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Abstract

Introduction/Aim: Long-term efficacy and safety of dichlorphenamide (DCP) were

characterized in patients with primary periodic paralysis (PPP).

Methods: Patients with PPP in a double-blind, placebo-controlled study were ran-

domly assigned to receive DCP 50 mg twice daily or placebo for 9 weeks, followed

by a 52-week open-label DCP treatment phase (DCP/DCP and placebo/DCP

populations). Efficacy (attack rate, severity-weighted attack rate) and safety were

assessed in patients completing the study (61 weeks). In this post hoc analysis, effi-

cacy and safety data were pooled from hyperkalemic and hypokalemic substudies.

Results: Sixty-three adults (age, 19-76 years) completed the double-blind phase;

47 (74.6%) of these patients completed 61 weeks. There were median decreases in

weekly attack and severity-weighted attack rates from baseline to week

61 (DCP/DCP [n = 25], −1.00 [P < .0001]; placebo/DCP [n = 20], −0.63 [P = .01] and

DCP/DCP, −2.25 [P < .0001]; placebo/DCP, −1.69 [P = .01]). Relatively smaller

median decreases in weekly attack and severity-weighted attack rates occurred from

weeks 9 to 61 among patients receiving DCP continuously (n = 26; −0.14 [P = .1]

and −0.24 [P = .09]) than among those switching from placebo to DCP after 9 weeks

(n = 16; −1.04 [P = .049] and −2.72 [P = .08]). Common adverse events (AEs) were

paresthesia and cognition-related events, which typically first occurred within

1 month of blinded treatment initiation and in rare cases led to treatment discontinu-

ation. Dose reductions were frequently associated with common AE resolution.

Discussion: One-year open-label DCP treatment after a 9-week randomized, controlled

study confirmed long-term DCP remains safe and effective for chronic use. Tolerability

issues (paresthesia, cognition-related AEs) were manageable in most patients.
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1 | INTRODUCTION

Primary periodic paralyses (PPP; hyperkalemic and hypokalemic paral-

ysis) are rare, hereditary skeletal muscle ion channelopathies that lead

to attacks of muscle weakness.1 Management of PPP includes long-

term pharmacologic therapy to minimize attack frequency and sever-

ity.1 The oral carbonic anhydrase inhibitor dichlorphenamide (DCP) is

approved for treatment of hyperkalemic and hypokalemic periodic

paralyses and related variants.1,2

Two randomized, double-blind, placebo-controlled studies, each with

hyperkalemic and hypokalemic PPP substudies, demonstrated the effec-

tiveness of DCP to prevent attacks of muscle weakness. The first study

demonstrated that 9-week daily DCP treatment decreased attack fre-

quency and severity in 73 patients with hypokalemic and hyperkalemic

paralysis (age, 10-75 years).3 In the second study, HYPHOP, daily DCP

treatment reduced the frequency, severity, and duration of paralytic

attacks in 65 adults during weeks 2 to 9 of a 9-week double-blind,

placebo-controlled treatment period among patients with hypokalemic

paralysis, and also during weeks 54 to 61 of a 1-year open-label exten-

sion.4 Common adverse events (AEs) in both studies were paresthesia and

cognitive changes (ie, confusion, depression, disorientation, memory

issues, slowed mentation).3,4 However, as the number of patients within

each disease phenotype was relatively small by week 61, the current anal-

ysis addresses this sample size limitation by pooling key study data from

the disease phenotype substudies to examine persistency of treatment

benefit and further characterize the tolerability of DCP in PPP using

pooled data from hyperkalemic and hypokalemic substudies of HYPHOP.4

2 | METHODS

2.1 | Study design and patients

Population and study details from HYPHOP have been described else-

where.4 Briefly, adults with hyperkalemic or hypokalemic PPP were

randomized to receive double-blind DCP 50 mg or placebo twice daily

for 9 weeks, followed by 52-week open-label DCP treatment

(DCP/DCP and placebo/DCP populations, respectively).4 In the

double-blind phase, patients treated with DCP at enrollment contin-

ued their current DCP dose; those treated with acetazolamide

received a DCP dose equivalent to 20% of acetazolamide dosing.4

After 9 weeks, investigators could reduce or increase DCP dosing as

needed. The HYPHOP (ClinicalTrials.gov Identifier NCT00494507)

protocol was approved by the institutional review boards of 12 study

centers. All patients provided written informed consent.

2.2 | Assessments and statistical analyses

Study completers comprised patients in the intent-to-treat (ITT) pop-

ulation (patients receiving at least one dose of double-blind or

open-label DCP treatment) completing the 52-week extension

period. Changes in weekly attack rates and severity-weighted attack

rates (ie, sum of attack severity scores from 1 to 10 divided by the

number of weeks) from baseline to week 61 and from weeks 9 to

61 were analyzed.4 Within-treatment changes were assessed using

the Wilcoxon signed-rank test. Treatment comparisons were analyzed

with the blocked Wilcoxon rank-sum test, adjusting for PPP type.

AEs occurring during the 9-week, double-blind phase and the

52-week, open-label extension phase were summarized for the ITT

population using the Medical Dictionary for Regulatory Activities ver-

sion 11.0. For patients who received placebo during the double-blind

phase, only AEs occurring during open-label DCP treatment were

reported. Kaplan-Meier methods were used to estimate the percent-

ages of patients without an AE over time.

3 | RESULTS

The ITT population comprised 63 patients who received at least one

dose of DCP. Of these, 47 completed 61 weeks of treatment. The

majority of study completers were male and had hypokalemic PPP

(Table 1). The baseline median weekly attack rates and median

severity-weighted attack rates were greater in the placebo/DCP

group than in the DCP/DCP group. Median decreases in weekly

attack and severity-weighted attack rates occurred from baseline to

week 61 in both groups (Table 2). Relatively smaller median decreases

in weekly attack and severity-weighted attack rates occurred from

weeks 9 to 61 among participants receiving DCP continuously than

among those switching from placebo to DCP after 9 weeks. Median

attack and severity-weighted attack rates did not differ significantly

between treatments at week 61 (Table 2 and Figure S1).

Approximately three quarters of patients reported at least one AE

during DCP treatment (Table 3), most commonly paresthesia. AEs

reported with placebo have been described previously.4 Fewer than

half of the DCP-treated patients reported at least one paresthesia

over 61 weeks, the majority of whom had at least one event consid-

ered possibly related to the study drug, but none considered severe

(Table S1). [Correction added on August 18, 2021 after first online

publication: The preceding sentence has been revised from, “…, the

majority of whom considered their AE(s) possibly related to the study

drug…”.] Paresthesia prompted study discontinuation in a single

patient, and approximately three quarters of patients reported resolu-

tion of the last reported paresthesia during the study. Six of

25 (24.0%) patients reporting paresthesia were managed with DCP

dose reduction (range, 25-100 mg); of these, 5 (83.3%) had resolution

after dose reduction. Onset of paresthesia typically was within the

first month of receiving DCP (Figure S2A and B).

The second most common were cognition-related AEs, reported

for approximately one quarter of DCP-treated patients over 61 weeks

(Table S1). The majority of cognition-related AEs were mild, with

severe events and AE-related study discontinuations rarely occurring.

Approximately two thirds of patients with cognition-related AEs

reported the last event resolved while they participated in the study.

Six (37.5%) patients were managed with DCP dose reduction (range,

25-50 mg), with all having resolution thereafter. One patient
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discontinued treatment twice (ie, motor vehicle accident, hospitaliza-

tion for thyroid cancer surgery), which resulted in a dose reduction

from 150 to 0 mg each time; treatment was reinitiated, but an

increase in DCP dosing from 150 to 200 mg resulted in cognitive dis-

turbance, leading to a dose reduction to 150 mg. In addition to this

patient, one patient increased DCP dosing after dose reduction

(50 mg). Onset of cognition-related AEs typically was within the first

month of DCP treatment (Figure S2C and D).

Nephrolithiasis as an AE was reported by three patients in the

study (Table 3). One patient withdrew from the study due to this AE,

although ultrasound did not indicate any changes from baseline in the

appearance of the kidney stones at the time of study withdrawal. At

baseline, eight patients had ultrasound evidence of nephrolithiasis.

During treatment, one of the eight patients had an increase in size or

number of kidney stones, whereas four had a decrease in the number

of kidney stones during the study. Of the 57 patients with post-

baseline data available for nephrolithiasis, 10 (17.5%) had an increase

in the size or number of kidney stones. Only one of these 10 patients

had baseline evidence of kidney stones. Incident nephrolithiasis was

benign in all patients and was not associated with AEs.

4 | DISCUSSION

These post-hoc analyses extend findings from the original HYPHOP

study by demonstrating that efficacy was maintained over the

61-week study with no evidence of waning over time. Indeed, there

was evidence of further reduction in median weekly attacks among

continuous DCP users to nearly none by study end. Likewise, patients

who were switched from placebo to open-label DCP after week

9 nearly “caught up” with those who had been continuously treated

with DCP over the entire study.

AE analyses indicated no new safety signals during the final

52 weeks of the study vs the first 9 weeks, and paresthesia and

cognition-related AEs, which were the most commonly reported AEs

during the first 9 weeks, were generally not reported during the

extension. Clinicians can advise patients starting DCP that most

patients who had one of these events initially reported it within the

first month of treatment. Temporary dose reduction seems to be a

reasonable maneuver to manage bothersome paresthesia or

cognition-related AEs, given that patients with these AEs who were

investigator-managed with dose reduction had subsequent symptom

resolution. Likewise, it may be helpful to titrate slowly when escala-

tion above the starting dose is needed to achieve efficacy. Treatment

was associated with development of incident nephrolithiasis, which

was mostly benign in nature, and an increase in stone size or growth

during treatment was common. Surprisingly, among the eight patients

with prevalent nephrolithiasis at study entry, kidney stone size or

number was more often reduced rather than increased during treat-

ment, suggesting that the stones in these patients may not have been

influenced by the same pathogenesis that led to incident stone forma-

tion and growth.

TABLE 1 Patient disposition and double-blind baseline demographic and disease state characteristics

Parameter

ITT population (n = 63) Study completer population (n = 47)

DCP/DCP (n = 36) Placebo/DCP (n = 27) DCP/DCP (n = 26) Placebo/DCP (n = 21)

Patient disposition, n (%)

Completion of 9-week double-blind phase 31 (86.1) 27 (100) NA NA

Completion of 52-week open-label phase 26 (72.2) 21 (77.8) NA NA

Age, years

Mean (SD) 42.9 (13.3) 45.2 (15.6) 40.9 (14.2) 43.4 (15.9)

Range 19-76 19-76 19-76 19-76

Male, n (%) 22 (61.1) 17 (63.0) 17 (65.4) 13 (61.9)

Race, n (%)

White 30 (83.3) 23 (85.2) 22 (84.6) 17 (81.0)

Hispanic 4 (11.1) 2 (7.4) 3 (11.5) 2 (9.5)

Other 2 (5.6) 1 (3.7) 1 (3.8) 1 (4.8)

Not reported 0 1 (3.7) 0 1 (4.8)

Type of PPP, n (%)

Hypokalemic 24 (66.7) 19 (70.4) 17 (65.4) 14 (66.7)

Hyperkalemic 12 (33.3) 8 (29.6) 9 (34.6) 7 (33.3)

Median weekly attack rate 1.75 2.25a 1.75 3.00b

Median severity-weighted weekly attack rate 3.25 5.88a 2.25 5.88c

Abbreviations: DCP, dichlorphenamide; ITT, intent-to-treat; NA, not applicable; PPP, primary periodic paralysis; SD, standard deviation.
aP = .5 (between-treatment comparison for the ITT population based on blocked Wilcoxon rank-sum test).
bP = .2 (between-treatment comparison for the study completer population based on blocked Wilcoxon rank-sum test).
cP = .3 (between-treatment comparison for the study completer population based on blocked Wilcoxon rank-sum test).
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Limitations include subjective measures of efficacy, lack of a com-

parator arm throughout the study, and lack of interim efficacy deter-

mination between weeks 9 and 61.

In conclusion, these analyses support long-term daily DCP to pre-

vent attacks of muscle weakness in PPP, and they provide potentially

useful information for patient counseling and management.
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TABLE 3 Summary of AEs with DCP treatment (ITT population)

Patients, n (%)

AEs
Baseline to week
61 (n = 63)

Week 9 to week
61 (n = 58)

≥1 AE 47 (74.6) 35 (60.3)

≥1 treatment-related AE 38 (60.3) 20 (34.5)

≥1 serious AE 4 (6.3) 3 (5.2)

AEs reported in ≥5% of

patients in either

treatment period

Paresthesia 25 (39.7) 9 (15.5)a

Cognitive disorderb 9 (14.3) 5 (8.6)

Fall 7 (11.1) 6 (10.3)

Headache 7 (11.1) 3 (5.2)
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Dysgeusia 6 (9.5) 2 (3.4)
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Confusional statec 4 (6.3) 0

Muscle spasms 4 (6.3) 1 (1.7)

Nasopharyngitis 3 (4.8) 3 (5.2)

Nephrolithiasisd 3 (4.8) 3 (5.2)

Pain in extremity 3 (4.8) 3 (5.2)

Abbreviations: AE, adverse event; DCP, dichlorphenamide; ITT, intent-to-

treat.
aEight patients received placebo during the 9-week double-blind phase.
bAEs classified under Medical Dictionary for Regulatory Activities

(MedDRA; version 11.0) Preferred Term “cognitive disorder” include
cognitive disturbance, cognitive impairment, confusion/feels foggier,

fogginess, mental fog, and spacey/foggy.
cAEs classified under MedDRA (version 11.0) Preferred Term “confusional
state” include confusion and mental confusion.
dOne patient discontinued from the study due to this AE, which was not

associated with any visible ultrasound changes from baseline at the time

of study withdrawal.
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Abstract

Introduction/Aim: Amyotrophic lateral sclerosis (ALS) is a degenerative neuromuscular

disease with marked clinical heterogeneity. This heterogeneity can be partly captured

by clinical measures, such as the forced vital capacity (FVC) and ALS Functional Rating
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