Survival in Parkinson’s disease in relation to striatal dopamine

transporter binding

Elina Méakinen 2, Juho Joutsa <9, Tero Vahlberg ¢, Valtteri Kaasinen ¢

@ Division of Clinical Neurosciences, University of Turku and Turku University Hospital, Turku,
Finland

b Athinoula A. Martinos Center for Biomedical Imaging, Massachusetts General Hospital and
Harvard Medical School, Boston, MA, USA

¢ Berenson-Allen Center for Noninvasive Brain Stimulation, Beth Israel Deaconess Medical Center
and Harvard Medical School, Boston, MA, USA

4 Turku PET Centre, University of Turku, Turku, Finland

¢ Department of Biostatistics, University of Turku and Turku University Hospital, Turku, Finland

Corresponding author:

Dr. Elina Makinen

Division of Clinical Neurosciences,

University of Turku and Turku University Hospital
POB 52, FIN-20521

Turku, Finland

Tel. +358-2-3130000

Email: elmama@utu.fi

Key words: Parkinson’s disease; SPECT; dopamine; survival; mortality


mailto:elmama@utu.fi

Abstract

Objective
To investigate whether dopamine transporter (DAT) binding, as measured with single photon
emission computed tomography (SPECT), can be used to predict mortality in patients with

Parkinson’s disease (PD).

Methods

A total of 162 patients with PD and abnormal [I-123]FP-CIT SPECT were clinically followed for a
median of 5.8 years. A multivariate Cox regression model was used to investigate survival with the
independent predictors of age, gender, severity of motor impairment, levodopa-equivalent daily
dose of medication, presence of cognitive defects, and putaminal specific binding ratio (SBR) of [I-
123]FP-CIT. In addition, associations between striatal and extrastriatal SBRs and survival were

investigated using voxel-based analyses.

Results

The overall mortality was 25.9%, and the Kaplan-Meier estimate for mortality was 36%. Older age
(P <0.001), presence of cognitive defects (P =0.001), and more severe motor symptom severity (P
= 0.002) were significantly associated with increased mortality. No associations were found
between putaminal DAT binding and survival (P = 0.99). There were no significant differences in
SBRs in any striatal or extrastriatal region between survivors and non-survivors, and no
associations were found between SBRs and scan-to-death intervals among non-survivors.
Conclusions

Unlike the severity of motor and cognitive symptoms, the level of striatal dopaminergic defect in
DAT SPECT does not predict mortality in PD. Although presynaptic dopaminergic functional
imaging may have value as a diagnostic tool, the clinical symptom-based characteristics are

superior for predicting lifespan.



Introduction

Parkinson’s disease (PD) is associated with increased mortality as the mortality hazard ratio in PD
patients is generally between 1.2 and 2.4 compared to in individuals without PD [1]. There is
evidence of factors that are associated with the increased mortality in PD, such as cognitive
impairment and an older age at the disease onset [1-3] with mixed results concerning the
influence of gender on mortality [1, 4, 5]. A recent meta-analysis found no evidence to suggest
that the use of levodopa reduces mortality [6]. From a clinical perspective, increased mortality in
PD appears to be connected to the phenotype of postural instability and gait disorder (PIGD),
symmetricity of motor signs and the general severity of the motor symptoms [5, 7]. Although
demographic and clinical factors impact survival in PD [8], identification of the primary
neurobiological survival-related mechanisms is important for the development of treatments that

aim to increase lifespan in patients with PD.

Brain dopamine transporter (DAT) imaging is mainly used during the early diagnostic phase of
clinically uncertain parkinsonism, with [I-123]FP-CIT SPECT being the most widely used method [9].
DAT imaging has been shown to separate PD patients from healthy controls with high precision
[9], but the exact mechanism and relevance of the striatal DAT binding defect is unclear. For
instance, although correlations have been reported in mixed patient populations [10, 11], striatal
DAT does not seem to correlate with the loss of dopamine-producing tyrosine hydroxylase (TH)-
positive neurons in the substantia nigra pars compacta of PD patients, at least after some years of
disease progression [12]. In addition, even though lower DAT binding at the early stages of PD has
been reported to be associated with a higher UPDRS motor score later on [13], and the Hoehn &
Yahr stage appears to be associated with DAT binding [14], dopaminergic imaging parameters do
not strongly correlate with all clinical symptom-based ratings such as tremor [15, 16]. A recent
study on patients with dementia with Lewy bodies (DLB) even suggested that DAT binding may
show no correlation with the clinical disease severity of DLB as neither the H&Y stage nor the
MMSE is correlated with DAT [17]. The mixed results suggest that correlations between DAT
binding and clinical symptoms are generally modest and could even be absent in Lewy body

spectrum diseases.



Our earlier results in PD patients scanned with 6-[18F]fluoro-L-DOPA (FDOPA) PET suggested that
striatal [18-F]FDOPA uptake does not predict mortality [18]. The results of the 88 unmedicated PD
patients scanned in the early stages of the disease showed that, while age and motor severity
(Unified Parkinson's Disease Rating Scale Part Ill) were associated with survival, FDOPA uptake was
not. It is important to acknowledge that marked compensatory upregulation of FDOPA uptake has
been described in the early stages of PD [19-21], which could worsen the predictive value of
FDOPA-PET. On the other hand, DAT reuptake does not seem to be associated with upregulation
but rather with downregulation in PD, which could make DAT SPECT more sensitive for finding
clinical correlates compared to FDOPA [19]. While FDOPA uptake reflects central aromatic L-amino
acid decarboxylase (AADC) enzyme activity and dopamine storage in nerve terminals of the
nigrostriatal dopaminergic pathway, [I-123]FP-CIT is a tracer that binds to DAT proteins in
dopaminergic axons involved in the reuptake of synaptic dopamine [21]. In light of the questions
of the cellular mechanisms related to increased mortality in PD, as well as the different functions
of FDOPA and [I-123]FP-CIT in the measurement of the presynaptic dopaminergic system, and the
possibility of up- and downregulation affecting these functions, we sought to investigate whether
the level of DAT binding in [I-123]FP-CIT SPECT can predict survival in Parkinson’s disease in a large

clinical sample of patients.



Patients and Methods

Study population

The study sample was part of a larger sample that included 559 patients consecutively scanned
with [I-123]FP-CIT SPECT in the years 2007-2012 at Turku University Hospital, Finland due to
clinically uncertain parkinsonism [16]. In this retrospective cohort study, one-hundred and sixty-
two patients with clinically confirmed diagnoses of idiopathic PD at the end of the follow-up,
abnormal DAT SPECT scans, and sufficient clinical information were selected as the final study
sample (Figure 1). These patients were followed until death or the end of the follow-up, and the
survivors were followed for a minimum of 3.8 years. The date of exit for the follow-up was set at
October 4th 2016, whereas the entry date of the survival analysis was the date of imaging. Thus,
the follow-up interval for the survival analysis ranged from 1 to 115 months (0.1 to 9.6 years), and

the median follow-up interval was 69 months (5.8 years).

Clinical and demographic details at the time of imaging were collected, including gender, age at
scan, anti-parkinsonian medication comprising levodopa daily dose and levodopa-equivalent daily
dose (LEDD) [22], presence of cognitive impairment, and modified Hoehn & Yahr (H&Y) stage [23].
Out of the 162 patients, 96 (59.3%) were male and 66 (40.7%) female, and the mean (SD) age at
the scan was 66.4 (10.4) years. Fifty-seven patients (35.2%) were treated with levodopa and/or
other antiparkinsonian medications at the time of imaging with a median LEDD of 200 mg. Thirty-
two patients (19.8%) were receiving levodopa, with a median daily dose of 300 mg, whereas 26
patients (16.0%) were receiving other antiparkinsonian drug(s), e.g., selegiline, ropinirole and
pramipexole, and nine patients (5.6%) were receiving both. Thirty-three patients (20.4%) had a
cognitive defect at the time of imaging on the basis of MMSE (< 24) and/or clinical medical records
of cognitive impairment. The clinical characteristics of the study sample are shown in Table 1. The
original study, including its subparts, was approved by the ethical committee of the local hospital

district and was conducted according to the principles of the Declaration of Helsinki.

Image analysis
The scans were analysed using an automated semi-quantitative method (BRASS, version 3.6,

Hermes Medical Solutions, Stockholm, Sweden) as previously described [16]. The specific binding



ratio (SBR = [region-occipital]/occipital) of tracer binding in the posterior putamen of the most
severely affected hemisphere was used as the marker of the level of dopaminergic defect. The
median, bottom and upper SBR quartiles were calculated, and according to the quartiles, the level
of putaminal dopaminergic defect was categorized under three categories. Category 1 included
patients in the bottom quartile of SBR with the most severe dopaminergic defect (SBR < 1.37),
category 2 included patients with an average DAT binding (SBR = 1.37-2.23), and category 3

included patients in the top quartile of SBR with a less severe dopaminergic defect (SBR > 2.23).

Survival analysis

Initially, Kaplan-Meier analyses were performed to investigate the effect of the following factors
on survival: gender, modified H&Y stage, use of antiparkinsonian medication other than levodopa,
levodopa daily dose in three categories (1. no levodopa, 2. levodopa dose < 300 mg, 3. levodopa
dose > 300 mg), LEDD in three categories (1. no medication, 2. LEDD < 200 mg, 3. LEDD > 200 mg)
and presence of cognitive defects at the time of imaging (Table 1). The modified H&Y scale was
combined into the following three clinical categories: category 1 (H&Y 1, 1.5 and 2) including
patients without impairment of balance, category 2 (H&Y 2.5 and 3) including patients with
bilateral symptoms and (slight) postural impairment, and category 3 (H&Y 4 and 5) including
patients with severe motor disability and postural impairment. First, univariate Cox regression was
used to investigate the effect of factors on survival. Finally, factors significantly associated with
survival in the univariate model as well as on the basis of clinical interest were included in
multivariate Cox proportional hazard model. The multivariate model was also separately used to
investigate the effect of these factors on survival in less advanced patients (H&Y stages 1, 1.5 and
2, n =120). Results were expressed using hazard ratios (HR) with 95% confidence intervals (Cl).

IBM SPSS Statistics Version 24 (IBM Corp., New York, USA) was used in the survival analyses.

The association between survival and striatal and extrastriatal SBRs were also investigated voxel-
by-voxel over the entire brain using Statistical Parametric Mapping software (SPMS8; running in
MatlabR2015a (Mathworks Inc., Natick, MA, USA). Out of the 162 patients, 14 were excluded from
the SPM analysis because of an inappropriate field of view (i.e., midbrain cut out from the image),
leaving 148 patients for the final sample. The images were warped to the Montreal Neurological
Institute (MNI) space using an in-house [I-123]FP-CIT SPECT template as described earlier [24, 25].

The reference region uptake was extracted from the occipital cortex and SBR images were created



by dividing the original image voxel values by the reference region average uptake. Finally, the SBR
images were smoothed using an 8 mm isotropic Gaussian kernel to improve the signal-to-noise
ratio. The SBR images were then analysed using a general linear model (GLM). Subjects who had
died by the 5-year follow-up were compared to subjects who were alive at 5 years after the scan
date. In addition, an association between SBRs and scan-to-death intervals was analysed in non-
surviving patients similarly using a GLM. Both analyses were conducted with and without
covariates (age, H&Y category and cognitive defect) in the model. An analysis mask was used
which limited the search volume to regions of the cerebral cortex, midbrain and pons where the
tracer uptake exceeded the uptake in the reference region, as described earlier [25]. Family-wise
error (FWE) correction was applied at the voxel- or cluster-level, and P values less than 0.05 were

considered significant.



Results

The overall mortality was 25.9% (42 out of 162 patients). Kaplan-Meier estimate for mortality,
which takes into account the censored observations, was 36%. The main demographics of the

study population are shown in Table 1.

The use of antiparkinsonian drug(s) other than levodopa showed no significant association with
survival in the univariate Cox regression analysis (P = 0.11), and this factor was left out of the
multivariate Cox regression analysis. In the other univariate analyses, age at scan (P < 0.001), LEDD
(P =0.01), levodopa daily dose (P < 0.001), presence of cognitive defects (P < 0.001), modified H&Y
combined into three categories (P < 0.001), and the categorical putaminal SBR of DAT binding (P =
0.03) were associated with survival, except gender (P = 0.17). LEDD and levodopa daily dose were
highly correlated, and LEDD was chosen for the multivariate Cox regression model. The results of
the multivariate Cox regression analysis are shown in Table 2, and the graphical survival functions
are shown in Figure 2. No significant associations were found between the level of putaminal DAT
binding and survival (Table 2, Figure 2a). Gender and LEDD categories were not associated with
survival (Table 2). The mortality risk increased with age, and was clearly increased in patients with
cognitive defects at the time of imaging (Table 2, Figure 2b). H&Y stage was associated with
survival (Table 2, Figure 2c) as the mortality risk was increased in H&Y category 2 (stages 2.5 and
3) and category 3 (H&Y 4 and 5) compared to patients in H&Y category 1 (H&Y 1, 2.5 and 2) (Table
2, Figure 2c). Also in a separate analysis of 120 less advanced patients (H&Y 1, 1.5 and 2), no
associations were found between the level of putaminal DAT binding and survival (P = 0.76). When
including the disease duration to the multivariate model, none of the significant results changed
to non-significant, or vice versa, and the symptom duration had no associations with survival (P =

0.61).

In the SPM analysis, there were no significant differences between any striatal or extrastriatal
regional SBR between survivors and non-survivors at the 5-year time point. In addition, no
statistically significant association was found between regional SBR and the scan-to-death interval
in patients who died during the follow-up. The significance of the results did not change when

adjusting for age, H&Y category and cognitive defect.



Discussion

The results of this study show no relationship between striatal or extrastriatal DAT binding and
survival in PD. However, a higher mortality risk was associated with older age, cognitive defects
and a greater motor symptom severity at the time of imaging, and these effects, supported by
other studies [1-3, 5, 7], serve as positive controls verifying that the sample was quantitatively and
qualitatively sufficient to demonstrate possible associations with DAT. Nevertheless, the
independent significance of DAT in predicting mortality was clearly not significant (P = 0.99), which
suggests that even a major increase in sample size would not have changed the essential result. It
would therefore appear that, unlike age and clinical symptoms, striatal dopaminergic defects do

not predict mortality in PD patients.

The results of this study are in line with our earlier findings of survival in a smaller sample of PD
patients scanned with FDOPA-PET [18]. Thus, the different presynaptic dopaminergic target
molecular mechanisms of [I-123]FP-CIT and FDOPA demonstrated no differences in the outcome.
Although there may be a correlation between the clinical severity and dopaminergic tracer binding
in the early stages of the disease in PD [13], these factors may separate when the disease
progresses. The clinical symptom severity is tightly connected with clinical disability and death,
whereas brain dopamine function may be influenced by numerous coexisting pathological and
compensatory mechanisms complicating the interpretation. The exact mechanism of the decrease
in striatal DAT function in PD detected with DAT SPECT remains unclear as it may reflect either
lower endogenous dopamine levels, dysfunctional DAT expression or the degeneration of
dopaminergic nigrostriatal nerve endings [19, 21]. There is recent evidence to suggest that DAT
binding does not correlate with post mortem substantia nigra neuron counts [12], although it
remains possible that the DAT tracer uptake reflects neuronal function or activity and not the
number of neurons. The loss of dopamine neurons in the substantia nigra may lead to an
increased synthesis and release of dopamine and increased dopaminergic activation in the
surviving dopaminergic nerve endings, and the dopamine reuptake by DAT may correspondingly
be downregulated in the striatum [19]. In addition, a recent study on mice models suggested that
besides dopaminergic neurons, there are also striatal non-dopaminergic monoenzymatic neurons

containing TH and AADC, the dopamine synthesis enzymes, and the production of dopamine in



these neurons increases as the dopamine deficiency rises in the degraded parkinsonian striatum
[26]. Finally, although striatal DAT function loss is approximately 50% in the contralateral posterior
putamen at the onset of clinical parkinsonism [27, 28], this varies between patients with equal
mild hemi-parkinsonian symptoms [17, 28]. Likely, this variable individual dopaminergic threshold

obscures later correlations with clinical end-points such as disability and death.

Mortality in PD is not necessarily directly associated with the underlying loss in the number of
dopamine-producing neurons, but non-dopaminergic mechanisms may be more relevant. PD and
other Lewy body diseases are associated with intraneuronal inclusions of alpha-synuclein protein
[17, 29], and the rate in the accumulation of toxic alpha-synuclein aggregates could be a more
important neuropathological event in predicting mortality. Indeed, recent neuropathological
findings suggest that alpha-synuclein pathology, as well as the burden of neurofibrillary tangles
and amyloid plaque pathology are the strongest pathological predictors of survival in
synucleinopathies [29]. In PD associated with mixed Alzheimer’s disease neuropathology, the
increasing level of cerebral tau neurofibrillary tangles may shorten the lifespan [29]. There is also
evidence that the deposition of nigral neurofibrillary tangles may induce parkinsonian symptoms
[17]. The proteinopathic cascade to cortical regions could forecast disability and death more
accurately than binding characteristics of striatal dopaminergic tracers.

In our study, cognitive impairment was related to a decreased survival as the mortality risk was
over three-fold higher in patients with cognitive disturbances compared to those without
cognitive impairment. Indeed, the presence of cognitive defects have previously been shown to be
the greatest risk factors of higher mortality in PD [1, 2]. Although the cognitive decline may be
hard to predict, it seems that even a mild cognitive dysfunction, with an incidence of up to 25% in
de novo PD patients, is associated with a high risk of progression to dementia [29, 30]. The
connection between cognition and mortality in PD suggests that cortical biomarkers, such as
alpha-synuclein— and tau—sensitive PET-ligands, may be more accurate in predicting advancing

disability than basal ganglia—specific dopamine tracers.

There are limitations in this study including the retrospective study design and the lack of
neuropathological confirmation of PD diagnoses. However, the clinical PD diagnoses were
confirmed both by abnormal DAT SPECT scans and clinically relevant follow-up periods. It should

be noted that the mortality risk was higher in patients with H&Y stages 2.5 and 3 than in patients



with H&Y stages 4 and 5 (n = 5) probably due to the low number of patients with the highest
severity stages. However, the differences between these categories was not significant, and the
differences between severe and mild (H&Y 1, 1.5 and 2) patients were clear. Importantly, the
correlation between DAT binding and survival remained non-significant when advanced patients
(H&Y > 2) were excluded from the analysis, indicating that the results were not affected by the
higher mortality probability of patients with the highest motor disability. Survival was not related
to either dopaminergic medication or gender. The findings on the medication effect are generally
in accordance with earlier studies [6], although there are discrepant results concerning the effect
of gender on mortality in PD [1, 4, 5]. It should be noted that, as the patients in our study sample
were scanned with DAT SPECT to aid in the clinical diagnostic workup, they may not be a
representative sample of idiopathic PD in general population. It should also be noted that the
evaluation of cognitive defects or dementia was not based on published validated criteria but
solely on the documented cognitive disturbances as evaluated and/or tested by the treating
clinicians using variable methods. Finally, mortality in PD may be affected by several other factors,

such as presence of other systemic diseases, that were not included in the present model.

To conclude, we have shown that DAT SPECT imaging cannot be used as a clinical predictor of
mortality in Parkinson’s disease as the level of striatal dopaminergic defect in DAT SPECT does not
influence long-term survival unlike older age, higher clinical motor symptom severity and presence
of cognitive defects. Notably, even large differences in DAT SPECT findings (mild to severe
abnormality in DAT binding) do not seem to be associated with future lifespan in PD patients. We
must underline, however, that the results of the present study do not imply that the binding
characteristics of dopaminergic radiotracers are irrelevant in diagnostics or clinical monitoring but,
rather, that there may be compensatory changes and confounding factors in the nigrostriatal
dopamine transmission in patients with PD, which lessen the value of functional dopaminergic
imaging in predicting survival. The proteinopathic cascade to cortical regions might forecast
disability and death more accurately than the nigrostriatal dopaminergic degeneration as

measured with functional imaging.
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Table 1. The clinical characteristics of the study population at the time of the follow-up onset (the

time of imaging).

N (%)
Age at scan, mean (SD), years
Gender (male/female)
Cognitive defect, n (%)
H&Y, median (range)
1,1.5and 2, n (%)
2.5and 3, n (%)
4and5, n (%)
Levodopa, median (range), mg
No levodopa, n (%)
Levodopa daily dose < 300* mg, n (%)
Levodopa daily dose > 300 mg, n (%)
LEDD, median (range), mg
No antiparkinsonian medication, n (%)
LEDD < 200** mg, n (%)
LEDD > 200 mg, n (%)

Putamen SBR, median (range)

SBR< 1.37, n (%)
SBR = 1.37-2.23, n (%)
SBR >2.23, n (%)

SD = Standard deviation
n = number of patients

All

162

66.4 (10.4)
96/66
33(20.4)
1.5 (4.0)
120 (74.1)
25 (15.4)
17 (10.5)
300 (750)
130 (80.2)
10 (6.2)
22 (13.6)
200 (893)
105 (64.8)
27 (16.7)
30 (18.5)
1.76 (2.83)
39 (24.1)

82 (50.6)
41 (25.3)

Survivors

120 (74.1)
63.1(9.3)
68/52

19 (15.8)
1.5(3.0)
104 (86.7)
11(9.2)
5(4.2)
300 (700)
105 (87.5)
4(3.3)
11(9.2)
142 (893)
82 (68.3)
21(17.5)
16 (11.3)
1.80 (2.79)
25 (20.8)

61 (50.8)
34 (28.3)

Non-Survivors

42 (25.9)
75.9 (7.1)
28/14

14 (33.3)
2.8 (4.0)
16 (38.1)
14 (33.3)
12 (28.6)
300 (700)
25 (59.5)
6 (14.3)
11 (26.2)
300 (723)
23 (54.8)
6 (14.3)
13 (31.0)
1.67 (2.13)
14 (33.3)

21 (50.0)
7 (16.7)

H&Y = Hoehn & Yahr stage. Category 1: modified H&Y stages 1, 1.5 and 2; category 2: modified H&Y stages 2.5 and 3;

and category 3: modified H&Y stages 4 and 5.
LEDD = Levodopa equivalent daily dose.

SBR = Specific binding ratio of tracer [I-123]FP-CIT in the posterior putamen of the most severely affected hemisphere
in the automated analysis (BRASS). Category 1: SBR < 1.37 (bottom quartile), category 2: SBR = 1.37-2.23, category 3:

SBR > 2.23 (upper quartile).

*Median levodopa dose = Median daily dose of levodopa in patients that were receiving levodopa at the time of

imaging.

**Median LEDD = Median levodopa equivalent daily dose of all antiparkinsonian medications in patients that were
medicated with antiparkinsonian medications (levodopa and/or other antiparkinsonian medications) at the time of

imaging.
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Table 2. The association of the factors on survival in Parkinson’s disease (n=162).

Age at scan (years)
Male gender
Cognitive defect
Hoehn & Yahr

H&Y category 2 vs. 1

H&Y category 3 vs. 1
LEDD

LEDD <200 vs. no medication

LEDD >200 vs. ho medication

Putamen SBR

Putamen SBR category 2 vs. 1

Putamen SBR category 3 vs. 1

Adjusted HR (95% Cl)

1.14* (1.09-1.20)
1.84 (0.90-3.84)

3.35(1.67-6.72)

3.83 (1.75-8.36)

2.67 (1.11-6.39)

0.60 (0.22-1.64)

1.79 (0.83-3.89)

1.00 (0.49-2.05)

0.95 (0.35-2.58)

P-value

<0.001

0.10

0.001

0.002

0.001

0.03
0.10

0.32

0.14

0.99

1.00

0.91

HR = Hazard ratio for mortality after adjustment for other factors in the model

Cl = Confidence interval
*HR for one-year increase in age

H&Y category 1: modified H&Y stages 1, 1.5 and 2; category 2: modified H&Y stages 2.5 and 3; category 3:

modified H&Y stages 4 and 5.
LEDD = Levodopa equivalent daily dose.

SBR = Specific binding ratio of tracer [I-123]FP-CIT in the posterior putamen of the most severely affected
hemisphere in the automated analysis (BRASS). Category 1: SBR < 1.37, category 2: SBR = 1.37-2.23,

category 3: SBR > 2.23.
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Figure 1. Study flow chart. One-hundred and sixty-two patients with clinically confirmed diagnoses
of idiopathic Parkinson’s disease (PD), abnormal DAT SPECT scans and sufficient clinical
information were selected as the study sample from a larger sample of patients scanned with [I-
123]FP-CIT SPECT due to clinically uncertain parkinsonism. DAT = dopamine transporter, DLB =
dementia with Lewy bodies, PSP = progressive supranuclear palsy, MSA = multiple system atrophy,

CBD = corticobasal degeneration, BRASS = automated semi-quantitative analysis method of scans.

Figure 2. Survival function graphs showing the independent impact of three factors on survival in
patients with PD, after adjusting each factor for other variables in the multivariate Cox regression
model. Cumulative survival is plotted against the clinical follow-up time. A = Specific binding ratio
(SBR) of tracer [I-123]FP-CIT in the posterior putamen of the most severely affected hemisphere in
the automated analysis (BRASS) (note that the three curves are nearly identical); B = Patients with
and without cognitive impairment at the time of imaging; C = Hoehn & Yahr stage combined into

three clinical categories at the time of imaging.
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To investigate whether dopamine transporter (DAT) binding, as measured
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Methods

A total of 162 patients with PD and abnormal [I-123]FP-CIT SPECT were
clinically followed for a median of 5.8 years. A multivariate Cox
regression model was used to investigate survival with the independent
predictors of age, gender, severity of motor impairment, levodopa-
equivalent daily dose of medication, presence of cognitive defects, and
putaminal specific binding ratio (SBR) of [I-123]FP-CIT. In addition,
associations between striatal and extrastriatal SBRs and survival were
investigated using voxel-based analyses.

Results

The Kaplan-Meier estimate for mortality was 36%. Higher age (P < 0.001),

presence of cognitive defects (P = 0.001), and more severe motor symptom
severity (P = 0.002) were significantly associated with increased
mortality. No associations were found between putaminal DAT binding and
survival (P = 0.99). There were no significant differences in SBRs in any

striatal or extrastriatal region between survivors and non-survivors, and
no associations were found between SBRs and scan-to-death intervals among
non-survivors.

Conclusions
Unlike the severity of motor and cognitive symptoms, the level of

striatal dopaminergic defect in DAT SPECT does not predict mortality in
PD. Although presynaptic dopaminergic functional imaging may have value



as a diagnostic tool, the clinical symptom-based characteristics are
superior for predicting lifespan.
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Abstract

Objective
To investigate whether dopamine transporter (DAT) binding, as measured with single photon
emission computed tomography (SPECT), can be used to predict mortality in patients with

Parkinson’s disease (PD).

Methods

A total of 162 patients with PD and abnormal [I-123]FP-CIT SPECT were clinically followed for a
median of 5.8 years. A multivariate Cox regression model was used to investigate survival with the
independent predictors of age, gender, severity of motor impairment, levodopa-equivalent daily
dose of medication, presence of cognitive defects, and putaminal specific binding ratio (SBR) of [I-
123]FP-CIT. In addition, associations between striatal and extrastriatal SBRs and survival were

investigated using voxel-based analyses.

Results

The Kaplan-Meier estimate for mortality was 36%. Higher age (P < 0.001), presence of cognitive
defects (P = 0.001), and more severe motor symptom severity (P = 0.002) were significantly
associated with increased mortality. No associations were found between putaminal DAT binding
and survival (P = 0.99). There were no significant differences in SBRs in any striatal or extrastriatal
region between survivors and non-survivors, and no associations were found between SBRs and

scan-to-death intervals among non-survivors.

Conclusions

Unlike the severity of motor and cognitive symptoms, the level of striatal dopaminergic defect in
DAT SPECT does not predict mortality in PD. Although presynaptic dopaminergic functional
imaging may have value as a diagnostic tool, the clinical symptom-based characteristics are

superior for predicting lifespan.
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Introduction

Parkinson’s disease (PD) is associated with increased mortality as the mortality hazard ratio in PD
patients is generally between 1.2 and 2.4 compared to in individuals without PD [1]. There is
evidence of factors that are associated with the increased mortality in PD, such as cognitive
impairment and an older age at the disease onset [1-3] with mixed results concerning the
influence of gender on mortality [1, 4, 5]. A recent meta-analysis found no evidence to suggest
that the use of levodopa reduces mortality [6]. From a clinical perspective, increased mortality in
PD appears to be connected to the phenotype of postural instability and gait disorder (PIGD),
symmetricity of motor signs and the general severity of the motor symptoms [5, 7]. Although
demographic and clinical factors impact survival in PD [8], identification of the primary
neurobiological survival-related mechanisms is important for the development of treatments that

aim to increase lifespan in patients with PD.

Brain dopamine transporter (DAT) imaging is mainly used during the early diagnostic phase of
clinically uncertain parkinsonism, with [I-123]FP-CIT SPECT being the most widely used method [9].
DAT imaging has been shown to separate PD patients from healthy controls with high precision
[9], but the exact mechanism and relevance of the striatal DAT binding defect is unclear. For
instance, although correlations have been reported in mixed patient populations [10, 11], striatal
DAT does not seem to correlate with the loss of dopamine-producing tyrosine hydroxylase (TH)-
positive neurons in the substantia nigra pars compacta of PD patients, at least after some years of
disease progression [12]. In addition, even though lower DAT binding at the early stages of PD has
been reported to be associated with a higher UPDRS motor score later on [13], and the Hoehn &
Yahr stage appears to be associated with DAT binding [14], dopaminergic imaging parameters do
not strongly correlate with all clinical symptom-based ratings such as tremor [15, 16]. A recent
study on patients with dementia with Lewy bodies (DLB) even suggested that DAT binding may
show no correlation with the clinical disease severity of DLB as neither the H&Y stage nor the
MMSE is correlated with DAT [17]. The mixed results suggest that correlations between DAT
binding and clinical symptoms are generally modest and could even be absent in Lewy body

spectrum diseases.



©CoO~NOOOBAWNE

Our earlier results in PD patients scanned with 6-[18F]fluoro-L-DOPA (FDOPA) PET suggested that
striatal [18-FJFDOPA uptake does not predict mortality [18]. The results of the 88 unmedicated PD
patients scanned in the early stages of the disease showed that, while age and motor severity
(UPDRS) were associated with survival, FDOPA uptake was not. It is important to acknowledge that
marked compensatory upregulation of FDOPA uptake has been described in the early stages of PD
[19-21], which could worsen the predictive value of FDOPA-PET. On the other hand, DAT reuptake
does not seem to be associated with upregulation but rather with downregulation in PD, which
could make DAT SPECT more sensitive for finding clinical correlates compared to FDOPA [19].
While FDOPA uptake reflects central aromatic L-amino acid decarboxylase (AADC) enzyme activity
and dopamine storage in nerve terminals of the nigrostriatal dopaminergic pathway, [I-123]FP-CIT
is a tracer that binds to DAT proteins in dopaminergic axons involved in the reuptake of synaptic
dopamine [21]. In light of the questions of the cellular mechanisms related to increased mortality
in PD, as well as the different functions of FDOPA and [I-123]FP-CIT in the measurement of the
presynaptic dopaminergic system, and the possibility of up- and downregulation affecting these
functions, we sought to investigate whether the level of DAT binding in [I-123]FP-CIT SPECT can

predict survival in Parkinson’s disease in a large clinical sample of patients.



©CoO~NOOOBAWNE

Patients and Methods

Study population

The original study sample included 559 patients scanned with [I-123]FP-CIT SPECT in the years
2007-2012 at Turku University Hospital, Finland due to clinically uncertain parkinsonism [16]. One-
hundred and sixty-two patients with clinically confirmed diagnoses of idiopathic PD at the end of
the follow-up, abnormal DAT SPECT scans, and sufficient clinical information were selected as the
final study sample. These patients were followed until death or the end of the follow-up, and the
survivors were followed for a minimum of 3.8 years. The date of exit for the follow-up was set at
October 4th 2016, whereas the entry date of the survival analysis was the date of imaging. Thus,
the follow-up interval for the survival analysis ranged from 1 to 115 months (0.1 to 9.6 years), and

the median follow-up interval was 69 months (5.8 years).

Clinical and demographic details at the time of imaging were collected, including gender, age at
scan, anti-parkinsonian medication comprising levodopa daily dose and levodopa-equivalent daily
dose (LEDD) [22], presence of cognitive impairment or dementia, and modified Hoehn & Yahr
(H&Y) stage [23]. Out of the 162 patients, 96 (59.3%) were male and 66 (40.7%) female, and the
mean (SD) age at the scan was 66.4 (10.4) years. Fifty-seven patients (35.2%) were treated with
antiparkinsonian medications at the time of imaging with a median LEDD of 200 mg. Thirty-two
patients (19.8%) were receiving levodopa, with a median daily dose of 300 mg, whereas 26
patients (16.0%) were receiving other antiparkinsonian drug(s), e.g., selegiline, ropinirole and
pramipexole, and nine patients (5.6%) were receiving both. Thirty-three patients (20.4%) had a
cognitive defect at the time of imaging on the basis of MMSE (< 24) and/or clinical medical records
of cognitive impairment. The clinical characteristics of the study sample are shown in Table 1. The
study was approved by the ethical committee of the local hospital district and was conducted

according to the principles of the Declaration of Helsinki.

Image analysis
The scans were analysed using an automated semi-quantitative method (BRASS, version 3.6,
Hermes Medical Solutions, Stockholm, Sweden) as previously described [16]. The specific binding

ratio (SBR = [region-occipital]/occipital) of tracer binding in the posterior putamen of the most
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severely affected hemisphere was used as the marker of the level of dopaminergic defect. The
median, bottom and upper SBR quartiles were calculated, and according to the quartiles, the level
of putaminal dopaminergic defect was categorized under three categories. Category 1 included
patients in the bottom quartile of SBR with the most severe dopaminergic defect (SBR < 1.37),
category 2 included patients with an average DAT binding (SBR = 1.37-2.23), and category 3

included patients in the top quartile of SBR with a less severe dopaminergic defect (SBR > 2.23).

Survival analysis

Initially, Kaplan-Meier analyses were performed to investigate the effect of the following factors
on survival: gender, modified H&Y stage, use of antiparkinsonian medication other than levodopa,
levodopa daily dose in three categories (1. no levodopa, 2. levodopa dose < 300 mg, 3. levodopa
dose > 300 mg), LEDD in three categories (1. no medication, 2. LEDD < 200 mg, 3. LEDD > 200 mg)
and presence of cognitive defects at the time of imaging (Table 1). The modified H&Y scale was
combined into the following three clinical categories: category 1 (H&Y 1, 1.5 and 2) including
patients without impairment of balance, category 2 (H&Y 2.5 and 3) including patients with
bilateral symptoms and (slight) postural impairment, and category 3 (H&Y 4 and 5) including
patients with severe motor disability and postural impairment. First, univariate Cox regression was
used to investigate the effect of factors on survival. Finally, factors significantly associated with
survival in the univariate model as well as on the basis of clinical interest were included in
multivariate Cox proportional hazard model. The multivariate model was also separately used to
investigate the effect of these factors on survival in less advanced patients (H&Y stages 1, 1.5 and
2, n =120). Results were expressed using hazard ratios (HR) with 95% confidence intervals (Cl).

IBM SPSS Statistics Version 24 (IBM Corp., New York, USA) was used in the survival analyses.

The association between survival and striatal and extrastriatal SBRs were also investigated voxel-
by-voxel over the entire brain using Statistical Parametric Mapping software (SPM8;_running in
MatlabR2015a (Mathworks Inc., Natick, MA, USA). Out of the 162 patients, 14 were excluded from
the SPM analysis because of an inappropriate field of view (i.e., midbrain cut out from the image),
leaving 148 patients for the final sample. The images were warped to the Montreal Neurological
Institute (MNI) space using an in-house [I-123]FP-CIT SPECT template as described earlier [24, 25].
The reference region uptake was extracted from the occipital cortex and SBR images were created

by dividing the original image voxel values by the reference region average uptake. Finally, the SBR
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images were smoothed using an 8 mm isotropic Gaussian kernel to improve the signal-to-noise
ratio. The SBR images were then analysed using a general linear model (GLM). Subjects who had
died by the 5-year follow-up were compared to subjects who were alive at 5 years after the scan
date. In addition, an association between SBRs and scan-to-death intervals was analysed in non-
surviving patients similarly using a GLM. Both analyses were conducted with and without
covariates (age, H&Y category and cognitive defect) in the model. An analysis mask was used
which limited the search volume to regions of the cerebral cortex, midbrain and pons where the
tracer uptake exceeded the uptake in the reference region, as described earlier [25]. Family-wise
error (FWE) correction was applied at the voxel- or cluster-level, and P values less than 0.05 were

considered significant.
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Results

The Kaplan-Meier estimate for mortality was 36%. The main demographics of the study population

are shown in Table 1.

The use of antiparkinsonian drug(s) other than levodopa showed no significant association with
survival in the univariate Cox regression analysis (P = 0.11), and this factor was left out of the
multivariate Cox regression analysis. In the other univariate analyses, age at scan (P < 0.001), LEDD
(P=0.01), levodopa daily dose (P < 0.001), presence of cognitive defects (P < 0.001), modified H&Y
combined into three categories (P < 0.001), and the categorical putaminal SBR of DAT binding (P =
0.03) were associated with survival, except gender (P = 0.17). LEDD and levodopa daily dose were
highly correlated, and LEDD was chosen for the multivariate Cox regression model. The results of
the multivariate Cox regression analysis are shown in Table 2, and the graphical survival functions
are shown in Figure 1. No significant associations were found between the level of putaminal DAT
binding and survival (Table 2, Figure 1a). Gender and LEDD categories were not associated with
survival (Table 2). The mortality risk increased with age, and was clearly increased in patients with
cognitive defects at the time of imaging (Table 2, Figure 1b). H&Y stage was associated with
survival (Table 2, Figure 1c) as the mortality risk was increased in H&Y category 2 (stages 2.5 and
3) and category 3 (H&Y 4 and 5) compared to patients in H&Y category 1 (H&Y 1, 2.5 and 2) (Table
2, Figure 1c). Also in the separate analysis of 120 less advanced patients (H&Y 1, 1.5 and 2), no

associations were found between the level of putaminal DAT binding and survival (P = 0.76).

In the SPM analysis, there were no significant differences between any striatal or extrastriatal
regional SBR between survivors and non-survivors at the 5-year time point. In addition, no
statistically significant association was found between regional SBR and the scan-to-death interval
in patients who died during the follow-up. The significance of the results did not change when

adjusting for age, H&Y category and cognitive defect.
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Discussion

The results of this study show no relationship between striatal or extrastriatal DAT binding and
survival in PD. However, a higher mortality risk was associated with older age, cognitive defects
and a greater motor symptom severity at the time of imaging, and these effects, supported by
other studies [1-3, 5, 7], serve as positive controls verifying that the sample was quantitatively and
qualitatively sufficient to demonstrate possible associations with DAT. Nevertheless, the
independent significance of DAT in predicting mortality was clearly not significant (P = 0.99), which
suggests that even a major increase in sample size would not have changed the essential result. It
would therefore appear that, unlike age and clinical symptomes, striatal dopaminergic defects do

not predict mortality in PD patients.

The results of this study are in line with our earlier findings of survival in a smaller sample of PD
patients scanned with FDOPA-PET [18]. Thus, the different presynaptic dopaminergic target
molecular mechanisms of [I-123]FP-CIT and FDOPA demonstrated no differences in the outcome.
Although there may be a correlation between the clinical severity and dopaminergic tracer binding
in the early stages of the disease in PD [13], these factors may separate when the disease
progresses. The clinical symptom severity is tightly connected with clinical disability and death,
whereas brain dopamine function may be influenced by numerous coexisting pathological and
compensatory mechanisms complicating the interpretation. The exact mechanism of the decrease
in striatal DAT function in PD detected with DAT SPECT remains unclear as it may reflect either
lower endogenous dopamine levels, dysfunctional DAT expression or the degeneration of
dopaminergic nigrostriatal nerve endings [19, 21]. There is recent evidence to suggest that DAT
binding does not correlate with post mortem substantia nigra neuron counts [12], although it
remains possible that the DAT tracer uptake reflects neuronal function or activity and not the
number of neurons. The loss of dopamine neurons in the substantia nigra may lead to an
increased synthesis and release of dopamine and increased dopaminergic activation in the
surviving dopaminergic nerve endings, and the dopamine reuptake by DAT may correspondingly
be downregulated in the striatum [19]. In addition, a recent study on mice models suggested that
besides dopaminergic neurons, there are also striatal non-dopaminergic monoenzymatic neurons

containing TH and AADC, the dopamine synthesis enzymes, and the production of dopamine in
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these neurons increases as the dopamine deficiency rises in the degraded parkinsonian striatum
[26]. Finally, although striatal DAT function loss is approximately 50% in the contralateral posterior
putamen at the onset of clinical parkinsonism [27, 28], this varies between patients with equal
mild hemi-parkinsonian symptoms [17, 28]. Likely, this variable individual dopaminergic threshold

obscures later correlations with clinical end-points such as disability and death.

Mortality in PD is not necessarily directly associated with the underlying loss in the number of
dopamine-producing neurons, but proteinopathic mechanisms may be more relevant. PD and
other Lewy body diseases are associated with intraneuronal inclusions of alpha-synuclein protein
[17, 29], and the rate in the accumulation of toxic alpha-synuclein aggregates could be a more
important neuropathological event in predicting mortality. Indeed, recent neuropathological
findings suggest that alpha-synuclein pathology, as well as the burden of neurofibrillary tangles
and amyloid plaque pathology are the strongest pathological predictors of survival in
synucleinopathies [29]. In PD associated with mixed Alzheimer’s disease neuropathology, the
increasing level of cerebral tau neurofibrillary tangles may shorten the lifespan [29]. There is also
evidence that the deposition of nigral neurofibrillary tangles may induce parkinsonian symptoms
[17]. The proteinopathic cascade to cortical regions could forecast disability and death more
accurately than binding characteristics of striatal dopaminergic tracers.

In our study, cognitive impairment was related to a decreased survival as the mortality risk was
over three-fold higher in patients with cognitive disturbances compared to those without
cognitive impairment. Indeed, the presence of cognitive defects have previously been shown to be
the greatest risk factors of higher mortality in PD [1, 2]. Although the cognitive decline may be
hard to predict, it seems that even a mild cognitive dysfunction, with an incidence of up to 25% in
de novo PD patients, is associated with a high risk of progression to dementia [29, 30]. The
connection between cognition and mortality in PD suggests that cortical biomarkers, such as
alpha-synuclein—and tau—sensitive PET-ligands, may be more accurate in predicting advancing

disability than basal ganglia—specific dopamine tracers.

There are limitations in this study including the retrospective study design and the lack of
neuropathological confirmation of PD diagnoses. However, the clinical PD diagnoses were
confirmed both by abnormal DAT SPECT scans and clinically relevant follow-up periods. It should

be noted that the mortality risk was higher in patients with H&Y stages 2.5 and 3 than in patients
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with H&Y stages 4 and 5 (n = 5) probably due to the low number of patients with the highest
severity stages. However, the differences between these categories was not significant, and the
differences between severe and mild (H&Y 1, 1.5 and 2) patients were clear. Importantly, the
correlation between DAT binding and survival remained non-significant when advanced patients
(H&Y > 2) were excluded from the analysis, indicating that the results were not affected by the
higher mortality probability of patients with the highest motor disability. Survival was not related
to either dopaminergic medication or gender. The findings on the medication effect are generally
in accordance with earlier studies [6], although there are discrepant results concerning the effect

of gender on mortality in PD [1, 4, 5].

To conclude, we have shown that DAT SPECT imaging cannot be used as a clinical predictor of
mortality in Parkinson’s disease as the level of striatal dopaminergic defect in DAT SPECT does not
influence long-term survival unlike older age, higher clinical motor symptom severity and presence
of cognitive defects. Notably, even large differences in DAT SPECT findings (mild to severe
abnormality in DAT binding) do not seem to be associated with future lifespan in PD patients. We
must underline, however, that the results of the present study do not imply that the binding
characteristics of dopaminergic radiotracers are irrelevant in diagnostics or clinical monitoring but,
rather, that there may be compensatory changes and confounding factors in the nigrostriatal
dopamine transmission in patients with PD, which lessen the value of functional dopaminergic
imaging in predicting survival. The proteinopathic cascade to cortical regions might forecast
disability and death more accurately than the nigrostriatal dopaminergic degeneration as

measured with functional imaging.
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Table 1.

Table 1. The clinical characteristics of the study population at the time of the follow-up onset (the

time of imaging).

All Survivors Non-Survivors
N (%) 162 120 (74.1) 42 (25.9)
Age at scan, mean (SD), years 66.4 (10.4) 63.1(9.3) 75.9(7.1)
Gender (male/female) 96/66 68/52 28/14
Cognitive defect, n (%) 33(20.4) 19 (15.8) 14 (33.3)
H&Y, median (range) 1.5 (4.0) 1.5 (3.0) 2.8 (4.0)
1,1.5and 2, n (%) 120 (74.1) 104 (86.7) 16 (38.1)
2.5and 3, n (%) 25 (15.4) 11(9.2) 14 (33.3)
4 and 5, n (%) 17 (10.5) 5(4.2) 12 (28.6)
Levodopa, median (range), mg 300 (750) 300 (700) 300 (700)
No levodopa, n (%) 130 (80.2) 105 (87.5) 25 (59.5)
Levodopa daily dose < 300 mg, n (%) 10 (6.2) 4(3.3) 6 (14.3)
Levodopa daily dose > 300 mg, n (%) 22 (13.6) 11 (9.2) 11 (26.2)
LEDD, median (range), mg 200 (893) 142 (893) 300 (723)
No antiparkinsonian medication, n (%) 105 (64.8) 82 (68.3) 23 (54.8)
LEDD < 200 mg, n (%) 27 (16.7) 21 (17.5) 6 (14.3)
LEDD > 300 mg, n (%) 30 (18.5) 16 (11.3) 13 (31.0)
Putamen SBR, median (range) 1.76 (2.83) 1.80 (2.79) 1.67 (2.13)
SBR < 1.37, n (%) 39 (24.1) 25 (20.8) 14 (33.3)
SBR=1.37-2.23, n (%) 82 (50.6) 61 (50.8) 21 (50.0)
SBR >2.23, n (%) 41 (25.3) 34 (28.3) 7 (16.7)

SD = Standard deviation
n = number of patients

H&Y = Hoehn & Yahr stage. Category 1: modified H&Y stages 1, 1.5 and 2; category 2: modified H&Y stages 2.5
and 3; and category 3: modified H&Y stages 4 and 5.

LEDD = Levodopa equivalent daily dose.

SBR = Specific binding ratio of tracer [I-123]FP-CIT in the posterior putamen of the most severely affected
hemisphere in the automated analysis (BRASS). Category 1: SBR < 1.37 (bottom quartile), category 2: SBR = 1.37-
2.23, category 3: SBR > 2.23 (upper quartile).



Table 2.

Table 2. The association of the factors on survival in Parkinson’s disease (n=162).

Adjusted HR (95% Cl) = P-value

Age at scan (years) 1.14%* (1.09-1.20) <0.001
Male gender 1.84 (0.90-3.84) 0.10
Cognitive defect 3.35(1.67-6.72) 0.001
Hoehn & Yahr 0.002
H&Y category 2 vs. 1 3.83 (1.75-8.36) 0.001
H&Y category 3 vs. 1 2.67 (1.11-6.39) 0.03
LEDD 0.10
LEDD <200 vs. no medication 0.60 (0.22-1.64) 0.32
LEDD >200 vs. no medication 1.79 (0.83-3.89) 0.14
Putamen SBR 0.99
Putamen SBR category 2 vs. 1 1.00 (0.49-2.05) 1.00
Putamen SBR category 3 vs. 1 0.95 (0.35-2.58) 0.91

HR = Hazard ratio for mortality after adjustment for other factors in the model

Cl = Confidence interval

*HR for one-year increase in age

H&Y category 1: modified H&Y stages 1, 1.5 and 2; category 2: modified H&Y stages 2.5 and 3; category 3:
modified H&Y stages 4 and 5.

LEDD = Levodopa equivalent daily dose.

SBR = Specific binding ratio of tracer [I-123]FP-CIT in the posterior putamen of the most severely affected
hemisphere in the automated analysis (BRASS). Category 1: SBR < 1.37, category 2: SBR = 1.37-2.23,
category 3: SBR > 2.23.
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Figure1._Legend

Figure 1. Survival function graphs showing the independent impact of three factors on survival in
patients with PD, after adjusting each factor for other variables in the multivariate Cox regression
model. Cumulative survival is plotted against the clinical follow-up time. A = Specific binding ratio
(SBR) of tracer [I-123]FP-CIT in the posterior putamen of the most severely affected hemisphere in
the automated analysis (BRASS); B = Patients with and without cognitive impairment at the time of

imaging; C = Hoehn & Yahr stage combined into three clinical categories at the time of imaging.



