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Abstract

Objectives To assess the efficacy and safety of " Tc-TRODAT-1 SPECT in diagnosing Parkinson’s disease (PD).
Methods *™Tc-TRODAT-1 SPECT imaging was performed in 34 healthy controls and 96 PD patients 2.5 h later after injec-
tion. The striatal image was evaluated visually and semi-quantitively. Sensitivity and specificity of *™Tc-TRODAT-1 SPECT
were analyzed according to Hoehn and Yahr scale (HYS). Based on HYS, the PD patients were divided into mild (HYS 1-2)
and moderate (HYS 3-5) groups. The uptake ratios of striatum (ST) and cerebellum (CB) in contralateral, ipsilateral and
bilateral striatum in different groups were calculated and analyzed. The safety was assessed.

Results The sensitivity and specificity of *"Tc-TRODAT-1 SPECT to discriminate PD patients from healthy subjects
were 98.96% and 94.12% and it has perfect agreement with HYS (x=0.94, p <0.001). The sensitivity to diagnose mild and
moderate PD was 43.42% and 95% separately. The uptake ratio in PD patients was significantly lower than that in healthy
controls (1.37+0.13 vs 1.68 +0.18, p <0.001). And the uptake ratio in contralateral side was markedly reduced in unilateral
PD patients as compared with the ipsilateral side (1.50+0.20 vs 1.46+0.21, p <0.001). The striatal uptakes in affected
striatum and bilateral striatum were reduced with increasing disease severity between healthy control versus mild stage
versus moderate stage in the affected striatum and bilateral striatum in PD patients. No serious adverse events or death was
observed after injecting **™Tc-TRODAT-1.

Conclusion We demonstrated that " Tc-TRODAT-1 was a safety radiotracer which can be used in clinic to diagnose PD
using SPECT.
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Introduction

Parkinson’s disease (PD) is a progressive neurodegen-
erative disorder characterized by motor and nonmotor
symptoms. Its pathological feature is the degeneration of
dopaminergic neurons in the substantia nigra. The current
diagnosis of PD is mainly based on the clinical symptoms,
such as resting tremor, rigidity, slowness of movements,
postural instability, dementia and dysautonomia [1]. But
there are no clinical symptoms in the early stage of PD
until 50% of nigral neurons and 80% of striatal dopamine
are lost [2]. So, the detection methods relying on the
decreased dopaminergic neurons were developed widely
to diagnose PD.

Dopamine transporter (DAT), located on the presyn-
aptic dopaminergic nerve terminal, maintains dopamine
homeostasis via reuptake dopamine into the nerve termi-
nal. The loss of dopaminergic neurons leads to the reduc-
tion of DAT [3]. Many radiotracers which can bind specifi-
cally to DAT were developed to diagnose PD, including
SPECT tracers such as *"Tc-TRODAT-1, '*I-beta-CIT,
'] FP-CIT, and PET tracers such as ''C -CFT, *F-CFT,
BE_FP-CIT [4, 5]. Among them, %I, 1C and '8F are pro-
duced from cyclotron, which is of high cost and limits its
widespread use in clinic [6]. By contrast, 99mMTe can be
eluted from *Mo/*™Tc generators which is of low cost
and can easily transport over long distances. **™Tc-TRO-
DAT-1, developed by Kung et al., has shown high affinity
and specificity for DAT [7-9]. A series of studies using
99mTc TRODAT-1 SPECT were performed to detect the
dopaminergic function in both animal and human, espe-
cially with PD [10-13]. Many studies have indicated that
99mTc TRODAT-1 can not only be used to diagnose the late
onset PD but also the early PD [13-15]. **"Tc-TRODAT-1
will be a good and specifically radiotracer to diagnose PD
in clinic. We previously carried out the phase I clinical
study of *"Tc-TRODAT-1 in healthy adults to investigate
its safety, pharmacokinetics, biodistribution, and injection
doses which showed that *"Tc-TRODAT-1 is safety to be
used in human and can show the status of dopaminergic
neurons specifically and clearly. Now, in this study, we
perform phase 2 clinical trial to investigate its diagnostic
efficacy and safety in PD patients.

Materials and methods

This study was approved by China Food and Drug Admin-
istration (Approval number: 2007L03822) and the ethics
committee of Huashan Hospital Affiliated to Fudan Uni-
versity. All procedures performed in this study were in
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accordance with the guidelines of “Good Clinical Practice
(GCP)” and with the principles of the 1964 Declaration
of Helsinki and its later amendments. Informed consent
was obtained from all participants included in the study.

Subjects

Written informed consent was signed by all participants who
were informed of all aspects of the study and agreed to par-
ticipate in this trial voluntarily. After medical history, physi-
cal examination, laboratory tests and other tests, 34 healthy
controls in non-PD group (NPD) and 96 PD patients in PD
group (PD) in three medical centers were enrolled in this
study based on inclusion and exclusion criteria as followed
from January 2011 to December 2012.

Inclusion criteria were: aged 4075 years; the range of
the body mass index (BMI) was 19-25; no drugs that may
affect the efficacy of the trial was used within 48 h prior to
the trial; no obvious structural abnormality in basal ganglia
detected by MRI; the participants understood the purpose
and process of this study and signed the informed consent
form voluntarily. PD patients are diagnosed with Parkinson’s
disease according to the United Kingdom (UK) Brain Bank
criteria. For healthy controls, they have no neurological
signs through neurological examination.

Exclusion criteria were: women in gestational and lac-
tational period; mental or physical disability; inadequate
hepatic or renal functions; past and present history of drugs
or alcohol abuse; history of hypersensitivity to drugs or
food; received other drug clinical trial within 3 months;
received any other radionuclide imaging within 14 days.

Radiopharmaceutical

9MTc TRODAT-1 was synthesized as previously described
[16]. 740-1110MBq (20-30mCi) Na®”™TcO4 was injected
into the bottle of TRODAT-1 (50ug/bottle) which was sup-
plied by Jiangsu Key Laboratory of Molecular Nuclear
Medicine and shaking gently to make the freeze-dried TRO-
DAT-1 dissolve completely. The pH was adjusted to 6-7,
allowed it to stand for Sminutes and then heated in boiling
water bath for 30 min. After cooling, the reaction complex
was extracted from the aqueous reaction medium with ethyl
acetate and passed through a small amount of Na,SO,. The
ethyl acetate was removed under a flow of nitrogen. The
residue was dissolved in EtOH and saline and then sterilized
by a filter. After removing the first receiver vial, the *™Tc-
TRODAT-1 was eluted with 50/50 ethanol/water and diluted
to the required concentration with sterile saline in a sterile
receiver vial. The radiochemical purity of " Tc-TRODAT-1
was evaluated by high-performance liquid chromatography
(HPLC) which was all greater than 90% for each preparation.
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In phase 1 clinical trial, we found that when the injection
dose was about 740MBq (20mCi), the striatal images were
better than the injection dose of 370MBq (10mCi) and the
patients received less radioactivity than the injection dose
of 1110MBq (30mCi). So, in this study, the injection dose
was about 740MBq (20mCi).

Striatal imaging analysis

The brain SPECT was performed at 2.5 h after injection
using high-resolution fan beam collimators of Siemens
NME.CAM Gantry Dual-Head Ex. Base (Siemens, Ger-
many). Brain images were acquired in a 128 X 128 matrix
through 360° rotation (180° for each head). The energy was
140 keV. Images were reconstructed using ramp-Butterworth
filter. The SPECT which has dual-head camera, scanning
parameter and reconstruction method in different centers
were all the same. The striatum image evaluated visually by
professional doctors was classified as normal and abnormal,
or normal, mild and moderate. According to the Hoehn and
Yahr scale (HYS), the PD patients were classified as mild
(stages 1 and 2), moderate (stage 3) and severe (stages 4 and
5). Because there were just 4 severe patients, so the severe
patients were analyzed as moderate patients. The sensitivity
and specificity of *™Tc-TRODAT-1 SPECT to diagnose PD
were analyzed compared with HYS.

Regions of interest (ROI) of bilateral striatum was drawn
on the slice with the highest activity by 2 independent read-
ers blind to each other. The ROI of cerebellum was also
drawn in the same way and served as background areas. The
ratio of ST and CB was calculated as the radioactivity uptake
value of DAT in the striatum.

Safety assessment

Within 14 days before injection and 24 h after injection,
the physical examination, vital signs, hematological test,
biochemical test and urinary test were all detected. The
12-lead electrocardiogram was also done within 14 days
before injection. Before injection and 2 h after injection at
study day, the vital signs were checked again.

Statistical analysis

Data were shown as mean =+ SD. T test was used to analyze
the quantitative data including the characteristic data of sub-
jects and the radioactive uptake ratio in striatum. The differ-
ences in gender and dominant hand between NPD and PD
group were analyzed by Chi-square test and Fisher’s exact
test separately. Kappa test was used to investigate the degree
of agreement between *"Tc-TRODAT-1 SPECT and HYS.

Results
The characteristics of the subjects

The average age has no significant difference between the
healthy controls and PD patients (57.62+6.18 years vs
59.68 +7.72 years, p=0.162). The injection doses in these
two groups were almost the same, 775.89 +46.62 MBq
(20.97 +1.26 mCi) in NPD group and 769.23 +42.92 MBq
(20.79 +£1.16 mCi) in PD group (p=0.429). In an analysis
of the gender, we found that the ratio of male to female in
PD group was more than that in NPD group (1.67 vs 0.70,
p=0.031, Table 1). For other characteristics including the
dominant hand, height weight temperature and vital signs,
there were no significant differences between the two groups
(Table 1).

The diagnostic efficacy of *™Tc-TRODAT-1 SPECT

9MTc.TRODAT-1 SPECT brain image showed that *™Tc-
TRODAT-1 can bind specially to the dopaminergic neurons
in the striatum which have high radioactive uptake in bilat-
eral striatum and little uptake in other places in the brain
(Fig. 1a). In healthy controls, the radioactive uptake in left
and right striatum was both high and the structures of them
were both intact (Fig. 1a). But in PD patients, the affected
striatum or bilateral striatum has marked decreased radio-
active uptake, especially in the putamen (Fig. 1b, c). The
PD patients could be easily distinguished visually from the
healthy controls through the SPECT images.

Table 1 Characteristics of subjects in NPD and PD groups

Parameter NPD group PD group p value

Number 34 96

Injection dose (MBq) 775.89+46.62  769.23 +42.92 0.429

Age (year) 57.62+6.18 59.68+7.72 0.162

Gender (M/F) 14/20 (0.70) 60/36 (1.67) 0.031

Dominant hand 0/34 (0%/100%) 2/94 (2.1%/97.9%) 1.000
(L/R)

Height (cm) 163.94 +7.21 165.84 +8.37 0.240

Weight (kg) 61.81+7.64 62.37+8.78 0.741

Temperature (°C) 36.59+0.27 36.59+0.26 0.933

Pulse rate (bpm) 75.26+10.02 76.80+11.60 0.493

Respiratory rate 17.41+2.06 17.14+2.39 0.550
(bpm)

Systolic pressure 129.53+11.91  128.05+12.33 0.546
(mmHg)

Diastolic pressure 80.35+8.40 80.95+7.79 0.708

(mmHg)

NPD non—Parkinson’s disease, PD Parkinson’s disease, M male, F
female, L left hand, R right hand
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Fig.1 The representative striatum images of ?*™Tc-TRODAT-1
SPECT in healthy control and PD patients. a The uptake values in
bilateral striatum were almost the same in the healthy control; b the
radioactivity in the contralateral striatal was lower than that in the
ipsilateral striatal in PD patients; ¢ the radioactivity in both striatum
was decreased in PD patients

Table 2 shows the sensitivity and specificity of *™Tc-
TRODAT-1 SPECT to diagnose PD based on the HYS. It has
98.96% sensitivity and 94.12% specificity to discriminate
PD patients from healthy subjects. The Kappa test showed
that the diagnosis efficacy of *™Tc-TRODAT-1 SPECT was
almost in perfect agreement with HYS when discriminat-
ing the abnormal from the normal subjects (Kappa coef-
ficient=0.94, p <0.001). Based on HYS, the PD patients
were divided into mild and moderate PD whose sensitivity
was 43.42% and 94.12% respectively.

The radioactive uptake ratio in the striatum

The value of ST/CB in the striatum in PD group was
1.37+0.13 which was significantly lower than that in the
NPD group (1.68 +0.18, p<0.001, Fig. 2). In the unilateral
PD patients, though the difference value of ST/CB between

The value of ST/CB

NPD group

PD group

Fig.2 The values of ST/CB in the striatum in NPD and PD group.
The NPD group contained the bilateral striatum. The PD group
included the affected striatal in the unilateral PD patients and the
bilateral striatum in the bilateral PD patients. ***p <0.001

the ipsilateral side (striatum located at the side with domi-
nant symptoms) and contralateral side (striatum located at
the opposite the side with dominant symptoms) was just
0.04 +0.08, there were significant differences between them
(1.50+0.20 vs 1.46 +0.21, p<0.001). What is more, the
uptake value in the ipsilateral side was markedly reduced
compared to that in the bilateral striatum in healthy controls
(1.50+0.20 vs 1.68+0.18, p<0.001). PD patients were
divided into mild and moderate scale groups and its uptake
values in striatum were analyzed. The results showed that
the uptakes in the ipsilateral, affected and bilateral side in
the mild and moderate scales were all markedly lower than
those in the normal scales (Fig. 3, the radio uptake ratio
in the normal scales refers to that in the bilateral striatum
in healthy controls.). In the affected and bilateral side, the
uptake value in the mild scale was significantly higher than
that in the moderate scale (the affected side: 1.39+0.13
vs 1.30+0.13, p=0.02; the bilateral side: 1.41+0.13 vs
1.30+0.15, p=0.01, Fig. 3). But there was no obvious dif-
ference between mild and moderate scale in the ipsilateral
side (1.44+0.15 vs 1.33+0.20, p=0.05, Fig. 3).

Safety assessment

In the present study, no serious adverse events or death
were observed. Adverse reactions that may be caused by

Table 2 The sensitivity and

specificity of ™ Tc TRODAT-1 Image H&Y Scale (No.) Sensitivity Specificity Kappa test
SPECT to distinguish PD Normal Abnormal Total (%) (%) K p value
patients from healthy controls

Normal 32 1 33 94.12 0.94 <0.001

Abnormal 2 95 97 98.96

Total 34 96 130

PD Parkinson’s disease, H&Y scale Hoehn and Yahr scale, No. number, x Kappa coefficient
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Fig.3 The values of ST/CB of different HYSs in different sides of
striatum. The normal refers to the bilateral striatum in healthy con-
trols. The ipsilateral side was the striatum located at the side with
dominant symptoms in unilateral PD patients. The affected side
included striatum located opposite the side with dominant symptoms
in the unilateral PD patients and bilateral striatum in bilateral PD
patients. The bilateral side was the bilateral striatum in unilateral and
bilateral PD patients. ***p <0.001; *p <0.05; ns no significant dif-
ference

Table 3 The adverse reaction after injecting ™ Tc-TRODAT-1

No. Group Adverse reaction
11008 PD Dizziness
21016 PD Abnormal AST level: from 15 to 46 U/L
Abnormal ALT level: from 11 to 68 U/L
31017 PD Dizziness
31019 PD Abnormal WBC level: from 5.6 x 10°/L to
2.83x109/L

Abnormal total protein level: from 69 to 59 g/L.
Abnormal albumin level: from 38 to 31 g/LL

99mTc TRODAT-1 occurred in 4 cases shown in Table 3.
2 patients had dizziness after injection. One had increased
AST and ALT levels and the other one had decreased white
blood cell count, decreased total protein level and decreased
albumin level. The reactions of these 4 patients were all
mild.

Discussion

It has been a long and arduous process of *™Tc-TRODAT-1
for evaluating dopaminergic function since it was first devel-
oped by Hank F. Kung in 1997 [17]. A series of studies
were performed to diagnose neurodegenerative disorders,
especially Parkinson’s disease [18]. Nowadays, its impor-
tant roles in diagnosis PD from healthy controls and non-PD
patients with Parkinsonism symptoms, and early diagnosis

of PD have been accepted [11, 13, 19-23]. But in China, still
there was no *™Tc-TRODAT- lused in routine clinical detec-
tion. So, we performed series of clinical trials to investi-
gate whether “™Tc-TRODAT-1 synthesized by Jiangsu Key
Laboratory of Molecular Nuclear Medicine can be used as
routine clinical imaging agent for diagnosing PD.

Phase I clinical study which has been finished showed
that " Tc-TRODAT-1 was a safe radiotracer and could bind
DAT specifically and clearly in striatum in healthy subjects.
In this present study, the striatum image was also clearly
shown in both healthy controls and PD patients. The radio
uptake ratio in PD patients was obviously decreased in stria-
tum compared with control individuals, which are in line
with the findings of previous studies [24-26]. The reduction
in the putamen was more severe than that in the caudate
nucleus in PD, which was the same as the pathologic con-
dition [27]. Many other researches also demonstrated this
reduction [14, 15, 28, 29]. Not just the severity of putamen,
the frequency of putamen was also much more than caudate.
Payam Sasannezhad et al. [14] found that 66.67% caudate
nucleuses had decreased tracer uptake while 100% putamen
had decreased or absent tracer uptake. Our study showed that
9mTc TRODAT-1 SPECT had high sensitivity (98.96%) and
specificity (94.12%) to distinguish PD from healthy controls
through analyzing the radio uptake ratio in striatum. In eng
et al.’s study, the sensitivity of contralateral and ipsilateral
ratio of striatal/occipital ((striatum counts—occipital cortex
counts)/occipital cortex counts, S/O) were 98.6% and 94.4%
which were similar with our study. But their specificities
(both 100%) were slightly higher than those of our study.
Furthermore, they also analyzed the sensitivity and specific-
ity of contralateral and ipsilateral S/O of PD patients with
H-Y stage 1 which were 100%, 100% and 92.9%, 100%
[25]. While, in our study, the sensitivity to diagnose mild
PD (HYS 1-2) was just 43.42%. But for moderate PD (HYS
3-5), it can reach 95%. In Edson et al. [24]’s research includ-
ing 20 PD patients and 9 healthy subjects, the sensitivity
to diagnose PD was 100%, but its specificity was just 89%.

In addition to analyzing the radio uptake ratio of striatum,
the ratios of putamen or caudate nucleus were also used to
diagnose PD. But its diagnostic accuracy was worse than
that of straitum. Weng et al. [25] showed that the sensitiv-
ity and specificity of putamen/occipital cortex ratios were
100%. However, in Edson et al. [24]’s study, they were just
85% and 89%. Analyzing anterior and posterior putamen
separately, the sensitivity/specificity were 66%/89% and
79%/92% [15]. For caudate nucleus, one study showed
that the sensitivity/specificity were 100%/56% [24], while
the other was 48%/84% [15]. Therefore, the striatum was
the best region used to diagnose PD. The results of semi-
quantitative analysis showed that the striatum uptake in PD
patients was obviously lower than that in healthy controls,
which was in line with other studies [13, 24, 30, 31]. And
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the reduction in striatal uptake with increasing disease
severity was found in PD patients. The uptake in HYS 3-5
was markedly lower than that in HYS 1-2. One other study
showed that the differences between specific uptake ratios
of controls vs stage 1, stage 1 vs 2, 1 vs 3, 1 vs 4, and 2
vs 4 were statistically significant [32]. And another study
demonstrated that there were significant differences between
healthy control vs stage vs 2 vs 3 [33]. We also investigated
the difference between the radio uptake ratio contralateral
to symptoms and the ipsilateral side which showed that the
uptake of contralateral side was markedly reduced which
was also confirmed in other studies [22, 28, 29, 32]. And the
radio uptake ratio in ipsilateral side in unilateral PD patients
was lower than that in bilateral striatum in healthy controls
also shown in other studies [13, 15, 25, 32].

In our study, we found that more male was recruited than
the female in PD patients. The difference of PD incidence
between male and female has been confirmed in many other
studies [34-37]. Men are at greater risk for PD than women.
But the reasons are still not known. It may be related with
the lifestyle, estrogen, Leber’s hereditary optic neuropathy,
gene and other factors [38—41]. Further studies are needed
to be performed in the future.

There were no remarkable adverse reactions found in both
healthy controls and PD patients just like the other studies
[42]. But there were mild adverse reactions in four subjects.
Two had dizziness who turned to normal later. But there
were no other studies that reported subjects suffered from
dizziness. The other two had abnormal blood tests which
were normal and unchanged during the examination and
after injection in other studies [42]. These adverse reactions
observed in our present study may be related to **™Tc-TRO-
DAT-1 which need to be further studied. In general, **™Tc-
TRODAT-1 was a safety radiotracer which can be used in
PD patients.

Conclusion

This phase 2, open-label and multi-center study indicated
that *"Tc-TRODAT-1 was a safety radiotracer which can
bind to DAT in striatum with high affinity and specificity.
With high sensitivity and specificity, *"Tc-TRODAT-1
SPECT can serve as a clinical detection method to diagnose
PD. And it also can assist in the assessment the severity of
PD.
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