10.97) 74.2 (7.02) 64.1 (12%95) 67.9 (10.61)
20 Min, Max 40, 80 33,79 54, 90 25, 8% 25, 90
11 Median 64.0 61.5 75.0 67.02 69.0
12 Gender Male 99 (63%) 57 (57%) 160 (56%) 40 (53%) 356 (57%)
13 Female 58 (37%) 43 (43%) 128 (44%) 37 (B%) 266 (43%)
14 Race Caucasian 153 (97%) 100 (100%) 288 (100%) 76 (B%) 617 (99%)
I Black 3 (2%) 0 (0%) 0 (0%) 0 (B0) 3 (<1%)
17 Asian 1 (1%) 0 (0%) 0 (0%) 1 (1%) 2 (<1%)
18 Other 0 (0%) 0 (0%) 0 (0%) 0 (CB6) 0 (0%)
19 PS (SDDD) 115 (73%) 69 (69%) 0 (0%) 47 (6%) 231 (37%)
20 Possible PS 115 (73%) 5 (5%) 0 (0%) 47 (62%0) 167 (27%)
g; Probable PS 0 (0%) 64 (64%) 0 (0%) 0 (0%) 64 (10%)
3 DLB (SDDD) 0 (0%) 0 (0%) 110 (38%) 0 (0%) 110 (18%)
24 Possible DLB 0 (0%) 0 (0%) 25 (9%) 0 (0%) 25 (4%)
25 Probable DLB 0 (0%) 0 (0%) 85 (30%) 0 (0%) 85 (14%)
26 Non-PS/Non-DLB (no SDDD) 42 (27%) 31 (31%) 123 (43%) 30 (38%) 226 (36%)
gg ET 16 (10%) 14 (14%) 0 (0%) 23 (36%) 53 (9%)
29 AD 0 (0%) 0 (0%) 122 (42%) 0 (0%) 122 (20%)
30 Other 26 (17%) 17 (17%) 1 (<1%) 7 (9%) 51 (8%)
31 SDDD Present? 115 (73%) 69 (69%) 110 (38%) 47 (65%) 341 (55%)
32 SDDD Absent 42 (27%) 31 (31%) 123 (43%) 30 (3@/0) 226 (36%)
gi 4ncludes Possible and Probable PS and Possible and Probable DLB diagnoses.
35 AD = Alzheimer’s disease; DLB = Dementia with Lewy bodies; ET = Essential tremor; N = number of subjeﬁts in the study; PP = Per
36 protocol; PS = Parkinsonian syndrome; SD = standard deviation; SDDD = striatal dopaminergic deficit dlsorﬂer
37 o
38 S
39 &
40 5
41 <
42 3
43 3
44 =
45
46 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Table S4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — Means of mdmdual blind reads — ITD

population (N = 726) g
Expert Clinical Diagnosis o
Parkinsonian Syndrome Dementia with Lewy Bodies § Total
Response (PS; SDDD) (DLB; SDDD) w
Sensitivity Specificity Sensitivity Specificity Sénsitivity Specificity
(%, 95% CI) (%, 95% CI) (%, 95% CI) (%, 95% CI) (%-95% CI) (%, 95% CI)
Mean Results Across all 91.1% (89.2 t0 92.8) | 92.3% (89.3t0 94.7) | 78.5% (72.7 to 83.5) | 90.1% (86.8 t0 92.8) | 88.7%%86.8 t0 90.4) | 91.2% (89.0 to 93.0)
Readers? — Baseline =
Mean Results Across all 78.5% (72.7 to 83.5) | 92.8% (89.6 t0 95.2) g
Readers® — Month 12 3
Mean Results Across all 78.9% (72.8 10 84.2) | 95.7% (89.2 to 98.8) §
Readers® — Month 18 ]
Mean Results Across all 76.6% (70.1t0 82.3) | 96.7% (90.6 to 99.3) =
Readers® — Month 36 %
CI = Confidence interval; ITD = Intent to diagnose; NPA = Negative percent agreement; PPA = Positive per@nt agreement; SDDD =

Striatal dopaminergic deficit disorder.
aSummary results calculated across all studies and readers at baseline.
b Summary results calculated across all readers for study PDT301.
¢ Summary results calculated across all readers for study PDT304.

Sensitivity/specificity for DLB is calculated based on Probable DLB vs. Non-DLB, and Total is calculated b

SDDD absent.
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Table S5. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — Means of mdmdual blind reads — PP

population (N = 622) g
Expert Clinical Diagnosis o
Parkinsonian Syndrome Dementia with Lewy Bodies § Total
Response (PS; SDDD) (DLB; SDDD) w
Sensitivity Specificity Sensitivity Specificity Seigitivity Specificity
(%, 95% CI) (%, 95% CI) (%, 95% CI) (%, 95% CI) (%,85% CI) (%, 95% CI)

Mean Results Across all | 90.0% (87.6 t0 92.0) | 93.7% (90.4 to 96.2) | 78.5% (72.7 to 83.5) | 90.3% (87.0 to 93.0) | 87.3% (85.1 to 89.3) | 91.7% (89.5 t0 93.7)
Readers? — Baseline =
Mean Results Across all 78.3% (72.5 t0 83.4) | 93.0% (89.8 to 95.4) g
Readers® — Month 12 3
Mean Results Across all | 78.3% (72.0 to 83.7) | 95.7% (89.2 to 98.8) §
Readers® — Month 18 ]
Mean Results Across all | 75.9% (69.3 to 81.7) | 96.7% (90.6 to 99.3) =
Readers® — Month 36 %

CI = Confidence interval; NPA = Negative percent agreement; PP = Per Protocol; PPA = Positive percent aggement SDDD = Striatal
dopaminergic deficit disorder.
aSummary results calculated across all studies and readers at baseline.
b Summary results calculated across all readers for study PDT301.
¢ Summary results calculated across all readers for study PDT304.

Sensitivity/specificity for DLB is calculated based on Probable DLB vs. Non-DLB, and Total is calculated b

SDDD absent.
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STARD checklist for reporting of studies of diagnhostic accuracy

(version January 2003)

Page 114 of 115

Section and Topic Item On page #
#
TITLE/ABSTRACT/ 1 Identify the article as a study of diagnostic accuracy (recommend MeSH 1-4
KEYWORDS heading 'sensitivity and specificity').
INTRODUCTION 2 State the research questions or study aims, such as estimating diagnostic 7
accuracy or comparing accuracy between tests or across participant
groups.
METHODS
Participants 3 The study population: The inclusion and exclusion criteria, setting and 8-12, Table
locations where data were collected. 1°
4 Participant recruitment: Was recruitment based on presenting symptoms, 8-12°
results from previous tests, or the fact that the participants had received
the index tests or the reference standard?
5 Participant sampling: Was the study population a consecutive series of 8-13°
participants defined by the selection criteria in item 3 and 47 If not,
specify how participants were further selected.
6 Data collection: Was data collection planned before the index test and 8-13°
reference standard were performed (prospective study) or after
(retrospective study)?
Test methods 7 The reference standard and its rationale. 12-13, 24-
25
8 Technical specifications of material and methods involved including how 12-13
and when measurements were taken, and/or cite references for index
tests and reference standard.
9 Definition of and rationale for the units, cut-offs and/or categories of the 12-13
results of the index tests and the reference standard.
10 The number, training and expertise of the persons executing and reading 8-13°
the index tests and the reference standard.
11 Whether or not the readers of the index tests and reference standard 12-13
were blind (masked) to the results of the other test and describe any
other clinical information available to the readers.
Statistical methods 12 Methods for calculating or comparing measures of diagnostic accuracy, 13-14
and the statistical methods used to quantify uncertainty (e.g. 95%
confidence intervals).
13 Methods for calculating test reproducibility, if done. 14
RESULTS
Participants 14 When study was performed, including beginning and end dates of 72
recruitment.
15 Clinical and demographic characteristics of the study population (at least |Tables 1, 2,
information on age, gender, spectrum of presenting symptoms). & S3
16 The number of participants satisfying the criteria for inclusion who did or Figure 1
did not undergo the index tests and/or the reference standard; describe
why participants failed to undergo either test (a flow diagram is strongly
recommended).
Test results 17 Time-interval between the index tests and the reference standard, and 13
any treatment administered in between.
18 Distribution of severity of disease (define criteria) in those with the target Figure 2
condition; other diagnoses in participants without the target condition.
19 A cross tabulation of the results of the index tests (including N/A?
indeterminate and missing results) by the results of the reference
standard; for continuous results, the distribution of the test results by the
results of the reference standard.
20 Any adverse events from performing the index tests or the reference N/AP
standard.
Estimates 21 Estimates of diagnostic accuracy and measures of statistical uncertainty Figs 3 & 4,
(e.g. 95% confidence intervals). Tables 3, 4,
S4, & S5
22 How indeterminate results, missing data and outliers of the index tests N/A?
were handled.
23 Estimates of variability of diagnostic accuracy between subgroups of 23, Tables
participants, readers or centers, if done. 3,4,54, &
S5
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24

Estimates of test reproducibility, if done.

23

DISCUSSION

25

Discuss the clinical applicability of the study findings.

24-27

@ Since this was a pooled analysis of 4 clinical trials and each of these individual studies have been previously

published, some of these details are not included in this paper with the references provided. The individual primary
publications of the 4 studies were referred to to obtain these details.

® Safety data were not a focus of the current report and will be published in a separate report.
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Abstract

Objectives: To pool clinical trials of similar design to assess overall sensitivity and specificity of

Toflupane I 123 Injection (DaTSCAN™ or ioflupane ('*’D)) to detect or exclude a striatal
dopaminergic deficit disorder (SDDD), such as Parkinsonian syndrome and dementia with Lewy
bodies.

Design: Pooled analysis of three Phase 3 and one Phase 4 clinical trial. These four trials were
selected because they were the four studies used for the US new drug application to the FDA.
Setting: Multi-center, open-label, non-randomized.

Participants: Patients with either a movement disorder or dementia, and healthy volunteers.
Interventions: loflupane ('**I) was administered.

Outcome measures: Images were assessed by panels of 3-5 blinded experts and/or on-site
nuclear medicine physicians, classified as normal or abnormal, and compared with clinical
diagnosis (reference standard) to determine sensitivity and specificity.

Results: Pooling the four studies, 928 subjects were enrolled, 849 were dosed, and 764
completed their study. Across all studies, when images were assessed by on-site readers,

. 123
ioflupane (

I) diagnostic effectiveness had an overall (95% CI) sensitivity of 91.9% (88.7 to
94.5) and specificity of 83.6% (78.7 to 87.9). When reads were conducted blindly by a panel of
independent experts, the overall sensitivity was 88.7% (86.8 to 90.4) and specificity was 91.2%
(89.0 to 93.0).

Conclusions: In this pooled analysis, the visual assessment of ioflupane ('*’I) images provided
high levels of sensitivity and specificity in detecting the presence/absence of an SDDD.

Toflupane ('*°T) imaging has the potential to improve diagnostic accuracy in patients with signs

and symptoms of a movement disorder and/or dementia.
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Article Summary

Article focus

The ability to visualize striatal dopamine transporter in vivo has enhanced clinicians’ ability
to differentiate diseases that involve loss of dopaminergic nigrostriatal neurons from those
that do not.

Several clinical trials with limited numbers of subjects have been performed to provide some

information about diagnostic value of ioflupane (‘>

I). However, some investigators still
question the value ioflupane (‘*’I) provides for diagnosing movement disorders and

dementia.

Strengths

This study provides the largest and most definitive set of clinical evidence to date,
summarizing experience from three Phase 3 and one Phase 4 trial with all data pooled for a
new statistical analysis, N=726, showing that ioflupane (‘**I) SPECT imaging has high
sensitivity and specificity for detecting the presence or absence of a striatal dopaminergic
deficit in patients with movement disorders and dementia (Intent to diagnose (ITD) and Per
protocol (PP) populations). Differences among different patient populations, and inter-reader

blinded image evaluation results are reported.
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o Well-designed, prospective studies with 12-36 months of clinical follow-up after ioflupane
(**1) imaging, in which blinded image evaluation by 3-5 independent nuclear medicine

physicians (no access to clinical information) was used for image assessment.

Limitations:
e Studies did not have autopsy confirmation of diagnosis (found to be impractical for up to
36 months of follow-up in the majority of patients in early stage of the disease), though
the standard of expert clinical diagnosis, particularly at follow-up after 12 months or
later, is an accepted reference standard for biomarker validation studies.
e Only two of the studies (PDT301 and PDT304) used expert clinical panels to establish
the clinical diagnosis; the others relied on on-site investigator diagnosis (though made

blind to imaging findings, except one clinical utility study PDT408).

5
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INTRODUCTION

Despite the development of consensus clinical diagnostic criteria,[ 1-5] early and accurate
diagnosis of common neurodegenerative conditions like Parkinson’s disease (PD) and dementia
with Lewy bodies (DLB) continues to present challenges. Delays in diagnosis cause unnecessary
distress and uncertainty for subjects and their families, increase healthcare use through additional
appointments and investigations, and increase the risk that patients will develop preventable
disability.[6] Not surprisingly, the longer a patient is observed and the greater the amount of
accumulated clinical information, such as response to medications and progression of signs and
symptom, the greater the accuracy of the diagnosis.[7] Inaccurate diagnoses may result in
prescription of inappropriate medications, needlessly exposing patients to potentially harmful
side effects, while denying patients treatment of symptoms.[6] Furthermore, diagnostic
discrimination between degenerative and non-degenerative diseases is important because disease
course, therapy, and prognosis differ considerably among patients.[6, 8]

Differential diagnosis of movement disorders may be confounded by presence of inconsistent
parkinsonian features and/or atypical presentation of classic symptoms. Differentiation of
Alzheimer’s disease (AD) from DLB is also difficult, even after multiple evaluations. Consensus
clinical criteria[2-5, 9] without imaging results have good specificity (80%-90%), but sensitivity
is highly variable and can be as low as 30%, with the most common misdiagnosis being AD.[9,
10]

The advent of in vivo visualization of striatal dopamine transporter using the radiopharmaceutical
ioflupane (‘*I) {Iodine-123-fluoropropyl (FP)-carbomethoxy- 3 p-(4-iodophenyltropane) (CIT)
or loflupane 1123 Injection or [123I]Ioﬂupane or ['**I] FP-CIT or DaTSCAN™ or DaTscan™ }

and single-photon emission computed tomography (SPECT) imaging has enhanced clinicians’

6
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ability to differentiate diseases that involve loss of dopaminergic nigrostriatal neurons from those
that do not. Throughout this paper, we will refer to these disorders as striatal dopaminergic
deficit disorders (SDDD), which is the clinico-patho-anatomical term used here as a group term
for the clinical reference diagnoses of Parkinsonian syndrome (PS) and/or DLB, by virtue of
them being recognized as clinical disorders that are known to have striatal dopaminergic deficit.

Toflupane ('*

I) is the only approved imaging agent for this purpose; the European Medicines
Agency (EMA) approved it under the trade name DaTSCAN™ (ioflupane (1231) in 2000,[11] and
the US Food and Drug Administration (FDA) approved it under the trade name DaTscan""
(Ioflupane 1123 Injection) in 2011.[12] It is currently approved in 33 countries. We searched the
literature and found numerous clinical trials that have been performed to establish the technical
feasibility, and diagnostic effectiveness, sensitivity, and specificity of ioflupane (1231).[13-43]
However, each trial had limited numbers of subjects for whom results were available, ranging
from 16 to 326.[37, 15] Our search revealed that two meta-analyses have been performed
evaluating diagnostic accuracy of SPECT imaging in DLB and in parkinsonian
syndromes.[44,45] However, no previous pooled data analysis had been undertaken and the aim
of this study was to undertake a pooled analysis using the four clinical studiesthat were the large,
multi-site efficacy trials submitted to support the new drug application (NDA) filing in the USA
(3 of them for EU) for licensing. They were conducted to good clinical practice (GCP) standards
in pre-defined populations. Meta-analyses do not allow combination of individual subject’s data;
only mean values from each study publication are used, rather than maximizing information from

the raw data. Meta-analyses include all available studies, and may include small, exploratory,

non-GCP studies; and may include tracer prototypes (e.g., non-approved tracers such as B-CIT)

7
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that are not manufactured to commercial tracer quality, with robust, regulatory-accepted good
manufacturing practice (GMP) processes.

Although two of our studies had been included in each of the meta-analyses (PDT301 baseline
[14] in [44], and DP008-003 [13] in [45]), the other two had not. Performing a pooled analysis
would provide a large body of evidence on the diagnostic performance of ioflupane (‘*’I) in

subjects with movement disorders or dementia.

8
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METHODS
Participants

The research question was to determine the pooled diagnostic accuracy (sensitivity and

©CoO~NOUITA,WNPE

specificity) of the four trials submitted to the US FDA application for ioflupane ('*1).[13-18] All

13 studies tested the effectiveness of ioflupane (‘>

I) {lodine-123-fluoropropyl (FP)-carbomethoxy-
15 3 B-(4-iodophenyltropane) (CIT) or loflupane 1123 Injection or [123I]Ioﬂupane or ['*1] FP-CIT
18 or DaTSCAN™ or DaTscan™ , GE Healthcare, Amersham,UK. For the purposes of this report,
20 ioflupane ("*’1) will be used throughout the paper.} in detecting the loss of dopaminergic
nigrostriatal neurons in subjects with symptoms and signs of movement disorders and/or

25 dementia. The reference standard was the final clinical diagnosis of a disease that is known to
27 have or not have a striatal dopaminergic deficit (hereafter called reference clinical
diagnosis).[46] This clinical diagnosis was made blind to imaging results in three of the four

32 studies (Phase 3 studies DP008-003, PDT301, PDT304 [also elsewhere sometimes known as

34 PDT03004]). In two of the four studies (PDT301 and PDT304), the final clinical diagnosis was
37 made by a panel of experts. Table 1 summarizes the attributes of the four studies. Although

39 Phase 4 study PDT408 was designed to assess the clinical utility of ioflupane (‘*’I) image
assessments as the primary endpoint, sensitivity and specificity were secondary endpoints, and

a4 the image results were included in the pooled analysis. The investigators who participated in

46 each of the four studies are listed in Table S1 (supplementary table).

60 9
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Table 1 Summary of studies included in pooled analysis

Page 10 of 112

Principal Study

DP008-003

PDT304

PDT301

PDT408

Study design

Phase 3

Multicenter, open-label,

non-randomized

Single-dose

Expert clinical diagnosis at

Phase 3

Multicenter, open-label,
non-randomized
Repeat-dose (max. of 3)

Expert clinical diagnosis at

Phase 3

Multicenter, open-label,
non-randomized
Single-dose

Expert clinical diagnosis at

Phase 4

Multicenter, open-label,

non-randomized

Single-dose

Expert clinical diagnosis at

baseline according to 36 months as the RCD 12 months as the RCD 24 months as the RCD
published consensus
criteria as the RCD

Dates study was conducted e Aug 1997 to Feb 1998 e Jan 1999 to Jun 2005 e Dec 2003 to Jun 2006 e Nov 2000 to Nov 2003
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Principal Study

DP008-003

PDT304

PDT301

PDT408

Population

e Healthy volunteers
o Subjects with a clinical
diagnosis of:
o Parkinson’s disease
o Multiple system atrophy
o Progressive
supranuclear palsy, or

o Essential tremor

e Healthy volunteers
o Subjects with the clinical
features of:
o Early Parkinson’s
disease, or
o Tremor (mainly

essential tremor)

¢ Subjects with dementia
(features of possible DLB
or with features of other

dementia [AD, VaD])

e Subjects with movement
disorders (an uncertain
clinical diagnosis as to PS

or non-PS)

6uAdod Ag parosioid 1senb Ag 20z ‘0z ydre uo /wod g uadolwg//:dny woiy papeojumoq 10z AINC € Uo ZZTS00-7T0Z-uadolwa/9eTT 0T st paysiignd 1s11y :uadO (NG
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Principal Study

DP008-003

PDT304

PDT301

PDT408

Efficacy objectives

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary”

o Impact of ioflupane
(**’T) image assessments
on patient diagnoses,
confidence that patient
had PS, and planned
management

e Secondary

o Sensitivity and

specificity for detecting

or excluding an SDDD

Type of control

No control used

No control used

No control used

No control used

Investigational product

Toflupane (") 111-185 MBq

(3 to 5 mCi) iv, 1 dose

Toflupane (") 111-185 MBq
(3 to 5 mCi) iv, 3 doses 18

months apart

Toflupane (") 111-185 MBq

(3 to 5 mCi) iv, 1 dose

Toflupane (") 111-185 MBq
(3 to 5 mCi) iv, 1 dose (73
subjects) or 2 doses 24

months apart (14 subjects)

No. of study centers

10

40

15

No. of subjects enrolled

250

202

351

125
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Principal Study

DP008-003

PDT304

PDT301

PDT408

Age of ITD population, range

©CoO~NOUTA,WNPE

(mean)

40, 80 (62.7)

33,79 (60.4)

54,90 (73.9)

25, 84 (64.2)

11 Gender

62% male, 38% female

56% male, 44% female

57% male, 43% female

58% male, 42% female

Race

Caucasian 98%

Black 1%

Asian <1%

Caucasian 100%

Caucasian 100%

Caucasian 99%

Asian 1%

No. of subjects evaluable for

efficacy

220

102

288

118

Blinded reads performed

Yes

Yes

Yes

No

AD = Alzheimer’s disease; DLB = dementia with Lewy bodies; ITD = intent to diagnose; MBq = megabecquerel; PS = Parkinsonian

28 syndrome; RCD = reference clinical diagnosis; SDDD = striatal dominergic deficit disorder; VaD = vascular dementia.

30 ? Primary objective was to assess clinical utility of ioflupane ('*’I) images, however, images were used for pooled efficacy analysis.
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All studies were conducted in accordance with the current revision of the Declaration of
Helsinki; the Good Clinical Practice: Consolidated Guideline, approved by the International
Conference on Harmonisation; and applicable national and local laws. Ethics Committees or
Institutional Review Boards approved the protocol and amendments for each study (See
Supplementary Table S2). Subjects or their guardians gave written informed consent after the
aims, methods, anticipated benefits, and potential hazards were explained, and prior to
commencing any study procedures or assessments. The informed consent for each study included
a provision for subsequent analyses, of which this pooled analysis is an example. Study PDT301
is identified in clinicaltrials.gov as NCT00209456. All other trials began enrolling prior to 01
July 2005, the cut-off date for the initiation of the requirement by the International Committee of
Medical Journal Editors for trials to be registered, so are not associated with any public database

identifiers.

Procedures

All studies, including each study’s inclusion and exclusion criteria, have been published;[13-18]
a brief overview of the methods follows. All four studies were open-label, non-randomized,
Phase 3 or 4 clinical trials to determine the sensitivity (positive percent agreement [PPA]) and

specificity (negative percent agreement [NPA]) of ioflupane (‘*

I) SPECT imaging to detect or
exclude an SDDD in subjects with various movement disorders (PS, including PD, multiple
system atrophy [MSA], and progressive supranuclear palsy [PSP]; or essential tremor [ET]),
and/or dementia (DLB, AD, or vascular dementia [VaD]); and healthy volunteers. Subjects
received either a single or repeat (up to three doses total) dose of 111-185 MBq of ioflupane

(**I). SPECT imaging was performed between three and six hours after injection. loflupane

14
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("*1) images were read on-site (institutional reads), as well as by three or five independent

blinded readers (blinded image evaluation, BIE) in three of the studies, and classified as normal

(SDDD absent) or abnormal (SDDD present). Abnormal images were further classified as type 1,

©CoO~NOUITA,WNPE

2, or 3.[12] Expert clinical diagnosis using a blinded panel of three neurologists or dementia
13 specialists established whether the subject had an SDDD (PD, PS, PSP, MSA, or DLB) or a non-
15 SDDD (ET, AD, or VaD and healthy volunteers). Expert clinical diagnosis was established at
18 various time points across the four studies: DP008-003 at baseline, PDT301 at baseline and

20 Month 12, PDT408 at baseline and Month 24, and PDT304 at baseline, and Months 18 and 36.
In PDTA408, the final diagnosis was made with access to the ioflupane ('**I) SPECT images.

25 Each ioflupane (‘*’T) image result was compared with the corresponding reference clinical

27 diagnosis, and classified as a True Positive (TP), True Negative (TN), False Positive (FP), or
False Negative (FN) scan to allow calculation of sensitivity and specificity. Sensitivity was

32 calculated as nTP / (nTP + nFN), (n = number of subjects). Specificity was calculated as n'TN /
34 (nTN + nFP).

37 Additional efficacy endpoints included inter-reader agreement between BIE readers, as well as

39 BIE readers vs. on-site institutional readers (DP008-003, PDT304, and PDT301).

44 Statistical analysis

46 All statistical analyses were performed using Statistical Analysis Software (SAS Institute Inc.,
Cary, NC, USA). Demographic data were collected and are presented using descriptive statistics.
51 Populations analyzed included Enrolled (all subjects who were enrolled in any one of the four
53 studies), Dosed (all enrolled subjects who received ioflupane (‘*1)), Intent to diagnose (ITD;, all

dosed subjects who underwent SPECT imaging and underwent the reference clinical diagnosis

60 15
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assessment for the relevant analysis), and Per protocol (PP; all subjects in the ITD population
with no major protocol violations). Sensitivity and specificity were calculated for the ITD and PP
populations, and are reported with 95% confidence intervals (CI). For the purpose of this report,
we will be using sensitivity and specificity (equivalent to PPA and NPA). Pairwise inter-reader
and BIE vs. on-site reader agreement were analyzed using Cohen’s kappa statistic. Inter-reader

agreement across all BIE readers was analyzed using Fleiss’ kappa statistic.

16
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RESULTS

Subject disposition and characteristics

Subject disposition for each study and for the pooled analysis is shown in Figure 1. Of the 928
subjects enrolled, 849 (91%) were dosed, and 764 (82%) completed their study. The most
common reasons for not completing a study included subject request/withdrew consent (85
subjects, 9%), lost to follow-up (34 subjects, 4%), and protocol violation (14 subjects, 2%).
Eleven subjects (1%) did not complete due to safety concerns, including adverse events.
Medical history data were not collected consistently across studies and could not be pooled for
this analysis.

By-study and pooled subject baseline demographics are shown in Table 2 (ITD population; PP
population in Supplementary Table S3). No meaningful differences were noted in baseline
demographics between the ITD and PP populations. Age was similar in three of the four studies,
with subjects in PDT301 being older—unsurprisingly because this study only included people
with dementia. In all studies, there were more males than females, with a similar ratio across
studies. The majority was Caucasian, with Blacks and/or Asians representing 1% or less in any
single study. Clinical diagnoses represented in each study are tabulated in Tables 2 (ITD
population) and S4 (PP population), and are presented graphically in Figures 2a (ITD population)
and 2b (PP population). Overall, 393 (54%) of subjects in the ITD population were classified as
having SDDD (SDDD present), while 249 (34%) were classified with conditions that did not

have an SDDD (SDDD absent).

17
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Table 2. Demographic characteristics and clinical diagnosis (per Reference Clinical Diagnosis) by study — ITD population (N = 726)

Study
DP008-003 PDT304 PDT301 PDT408 Total
(N =220) (N=102) (N =326) (N=78) (N =1726)
Age (yr) Mean (SD) 62.7 (8.87) 60.4 (10.91) 73.9 (7.17) 64.2 (11.99) 67.6 (10.60)
Min, Max 40, 80 33,79 54,90 25, 84 25,90
Median 63.5 61.0 75.0 67.0 69.0
Gender Male 136 (62%) 57 (56%) 187 (57%) 41 (53%) 421 (58%)
Female 84 (38%) 45 (44%) 139 (43%) 37 (47%) 305 (42%)
Race Caucasian 216 (98%) 102 (100%) 326 (100%) 77 (99%) 721 (99%)
Black 3 (1%) 0 (0%) 0 (0%) 0 (0%) 3 (<1%)
Asian 1 (<1%) 0 (0%) 0 (0%) 1 (1%) 2 (<1%)
Other 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
PS (SDDD) 158 (72%) 71 (70%) 0 (0%) 48 (62%) 277 (38%)
Possible PS 158 (72%) 5 (5%) 0 (0%) 48 (62%) 211 (29%)
Probable PS 0 (0%) 66 (65%) 0 (0%) 0 (0%) 66 (9%)
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DP008-003

(N = 220)

PDT304

(N=102)

PDT301

(N = 326)

PDT408

(N=78)

Total

(N = 726)

11 DLB (SDDD)
13 Possible DLB

15 Probable DLB

0 (0%)
0 (0%)

0 (0%)

0 (0%)
0 (0%)

0 (0%)

116 (36%)
27 (8%)

89 (27%)

0 (0%)
0 (0%)

0 (0%)

116 (16%)
27 (4%)

89 (12%)

18 Non-PS/Non-DLB (no SDDD)
20 ET
AD

25 Other

62 (28%)
27 (12%)
0 (0%)

35 (16%)

31 (30%)
14 (14%)
0 (0%)

17 (17%)

126 (39%)
0 (0%)
125 (38%)

1 (<1%)

30 (38%)
23 (29%)
0 (0%)

7 (9%)

249 (34%)
64 (9%)
125 (17%)

60 (8%)

27 SDDD Present”

30 SDDD Absent

158 (72%)

62 (28%)

71 (70%)

31 (30%)

116 (36%)

126 (39%)

48 (62%)

30 (38%)

393 (54%)

249 (34%)

32 *Includes Possible and Probable PS and Possible and Probable DLB diagnoses.

AD = Alzheimer’s disease; BMI = Body mass index; DLB = Dementia with Lewy bodies; ET = Essential tremor; ITD = Intent to

37 diagnose; N = number of subjects in the study; PS = Parkinsonian syndrome SD = standard deviation; SDDD = striatal dopaminergic

39 deficit disorder.
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Sensitivity (PPA) and specificity (NPA)

Sensitivity and specificity for ioflupane (**’1) to detect SDDD (abnormal scan) or non-SDDD
(normal scan) using the mean of BIE reads is displayed in Figure 3. Supplementary Tables S4
and S5 (ITD and PP populations, respectively) show the means and 95% CI for the individual
reads for Parkinsonian syndromes, dementia with Lewy bodies, and total. Figure 3a shows high
sensitivity and specificity in the ITD population for both movement disorders (PS) and the total
pooled analysis, with a slightly lower sensitivity value (78.5%) when assessing subjects with
dementia. Sensitivity and specificity did not change substantially when reference clinical
diagnoses were made for DLB at Month 12. Sensitivity decreased when reference clinical
diagnoses were made for PS at Months 18 and 36 (78.9% and 76.6%), but specificity values
increased slightly, exceeding 95% at each time point. Overall, the sensitivity of BIE reads of

. 123
ioflupane (

I) SPECT images in the ITD population for PS and dementia at all diagnosis time
points ranged from 76.6% to 91.1%, and specificity ranged from 90.1% to 96.7%; PP population
results (Figs 3¢ and 3d) were very similar. Figures 4a-4d display the same analyses using the on-
site read results. Overall, sensitivity in the ITD population (Fig 4a and 4b) ranged from 81.4% to
89.9%, and tended to be higher for on-site reads compared with the BIE reads. Specificity ranged
from 81.6% to 90.3%, and tended to be lower compared with BIE reads. No meaningful
differences were noted in the values when analyzing the PP population (Fig 4c and 4d). Tables 3

and 4 (ITD and PP populations, respectively) summarize the sensitivity and specificity by expert

clinical diagnosis for on-site, institutional reads.
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Table 3. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-site institutional reads — ITD

population (N = 726)

Response

Expert Clinical Diagnosis

Parkinsonian Syndrome

(PS; SDDD)

Dementia with Lewy Bodies

(DLB; SDDD)

Total

Sensitivity

Specificity

Sensitivity

Specificity

Sensitivity

Specificity

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

Pooled Studies®

93.1% (89.5 to 95.8)

91.1% (84.6 to 95.5)

88.3% (80.0 to 94.0)

77.4% (69.7 to 83.9)

91.9% (88.7 to 94.5)

83.6% (78.7 to 87.9)

Study PDT301 — Month 12

89.9% (81.7 to 95.3)

81.6% (73.7 to 88.0)

Study PDT304 — Month 18

81.4% (70.3 to 89.7)

90.3% (74.2 to 98.0)

Study PDT304 — Month 36

83.8% (72.9 t0 91.6)

86.2% (68.3 0 96.1)

Mean Results®

89.6% (86.3 to 92.4)

90.2% (84.9 to 94.1)

89.9% (81.7 to 95.3)

81.6% (73.7 to 88.0)

89.7% (86.7 t0 92.2)

86.7% (82.4 t0 90.3)

CI = Confidence interval; ITD = Intent to diagnose; NPA = Negative percent agreement; PPA = Positive percent agreement; SDDD =

Striatal dopaminergic deficit disorder.

“ Pooled studies include on-site ioflupane (**°I) reads for DP008-003, PDT304, (at baseline), PDT301 (baseline reference clinical

diagnosis), and PDT408.

® Summary results calculated across all studies and time points. For PDT301, the Month 12 reference clinical diagnosis was used.

Sensitivity/Specificity for DLB is calculated based on Probable DLB vs. Non-DLB.
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Sensitivity/Specificity for Total is calculated based on SDDD vs. non-SDDD.
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Table 4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-site institutional reads — PP

population (N = 622)

Expert Clinical Diagnosis

Response

Parkinsonian Syndrome Dementia with Lewy Bodies Total
(PS; SDDD) (DLB; SDDD)
Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

Pooled Studies® 91.8% (87.5 t0 95.0) | 90.3% (82.9 t0 95.2) | 87.5% (78.7 t0 93.6) | 77.1% (69.3 to 83.7) | 90.6% (86.8 t0 93.6) | 82.6% (77.3 to 87.1)
Study PDT301 — Month 12 89.4% (80.8 t0 95.0) | 81.3% (73.3 to 87.8)
Study PDT304 — Month 18 | 80.9% (69.5 to 89.4) | 90.3% (74.2 to 98.0)

Study PDT304 — Month 36

83.3% (72.1 to 91.4)

86.2% (68.3 0 96.1)

Mean Results®

88.2% (84.5 t0 91.3)

89.6% (83.8 t0 93.8)

89.4% (80.8 t0 95.0)

81.3% (73.3 to 87.8)

88.4% (85.1 t0 91.2)

86.0% (81.4 to 89.8)

CI = Confidence interval; NPA = Negative percent agreement; PP = Per Protocol; PPA = Positive percent agreement; SDDD = Striatal

dopaminergic deficit disorder.

“ Pooled studies include on-site ['**IJFP-CIT reads for DP008-003, PDT304, (at baseline), PDT301 (baseline reference clinical

diagnosis), and PDT408.

® Summary results calculated across all studies and time points. For PDT301, the Month 12 reference clinical diagnosis was used.

Sensitivity/Specificity for DLB is calculated based on Probable DLB vs. Non-DLB.
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Sensitivity/Specificity for Total is calculated based on SDDD vs. non-SDDD.
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Inter-reader agreement

Three of the studies had BIE readers, and Study PDT304 had three sets of images to be read.
Overall, the agreement between the BIE reader pairs was good, and ranged from 0.81 (95% CI
0.73 t0 0.90) to 1.00 (1.00 to 1.00). The Fleiss’ kappa for all BIE readers in a study ranged from
0.88 (0.84 t0 0.92) to 0.99 (0.87 to 1.10). Agreement between the BIE readers and the on-site
read was similar for two of the studies, and ranged from 0.82 (0.73 to 0.90) to 0.94 (0.87 to
1.01); for Study PDT301, the agreement for this comparison was not as good, with kappa
ranging from 0.60 (0.51 to 0.69) to 0.68 (0.60 to 0.76). Inter-reader agreement for the PP

population was comparable to that determined for the ITD population (data not shown).
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DISCUSSION

The current pooled analysis provides the largest dataset of clinical evidence (N = 726 in the ITD

population) to date showing that ioflupane ('**

I) SPECT imaging has high sensitivity and
specificity for detecting the presence or absence of a striatal dopaminergic deficit in ITD and PP
population of patients with movement disorders and/or dementia. Another strength of this study
is that we pooled well-designed, prospective studies with 12-36 months of clinical follow-up
after ioflupane (‘*’I) imaging in which blinded image evaluation by 3-5 independent nuclear
medicine physicians (no access to clinical information) was used for image assessment. Overall,
sensitivity for detecting the presence or absence of an SDDD ranged from 75.0% to 96.5%, and
specificity ranged from 83.0% to 100.0%. Inter-reader agreement was high, with kappa for
blinded reader pairs ranging from 0.81 to 1.00, indicating that diagnostic accuracy is not
dependent upon individual expert performance.

When BIE reads were compared with on-site reads, specificity was higher for the BIE reads,
whereas sensitivity was higher for the on-site reads. BIE vs. on-site reader agreement was lower
in the PDT301 study. This study focused on subjects with dementia, whereas the other studies
focused primarily on subjects with movement disorders. Clinical diagnosis of DLB tends to be
less accurate than PS.[10, 13, 16, 47] On-site readers had access to patient clinical information,
whereas BIE readers did not. This likely contributed to the observed increase in sensitivity and
decrease in specificity when images were read by the on-site readers compared with BIE readers,
resulting in lower agreement between the two reader groups in this study.

A limitation of this study is that the four studies in the pooled analysis used expert clinical

diagnosis as a reference standard for the presence or absence of an SDDD. Two of the studies
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(PDT301 and PDT304) used expert panels to establish the clinical diagnosis. In DP008-003,
enrolled subjects had established diagnoses, so an expert panel was not considered necessary. In
PDTA408, the final diagnosis was made with access to the ioflupane ('**I) SPECT images, which
was required to assess the test clinical utility. The truth standard for diagnosing movement
disorders and dementia is neuropathological confirmation of brain tissue at autopsy. However,
with a slowly progressive, mostly benign course of these disorders, these patients are unlikely to
die during the course of relatively short clinical trial duration and be subjects for autopsy
assessment. Previous post-mortem studies demonstrated a good correlation between ioflupane
('*I) SPECT imaging with neuropathological findings.[19, 46] In a study by Walker, when
validation was by autopsy diagnosis, sensitivity and specificity of initial clinical diagnoses in
DLB was 75% and 42%, respectively, whereas sensitivity and specificity of ioflupane ("*1)
imaging was higher, with values of 88% and 83%, respectively (88% and 100% for semi
quantitative analysis of scans).[19] Therefore, the use of clinical diagnosis as the non-perfect
reference standard rather than neuropathological confirmation at autopsy may have contributed
to the sensitivity and specificity values obtained in this pooled analysis. Another limitation of the
study is that Study PDT408 was not designed specifically to assess the sensitivity and specificity

of ioflupane (***

I) SPECT imaging for detecting or excluding an SDDD. However, they were
secondary endpoints, and expert clinical diagnosis and ioflupane (1) images were available on
these subjects, so it was deemed appropriate to include this study in the pooled analysis. Of note,
the sensitivity and specificity values for this study fell within the range for the other three studies

in which clinical diagnoses were made blinded to ioflupane ("*1) images, and exclusion of this

study would not have altered the main findings reported here.
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Substantial clinical need has been established for an adjunct to existing diagnostic tools for
differentiating PD from ET, and DLB from AD. Examiner expertise affects diagnostic accuracy,
with sub-specialists having the highest accuracy, followed by general neurologists; primary care
physicians tend to have the lowest.[48] In a general practice setting (N=202), 15% of patients
who had been diagnosed with parkinsonism, had tremor with onset after the age of 50, or who
had ever received parkinsonism drugs had their diagnosis unequivocally rejected when strict
clinical diagnostic criteria were applied and they completed a detailed neurological
interview.[23] On the other hand, 13 patients (19%) not previously diagnosed with Parkinson’s
disease (PD) received this diagnosis following use of strict clinical diagnostic criteria.[49] In
another general practice setting in Scotland (N=610), 5% of patients taking antiparkinson therapy
for a diagnosis of PD had their medication successfully withdrawn following evaluation by two
movement disorder specialists; ioflupane ('*’I) scanning was performed if there was
uncertainty.[50] General neurologists changed the diagnosis in 75% and movement disorder
specialists in 47% of clinically uncertain Parkinsonian Syndrome (PS) cases after ioflupane (1231)
imaging results became available.[6, 51] These studies highlight the frequency of PD or PS
misdiagnosis, and illustrate how using ioflupane ('*’I) scanning can result in corrections to
treatment. Early diagnosis is confounded by the fact that these diseases are progressive, and it
may take time for the signs and symptoms to worsen until they clearly point to one disease.[7]
The choice of consensus criteria also affects the sensitivity and specificity of the clinical
diagnosis.[52, 53] All these factors contribute to clinical diagnosis failing to align with autopsy
findings up to 25% of the time.[52] Ioflupane (‘**T) SPECT imaging does not diagnose discase.
Rather, it is used to determine the presence or absence of a striatal dopaminergic deficit. The

performance of ioflupane ('*’I) reported here may have been lower than expected, particularly in
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DLB patients, because we were comparing it to clinical diagnosis based on consensus criteria,
known to be imprecise.

Regulatory approval of ioflupane (**’I) in Europe and the US has facilitated meeting the clinical
need to improve the accuracy of clinical diagnosis. Adoption and utilization of this new
technology is expanding, and several professional societies and organizations are supporting
ioflupane ("*1) imaging as a useful and validated diagnostic tool. These include mention in the
2013 EFNS/MDS-ES/ENS guideline (Category A),[54] The Society of Nuclear Medicine,[55]
the UK’s National Institute for Health and Clinical Excellence (NICE) 2006 guidance,[56] the

Scottish Intercollegiate Guidelines Network (SIGN),[57] and the EFNS-ENS Guidelines.[4] The

Parkinson Progression Marker Initiative (PPMI) is adding ioflupane (1) imaging to be included

in study inclusion criteria, as well as during a 5-year study of PD biomarker progression.[58]
Research is needed to more fully elucidate future applications of ioflupane (‘**T) SPECT
imaging. While not currently licensed for this application, discussions have recently focused on
the possibility of whether quantitative analysis of ioflupane ('*’T) binding might further increase
the sensitivity and specificity of SDDD detection and enable differentiation of other PS, such as
PSP, MSA, or vascular parkinsonism from PD.[20, 59, 60] Additional studies that compare
ioflupane (‘*’I) imaging results with post mortem neuropathology rather than expert clinical
diagnosis may document better the accuracy of estimates of sensitivity and specificity. Our use
of expert clinical diagnosis as the standard of truth, whilst validated, was not as perfect as
autopsy. In addition, not all DLB patients have nigrostriatal degeneration and a small percentage
of these patients may have primarily cortical degeneration.[61] Finally, ioflupane ("*1) imaging
may be helpful in identifying dopaminergic nigrostriatal degeneration in the prodromal stages,

such as rapid-eye-movement sleep behavior disorder of alpha-synucleinopathies (PD, MSA,
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DLB) and tauopathies (PSP, corticobasal degeneration).[62,63]
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Figure Legends

Figure 1. Subject disposition

Figure 2. Summary of clinical diagnosis (per Reference Clinical Standard) by study
Fig 2a. — ITD population

Fig 2b. — PP population

Figure 3. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis —
Mean of Blind Reads

3a. ITD population — Summary results calculated across all studies and readers at baseline. DLB
is calculated based on Probable DLB vs. non-DLB. Total is calculated based on SDDD present
vs. SDDD absent.

3b. ITD population — DLB at Month 12 calculated for all readers in study PDT301. PS at Month
18 and 36 calculated for all readers in study PDT304.

3c. PP population — Summary results calculated across all studies and readers at baseline. DLB is
calculated based on Probably DLB vs. non-DLB. Total is calculated based on SDDD present vs.
SDDD absent

3d. PP population — DLB at Month 12 calculated for all readers in study PDT301. PS at Month

18 and 36 calculated for all readers in study PDT304.

Figure 4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-

site Institutional Reads
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4a. ITD population — Summary results calculated across all studies and time points. For PDT301,
Month 12 reference clinical diagnosis was used in this analysis. DLB is calculated based on
Probable DLB vs. non-DLB. Total is calculated based on SDDD present vs. SDDD absent.

4b. ITD population — DLB at Month 12 calculated for on-site readers in study PDT301. PS at
Month 18 and 36 calculated for on-site readers in study PDT304.

4c. PP population — Summary results calculated across all studies and time points. For PDT301,
Month 12 reference clinical diagnosis was used in this analysis. DLB is calculated based on
Probable DLB vs. non-DLB. Total is calculated based on SDDD present vs. SDDD absent.

4d. PP population — DLB at Month 12 calculated for on-site readers in study PDT301. PS at

Month 18 and 36 calculated for on-site readers in study PDT304.
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Abstract

Objectives: To pool clinical trials of similar design to assess overall sensitivity and specificity of

Toflupane I 123 Injection (DaTSCAN™ or ioflupane ('*’D)) to detect or exclude a striatal
dopaminergic deficit disorder (SDDD), such as Parkinsonian syndrome and dementia with Lewy
bodies.

Design: Pooled analysis of three Phase 3 and one Phase 4 clinical trial. These four trials were
selected because they were the four studies used for the US new drug application to the FDA.
Setting: Multi-center, open-label, non-randomized.

Participants: Patients with either a movement disorder or dementia, and healthy volunteers.
Interventions: loflupane ('**I) was administered.

Outcome measures: Images were assessed by panels of 3-5 blinded experts and/or on-site
nuclear medicine physicians, classified as normal or abnormal, and compared with clinical
diagnosis (reference standard) to determine sensitivity and specificity.

Results: Pooling the four studies, 928 subjects were enrolled, 849 were dosed, and 764
completed their study. Across all studies, when images were assessed by on-site readers,

. 123
ioflupane (

I) diagnostic effectiveness had an overall (95% CI) sensitivity of 91.9% (88.7 to
94.5) and specificity of 83.6% (78.7 to 87.9). When reads were conducted blindly by a panel of
independent experts, the overall sensitivity was 88.7% (86.8 to 90.4) and specificity was 91.2%
(89.0 to 93.0).

Conclusions: In this pooled analysis, the visual assessment of ioflupane ('*’I) images provided
high levels of sensitivity and specificity in detecting the presence/absence of an SDDD.

Toflupane ('*°T) imaging has the potential to improve diagnostic accuracy in patients with signs

and symptoms of a movement disorder and/or dementia.

3
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Article Summary

Article focus

The ability to visualize striatal dopamine transporter in vivo has enhanced clinicians’ ability
to differentiate diseases that involve loss of dopaminergic nigrostriatal neurons from those
that do not.

Several clinical trials with limited numbers of subjects have been performed to provide some

information about diagnostic value of ioflupane (‘>

I). However, some investigators still
question the value ioflupane (‘*’I) provides for diagnosing movement disorders and

dementia.

Strengths

This study provides the largest and most definitive set of clinical evidence to date,
summarizing experience from three Phase 3 and one Phase 4 trial with all data pooled for a
new statistical analysis, N=726, showing that ioflupane (‘**I) SPECT imaging has high
sensitivity and specificity for detecting the presence or absence of a striatal dopaminergic
deficit in patients with movement disorders and dementia (Intent to diagnose (ITD) and Per
protocol (PP) populations). Differences among different patient populations, and inter-reader

blinded image evaluation results are reported.

4
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o Well-designed, prospective studies with 12-36 months of clinical follow-up after ioflupane
(**1) imaging, in which blinded image evaluation by 3-5 independent nuclear medicine

physicians (no access to clinical information) was used for image assessment.

Limitations:
e Studies did not have autopsy confirmation of diagnosis (found to be impractical for up to
36 months of follow-up in the majority of patients in early stage of the disease), though
the standard of expert clinical diagnosis, particularly at follow-up after 12 months or
later, is an accepted reference standard for biomarker validation studies.
e Only two of the studies (PDT301 and PDT304) used expert clinical panels to establish
the clinical diagnosis; the others relied on on-site investigator diagnosis (though made

blind to imaging findings, except one clinical utility study PDT408).

5
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INTRODUCTION

Despite the development of consensus clinical diagnostic criteria,[ 1-5] early and accurate
diagnosis of common neurodegenerative conditions like Parkinson’s disease (PD) and dementia
with Lewy bodies (DLB) continues to present challenges. Delays in diagnosis cause unnecessary
distress and uncertainty for subjects and their families, increase healthcare use through additional
appointments and investigations, and increase the risk that patients will develop preventable
disability.[6] Not surprisingly, the longer a patient is observed and the greater the amount of
accumulated clinical information, such as response to medications and progression of signs and
symptom, the greater the accuracy of the diagnosis.[7] Inaccurate diagnoses may result in
prescription of inappropriate medications, needlessly exposing patients to potentially harmful
side effects, while denying patients treatment of symptoms.[6] Furthermore, diagnostic
discrimination between degenerative and non-degenerative diseases is important because disease
course, therapy, and prognosis differ considerably among patients.[6, 8]

Differential diagnosis of movement disorders may be confounded by presence of inconsistent
parkinsonian features and/or atypical presentation of classic symptoms. Differentiation of
Alzheimer’s disease (AD) from DLB is also difficult, even after multiple evaluations. Consensus
clinical criteria[2-5, 9] without imaging results have good specificity (80%-90%), but sensitivity
is highly variable and can be as low as 30%, with the most common misdiagnosis being AD.[9,
10]

The advent of in vivo visualization of striatal dopamine transporter using the radiopharmaceutical
ioflupane (‘*I) {Iodine-123-fluoropropyl (FP)-carbomethoxy- 3 p-(4-iodophenyltropane) (CIT)
or loflupane 1123 Injection or [123I]Ioﬂupane or ['**I] FP-CIT or DaTSCAN™ or DaTscan™ }

and single-photon emission computed tomography (SPECT) imaging has enhanced clinicians’

6
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ability to differentiate diseases that involve loss of dopaminergic nigrostriatal neurons from those
that do not. Throughout this paper, we will refer to these disorders as striatal dopaminergic
deficit disorders (SDDD), which is the clinico-patho-anatomical term used here as a group term
for the clinical reference diagnoses of Parkinsonian syndrome (PS) and/or DLB, by virtue of
them being recognized as clinical disorders that are known to have striatal dopaminergic deficit.

Toflupane ('*

I) is the only approved imaging agent for this purpose; the European Medicines
Agency (EMA) approved it under the trade name DaTSCAN™ (ioflupane (1231) in 2000,[11] and
the US Food and Drug Administration (FDA) approved it under the trade name DaTscan""
(Ioflupane 1123 Injection) in 2011.[12] It is currently approved in 33 countries. We searched the
literature and found numerous clinical trials that have been performed to establish the technical
feasibility, and diagnostic effectiveness, sensitivity, and specificity of ioflupane (1231).[13-43]
However, each trial had limited numbers of subjects for whom results were available, ranging
from 16 to 326.[37, 15] Our search revealed that two meta-analyses have been performed
evaluating diagnostic accuracy of SPECT imaging in DLB and in parkinsonian
syndromes.[44,45] However, no previous pooled data analysis had been undertaken and the aim
of this study was to undertake a pooled analysis using the four clinical studiesthat were the large,
multi-site efficacy trials submitted to support the new drug application (NDA) filing in the USA
(3 of them for EU) for licensing. They were conducted to good clinical practice (GCP) standards
in pre-defined populations. Meta-analyses do not allow combination of individual subject’s data;
only mean values from each study publication are used, rather than maximizing information from

the raw data. Meta-analyses include all available studies, and may include small, exploratory,

non-GCP studies; and may include tracer prototypes (e.g., non-approved tracers such as B-CIT)

7
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that are not manufactured to commercial tracer quality, with robust, regulatory-accepted good
manufacturing practice (GMP) processes.

Although two of our studies had been included in each of the meta-analyses (PDT301 baseline
[14] in [44], and DP008-003 [13] in [45]), the other two had not. Performing a pooled analysis
would provide a large body of evidence on the diagnostic performance of ioflupane (‘*’I) in

subjects with movement disorders or dementia.

8
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METHODS

Participants

The research question was to determine the pooled diagnostic accuracy (sensitivity and
specificity) of the four trials submitted to the US FDA application for ioflupane ('*’1).[13-18] Al

studies tested the effectiveness of ioflupane (‘>

I) {lodine-123-fluoropropyl (FP)-carbomethoxy-
3 B-(4-iodophenyltropane) (CIT) or loflupane 1123 Injection or [123I]Ioﬂupane or ['*1] FP-CIT
or DaTSCAN™ or DaTscan™ , GE Healthcare, Amersham,UK. For the purposes of this report,
ioflupane (‘*I) will be used throughout the paper.} in detecting the loss of dopaminergic
nigrostriatal neurons in subjects with symptoms and signs of movement disorders and/or
dementia. The reference standard was the final clinical diagnosis of a disease that is known to
have or not have a striatal dopaminergic deficit (hereafter called reference clinical
diagnosis).[46] This clinical diagnosis was made blind to imaging results in three of the four
studies (Phase 3 studies DP008-003, PDT301, PDT304 [also elsewhere sometimes known as
PDT03004]). In two of the four studies (PDT301 and PDT304), the final clinical diagnosis was
made by a panel of experts. Table 1 summarizes the attributes of the four studies. Although
Phase 4 study PDT408 was designed to assess the clinical utility of ioflupane ('*°T) image
assessments as the primary endpoint, sensitivity and specificity were secondary endpoints, and

the image results were included in the pooled analysis. The investigators who participated in

each of the four studies are listed in Table S1 (supplementary table).

9
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Table 1 Summary of studies included in pooled analysis

Principal Study

DP008-003

PDT304

PDT301

PDT408

Study design

Phase 3

Multicenter, open-label,

non-randomized

Single-dose

Expert clinical diagnosis at

Phase 3

Multicenter, open-label,
non-randomized
Repeat-dose (max. of 3)

Expert clinical diagnosis at

Phase 3

Multicenter, open-label,
non-randomized
Single-dose

Expert clinical diagnosis at

Phase 4

Multicenter, open-label,

non-randomized

Single-dose

Expert clinical diagnosis at

baseline according to 36 months as the RCD 12 months as the RCD 24 months as the RCD
published consensus
criteria as the RCD

Dates study was conducted e Aug 1997 to Feb 1998 e Jan 1999 to Jun 2005 e Dec 2003 to Jun 2006 e Nov 2000 to Nov 2003

y6uAdod Ag parosioid 1senb Ag 20z ‘0z ydre uo /wod fwg uadolwg//:dny woiy papeojumoq 10z AINC € uo ZZTS00-7T0Z-uadolwa/9eTT 0T st paysiignd 1s11y :uadO (NG
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Principal Study

DP008-003

PDT304

PDT301

PDT408

Population

e Healthy volunteers
o Subjects with a clinical
diagnosis of:
o Parkinson’s disease
o Multiple system atrophy
o Progressive
supranuclear palsy, or

o Essential tremor

e Healthy volunteers
o Subjects with the clinical
features of:
o Early Parkinson’s
disease, or
o Tremor (mainly

essential tremor)

¢ Subjects with dementia
(features of possible DLB
or with features of other

dementia [AD, VaD])

e Subjects with movement
disorders (an uncertain
clinical diagnosis as to PS

or non-PS)

6uAdod Ag parosioid 1senb Ag 20z ‘0z ydre uo /wod g uadolwg//:dny woiy papeojumoq 10z AINC € Uo ZZTS00-7T0Z-uadolwa/9eTT 0T st paysiignd 1s11y :uadO (NG
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Principal Study

DP008-003

PDT304

PDT301

PDT408

Efficacy objectives

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary
o Sensitivity and
specificity for detecting
or excluding an SDDD
e Secondary

o Inter-reader agreement

e Primary”

o Impact of ioflupane
(**’T) image assessments
on patient diagnoses,
confidence that patient
had PS, and planned
management

e Secondary

o Sensitivity and

specificity for detecting

or excluding an SDDD

Type of control

No control used

No control used

No control used

No control used

Investigational product

Toflupane (") 111-185 MBq

(3 to 5 mCi) iv, 1 dose

Toflupane (") 111-185 MBq
(3 to 5 mCi) iv, 3 doses 18

months apart

Toflupane (") 111-185 MBq

(3 to 5 mCi) iv, 1 dose

Toflupane (") 111-185 MBq
(3 to 5 mCi) iv, 1 dose (73
subjects) or 2 doses 24

months apart (14 subjects)

No. of study centers

10

40

15

No. of subjects enrolled

250

202

351

125

buAdod Ag parosiold 1senb Ag 20z ‘0z ydre uo /wod fwg uadolwgq//:dny woiy papeojumoq 10z AINC € Uo ZZTS00-7T0Z-uadolwa/9eTT 0T st paysiignd 1s11y :uadO (NG
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Principal Study

DP008-003 PDT304 PDT301 PDT408

Age of ITD population, range | 40, 80 (62.7) 33,79 (60.4) 54,90 (73.9) 25, 84 (64.2)
(mean)
Gender 62% male, 38% female 56% male, 44% female 57% male, 43% female 58% male, 42% female
Race Caucasian 98% Caucasian 100% Caucasian 100% Caucasian 99%

Black 1% Asian 1%

Asian <1%
No. of subjects evaluable for | 220 102 288 118
efficacy
Blinded reads performed Yes Yes Yes No

AD = Alzheimer’s disease; DLB = dementia with Lewy bodies; ITD = intent to diagnose; MBq = megabecquerel; PS = Parkinsonian

syndrome; RCD = reference clinical diagnosis; SDDD = striatal dominergic deficit disorder; VaD = vascular dementia.

? Primary objective was to assess clinical utility of ioflupane ('*’I) images, however, images were used for pooled efficacy analysis.
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All studies were conducted in accordance with the current revision of the Declaration of
Helsinki; the Good Clinical Practice: Consolidated Guideline, approved by the International
Conference on Harmonisation; and applicable national and local laws. Ethics Committees or
Institutional Review Boards approved the protocol and amendments for each study (See
Supplementary Table S2). Subjects or their guardians gave written informed consent after the
aims, methods, anticipated benefits, and potential hazards were explained, and prior to
commencing any study procedures or assessments. The informed consent for each study included
a provision for subsequent analyses, of which this pooled analysis is an example. Study PDT301
is identified in clinicaltrials.gov as NCT00209456. All other trials began enrolling prior to 01
July 2005, the cut-off date for the initiation of the requirement by the International Committee of
Medical Journal Editors for trials to be registered, so are not associated with any public database

identifiers.

Procedures

All studies, including each study’s inclusion and exclusion criteria, have been published;[13-18]
a brief overview of the methods follows. All four studies were open-label, non-randomized,
Phase 3 or 4 clinical trials to determine the sensitivity (positive percent agreement [PPA]) and

specificity (negative percent agreement [NPA]) of ioflupane (‘*

I) SPECT imaging to detect or
exclude an SDDD in subjects with various movement disorders (PS, including PD, multiple
system atrophy [MSA], and progressive supranuclear palsy [PSP]; or essential tremor [ET]),
and/or dementia (DLB, AD, or vascular dementia [VaD]); and healthy volunteers. Subjects
received either a single or repeat (up to three doses total) dose of 111-185 MBq of ioflupane

(**I). SPECT imaging was performed between three and six hours after injection. loflupane

14
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("*1) images were read on-site (institutional reads), as well as by three or five independent

blinded readers (blinded image evaluation, BIE) in three of the studies, and classified as normal

(SDDD absent) or abnormal (SDDD present). Abnormal images were further classified as type 1,

2, or 3.[12] Expert clinical diagnosis using a blinded panel of three neurologists or dementia

specialists established whether the subject had an SDDD (PD, PS, PSP, MSA, or DLB) or a non-

SDDD (ET, AD, or VaD and healthy volunteers). Expert clinical diagnosis was established at
various time points across the four studies: DP008-003 at baseline, PDT301 at baseline and
Month 12, PDT408 at baseline and Month 24, and PDT304 at baseline, and Months 18 and 36.
In PDTA408, the final diagnosis was made with access to the ioflupane ('**I) SPECT images.
Each ioflupane (1) image result was compared with the corresponding reference clinical
diagnosis, and classified as a True Positive (TP), True Negative (TN), False Positive (FP), or
False Negative (FN) scan to allow calculation of sensitivity and specificity. Sensitivity was
calculated as nTP / (nTP + nFN), (n = number of subjects). Specificity was calculated as nTN /
(nTN + nFP).

Additional efficacy endpoints included inter-reader agreement between BIE readers, as well as

BIE readers vs. on-site institutional readers (DP008-003, PDT304, and PDT301).

Statistical analysis

All statistical analyses were performed using Statistical Analysis Software (SAS Institute Inc.,

Cary, NC, USA). Demographic data were collected and are presented using descriptive statistics.

Populations analyzed included Enrolled (all subjects who were enrolled in any one of the four

studies), Dosed (all enrolled subjects who received ioflupane ('*1)), Intent to diagnose (ITD; all

dosed subjects who underwent SPECT imaging and underwent the reference clinical diagnosis
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assessment for the relevant analysis), and Per protocol (PP; all subjects in the ITD population
with no major protocol violations). Sensitivity and specificity were calculated for the ITD and PP
populations, and are reported with 95% confidence intervals (CI). For the purpose of this report,
we will be using sensitivity and specificity (equivalent to PPA and NPA). Pairwise inter-reader
and BIE vs. on-site reader agreement were analyzed using Cohen’s kappa statistic. Inter-reader

agreement across all BIE readers was analyzed using Fleiss’ kappa statistic.
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RESULTS

Subject disposition and characteristics

Subject disposition for each study and for the pooled analysis is shown in Figure 1. Of the 928
subjects enrolled, 849 (91%) were dosed, and 764 (82%) completed their study. The most
common reasons for not completing a study included subject request/withdrew consent (85
subjects, 9%), lost to follow-up (34 subjects, 4%), and protocol violation (14 subjects, 2%).
Eleven subjects (1%) did not complete due to safety concerns, including adverse events.
Medical history data were not collected consistently across studies and could not be pooled for
this analysis.

By-study and pooled subject baseline demographics are shown in Table 2 (ITD population; PP
population in Supplementary Table S3). No meaningful differences were noted in baseline
demographics between the ITD and PP populations. Age was similar in three of the four studies,
with subjects in PDT301 being older—unsurprisingly because this study only included people
with dementia. In all studies, there were more males than females, with a similar ratio across
studies. The majority was Caucasian, with Blacks and/or Asians representing 1% or less in any
single study. Clinical diagnoses represented in each study are tabulated in Tables 2 (ITD
population) and S4 (PP population), and are presented graphically in Figures 2a (ITD population)
and 2b (PP population). Overall, 393 (54%) of subjects in the ITD population were classified as
having SDDD (SDDD present), while 249 (34%) were classified with conditions that did not

have an SDDD (SDDD absent).
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Study

©CoO~NOUITA,WNPE

DP008-003 PDT304 PDT301 PDT408 Total

11 (N =220) (N=102) (N =326) (N=78) (N=1726)

13 Age (yr) Mean (SD) 62.7 (8.87) 60.4 (10.91) 73.9 (7.17) 64.2 (11.99) 67.6 (10.60)
15 Min, Max 40, 80 33,79 54,90 25, 84 25,90

18 Median 63.5 61.0 75.0 67.0 69.0

20 Gender Male 136 (62%) 57 (56%) 187 (57%) 41 (53%) 421 (58%)

Female 84 (38%) 45 (44%) 139 (43%) 37 (47%) 305 (42%)

25 Race Caucasian 216 (98%) 102 (100%) 326 (100%) 77 (99%) 721 (99%)
27 Black 3 (1%) 0 (0%) 0 (0%) 0 (0%) 3 (<1%)
30 Asian 1 (<1%) 0 (0%) 0 (0%) 1 (1%) 2 (<1%)

32 Other 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

34 PS (SDDD) 158 (72%) 71 (70%) 0 (0%) 48 (62%) 277 (38%)
37 Possible PS 158 (72%) 5(5%) 0 (0%) 48 (62%) 211 (29%)

39 Probable PS 0 (0%) 66 (65%) 0 (0%) 0 (0%) 66 (9%)
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Study
DP008-003 PDT304 PDT301 PDT408 Total

(N =220) (N=102) (N =326) (N=78) (N =1726)
DLB (SDDD) 0 (0%) 0 (0%) 116 (36%) 0 (0%) 116 (16%)

Possible DLB 0 (0%) 0 (0%) 27 (8%) 0 (0%) 27 (4%)
Probable DLB 0 (0%) 0 (0%) 89 (27%) 0 (0%) 89 (12%)
Non-PS/Non-DLB (no SDDD) 62 (28%) 31 (30%) 126 (39%) 30 (38%) 249 (34%)

ET 27 (12%) 14 (14%) 0 (0%) 23 (29%) 64 (9%)
AD 0 (0%) 0 (0%) 125 (38%) 0 (0%) 125 (17%)

Other 35 (16%) 17 (17%) 1 (<1%) 7 (9%) 60 (8%)
SDDD Present” 158 (72%) 71 (70%) 116 (36%) 48 (62%) 393 (54%)
SDDD Absent 62 (28%) 31 (30%) 126 (39%) 30 (38%) 249 (34%)

*Includes Possible and Probable PS and Possible and Probable DLB diagnoses.
AD = Alzheimer’s disease; BMI = Body mass index; DLB = Dementia with Lewy bodies; ET = Essential tremor; ITD = Intent to
diagnose; N = number of subjects in the study; PS = Parkinsonian syndrome SD = standard deviation; SDDD = striatal dopaminergic

deficit disorder.
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Sensitivity (PPA) and specificity (NPA)

Sensitivity and specificity for ioflupane (**’1) to detect SDDD (abnormal scan) or non-SDDD
(normal scan) using the mean of BIE reads is displayed in Figure 3. Supplementary Tables S4
and S5 (ITD and PP populations, respectively) show the means and 95% CI for the individual
reads for Parkinsonian syndromes, dementia with Lewy bodies, and total. Figure 3a shows high
sensitivity and specificity in the ITD population for both movement disorders (PS) and the total
pooled analysis, with a slightly lower sensitivity value (78.5%) when assessing subjects with
dementia. Sensitivity and specificity did not change substantially when reference clinical
diagnoses were made for DLB at Month 12. Sensitivity decreased when reference clinical
diagnoses were made for PS at Months 18 and 36 (78.9% and 76.6%), but specificity values
increased slightly, exceeding 95% at each time point. Overall, the sensitivity of BIE reads of

. 123
ioflupane (

I) SPECT images in the ITD population for PS and dementia at all diagnosis time
points ranged from 76.6% to 91.1%, and specificity ranged from 90.1% to 96.7%; PP population
results (Figs 3¢ and 3d) were very similar. Figures 4a-4d display the same analyses using the on-
site read results. Overall, sensitivity in the ITD population (Fig 4a and 4b) ranged from 81.4% to
89.9%, and tended to be higher for on-site reads compared with the BIE reads. Specificity ranged
from 81.6% to 90.3%, and tended to be lower compared with BIE reads. No meaningful
differences were noted in the values when analyzing the PP population (Fig 4c and 4d). Tables 3

and 4 (ITD and PP populations, respectively) summarize the sensitivity and specificity by expert

clinical diagnosis for on-site, institutional reads.
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Table 3. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-site institutional reads — ITD

population (N = 726)

Response

Expert Clinical Diagnosis

Parkinsonian Syndrome

(PS; SDDD)

Dementia with Lewy Bodies

(DLB; SDDD)

Total

Sensitivity

Specificity

Sensitivity

Specificity

Sensitivity

Specificity

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

Pooled Studies®

93.1% (89.5 to 95.8)

91.1% (84.6 to 95.5)

88.3% (80.0 to 94.0)

77.4% (69.7 to 83.9)

91.9% (88.7 to 94.5)

83.6% (78.7 to 87.9)

Study PDT301 — Month 12

89.9% (81.7 to 95.3)

81.6% (73.7 to 88.0)

Study PDT304 — Month 18

81.4% (70.3 to 89.7)

90.3% (74.2 to 98.0)

Study PDT304 — Month 36

83.8% (72.9 t0 91.6)

86.2% (68.3 0 96.1)

Mean Results®

89.6% (86.3 to 92.4)

90.2% (84.9 to 94.1)

89.9% (81.7 to 95.3)

81.6% (73.7 to 88.0)

89.7% (86.7 t0 92.2)

86.7% (82.4 t0 90.3)

CI = Confidence interval; ITD = Intent to diagnose; NPA = Negative percent agreement; PPA = Positive percent agreement; SDDD =

Striatal dopaminergic deficit disorder.

“ Pooled studies include on-site ioflupane (**°I) reads for DP008-003, PDT304, (at baseline), PDT301 (baseline reference clinical

diagnosis), and PDT408.

® Summary results calculated across all studies and time points. For PDT301, the Month 12 reference clinical diagnosis was used.

Sensitivity/Specificity for DLB is calculated based on Probable DLB vs. Non-DLB.
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Table 4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-site institutional reads — PP

population (N = 622)

Expert Clinical Diagnosis

Response

Parkinsonian Syndrome Dementia with Lewy Bodies Total
(PS; SDDD) (DLB; SDDD)
Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

(%, 95% CI)

Pooled Studies®

91.8% (87.5 t0 95.0)

90.3% (82.9 to 95.2)

87.5% (78.7 t0 93.6)

77.1% (69.3 to 83.7)

90.6% (36.8 to 93.6)

82.6% (77.3 to 87.1)

Study PDT301 — Month 12

89.4% (80.8 o 95.0)

81.3% (73.3 to 87.8)

Study PDT304 — Month 18

80.9% (69.5 to 89.4)

90.3% (74.2 to 98.0)

Study PDT304 — Month 36

83.3% (72.1 to 91.4)

86.2% (68.3 0 96.1)

Mean Results®

88.2% (84.5 t0 91.3)

89.6% (83.8 t0 93.8)

89.4% (80.8 t0 95.0)

81.3% (73.3 to 87.8)

88.4% (85.1 t0 91.2)

86.0% (81.4 to 89.8)

CI = Confidence interval; NPA = Negative percent agreement; PP = Per Protocol; PPA = Positive percent agreement; SDDD = Striatal

dopaminergic deficit disorder.

“ Pooled studies include on-site ['**IJFP-CIT reads for DP008-003, PDT304, (at baseline), PDT301 (baseline reference clinical

diagnosis), and PDT408.

® Summary results calculated across all studies and time points. For PDT301, the Month 12 reference clinical diagnosis was used.

Sensitivity/Specificity for DLB is calculated based on Probable DLB vs. Non-DLB.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

23

buAdod Ag parosiold 1senb Ag 20z ‘0z ydre uo /wod fwg uadolwg//:dny woiy papeojumoq 10z AINC € Uo ZZTS00-7T0Z-uadolwa/9eTT 0T st paysiignd 1s11y :uadO (NG



http://bmjopen.bmj.com/

Page 69 of 112 BMJ Open

Sensitivity/Specificity for Total is calculated based on SDDD vs. non-SDDD.

©CoO~NOUITA,WNPE

44 24
46 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

48 ‘yBLAdoo Ag pajoalold 1sanb Aq 720z ‘0z YaseN uo /wod fwq uadoligy/:dny woly papeojumoq '#T0z AINC € U0 ZZTS00-7T0Z-uadolwd/9eTT 0T se paysiignd 1siy :uado NG


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

Inter-reader agreement

Three of the studies had BIE readers, and Study PDT304 had three sets of images to be read.
Overall, the agreement between the BIE reader pairs was good, and ranged from 0.81 (95% CI
0.73 t0 0.90) to 1.00 (1.00 to 1.00). The Fleiss’ kappa for all BIE readers in a study ranged from
0.88 (0.84 t0 0.92) to 0.99 (0.87 to 1.10). Agreement between the BIE readers and the on-site
read was similar for two of the studies, and ranged from 0.82 (0.73 to 0.90) to 0.94 (0.87 to
1.01); for Study PDT301, the agreement for this comparison was not as good, with kappa
ranging from 0.60 (0.51 to 0.69) to 0.68 (0.60 to 0.76). Inter-reader agreement for the PP

population was comparable to that determined for the ITD population (data not shown).
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DISCUSSION

The current pooled analysis provides the largest dataset of clinical evidence (N = 726 in the ITD

population) to date showing that ioflupane ('**

I) SPECT imaging has high sensitivity and
specificity for detecting the presence or absence of a striatal dopaminergic deficit in ITD and PP
population of patients with movement disorders and/or dementia. Another strength of this study
is that we pooled well-designed, prospective studies with 12-36 months of clinical follow-up
after ioflupane (‘*’I) imaging in which blinded image evaluation by 3-5 independent nuclear
medicine physicians (no access to clinical information) was used for image assessment. Overall,
sensitivity for detecting the presence or absence of an SDDD ranged from 75.0% to 96.5%, and
specificity ranged from 83.0% to 100.0%. Inter-reader agreement was high, with kappa for
blinded reader pairs ranging from 0.81 to 1.00, indicating that diagnostic accuracy is not
dependent upon individual expert performance.

When BIE reads were compared with on-site reads, specificity was higher for the BIE reads,
whereas sensitivity was higher for the on-site reads. BIE vs. on-site reader agreement was lower
in the PDT301 study. This study focused on subjects with dementia, whereas the other studies
focused primarily on subjects with movement disorders. Clinical diagnosis of DLB tends to be
less accurate than PS.[10, 13, 16, 47] On-site readers had access to patient clinical information,
whereas BIE readers did not. This likely contributed to the observed increase in sensitivity and
decrease in specificity when images were read by the on-site readers compared with BIE readers,
resulting in lower agreement between the two reader groups in this study.

A limitation of this study is that the four studies in the pooled analysis used expert clinical

diagnosis as a reference standard for the presence or absence of an SDDD. Two of the studies
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(PDT301 and PDT304) used expert panels to establish the clinical diagnosis. In DP008-003,
enrolled subjects had established diagnoses, so an expert panel was not considered necessary. In
PDTA408, the final diagnosis was made with access to the ioflupane ('**I) SPECT images, which
was required to assess the test clinical utility. The truth standard for diagnosing movement
disorders and dementia is neuropathological confirmation of brain tissue at autopsy. However,
with a slowly progressive, mostly benign course of these disorders, these patients are unlikely to
die during the course of relatively short clinical trial duration and be subjects for autopsy
assessment. Previous post-mortem studies demonstrated a good correlation between ioflupane
('*I) SPECT imaging with neuropathological findings.[19, 46] In a study by Walker, when
validation was by autopsy diagnosis, sensitivity and specificity of initial clinical diagnoses in
DLB was 75% and 42%, respectively, whereas sensitivity and specificity of ioflupane ("*1)
imaging was higher, with values of 88% and 83%, respectively (88% and 100% for semi
quantitative analysis of scans).[19] Therefore, the use of clinical diagnosis as the non-perfect
reference standard rather than neuropathological confirmation at autopsy may have contributed
to the sensitivity and specificity values obtained in this pooled analysis. Another limitation of the
study is that Study PDT408 was not designed specifically to assess the sensitivity and specificity

of ioflupane (***

I) SPECT imaging for detecting or excluding an SDDD. However, they were
secondary endpoints, and expert clinical diagnosis and ioflupane (1) images were available on
these subjects, so it was deemed appropriate to include this study in the pooled analysis. Of note,
the sensitivity and specificity values for this study fell within the range for the other three studies

in which clinical diagnoses were made blinded to ioflupane ("*1) images, and exclusion of this

study would not have altered the main findings reported here.
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Substantial clinical need has been established for an adjunct to existing diagnostic tools for
differentiating PD from ET, and DLB from AD. Examiner expertise affects diagnostic accuracy,
with sub-specialists having the highest accuracy, followed by general neurologists; primary care
physicians tend to have the lowest.[48] In a general practice setting (N=202), 15% of patients
who had been diagnosed with parkinsonism, had tremor with onset after the age of 50, or who
had ever received parkinsonism drugs had their diagnosis unequivocally rejected when strict
clinical diagnostic criteria were applied and they completed a detailed neurological
interview.[23] On the other hand, 13 patients (19%) not previously diagnosed with Parkinson’s
disease (PD) received this diagnosis following use of strict clinical diagnostic criteria.[49] In
another general practice setting in Scotland (N=610), 5% of patients taking antiparkinson therapy
for a diagnosis of PD had their medication successfully withdrawn following evaluation by two
movement disorder specialists; ioflupane ('*’I) scanning was performed if there was
uncertainty.[50] General neurologists changed the diagnosis in 75% and movement disorder
specialists in 47% of clinically uncertain Parkinsonian Syndrome (PS) cases after ioflupane (1231)
imaging results became available.[6, 51] These studies highlight the frequency of PD or PS
misdiagnosis, and illustrate how using ioflupane ('*’I) scanning can result in corrections to
treatment. Early diagnosis is confounded by the fact that these diseases are progressive, and it
may take time for the signs and symptoms to worsen until they clearly point to one disease.[7]
The choice of consensus criteria also affects the sensitivity and specificity of the clinical
diagnosis.[52, 53] All these factors contribute to clinical diagnosis failing to align with autopsy
findings up to 25% of the time.[52] Ioflupane (‘**T) SPECT imaging does not diagnose discase.
Rather, it is used to determine the presence or absence of a striatal dopaminergic deficit. The

performance of ioflupane ('*’I) reported here may have been lower than expected, particularly in
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DLB patients, because we were comparing it to clinical diagnosis based on consensus criteria,
known to be imprecise.

Regulatory approval of ioflupane (**’I) in Europe and the US has facilitated meeting the clinical
need to improve the accuracy of clinical diagnosis. Adoption and utilization of this new
technology is expanding, and several professional societies and organizations are supporting
ioflupane ("*1) imaging as a useful and validated diagnostic tool. These include mention in the
2013 EFNS/MDS-ES/ENS guideline (Category A),[54] The Society of Nuclear Medicine,[55]
the UK’s National Institute for Health and Clinical Excellence (NICE) 2006 guidance,[56] the
Scottish Intercollegiate Guidelines Network (SIGN),[57] and the EFNS-ENS Guidelines.[4] The
Parkinson Progression Marker Initiative (PPMI) is adding ioflupane (1) imaging to be included
in study inclusion criteria, as well as during a 5-year study of PD biomarker progression.[58]
Research is needed to more fully elucidate future applications of ioflupane (‘**T) SPECT
imaging. While not currently licensed for this application, discussions have recently focused on
the possibility of whether quantitative analysis of ioflupane ('*’T) binding might further increase
the sensitivity and specificity of SDDD detection and enable differentiation of other PS, such as
PSP, MSA, or vascular parkinsonism from PD.[20, 59, 60] Additional studies that compare
ioflupane (‘*’I) imaging results with post mortem neuropathology rather than expert clinical
diagnosis may document better the accuracy of estimates of sensitivity and specificity. Our use
of expert clinical diagnosis as the standard of truth, whilst validated, was not as perfect as
autopsy. In addition, not all DLB patients have nigrostriatal degeneration and a small percentage
of these patients may have primarily cortical degeneration.[61] Finally, ioflupane ("*1) imaging
may be helpful in identifying dopaminergic nigrostriatal degeneration in the prodromal stages,

such as rapid-eye-movement sleep behavior disorder of alpha-synucleinopathies (PD, MSA,
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DLB) and tauopathies (PSP, corticobasal degeneration).[62,63]

30

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ybuAdod Ag perosioid 1senb Ag 20z ‘0z ydre uo /wod fwg uadolwg//:dny woiy papeojumoq 10z AINC € Uo ZZTS00-7T0Z-uadolwa/9eTT 0T st paysiignd 1s11y :uadO (NG


http://bmjopen.bmj.com/

©CoOoO~NOUITA,WDNPE

BMJ Open Page 76 of 112

Acknowledgments

We would like to acknowledge the writing assistance provided by Stacy Simpson Logan, CMPP
of Winfield Consulting, and funded by GE Healthcare. John O’Brien is supported by the NIHR
Biomedical Research Unit in Dementia awarded to the University of Cambridge. We thank the

patients and their families, who selflessly agreed to study participation.

Contributors

JTO’B was a principal investigator responsible for design, conduct and aspects of data collection
and supervision of the 301 study; he was involved in design and critical analysis of data forming
this manuscript.

WHO contributed to the study designs, data collection, data analysis, and data interpretation.
IGMcK and ZW contributed to data collection.

DGG made substantial contribution to the acquisition, analysis and interpretation of the data.

KT was involved in the analysis and reporting of study results, which are presented in this

manuscript (investigator and reader in part of the studies), as well as contributing to the

interpretation of the data in this pooled analysis.

ET contributed to the study design, data analysis, and data interpretation.
PFS was involved in reporting of studies that resulted in data reported in this manuscript, as well

as contributing to the analysis and interpretation of this pooled analysis.

IDG provided funding and administrative support; managed statistical analysis and medical
writing; conducted literature search; interpreted the data; and drafted the first draft and efficacy

sections of the manuscript.

31

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Ag paloaloid 1senb Ag 202 ‘02 Ydore uo /wod (g uadolwg//:dny wouj papeojumoq +T0Z AINC € U0 ZZTS00-¥T0Z-uadolwa/9eTT 0T st paysiignd 1su1 :uado CINg


http://bmjopen.bmj.com/

Page 77 of 112 BMJ Open

©CoOoO~NOUITA,WNPE

JTO’B, WHO, IGMcK, DGG, ZW, KT, ET, PFS, and IDG reviewed and edited the manuscript,
and approved the final version.

JTO’B, WHO, IGMcK, DGG, ZW, KT, ET, PFS, and IDG agree to be accountable for all
aspects of the work in ensuring that questions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved.

JTO’B and IDG are guarantors of the study.

Funding

GE Healthcare provided funding and administrative support for this pooled analysis.: manageéd

— All co-authors (except IDG and

PFES, who were GE emplovees at the time the paper was prepared) contributed independent of the

sponsor, as noted above, and retained full editorial control of the content and the decision to

publish. No authors were paid for their participation in preparing this manuscript.

Competing interests

All authors have completed the Unified Competing Interest form at
www.icmje.org/coi_disclosure.pdf (available on request from the corresponding author) and
declare that

Dr. O'Brien reports grants and other from GE Healthcare, grants and other from Lilly, other from
Bayer Healthcare, other from TauRx, other from Cytox, outside the submitted work.

Dr. Oertel reports grants and personal fees from GE Healthcare, personal fees from

Amersham.Buchler, outside the submitted work.

32

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Ag paloaloid 1senb Ag 202 ‘02 YdoJe uo /wod (g uadolwq//:dny wouj papeojumoq +T0Z AINC € Uo ZZTS00-¥T0Z-uadolwa/9eTT 0T St paysiignd 1su1y :uado CINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open Page 78 of 112

Dr. McKeith reports grants and personal fees from GE Healthcare, outside the submitted work.
Dr. Grosset reports grants and personal fees from GE Healthcare, during the conduct of the
study.

Dr. Walker reports personal fees from GE Healthcare, personal fees from Bayer Healthcare,
grants from GE Healthcare, grants from Lundbeck, other from GE Healthcare, and personal fees
from Novartis, outside the submitted work.

Dr. Tatsch reports grants and personal fees from GE Healthcare, outside the submitted work.
Dr. Tolosa reports grants from The Michael J Fox Foundation for Parkinson's Research, personal
fees from Novartis, TEVA, Boehringer Ingelheim, UCB, Solvay, Lundbeck, TEVA, outside the
submitted work.

Dr. Sherwin reports other (salary) from GE Healthcare, during the conduct of the study; other
(salary) from GE Healthcare, outside the submitted work.

Dr. Grachev reports employment from GE Healthcare, during the conduct of the study.

Researcher independence
All authors had full independence from the funding source in the conduct of the research

reported in this paper (see competing interests).

Access to data
All authors, internal and external, had full access to all of the data, (including statistical reports
and tables) in the study and can take responsibility for the integrity of the data and accuracy of

the data analysis.

33

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"yBuAdoo Ag peroalold 1senb Aq 20z ‘0z yarew uo jwod fwg-uadolwig//:dny woly papeojumoq +T0Z AINC € Uo ZZTS00-¥T0Z-uadolwag/9eTT 0T St paysignd 1s1y :uadO CINg


http://bmjopen.bmj.com/

Page 79 of 112 BMJ Open

©CoO~NOUITA,WNPE

Transparency declaration
John T. O’Brien affirms that the manuscript is an honest, accurate, and transparent account of the
study being reported. No important aspects of the study have been omitted. Any discrepancies

from the study, as planned, have been explained.

Data sharing statement
Informed consent was not obtained from study participants for data sharing, but the presented

data are anonymized and risk of identification is low. No additional data are available.

Licence for publication

John T. O’Brien, the Corresponding Author, has the right to grant on behalf of all authors and
does grant on behalf of all authors, a worldwide licence to the Publishers and its licensees in
perpetuity, in all forms, formats, and media (whether known now or created in the future) to 1)
publish, reproduce, distribute, display, and store the Contribution, ii) translate the Contribution
into other languages, create adaptations, reprints, include within collections and create
summaries, extracts and/or abstracts of the Contribution, iii) create any other derivative work(s)
based on the Contribution, iv) to exploit all subsidiary rights in the Contribution, v) the inclusion
of electronic links from the Contribution to third party material where-ever it may be located,

and vi) licence any third party to do any or all of the above.

34

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"yBuAdoo Ag peroalold 1senb Aq 20z ‘0z yarew uo jwod fwg-uadolwig//:dny woly papeojumoq +T0Z AINC € Uo ZZTS00-¥T0Z-uadolwag/9eTT 0T St paysignd 1s1y :uadO CINg


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open Page 80 of 112

Figure Legends

Figure 1. Subject disposition

Figure 2. Summary of clinical diagnosis (per Reference Clinical Standard) by study
Fig 2a. — ITD population

Fig 2b. — PP population

Figure 3. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis —
Mean of Blind Reads

3a. ITD population — Summary results calculated across all studies and readers at baseline. DLB
is calculated based on Probable DLB vs. non-DLB. Total is calculated based on SDDD present
vs. SDDD absent.

3b. ITD population — DLB at Month 12 calculated for all readers in study PDT301. PS at Month
18 and 36 calculated for all readers in study PDT304.

3c. PP population — Summary results calculated across all studies and readers at baseline. DLB is
calculated based on Probably DLB vs. non-DLB. Total is calculated based on SDDD present vs.
SDDD absent

3d. PP population — DLB at Month 12 calculated for all readers in study PDT301. PS at Month

18 and 36 calculated for all readers in study PDT304.

Figure 4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — On-

site Institutional Reads
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4a. ITD population — Summary results calculated across all studies and time points. For PDT301,
Month 12 reference clinical diagnosis was used in this analysis. DLB is calculated based on
Probable DLB vs. non-DLB. Total is calculated based on SDDD present vs. SDDD absent.

4b. ITD population — DLB at Month 12 calculated for on-site readers in study PDT301. PS at
Month 18 and 36 calculated for on-site readers in study PDT304.

4c. PP population — Summary results calculated across all studies and time points. For PDT301,
Month 12 reference clinical diagnosis was used in this analysis. DLB is calculated based on
Probable DLB vs. non-DLB. Total is calculated based on SDDD present vs. SDDD absent.

4d. PP population — DLB at Month 12 calculated for on-site readers in study PDT301. PS at

Month 18 and 36 calculated for on-site readers in study PDT304.
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2 Table S2. Ethics Committees for the Four Studies in the Pooled Analysis E
5 Study DP008-003 g
6 Committee Name City Country Chaileman
7 Medical Research Ethics Committee, The Phillips University Clinic | Marburg Germany Dr. PSHeubel
8 The Faculty of Medicine Ethics Committee, Ludwig Maximilian Munich Germany Prof..Dr. med. Dent.
20 University of Munich W Geérnet
11 Southern General Hospital Medical Ethics Committee Glasgow UK Rev. ® Keddie
12 Medical Ethics Committee, Academic Medical Center, Amsterdam | Amsterdam | The Prof.g_ Arisz
13 University Netherlands g
1; Joint UCL/UCLH Committees on the Ethics of Human Research London UK Prof.§A McLean
16 Ethics Review Committee, University Hospital Ghent Belgium Prof.?r. M Bogaert
17 3
18 PDT301 3
19 Committee Name City Country ChaiZman
3(1) Ethikkommission des Landes Obergsterreich Linz Austria UnivéﬁProf. Prim Dr.
22 Fishes
23 Ethik-Kommission der Medizinischen Fakultat der Universitat Wien | Wien Austria UnivgProf. Dr. E
24 und des Allgemeinen Krnkenhauses der Stadt Wien AKH Singef
25 Comité consultative pour la protection des personnes dans la Bordeaux France Prof.gVIC Saux
g? recherché biomédicale Bordeaux B %
28 Ethik-Kommission an der Medizinischen Fakultat der Universitat Leipzig Germany Prof.?r. med. R
29 Leipzig Preil®
30 Ethikkommission, Campus Charité Mitte Berlin Germany Prof.Dr. med. R
31 Uebethack
gg Ethik-Kommission der Ruhr- Universitat Bochum, Medizinischen Bochum Germany Prof.§)r. Zenz
34 Fakultat g
35 Ethik-Kommission der Georg-August-Ruhr-Universitat Gottingen Gottingen Germany ProfDr. med. E
36 Riither
g; Ethik-Kommission der Arztekammer Hamburg Hamburg Germany Prof.Dr. med. Th.
Webér
23 Medizinischen Hochschule Hannover, Ethikkommission Hannover Germany Prof.®r. HD Troger
41 Landesédrztekammer Rheinland-Pfalz, Ethikkommission Mainz Germany ProfDr. Rittner
42 g
43 3
44 E:
45
46 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
47
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0]

g
Committee Name City Country ChaiFman
Kommission fur Ethik in der arztlichen Forschung. Bereich Marburg Germany Prof.Pr. Med. G
Humanmedizin, Klinikum der Philipps- Universitat Marburg Rich@r
Regione Veneto, Aziendo Ospedaliera di Padova, Comitato Etico Padova Italy Dr. RBPegoraro
per la Sperimentazione o
Azienda Ospedaliera Pisana, Comitato etico per la studio del Pisa Italy ProfR Barsotti
farmaco sull” uomo §
Regional komité for medisinsk forskninsetikk, Vest-Norge (REK Bergen Norway A Be‘gstad
Vest), Universitetet i Bergen, det medisinske fakultet g
Comité Etico de Investigacao Clinica Porto Portugal 5
Karolinska Institutet, Forskningsettikkommitté Syd Stockholm Sweden Prof.34 Glaumann
Regionala etikprovningsndmnden i Stockholm Stockholm Sweden Prof:=|~_E Rutquist
Clinic Barcelona, Hospital Universitari, Comite étic investigacio Barcelona Spain s
clinica g
Comité Etico de Investigacion Clinica, Hospital Universitario de Madrid Spain =
Getafe é
Comité etico de investigacion clinica Hospital “La Fe” Valencia Valencia Spain 3
Northern and Yorkshire Multi-Centre Ethics Committee, Durham Durham UK J Kely/S Brunton-
University Shielg
Gateshead Local research Ethics Committee Sunderland | UK Dr. BG Raw
Northumberland, Tyne and Wear NHS Strategic Health Authority Newcastle UK Dr. J%.othian, PD
Local Research Ethics Committees, Newcastle General Hospital upon Tyne Carrg
Southampton & South West Hampshire Local Research Ethics Southampton | UK C Wright
Committee N
Ethikkommission der Medizinischen Fakultat der Ludwig- Minchen Germany Prof.§)r. G
Maximilans-Universitat, LMU, Klinikum GroRhadern Paurggartner
Ethikkommission der Fakultat fir Medizin der Technischen Minchen Germany ProfDr. A Schomig
Universitat Minchen &
Aligemeines 6ffentliches Krankenhaus der Stadt Linz, Kommission | Linz Austria Primdr Dr. H Stekel
zur Beurteilung klinischer Priifungen von Arzneimitteln, o)
Ethikkommission g
Ospedali Civili Brescia, Aziendo Ospedaliera, Comitato Etico Brescia Italy Prof ¥ De Ferrari
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1 ®
2 Committee Name City Country Chaifmanv
5 Fakultni nemocnice v Motole, Etickakomise Prague Czech MULR. V Smelhaus
6 Republic R
7 Brighton and Sussex Local Research Ethics Committee Brighton UK Dr. PSSeddon
g East Sussex Local Research Ethics Committee Brighton UK Dr. J?Qademaker
10 South Manchester Local Research Ethics Committee Manchester | UK Dr. W Pettit
11 Central Manchester Research Ethics Committee Manchester | UK Dr. (®Mandal
12 NHS Tayside Board, Tayside Committee on Medical Research Dundee UK NF Brown
13 Ethics, Ninewells Hospital & Medical School g
ig Fazio-Fondazione San Raffaele Del Monte Tabor Milano, Comitato | Milano Italy Prof.§ Miller
16 Etico Dell’istituto Nazionale Neurologico Besta di Milano §
17 IRCCS - Fondazione San Raffaele Del Monte Tabor di Milano Milano Italy Prof.%£5 Zoppei
18 Comité ético de investigacion clinica, Servicio Andaluz de Salud, Sevilla Spain s
19 Consejeria de Salud, Hospitales Universitarios Virgen de Rocio de g
o Sevilla 5
29 Ethikkommission der stadt Wien Wien Austria Dr. FSerban
23 North Sheffield Local Research Ethics Committee, Northern General | Sheffield UK Dr. GPM Clark
24 Hospital 3
25 Glasgow West Local Research Ethics Committee Glasgow UK Dr. JHunter
g? NHS Greater Glasgow Primary Care Division Local Research Ethics | Glasgow UK Dr. P§Fleming
28 Committee, Gartnavel Royal Hospital >
29 Frenchay Research Ethics Committee, North Bristol NHS Trust Bristol UK Drs. (afaKendaII and M
30 Headquarters Sher
g; Arztekammer Berlin, Ethik-Kommission Berlin Germany C Bigndo
33 Ethikkommission des Landes Bremen, Institut fiir Klinische Bremen Germany Dr. I@Boomgaarden-
34 Pharmaakologie, Klinikum Bremen-Mitte Branges
35 Ethikkommission der Fakultét fir Medizin der Technischen Minchen Germany Prof.“raDDr. A Schomig
36 Universitat Miinchen @
37 T
> PDT304 :
40 Committee Name City Country CBairman
41 Ethics Committee of the Southern General Hospital NHS Trust, Glasgow UK Re;?/. D Keddie
42 Glasgow 3
43 =.
44 E:
45
46 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Committee Name City Country Chairman
Kommission fiir Ethik in der Arztlichen Forschung, Klinikum der Marburg Germany Prgf. Dr. med. G
Philipps-Universitat Marburg Riéhter
New Cross Hospital Local Research Ethics Committee Wolverhampton | UK D3Little
Southampton and South West Hampshire Joint Local Southampton UK DE. A Kermode
Joint Ethics Committee Newcastle and North Tyneside Health Newcastle UK Plﬁf. PA Heasman
Authority =
Comite Etico de Investigacion Clinica Hospital Clinic | Provincial Barcelona Spain Praf. J Rodes
Comite Etico de Investigacion Clinica del Hospital de la Santa Creu | Barcelona Spain FECarrenca
| Sant Pau o
Comité d’ ethique hospitalier, Cliniques Universitaires de Mont- Yvoir Belgium DE%P Evrard
Godinne =
Hospitais da Universidade de Coimbra Coimbra Portugal D& JA Branquinho de
Céavalho
Ethikkommission der Medizinischen Faultat der Universitat Innsbruck Austria Usiv. Prof. Dr. P
Innsbruck Ltkas
®
PDT408 g
Committee Name City Country Chaigman
Hospital Ethical Committee, University Hospital UCL Mont- Yvoir Belgium Dr. P§Evrard
Godinne 2
Commission for Ethics, AZ St.-Jan AV Brugge Belgium Dr. J§/an
Droogenbroeck
Comite Consultatif de Protection des Personnes Dans La Recherche | Lille France ProfPY Hatron
Biomedicale de Lille, Hbpital Huriez N
Ethik-Kommission der Arztekammer Hamburg Kdrperschaft des Hamburg Germany Prof®r. Med. K
offentlichen Rechts Held2
Ethikkomission des Klinikums der Universitat Regensberg Regensberg | Germany Prof.r. R
Andr&esen
Vorsitzenden der Ethikkommission Bei der Arztekammer des Saarbriicken | Germany Dr. SEErtz
Saarlandes g
Spett. Le Comitato Etico Milano Italy Prof <A Randazzo
Comitato Etico Per La Sperimentazione Clinica Del Farmaci Firenze Italy Prof.;j_ Zilletti
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Committee Name City Country ChaiFman
Ministério Da Saude Hospitais Da Universidade De Coimbra Coimbra Portugal Prof.3@r. JM Pedroso
Limas
Comité Etico De Investigacion Clinica Hospital Clinic | Provincial Barcelona Spain Prof.9MA Asenjo
Sebastian
Comité Etico De Investigacion Clinica Del Hospital De La Santa Barcelona Spain FJ C%’rencé
Creu | Sant Pau =
>
King’s College Hospital London UK Prof. ER Howard
Southampton and South West Hampshire Local Research Ethics Southampton | UK Dr. A§Kermode
Committees @
Etik-Kommission Der Medizinischen Faultat der Universitat Wien Wien Austria UnivgProf. Dr. E

@
=
)
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Table S3. Demographic characteristics and clinical diagnosis (per Reference Clinical Diagnosis) by study — t|§P population (N = 622)

©CoO~NOUITA,WNPE

Study
DP008-003 PDT304 PDT301 PDT4§8 Total
(N = 157) (N = 100) (N = 288) (N=7B (N = 622)
Age (yr) Mean (SD) 63.1 (8.51) 60.5 (10.97) 74.2 (7.02) 64.1 (1295) 67.9 (10.61)
Min, Max 40, 80 33,79 54, 90 25, 8% 25, 90
Median 64.0 615 75.0 67.02 69.0
Gender Male 99 (63%) 57 (57%) 160 (56%) 40 (52%) 356 (57%)
Female 58 (37%) 43 (43%) 128 (44%) 37 (B%) 266 (43%)
Race Caucasian 153 (97%) 100 (100%) 288 (100%) 76 (B%) 617 (99%)
Black 3 (2%) 0 (0%) 0 (0%) 0 (0B6) 3 (<1%)
Asian 1 (1%) 0 (0%) 0 (0%) 1 (1%) 2 (<1%)
Other 0 (0%) 0 (0%) 0 (0%) 0 (0B6) 0 (0%)
PS (SDDD) 115 (73%) 69 (69%) 0 (0%) 47 (6E%) 231 (37%)
Possible PS 115 (73%) 5 (5%) 0 (0%) 47 (6326) 167 (27%)
Probable PS 0 (0%) 64 (64%) 0 (0%) 0 (0%h) 64 (10%)
DLB (SDDD) 0 (0%) 0 (0%) 110 (38%) 0 (0%) 110 (18%)
Possible DLB 0 (0%) 0 (0%) 25 (9%) 0 (0%) 25 (4%)
Probable DLB 0 (0%) 0 (0%) 85 (30%) 0 (0%) 85 (14%)
Non-PS/Non-DLB (no SDDD) 42 (27%) 31 (31%) 123 (43%) 30 (38%) 226 (36%)
ET 16 (10%) 14 (14%) 0 (0%) 23 (38%) 53 (9%)
AD 0 (0%) 0 (0%) 122 (42%) 0 (0%) 122 (20%)
Other 26 (17%) 17 (17%) 1 (<1%) 7 (9%) 51 (8%)
SDDD Present? 115 (73%) 69 (69%) 110 (38%) 47 (68%) 341 (55%)
SDDD Absent 42 (27%) 31 (31%) 123 (43%) 30 (3@/0) 226 (36%)

4ncludes Possible and Probable PS and Possible and Probable DLB diagnoses.
AD = Alzheimer’s disease; DLB = Dementia with Lewy bodies; ET = Essential tremor; N = number of subjeﬁts in the study; PP = Per
protocol; PS = Parkinsonian syndrome; SD = standard deviation; SDDD = striatal dopaminergic deficit dlsorﬂer
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Table S4. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — Means of mdnﬁdual blind reads — ITD

population (N = 726)° g
Expert Clinical Diagnosis o
Parkinsonian Syndrome Dementia with Lewy Bodies § Total
Response (PS; SDDD) (DLB; SDDD) w
Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity
(%, 95% CI) (%, 95% CI) (%, 95% CI) (%, 95% CI) (%=95% CI) (%, 95% CI)

Mean Results Across all | 91.1% (89.2 to 92.8) | 92.3% (89.3 to 94.7) | 78.5% (72.7 to 83.5) | 90.1% (86.8 to 92.8) | 88.7%%86.8 to 90.4) | 91.2% (89.0 to 93.0)
Readers®— Baseline =
Mean Results Across all 78.5% (72.7 to 83.5) | 92.8% (89.6 to 95.2) g
Readers® — Month 12 §
Mean Results Across all 78.9% (72.8 t0 84.2) | 95.7% (89.2 to 98.8) 2
Readers’ — Month 18 ]
Mean Results Across all 76.6% (70.1 t0 82.3) | 96.7% (90.6 to 99.3) =
Readers® — Month 36 S

Cl = Confidence interval; ITD =

Striatal dopaminergic deficit disorder.
®PDT408 (N=78 for ITD) is included in the N. but not included in the mean calculations, as this study did nthave blinded readers.

®Summary results calculated across all readers for studies DP008-003, PDT301, and PDT304 at baseline.

¢ Summary results calculated across all readers for study PDT301.
¢ Summary results calculated across all readers for study PDT304.
Sensitivity/specificity for DLB is calculated based on Probable DLB vs. Non-DLB, and Total is calculated b%ed on SDDD present vs.

SDDD absent.
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Table S5. Summary of sensitivity (PPA) and specificity (NPA) by expert clinical diagnosis — Means of mdnﬁdual blind reads — PP

population (N = 622)° g
Expert Clinical Diagnosis o
Parkinsonian Syndrome Dementia with Lewy Bodies § Total
Response (PS; SDDD) (DLB; SDDD) w
Sensitivity Specificity Sensitivity Specificity Seigitivity Specificity
(%, 95% CI) (%, 95% CI) (%, 95% CI) (%, 95% CI) (%,85% CI) (%, 95% CI)

Mean Results Across all
Readers® — Baseline
Mean Results Across all
Readers® — Month 12
Mean Results Across all
Readers® — Month 18
Mean Results Across all
Readers® — Month 36

90.0% (87.6 t0 92.0) | 93.7% (90.4 to 96.2)

78.3% (72.0 t0 83.7) | 95.7% (89.2 to 98.8)

75.9% (69.3 to 81.7) | 96.7% (90.6 t0 99.3)

78.5% (72.7 t0 83.5) | 90.3% (87.0 to 93.0)

78.3% (72.5 t0 83.4) | 93.0% (89.8 to 95.4)

87.3% (85.1 t0 89.3)

woJ) papeojumoq ‘¥

91.7% (89.5 t0 93.7)

CI = Confidence interval; NPA = Negative percent agreement; PP = Per Protocol; PPA = Positive percent aggement SDDD = Striatal
dopaminergic deficit disorder.
®PDT408 (N=77 for PP) is included in the N. but not included in the mean calculations, as this study did not Eave blinded readers.

®Summary results calculated across all readers for studies DP008-003, PDT301, and PDT304 at baseline.

CSummary results calculated across all readers for study PDT301.
YSummary results calculated across all readers for study PDT304.
Sensitivity/specificity for DLB is calculated based on Probable DLB vs. Non-DLB, and Total is calculated b%ed on SDDD present vs.

SDDD absent.
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STARD checklist for reporting of studies of diagnhostic accuracy

(version January 2003)

Section and Topic Item On page #
#
TITLE/ABSTRACT/ 1 Identify the article as a study of diagnostic accuracy (recommend MeSH 1-4
KEYWORDS heading 'sensitivity and specificity').
INTRODUCTION 2 State the research questions or study aims, such as estimating diagnostic 7
accuracy or comparing accuracy between tests or across participant
groups.
METHODS
Participants 3 The study population: The inclusion and exclusion criteria, setting and 8-12, Table
locations where data were collected. 1°
4 Participant recruitment: Was recruitment based on presenting symptoms, 8-12°
results from previous tests, or the fact that the participants had received
the index tests or the reference standard?
5 Participant sampling: Was the study population a consecutive series of 8-13°
participants defined by the selection criteria in item 3 and 47 If not,
specify how participants were further selected.
6 Data collection: Was data collection planned before the index test and 8-13°
reference standard were performed (prospective study) or after
(retrospective study)?
Test methods 7 The reference standard and its rationale. 12-13, 24-
25
8 Technical specifications of material and methods involved including how 12-13
and when measurements were taken, and/or cite references for index
tests and reference standard.
9 Definition of and rationale for the units, cut-offs and/or categories of the 12-13
results of the index tests and the reference standard.
10 The number, training and expertise of the persons executing and reading 8-13°
the index tests and the reference standard.
11 Whether or not the readers of the index tests and reference standard 12-13
were blind (masked) to the results of the other test and describe any
other clinical information available to the readers.
Statistical methods 12 Methods for calculating or comparing measures of diagnostic accuracy, 13-14
and the statistical methods used to quantify uncertainty (e.g. 95%
confidence intervals).
13 Methods for calculating test reproducibility, if done. 14
RESULTS
Participants 14 When study was performed, including beginning and end dates of 72
recruitment.
15 Clinical and demographic characteristics of the study population (at least |Tables 1, 2,
information on age, gender, spectrum of presenting symptoms). & S3
16 The number of participants satisfying the criteria for inclusion who did or Figure 1
did not undergo the index tests and/or the reference standard; describe
why participants failed to undergo either test (a flow diagram is strongly
recommended).
Test results 17 Time-interval between the index tests and the reference standard, and 13
any treatment administered in between.
18 Distribution of severity of disease (define criteria) in those with the target Figure 2
condition; other diagnoses in participants without the target condition.
19 A cross tabulation of the results of the index tests (including N/A?
indeterminate and missing results) by the results of the reference
standard; for continuous results, the distribution of the test results by the
results of the reference standard.
20 Any adverse events from performing the index tests or the reference N/AP
standard.
Estimates 21 Estimates of diagnostic accuracy and measures of statistical uncertainty Figs 3 & 4,
(e.g. 95% confidence intervals). Tables 3, 4,
S4, & S5
22 How indeterminate results, missing data and outliers of the index tests N/A?
were handled.
23 Estimates of variability of diagnostic accuracy between subgroups of 23, Tables
participants, readers or centers, if done. 3,4,54, &
S5
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24

Estimates of test reproducibility, if done.

23

DISCUSSION

25

Discuss the clinical applicability of the study findings.

24-27

@ Since this was a pooled analysis of 4 clinical trials and each of these individual studies have been previously

published, some of these details are not included in this paper with the references provided. The individual primary
publications of the 4 studies were referred to to obtain these details.

® Safety data were not a focus of the current report and will be published in a separate report.
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