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Abstract

Background: Stiff person syndrome spectrum disorders (SPSD]) are a rare group of disabling
neuroimmunological disorders. SPSD often requires immune therapies, especially in

the setting of inadequate response to symptomatic treatments. The safety and efficacy of
therapeutic plasma exchange (TPE]) in SPSD remains uncertain.

Objectives: To describe the safety, tolerability, and efficacy of TPE in patients with SPSD.
Design: A retrospective observational study.

Methods: A retrospective review of SPSD patients seen at Johns Hopkins Hospital (JHH)
from 1997 to 2021 was performed. Patient demographics/history, examination/diagnostic
findings, treatment response, and TPE-related complications were recorded. Assessment
for any associations between clinical characteristics, including age, sex, clinical phenotype,
and time on immunotherapy, and response to TPE 3 months after treatment was performed.
A subgroup of 18 patients treated with TPE at JHH and 6 patients treated with TPE at outside
institutions were evaluated for any change in usage of symptomatic medications 3 months
after the TPE treatment. Literature review of SPSD and TPE was also conducted.

Results: Thirty-nine SPSD patients were treated with TPE (21 at JHH and 18 at outside
institutions); median age 48 years, 77% female, median modified Rankin Scale 3; mean initial
anti-GAD65 antibody titer was 23,508 U/mL. Twenty-four patients (62%) had classic SPS, 10
(26%) had SPS-plus, 2 (5%) had progressive encephalomyelitis with rigidity and myoclonus,
and 3 (8%) had pure cerebellar ataxia. All patients were on symptomatic treatments, 30 (77%)
previously received IVIg, and 3 (8%) previously received rituximab. Four patients (10%) had a
TPE-related adverse event. One developed asymptomatic hypotension, another had both line
thrombosis and infection, and two had non-life-threatening bleeding events. Twenty-three (59%)
patients reported improvement in symptoms after TPE. Of the subgroup of 24 patients evaluated

for any change in usage of symptomatic medications 3 months after the TPE treatment, 14 (58%)

required fewer GABAergic symptomatic medications. Literature review identified 57 additional
patients with SPSD; 43 (75%) reported temporary improvement after TPE.

Conclusion: The majority of patients treated with TPE had improvement. Moreover, most
patients evaluated for any change in usage of symptomatic medications after the TPE
treatment no longer required as much symptomatic medications months after TPE. TPE
appears safe and well-tolerated in SPSD. Further studies are needed to assess the long-term
efficacy of TPE in SPSD and identify which patients may benefit the most from TPE.
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Introduction

Stiff person syndrome spectrum disorders (SPSD)
are a group of rare neurological disorders that are
most commonly characterized by axial and limb
rigidity with superimposed painful muscle
spasms. The symptoms of SPSD may be pro-
found and functionally debilitating. SPSD is
twice as common in women as it is in men and
typically affects middle-aged individuals.! The
presentation of SPSD is heterogenous and varies
based on the phenotype as follows: classic, par-
tial, SPS-plus, pure cerebellar ataxia (CA),
progressive encephalomyelitis with rigidity and
myoclonus (PERM), and overlapping syn-
dromes.? In a large retrospective study of 212
anti-glutamic acid decarboxylase 65 (GAD65)
neurological autoimmunity samples identified
(out of greater than 380,000 samples submitted)
and examined at the Mayo Clinic laboratory from
2003-2018, only approximately a third of cases
were categorized as having SPSD.3 Due to its rar-
ity, little is known about the true incidence of
SPSD, its spectrum of presentation, and impor-
tantly its ideal management.

To date, there are no consensus guidelines to help
clinicians determine how to treat people with
SPSD. Symptomatic interventions are often used
as the cornerstone of treatment; however, many
patients with SPSD will eventually be treated with
an immune-based therapy. Among the sympto-
matic therapies, benzodiazepines and baclofen are
widely considered first-line agents to manage
SPSD, although no controlled studies have been
conducted. These agents are associated with dose-
related adverse effects, including sedation and
cognitive slowing. When symptomatic therapies
do not offer satisfactory therapeutic benefits,
patients are treated with immunotherapy, of which
intravenous immunoglobulin (IVIg) is most com-
monly used. IVIg demonstrated in a placebo-con-
trolled, cross-over trial to help improve patients’
mobility and function.* In cases that are unre-
sponsive to IVIg, rituximab has been used with
varying success.?

Clinical studies have evaluated the use of combi-
nation therapies that include standard pharmaco-
logical symptomatic therapies coupled with
cognitive-behavioral therapy (CBT), IVIg, and
therapeutic plasma exchange (TPE).¢ However,
the role of TPE in SPSD is not well characterized.
In general, TPE involves the removal of plasma
containing pathologic mediators (e.g., antibodies)

and the subsequent replacement of the removed
plasma with normal saline, 5% albumin, and/or
donor plasma. Since its first clinical use in 1952
(to treat a patient with hyperviscosity syndrome
due to Waldenstrom Macroglobulinemia), TPE
has been used to treat diverse conditions including
neurological diseases.”® TPE is a Category III
indication for SPSD suggesting that, ‘optimum
role of apheresis therapy is not established,
whereby decision making should be individual-
ized’, according to the American Society for
Apheresis (ASFA).8 Furthermore, SPSD is a
Grade 2 C indication, reflecting a weak recom-
mendation with low-quality evidence to support
practice that has largely been gleaned from case
reports or small case series.%!? Given the paucity
of data surrounding TPE in SPSD, we sought to
characterize the patient population managed at
Johns Hopkins Hospital JHH) who underwent
TPE as part of their clinical management of SPSD
to contextualize the role of TPE and describe the
safety, tolerability, and treatment effect in those
who received TPE. We also conducted a literature
review pertaining to TPE and SPSD cases to com-
plement our findings.

Methods

Study design

We conducted a retrospective review of all
patients with a diagnosis of SPSD who were seen
at JHH from 1 January 1997 to 30 May 2021 who
had been treated with TPE. Cases were identified
through two separate databases and cross-refer-
enced for accuracy: the Johns Hopkins SPS
Center longitudinal observational cohort data-
base and the JHH Hemapheresis and Transfusion
Support (HATS) database. We identified 39 total
cases, with 21 patients receiving their TPE at
JHH, and 18 receiving their TPE elsewhere. This
study was approved by the JH Institutional
Review Board (IRB), and all participants pro-
vided consent as part of an ongoing, longitudinal
observation study.

A diagnosis of SPSD was determined by an SPSD
expert clinician (S.D.N.) at JHH based on a combi-
nation of the following characteristics: (a) clinical
presentation, including typical body regions involved
(torso and lower extremities > upper extremities)
for classic phenotype; classic features plus brainstem
and/or cerebellar involvement for SPS-plus phe-
notype; pure cerebellar involvement for pure
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cerebellar phenotype (these patients were
included under SPSD as many will eventually
develop additional symptoms consistent with
SPS-plus or PERM); exclusively one limb
involved for partial SPS; PERM as described in
other publications?; (b) hallmark triggers for
spasms/increased rigidity (abrupt loud noises,
cold weather, open spaces, emotional stressors, or
tactile stimuli); (¢) hallmark examination find-
ings, including hyperlordosis, paravertebral/
abdominal spasms/rigidity, spasticity in extremi-
ties or hyperreflexia, brainstem/cerebellar signs,
myoclonus among other findings as noted in prior
publications?; (d) high-titer serum autoantibodies
to GAD®65, or the presence of glycine receptor or
amphiphysin antibodies!!>12; and (e) exclusion of
alternative diagnoses and better explanation to
account for the findings.

Commercially available autoantibody testing was
used as part of standard clinical practice in the care
of these individuals. The clinical laboratories
included, for the anti-GAD®65 antibody, were Johns
Hopkins (utilizing Enzyme Linked Immunoassay
[ELISA] method), Quest Laboratories (utilizing
ELISA method), and Mayo Clinic Laboratories
(utilizing Radioimmunosassay [RIA] method). For
the ELISA method, values at or above 10,000
IU/mL were designated as high, and for the RIA
method, the value was at or above 20 nmol/mL.
For the anti-amphiphysin and anti-glycine receptor
antibody, the Mayo Clinic Laboratories was used
based on clinical suspicion. In addition, glycine
receptor antibody testing was not commercially
available until August 2020.

Variables

The following clinical and laboratory variables were
collected for the study: demographic information
(age, sex, race/ethnicity), clinical characteristics
(e.g., symptoms and distribution of symptoms/find-
ings, symptomatic triggers, exam findings, modified
Rankin Scale [mRS]), medical comorbidities (e.g.,
diabetes, cancer), laboratory data (antibody test
results and titer if applicable), symptomatic
(gamma-Aminobutyric acid agonist [GABA] medi-
cations including benzodiazepines, baclofen, etc.)
and immune treatments (IVIg, rituximab, mycophe-
nolate mofetil, azathioprine, etc.), and electrophysi-
ological studies. Data that were collected for TPE
procedures included the timing of treatment in
relation to onset of symptoms, the number of

treatments, as well as previous treatment with IVIg
or rituximab.

TPE procedures at JHH

All TPE procedures done at JHH were performed
using either COBE® Spectra (Terumo BCT,
Lakewood, CO) or Spectra Optia (Terumo
BCT). The primary indication for TPE was acute
worsening of SPSD or unresponsive/subthera-
peutic response to initial immune therapy. For
acute SPSD exacerbations, the treatment plan
comprised of a series of TPE — a total of five pro-
cedures on alternating days. One plasma volume
was exchanged per apheresis treatment. The pro-
cedure was typically undertaken using either cen-
tral vascular access or less commonly using
peripheral venous catheters. Human serum 5%
albumin or a combination of 5% albumin with
normal saline was used as replacement fluid for
all procedures because the patients were not at
high risk for bleeding. Acid citrate dextrose
(ACD) was used as the anticoagulant in all
procedures.

Vital signs were assessed by an apheresis nurse
before starting the procedure as well as every 15—
30 min throughout the procedure. The patient’s
clinical condition was also assessed before and
during the procedure. Specifically, the apheresis
nurse was monitoring for the following signs and
symptoms: paresthesias, muscle cramps, dizzi-
ness, pruritus, and difficulty breathing. In addi-
tion, the venous catheter was examined before
each procedure to ensure that it was functional
and that there were no signs of infection or
thrombosis.

TPE procedures performed outside of JHH were
extracted with detailed chart review of patient’s
clinical notes (inpatient and outpatient records).
Each patient’s tolerability and responses to treat-
ment were collected as documented in medical
records.

TPE adverse effects

Possible complications related to the use of cen-
tral venous access, anticoagulation, and replace-
ment fluids were monitored closely and reported.
Any change in vital signs or clinical status of the
patient during a procedure was evaluated as a
possible TPE-associated adverse event.
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Clinical outcomes

The clinical responses were categorized as
‘improved’, ‘no response’, or ‘worsened’, as
reported in clinical notation by the patient. A
subgroup of 24 patients who had available
GABAergic medication status both before and
after TPE (18 patients treated with TPE at JHH
and 6 patients treated with TPE at outside insti-
tutions) were evaluated for any change in usage
of symptomatic medications; this was deter-
mined by a reduction in either the dose or total
number of GABAergic symptomatic medica-
tions during assessment at 3 months after TPE.
We also reviewed the patient charts for any
change in the mRS comparing their scores at
their evaluation prior to TPE with that 3 months
after TPE. This same group of patients was also
assessed for any improvement in their gait after
treatment with TPE, as assessed by either a phy-
sician or physical therapist during the time of
their hospitalization or subsequent outpatient
appointment.

Statistical analysis

Statistical analyses were performed using
STATA version 13 (StataCorp, College Station,
TX). Demographic, clinical, and laboratory
characteristics were summarized for all 39
patients. Comparisons of TPE responses and
medication reduction by patient characteristics
were performed for a subgroup of 24 patients
who had available GABAergic medication status
both before and after TPE (18 patients treated
with TPE at JHH and 6 patients treated with
TPE at outside institutions) using z-test or
Kruskal-Wallis test for continuous variables as
appropriate, and Fisher’s exact test for categori-
cal variables. Logistic regression was performed
to assess for any associations between clinical
characteristics, including age, sex, clinical phe-
notype, and time on immunotherapy (evaluated
based on time in days as well as greater than 6
months) and response to TPE as defined by a
clinical response of ‘improved’, as well as with
any reduction in GABAergic medications 3
months after treatment. Due to a small sample
size, patient phenotypes were characterized into
‘SPS’, and ‘Other’, with the ‘Other’ category
including patients with SPS-plus, CA, and
PERM. We defined statistical significance as
two-tailed p < 0.05.

Literature review

We performed a scoping review of the literature to
assess the current status of knowledge pertaining
to the use of TPE to treat patients with SPSD. A
PubMed search was conducted using the follow-
ing terms alone or in combination: ‘therapeutic
plasma exchange’, ‘plasmapheresis’, ‘stiff person
syndrome spectrum disorders’, ‘stiff limb syn-
drome’, ‘stiff person syndrome’, ‘pure cerebellar
ataxia’, and ‘progressive encephalomyelitis with
rigidity and myoclonus’. This was extended to a
Google search of similar combinations of the same
terms. We reviewed all English-language articles
published from 1 January 1980 through 30 June
2022. To ensure the capture of all information, we
cross-referenced the bibliographies of reviewed
articles. One study, by Pagano er al.,!3 was a case
series of patients with SPSD treated with TPE,
and includes patients treated at JHH who are
included in this study.

Results

Patient demographic and clinical

characteristics

A total of 39 patients underwent TPE between
1997 and 2021, with 21 of those patients receiv-
ing their TPE treatment at JHH. The average age
was 48 years (SD *= 14), 30 (77%) were female,
11 (28%) had diabetes, 2 (5%) had paraneoplas-
tic-related SPS, and 36 (92%) were positive for
serum anti-GAD65 antibodies (Table 1 and
Supplementary Table 1). In total, 24 patients
had classic SPS, 10 had SPS-plus, 2 had PERM,
and 3 had CA. The median pre-TPE mRS was 3
[interquartile range (IQR) 3-4].

Before starting TPE, 30 (77%) patients had
received IVIg, 3 (8%) patients had been treated
with rituximab, and 2 (5%) with mycophenolate
mofetil. Thirty-one (79%) patients started at least
one additional immunotherapy after TPE; 24
(62%) patients started rituximab, 7 (18%) started
IVIg, 4 (10%) started mycophenolate mofetil,
and 2 (5%) started azathioprine. Six of the afore-
mentioned patients were treated with multiple
post-TPE immunotherapies. The remaining eight
patients continued their pre-TPE immunothera-
pies (six IVIG, two rituximab). The indication to
start TPE was for worsening of symptoms despite
treatment with symptomatic medications and
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first-line immune therapies. A smaller subset of
four patients were treated chronically with TPE
after their initial course, with timing of treatment
guided by their clinical response. Other charac-
teristics can be seen in Table 1.

Safety and tolerability of TPE

Four (10%) patients had an adverse event related
to their course of TPE (Supplementary Table 2).
All patients had a diagnosis of classic SPS and
their age ranged from 32 to 59 years. One devel-
oped asymptomatic hypotension, another had
both line thrombosis and line infection, and two
had non-life-threatening bleeding events. Among
patients who experienced adverse effects, one
patient had a diagnosis of insulin-dependent dia-
betes but the other three had no medical comor-
bidities. There were no anaphylactic reactions or
deaths.

Efficacy of TPE

Of the 39 patients who were treated with TPE,
the majority (n = 32) were treated with a single
TPE course (median: five procedures), and 23
(59%) had improvement in symptoms after TPE
(Table 2). Of the 24 patients who had available
GABAergic medication status both before and
after TPE, 14 (58%) required less GABAergic
medication 3 months after treatment as compared
with their pre-treatment regimen. Furthermore,
12 (50%) patients of this subgroup who had avail-
able GABAergic medication status both before
and after TPE exhibited improvement in their
gait after treatment. Of the 21 patients who had
available mRS both before and after TPE, 3/21
(14%) had an improved mRS 3 months later,
17/21 (81%) demonstrated no change, and 1/21
(5%) had a worsened mRS. The median pre-TPE
mRS was 3 (IQR 3-4), and the median post-TPE
mRS was 3 (IQR 3-4). There was no significant
difference in mean mRS, with mean pre-TPE
mRS of 3.44, and mean post-TPE mRS of 3.32
(-0.12 = 0.27, p = 0.66).

When separately examining all patients for prog-
nostic factors to TPE response by univariable
analysis, there were no factors among age, sex,
clinical phenotype (SPS, Other), and time on
immune therapy (evaluated based on time in days
as well as greater than 6 months), that were asso-
ciated with symptomatic improvement (Table 2).
The same was true when evaluating the same

Table 1. Overall characteristics of patients with SPSD seen at Johns

Hopkins.

Characteristics

Overall,n = 39

Female, n (%)

Median age at TPE treatment, years (range)
Median pre-TPE anti-GADé5 titer, IU/mL (range])
Median post-TPE anti-GAD65 titer, IU/mL (range)

30 (77)

48 (19-69)

18,960 (0-235,250)
6,085 (4.3-107,725)

Median mRS (IQR) 3 (3-4)
Diabetes, n (%) 10 (26)
Cancer, n (%) 8(21)
Race/ethnicity, n (%)
White 19 (49)
Black 16 (41)
Hispanic 2 (5)
Asian 1(3)
Other 1(3)
Clinical phenotype, n (%)
Classic SPS 24 (62)
SPS-plus 10 (25)
PERM 2(5)
Cerebellar ataxia 3(8)
Concurrent immune therapy, n (%) 35 (90)
IVig 30 (77)
Rituximab 3(8)
Mycophenolate mofetil 2 (5)
Time on immune therapy at time of TPE in 13.9 (0-116)

months (range)

Median (interquartile range) for continuous variables; n (%) for categorical

variables.

GAD, glutamic acid decarboxylase; IQR, interquartile range; IVlg, intravenous
immunoglobulin; mRS, modified Ranking Scale; PERM, progressive
encephalomyelitis with rigidity and myoclonus; SPS, stiff person syndrome; SPSD,
stiff person syndrome spectrum disorders; TPE, therapeutic plasma exchange.

characteristics for any univariate association with
reduced symptomatic therapy requirements when
evaluated 3 months after TPE treatment (Table 3).
Although, responders were on average 7 years
younger than non-responders (45 versus 52 years,
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Table 2. Predictors of response to TPE in patients with SPSD.

Overall TPE response = no TPE p value
effect/worsened response = improved

N 39 16 23
Age, mean years (+ SD) 48 [+ 14) 52 (+ 14) 45 [+ 14) 0.142
Sex = fema[e, n [0/0] 30 [769] 14 [875] 16 [696] 0.362
Phenotype, n (%) 0.66b
SPS 24 (61.5) 8 (50.0) 16 (69.6)
Othere 14 (35.9) 7 (43.8) 7 (30.4)
Duration of immune therapy 17 (44.7) 6 (37.5) 11 (50.0) 0.66b
at time of TPE onset > 180
days, n (%)
Duration of immune therapy 75 [0, 504] 0 [0, 572] 161 [0, 468] 0.45d
at time of TPE onset in days
(median [IQR])

IQR, interquartile range; PERM, progressive encephalomyelitis with rigidity and myoclonus; SD, standard deviation; SPS,
stiff person syndrome; SPSD, stiff person syndrome spectrum disorders; TPE, therapeutic plasma exchange.
aTwo-tailed t-test.

bFisher’s Exact test.

cKruskal-Wallis test.

dSPS-plus, Cerebellar ataxia, PERM (%).

Table 3. Predictors of symptomatic medication reduction after TPE in patients with SPSD.

Overall Post-TPE Post-TPE p value
decrease = no decrease = yes

N 24 10 14
Age, mean years (+ SD) 46 (+ 16) 50 (+ 13) 4t [+ 16) 0.30°
Sex = female, n (%) 19 (79.1) 8 (80.0) 11(78.6) 1.002
Phenotype, n (%) 0.88p
SPS 16 (66.7) 6 (60.0) 10 (71.4)
Othere 8(33.3) 4 (40.0) 4 (28.6)
Duration of immune therapy at time 13 (54.2) 5(50.0) 8(57.1) 1.00b
of TPE onset > 180 days, n (%)
Duration of immune therapy at time 235 [0, 483] 164 [15, 399] 237 [0.00, 666] 0.66¢

of TPE onset in days (median [IQR])

IQR, interquartile range; PERM, progressive encephalomyelitis with rigidity and myoclonus; SD, standard deviation; SPS,
stiff person syndrome; SPSD, stiff person syndrome spectrum disorders; TPE, therapeutic plasma exchange.
aTwo-tailed t-test.

bFisher’s Exact test.

¢SPS-plus, Cerebellar ataxia, PERM (%).

dKruskal-Wallis test.
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respectively); this did not meet statistical signifi-
cance (p = 0.14). We observed a similar trend
when examining patients who required fewer
symptomatic therapies after TPE wersus those
who did not, whereby the patients who required
fewer medications after TPE were on average
younger than those who did not (44 versus 50
years, respectively; p = 0.30) (Table 3).

When evaluating predictors of treatment
response through multivariate analysis, there
was no increased likelihood of overall treatment
response when evaluating any of the independ-
ent factors of age [odds ratio (OR) 0.97, 95%
confidence interval (CI) 0.91-1.0, p = 0.18],
sex (OR 2.64, 95% CI 0.50-14.0, p = 0.26),
SPS phenotype (OR 0.56, 95% CI 0.15-2.17,
p = 0.41), or time on immunotherapy > 180
days (OR 1.62, 95% CI 0.44-5.98, p = 0.47).
When evaluating for any predictors of reduced
GABAergic medication requirements, there
were also no observed association with any of the
same independent variables of age (OR 0.97,
95% CI 0.91-1.03, p = 0.35), sex (OR 1.03,
95% CI 0.14-7.62, p = 0.97), SPS phenotype
(OR 0.62, 95% CI 0.11-3.43, p = 0.58), or
time on immunotherapy > 180 days (OR 1.31,
95% CI 0.26-6.65, p = 0.75).

Literature review

Review of the literature identified 57 additional
cases of SPSD that were treated with TPE
(Table 4). In reviewing the literature, there was
a lack of standardized measures of improvement.
The outcomes in most cases were descriptive.
Forty-three (75%) patients were reported to
have symptomatic improvement; 14 (25%)
patients had no improvement. The reported
degree and duration of clinical improvement was
highly variable for each patient, ranging from
mild to major improvement. In addition, the
clinical benefits were temporary for each of these
patients.

Discussion

The findings from this retrospective study of the
largest cohort of SPSD patients treated with
TPE suggest that TPE is safe, well-tolerated,
and beneficial for many people with SPSD. A sig-
nificant improvement in symptoms was observed
in over half of our patients, with improvement in

gait specifically noted in half of qualifying patients,
and a small majority of patients demonstrating a
sustained reduction in their use of symptomatic
therapy after treatment of TPE. Moreover, there
were a considerable number of patients who
appeared to experience plateauing of their wors-
ening clinical status with TPE; 81% of patients
with no change in mRS, 36% reporting no
improvement or worsening of symptoms, 67%
demonstrating no improvement or worsening of
gait. Our results coupled with those from the lit-
erature review suggest that the majority of patients
experience some benefit from treatment with
TPE. Overall, TPE may be a useful adjunctive
therapy for patients with SPSD who are refrac-
tory to standard treatments (e.g. symptomatic
and IVIg) in the appropriate clinical setting,
whether as a rescue therapy for acute worsening
or maintenance with worsening disability.

Two prior studies investigated the role of TPE in
the management of SPSD. The first study evalu-
ated only eight patients with the diagnosis of
SPSD and showed partial or complete response
in six of the patients.® The second study which
demonstrated similar findings was done at JHH
and evaluated only nine patients with only limited
data assessed.!®> The mechanisms for therapeutic
benefit with TPE are incompletely understood. Its
efficacy in immune-mediated conditions may be
ascribed to a reduction in circulating antibodies,
immune complexes, and other immune-media-
tors, along with stimulation of lymphocytes that
may enhance cytotoxic therapy.4® In our study, as
observed in prior studies, the response to TPE
was variable, spanning profound improvement to
no demonstrable effect!416-37:39 The variability in
treatment effect among the studies and case
reports in the literature is in part due to the het-
erogeneity as to how the response to TPE has
been evaluated, with a lack of uniform assessment
of physical performance (e.g., rigidity, frequency
of spasm, gait function, mRS). This variability
makes it difficult to predict responses to treat-
ment. In our study, we applied several standard-
ized assessments of physical function to evaluate
both patient’s symptomatic response, quality of
life, and overall level of function by assessing
GABAergic medication requirements, mRS, and
gait function, respectively. There was a small
majority of patients who had a sustained decrease
in their medication requirements 3 months after
initial treatment with TPE, including in patients
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who were already on immune therapy with IVIg
and/or rituximab. This suggests that TPE could
provide relief to patients with uncontrolled/poorly
controlled symptoms despite being on multiple
therapies, and may provide additional guidance
on the use of TPE in chronic disease. The vast
majority of patients did not demonstrate a wors-
ening of their mRS 3 months after treatment, and
this could also suggest that TPE can be used as a
strategy to slow down clinical worsening in
patients who might not respond to other
therapies.

We also evaluated patients to assess if there were
any predictive factors in treatment response, and
did not find any that were statistically significant.
The characteristic that was closest to demon-
strating a benefit was age, as treatment respond-
ers were generally younger when evaluating both
clinical response and medication requirements.
This age-dependent predictor of treatment
response has been shown in other chronic neuro-
logical diseases like progressive multiple sclero-
sis. However, we cannot posit whether this is a
true signal in SPSD at this juncture due to our
sample size. Further investigation of a larger
sample of patients may provide clearer evidence
on which patients are most likely to derive clini-
cal benefit from treatment with TPE. While most
of our clinical outcomes addressed the symptoms
most typically identified in classic SPS and SPS-
plus, of the three patients with CA, two reported
improvement with TPE. The relationship
between anti-GADG65 antibody levels and disease
burden has been unclear, including if anti-
GADG65 antibodies are actually pathogenic.41-42
Notably, all three of our seronegative patients
demonstrated clinical improvement with TPE,
and in seropositive patients, anti-GADG65 levels
remained elevated after treatment. This informa-
tion could provide further support to the idea
that therapeutic effect of TPE in SPSD is related
to the removal of complement, cytokines, and
other modulatory components of the immune
system, rather than elimination of purported
pathogenic antibodies.

The adverse effects observed were manageable
and no permanent sequelae were noted. Previous
studies have shown that TPE has an overall
adverse event frequency of 4.75% and a calculated
mortality between 1 and 2/10,000 per procedure.
Common adverse effects (<10%) include

symptomatic hypocalcemia (paresthesias, muscle
cramps) and hypovolemia (hypotension, light-
headedness). Rare adverse effects (<1.5%) include
alterations in acid-base homeostasis from citrate
infused for anticoagulation, seizure, allergic reac-
tion to albumin or catheter, catheter-associated
infections, or thromboses. Repeated apheresis
treatments with albumin replacement may result
in depletion of clotting factors and immunoglobu-
lins which may increase the risk of bleeding and
infection.

This study has several limitations. It was a single-
center retrospective analysis with small sample
size and limited power to detect predictors of
improvement or disease stabilization with TPE;
nonetheless, it remains the largest descriptive
assessment of TPE for SPSD to date. We did not
have a control group based on the nature of the
study, which impacts the generalizability of the
findings. Another limitation is that many of these
individuals were on multiple treatments, which
makes it difficult to accurately separate out the
full effectiveness of TPE. While not unique to this
study, there is heterogeneity in the disorders
treated, and reporting of clinical outcomes after
TPE treatment was not consistent for all patients
(e.g., particularly for TPE that was performed
outside JHH). TPE is also typically performed at
large, tertiary academic centers with a dedicated
apheresis service and specialized medical staff.
There was variability in the timing of TPE rela-
tive to symptom onset, and there is confounding
by primary indication of treating acute exacerba-
tions. In addition, TPE was used primarily in a
treatment refractory group (35/39 patients were
already being treated with concurrent immune
therapy), which may skew the results toward a
lack of treatment response and limits generaliza-
bility of overall use of TPE, but this treatment
approach is consistent with standard of practice.
Furthermore, most patients were treated with a
new immune therapy after TPE, which could also
have altered their overall disease course. Finally,
the post-PLEX treatment follow-up was capped
at 3 months based on suspected duration of treat-
ment effect, and thus our understanding of
longer-term treatment effects is unknown.

In conclusion, TPE appears safe and well-toler-
ated in the treatment of SPSD and should
be considered for some patients, particularly
in those who fail to respond to first- and
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second-line therapies such as benzodiazepines or
IVIg and rituximab.! The complications of TPE
that were observed were manageable and with-
out sequelae. Our findings suggest that there is a
sustained improvement in the symptoms of stiff-
ness and rigidity in a majority of patients and
importantly clinical worsening was halted fol-
lowing acute TPE treatment in many. Further
investigation is needed to identify which patients
are the best candidates for TPE in the acute set-
ting, as well as who should receive chronic treat-
ment with outpatient TPE for maintenance
therapy in SPSD.
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