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Pridopidine in early-stage manifest 
Huntington’s disease: a phase 3 trial
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Carsten Saft1, Yael Cohen6, Henk Schuring6, Randal Hand6, Andrew M. Tan    6,7  ,  
Kelly Chen6, Wei Feng6, Leehee Navon-Perry6, Andres Cruz-Herranz6, 
Christine Syltevik6, Diderik Boot6, Ferdinando Squitieri    8, Elise Kayson9, 
Munish Mehra10, Y. Paul Goldberg6, Michal Geva6 & Michael R. Hayden6,11  
on behalf of the PROOF-HD study investigators*

Huntington’s disease (HD) is a rare, neurodegenerative disorder for which 
only symptomatic treatments are available. The PROOF-HD study was a 
randomized, double-blind, placebo-controlled phase 3 trial evaluating the 
efficacy and safety of pridopidine, a selective Sigma-1 receptor agonist, in 
HD. The primary and key secondary endpoints, change in total functional 
capacity (TFC) and composite Unified Huntington’s Disease Rating  
Scale (cUHDRS) score at week 65, were not met in the overall population. 
The TFC least-squares mean difference between pridopidine and placebo 
was −0.18 (95% confidence interval −0.49 to 0.14; P = 0.26). The cUHDRS 
least-squares mean difference between pridopidine and placebo was −0.11 
(95% confidence interval −0.40 to 0.18; P = 0.45). Sensitivity analysis in a 
subgroup of participants not treated with antidopaminergic medications 
at any time demonstrated a consistent pattern favoring pridopidine across 
multiple measures, including TFC and cUHDRS. Notably, pridopidine 45 mg 
twice daily demonstrated a favorable safety and tolerability profile. Taken 
together, pridopidine has the potential to address a critical unmet need in 
HD. ClinicalTrials.gov identifier: NCT04556656.

Huntington’s disease (HD) is a rare autosomal dominant disorder 
caused by a genetic mutation in the huntingtin gene. HD progresses 
over 10–20 years, causing motor abnormalities, cognitive decline, 
psychiatric symptoms and progressive loss of independence that ulti-
mately result in death1–3. Symptomatic treatments exist, but therapies 
to modify disease progression are urgently needed2,4,5. Standard treat-
ments for HD include antidopaminergic medications (ADMs) such as 
vesicular monoamine transporter 2 inhibitors (VMAT2 inhibitors) for 

chorea and off-label antipsychotics (neuroleptics), which may help 
reduce involuntary movements and behavioral symptoms4–7. However, 
mounting evidence suggests ADM-related side effects may interfere 
with accurate measures of disease progression, especially in outcomes 
like cognition and function widely used in HD clinical trials5,8–10.

Pridopidine is a potent and selective Sigma-1 receptor (S1R) ago-
nist and potential new HD therapy. By targeting S1R, pridopidine modu-
lates multiple pathways in HD and other neurodegenerative diseases11. 
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the pridopidine group and 22 in the placebo group discontinued for 
various reasons (Fig. 1 and Extended Data Table 1).

Baseline demographic and disease characteristics were compa-
rable across populations. In the ITT population, the mean (s.d.) age 
was 52.5 (11.7) years, CAG repeat length was 43.9 (3.54) and 51.9% of 
participants were female. The disease stage distribution showed 41.3% 
of participants were at stage HD1 (TFC 11–13) and 58.7% were at stage 
HD2 (TFC 7–10). The mITT group showed similar distributions (Table 1). 
Randomization was stratified by baseline HD stage and antipsychotic 
use. VMAT2 inhibitor use, which was not a stratification factor, was 
by chance slightly higher in the pridopidine group (22.3%) versus 
placebo (15.4%).

ADM use was permitted post-baseline, if deemed necessary by 
the treating physician. At baseline, 44.5% (110 of 247) of participants 
in the placebo population and 50.0% (121 of 242) of participants in the 
pridopidine mITT population used ADMs. Antipsychotics (a stratifica-
tion factor) were used by 33.2% (placebo) and 31.8% (pridopidine) of 
participants; VMAT2 inhibitors were used by 15.4% (placebo) and 22.7% 
(pridopidine) of participants. During the study, 45.3% (placebo) and 
39.7% (pridopidine) of participants remained off ADMs. Baseline HD 
stage among mITT and PP off-ADM participants was balanced: ~50% in 
HD1 and HD2 (Table 1).

Primary outcome
Change in TFC at week 65. The primary outcome was the change in 
TFC from baseline to week 65. In the ITT population (placebo, n = 249; 
pridopidine, n = 250), pridopidine did not outperform placebo (Fig. 2a). 
The least-squares mean (LSMean) change was −0.95 (95% confidence 
interval (CI) −1.18 to −0.72) for placebo and −1.12 (95% CI −1.36 to −0.89) 
for pridopidine; difference −0.18 (95% CI −0.49 to 0.14; P = 0.27) (Fig. 2a 
and Extended Data Table 2).

Key secondary outcome
Change in composite UHDRS at week 65. The multiplicity-adjusted 
key secondary endpoint in the overall population was the change in 
cUHDRS from baseline at week 65. No significant difference in cUHDRS 
was observed at week 65 (mITT: LSMean difference −0.11 (95% CI −0.40 
to 0.18); P = 0.454). The change in cUHDRS was −0.88 (95% CI −1.09 to 
−0.66) for placebo and −0.99 (95% CI −1.20 to −0.77) for pridopidine 
(Fig. 2b and Extended Data Table 3).

Safety and tolerability
Pridopidine 45 mg bid was well-tolerated, with a safety profile broadly 
comparable with placebo22,23,26, and consistent with previous clinical 
trial experience (Table 2 and Extended Data Table 4). Compliance in the 
safety population (SP) was 94.5%, with an average treatment duration 
of 70.7 weeks. Treatment-emergent adverse events (TEAEs) occurred 
in 85.9% of participants in the placebo population and 82.8% of par-
ticipants the pridopidine population, with >70% of TEAEs classified as 
mild or moderate. Common TEAEs included COVID-19, falls, diarrhea 
and headache. Depression was more frequent in the pridopidine group 
(10.4% versus 5.2%) but was below historical HD norms32–34. Suicidality 
rates were comparable between groups (0.4% in each).

Serious adverse events (SAEs) were reported in 11% of participants 
(8.4% placebo, 13.6% pridopidine), with none assessed as related to 
study treatment. No safety signal indicating increased mortality risk 
with pridopidine treatment was identified. Of the four deaths reported 
during the trial, none was considered related to the study drug (one 
in the placebo arm and three in the pridopidine arm) (Extended Data 
Table 1). The single death in the placebo group followed a motor vehi-
cle accident. In the pridopidine group, the deaths were attributed 
to clinical complications consistent with the natural progression 
of HD35. The only treatment-related SAE (acute myocardial infarc-
tion) was in the placebo group. Psychiatric SAEs were infrequent and 
generally balanced across groups, including suicidal ideation (two in  

Preclinical evidence demonstrates that pridopidine exerts neuropro-
tective effects through a multimodal action—reducing endoplasmic 
reticulum stress, promoting calcium homeostasis and stimulating 
neurotrophic-dependent restoration of synaptic plasticity12–18. A posi-
tron emission tomography study in humans confirms pridopidine’s 
engagement with S1R in key HD-affected brain regions, including the 
striatum19. Clinical trials show oral pridopidine is well-tolerated with 
a benign safety profile20–22 and may have the potential to preserve 
functional capacity, cognition and motor function in HD20–26.

In early clinical studies, including the HART and MermaiHD 
trials21,22,26,27, motor-related endpoints were primary outcomes but were 
not met. However, exploratory analyses indicated pridopidine 45 mg 
twice daily (bid) showed motor benefits with significant improvements 
in total motor score (TMS). In PRIDE-HD23,24, pridopidine 45 mg bid 
was associated with a slower rate of decline in total functional capac-
ity (TFC), a key measure of functional abilities in HD, over 52 weeks 
compared with placebo, with potential benefits lasting up to five years 
in the Open-HART extension study20,21. In the phase 2 HEALEY ALS Plat-
form Trial, pridopidine 45 mg bid showed numerical trends suggesting 
slowed decline in ALSFRS-R, respiratory, bulbar and speech functions 
in a post hoc analysis of a subgroup of participants meeting El-Escorial 
Criteria for definite or probable amyotrophic lateral sclerosis within 
18 months of symptom onset28.

These findings supported further evaluation of pridopidine in 
PROOF-HD (Pridopidine-Outcome-on-Function), a global phase 3, rand-
omized, double-blind, placebo-controlled trial in early adult-onset HD. 
This study (ClinicalTrials.gov identifier: NCT04556656; EudraCT num-
ber 2020-002822-10; date of registration 16 October 2020) assessed 
the efficacy and safety of pridopidine 45 mg bid on clinical measures 
of HD progression. The primary endpoint was the change in TFC from 
baseline to week 65 (ref. 3). A key secondary endpoint was the change in 
composite Unified Huntington’s Disease Rating Scale (cUHDRS), a sensi-
tive global measure of function, cognition and motor assessments29.

To reflect clinical practice and given the duration of the study 
(18 months), the trial permitted the concomitant use of ADMs, which 
are standard treatments for psychiatric symptoms and chorea in HD. 
However, given their known side effects, such as parkinsonism, sedation 
and cognitive impairment, which may confound trial outcomes5,8,9,30, a 
sensitivity analysis was conducted in a subgroup of participants who 
remained off ADMs (no VMAT2 inhibitors or antipsychotics at any time 
during the study)31. This allowed examination of pridopidine’s potential 
treatment effect in the absence of possible ADM-related confounding30,31.

In the overall population, pridopidine did not significantly outper-
form placebo in the primary or key secondary endpoints. However, in 
a sensitivity analysis of the off-ADMs subgroup, pridopidine was asso-
ciated with favorable trends across measures of function, cognition, 
motor performance and cUHDRS scores. These findings underscore 
the importance of minimizing potential ADM-related confounding in 
HD trials and support further investigation of pridopidine in defined 
patient subgroups.

Results
Participant disposition
Between October 2020 and March 2023, 594 participants were 
screened across 59 international sites. Of these, 499 were randomized 
1:1 to receive either pridopidine 45 mg bid or placebo (intent-to-treat 
(ITT): placebo, n = 249; pridopidine, n = 250) (Fig. 1). The modified 
intent-to-treat (mITT) population excluded ten participants because 
of missing post-baseline efficacy data (mITT: placebo, n = 247; prido-
pidine, n = 242). Completion rates at week 65 were 90.0% (pridopidine) 
and 93.6% (placebo), and at week 78 were 72.4% and 68.3%, respectively, 
under the common closing study design (Methods). The per protocol 
(PP) population included 217 participants in the placebo group and 197 
in the pridopidine group at week 65, and 160 in the placebo group and 
158 in the pridopidine group at week 78. Twenty-eight participants in 
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each group) and isolated cases of anxiety, delusion and depression. Sui-
cide attempts occurred in three participants in the pridopidine group, 
all of whom had pre-existing psychiatric comorbidities. These events 
are consistent with the elevated background risk of suicidality in HD36.

Treatment-related TEAEs led to discontinuation in 0.8% of par-
ticipants in the placebo group and 0.4% in the pridopidine group 
(Extended Data Table 1). Severe treatment-related TEAEs were rare 
(0.4% placebo, 1.2% pridopidine), with no treatment-related serious 
events in the pridopidine group and no evidence of a broader safety 
signal, as reported previously35. Pridopidine caused no clinically mean-
ingful changes in renal function or Q-T interval duration. Q-T interval 
corrected using Fridericia’s formula (Q-TcF) changes >30 ms but ≤60 ms 
occurred in 9.2% of participants in the pridopidine group and 3.6% of 
in the placebo group, with no post-baseline Q-TcF values >480 ms or 
change >60 ms, indicating no cardiac safety concerns.

Sensitivity analyses in participants off ADMs
A subgroup analysis evaluated pridopidine’s effects in participants 
not treated with ADMs, which may confound measures of clinical 
outcome30,31. Because the primary endpoint was not met, all analyses 
for the off-ADM subgroup report P values as nominal and unadjusted for 
multiplicity. Figure 3 and Extended Data Figs. 1 and 2 present outcomes 
from the off-ADM subgroup analyses in the mITT and PP populations, 
respectively, with summaries below.

Impact of pridopidine on functional decline (TFC). In the mITT popu-
lation off ADMs, pridopidine demonstrated a trend favoring slower TFC 
decline compared with placebo to week 78, with the strongest effect 
at week 52 (maximal difference: 0.25 versus placebo) (Extended Data 
Fig. 1a). Confidence intervals overlapped at all time points. Whereas pri-
dopidine showed a trend for slower decline, participants in the placebo 
group showed the expected pattern of progressive TFC decline. In the 
PP population, pridopidine showed a showed a numerically favorable 
trend (a 0.37-point difference versus placebo at week 78), but this was 
not significant (Extended Data Fig. 2a).

Impact of pridopidine on global clinical progression (cUHDRS). In 
the mITT population off ADMs, pridopidine showed nominally signifi-
cant benefits in maintaining cUHDRS scores compared with placebo, 
with the largest differences (Δ) at week 26 (Δ = 0.46, P = 0.004; placebo 
n = 112, pridopidine n = 95), week 39 (Δ = 0.45, P = 0.014; placebo n = 107, 
pridopidine n = 90) and week 52 (Δ = 0.41, P = 0.035; placebo n = 104, 
pridopidine n = 91) (Fig. 3a). Improvements from baseline were most 
pronounced to week 39. Differences at week 65 (Δ = 0.27, P = 0.168; 
placebo n = 106, pridopidine n = 91) and week 78 (Δ = 0.14, P = 0.532; 
placebo n = 71, pridopidine n = 70) were not significant. In the PP popu-
lation off-ADMs, similar treatment effects were also observed at week 
26 (Δ = 0.46, P = 0.006; placebo n = 99, pridopidine n = 78), week 39 
(Δ = 0.60, P = 0.003; placebo n = 99, pridopidine n = 76) and week 52 

594 participants 
screened

95 participants failed 
screening

499 participants 
randomized

249 participants assigned to 
placebo arm (ITT)

250 participants assigned to 
pridopidine 45 mg bid arm 
(ITT)

Placebo Pridopidine 45 mg bid

249 participants included in 
the safety population (SP)

250 participants included in 
the safety population (SP)

233 participants completed at least 
65 weeks in main study (93.6%)

Completed ≥ 65 weeks < 78 weeks: 63 patients (25.3%)  
Completed to week 78: 170 participants (68.3%)

225 participants completed at least 
65 weeks in main study (90.0%)

Completed ≥ 65 weeks < 78 weeks: 44 patients (17.6%)  
Completed through week 78: 181 participants (72.4%) 

22 participants discontinued 
from study

0 deaths
12 withdrawal by participants
7 adverse events
2 lost to follow-up
1 other

28 participants discontinued 
from study

4 deaths
14 withdrawal by participants
4 adverse events
3 lost to follow-up
1 physician decision
2 other

247 participants included in 
the mITT (99.2%)

242 participants included in 
the mITT (97.8%)

mITT O� ADMsa:
112 participants

mITT O� ADMsa: 
96 participants

PPb O� ADMsa:
99 participants

PPb O� ADMsa:
79 participants

217 participants included in 
the W65PP (87.1%)
160 participants included in 
the W78PP (64.3%)

197 participants included in 
the W65PP (78.8%)
158 participants included in 
the W78PP (63.2%)

Fig. 1 | Participant disposition flowchart. The flowchart illustrates participant 
disposition across study populations. ‘Off ADMs’ refers to participants who 
were not treated with ADMs at any point during the study. The ITT population 
includes all randomized participants. The mITT population consists of ITT 
participants who received at least one dose of the study drug and had valid TFC 
scores at baseline and at least one post-baseline visit. The SP population includes 
randomized participants who received at least one dose of the study drug.  

The PP population represents the combined analysis set of the W65PP and 
W78PP subsets. The W65PP and W78PP subsets include mITT participants with 
valid TFC scores at weeks 65 and 78, at least 80% compliance with the study drug 
and no major protocol deviations. W65PP, per protocol week 65 population; 
W78PP, per protocol week 78 population. aPatients who did not receive ADM 
treatment at any point during the study; bthe analysis set consisting of patients 
from both W65PP and W78PP.
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(Δ = 0.43, P = 0.035; placebo n = 97, pridopidine n = 78), with nonsig-
nificant trends at weeks 65 and 78 (Extended Data Fig. 2b).

A key assumption in using the multicomponent cUHDRS is that 
therapies targeting disease progression should lead to improvements 
across multiple components of the cUHDRS29,37. To evaluate this, a 
forest plot analysis assessed the contributions of TFC, Stroop Word 
Reading test (SWR), Symbol Digital Modality Test (SDMT) and TMS 
among participants off-ADMs (Fig. 3b–f). The analysis showed that 
differences favoring pridopidine were evident across all four cUHDRS 
components, rather than being driven by any single one. TFC and SWR 
showed trends favoring pridopidine at all time points. Although TFC 
did not reach significance, point estimates favored pridopidine up to 
week 78 in both the mITT and PP populations. For SWR, differences 
were observed at week 26 (mITT P = 0.018; PP P = 0.034), week 39 (mITT 
P = 0.0576; PP P = 0.023) and week 52 (mITT P = 0.042; PP P = 0.019), 
indicating potential cognitive benefit with pridopidine (Fig. 3b–d). 
SDMT and TMS did not show differences, but TMS trended in favor 
of pridopidine at weeks 26, 39 and 52. These findings suggest that 
the observed cUHDRS treatment effect differences in the off-ADM 
subgroup were supported by contributions from multiple outcomes, 
across function, cognition and motor measures.

Effect of pridopidine on cognitive function. In the mITT population 
off ADMs, pridopidine was associated with a consistent pattern of 
slowing cognitive decline compared with placebo to week 52. For SWR, 
between-group differences favored pridopidine across multiple time 

points (Fig. 3b–g), with LSMean differences of 3.16 at week 26 (P = 0.018; 
placebo n = 112, pridopidine n = 95), 2.89 at week 39 (P = 0.058; placebo 
n = 107, pridopidine n = 91) and 3.05 at week 52 (P = 0.042; placebo 
n = 104, pridopidine n = 92) (Fig. 3g). For SDMT, trends also favored 
pridopidine to week 39, with score trajectories remaining stable to 
week 78 (Fig. 3b–g). In the PP population off ADMs, a similar trend 
was observed, with significant SWR differences at week 26 (P = 0.034; 
placebo n = 99, pridopidine n = 78), 4.14 at week 39 (P = 0.023; placebo 
n = 99, pridopidine n = 77) and 4.22 at week 52 (P = 0.019; placebo n = 97, 
pridopidine n = 79) (Extended Data Fig. 2c).

Effect of pridopidine on motor function. Motor outcomes in par-
ticipants in the off-ADM subgroup showed a pattern of numerical 
improvements with pridopidine treatment, based on Q-Motor meas-
ures including the finger tapping inter-onset-interval (FT IOI) (Fig. 3h). 
In these measures, pridopidine treatment resulted in improved FT IOI 
motor performance. At week 26, the LSMean difference in FT IOI was 
−21.15 ms (P = 0.025; placebo n = 112, pridopidine n = 95), with addi-
tional numerical differences favoring pridopidine at week 52 (−14.31 ms, 
P = 0.15; placebo n = 104, pridopidine n = 91), week 65 (−24.71 ms, 
P = 0.016; placebo n = 104, pridopidine n = 91) and week 78 (−22.90 ms, 
P = 0.028; placebo n = 71, pridopidine n = 69).

For Q-Motor task pronation–supination tapping inter-tap-interval 
(Pro-Sup ITI), pridopidine improved function at weeks 26 and 65 com-
pared with placebo (Extended Data Fig. 1b). At week 26, the LSMean 
difference was −38.06 ms (P = 0.007; placebo n = 112, pridopidine 

Table 1 | Participant demographics and baseline disease characteristics

Parameter mITT mITT off ADMsg any time during the study PPh off ADMsg any time during the 
study

Placebo (n = 247) Pridopidine (n = 242) Placebo (n = 112) Pridopidine (n = 96) Placebo (n = 99) Pridopidine (n = 79)

Age (years), mean (s.d.) 52.6 (11.37) 52.4 (11.92) 52.3 (11.28) 50.9 (11.02) 51.9 (11.20) 50.9 (10.81)

BMI (kg m−2), mean (s.d.) 25.21 (4.778) 24.98 (5.02) 24.6 (4.39) 25 (4.89) 24.5 (4.44) 25.1 (5.07)

Female, n (%) 126 (51.0) 129 (53.3) 62 (55.4) 54 (56.3) 56 (56.6) 48 (60.8)

Male, n (%) 121 (49.0) 113 (46.7) 50 (44.6) 42 (43.8) 43 (43.4) 31 (39.2)

Duration since onset of symptoms 
(years), mean (s.d.)

4.63 (4.586) 4.36 (3.26) 4.1 (4.02) 3.9 (3.15) 4 (4.02) 3.8 (2.78)

HD1 (TFC 11–13) 102 (41.3) 100 (41.3) 57 (50.9) 46 (47.9) 51 (51.5) 39 (49.4)

HD2 (TFC 7–10) 145 (58.7) 142 (58.7) 55 (49.1) 50 (52.1) 48 (48.5) 40 (50.6)

CAG repeat length, mean (s.d.) 43.6 (3.28) 44.1 (3.78) 43.1 (2.98) 44.0 (3.45) 43.2 (2.94) 44.0 (3.24)

CAPa, mean (s.d.) 494.4 (92.76) 512.8 (83.33) 467.6 (86.63) 497.0 (81.08) 472.2 (84.65) 500.6 (81.32)

UHDRS-IS scoreb, mean (s.d.) 81.4 (6.64) 81.9 (6.53) 83.3 (6.10) 83.0 (6.09) 83.5 (6.12) 83.4 (5.81)

CAP100i, mean (s.d.) 105.84 (15.420) 108.55 (13.859) 101.52 (15.304) 105.27 (13.654) 102.05 (15.181) 105.86 (13.701)

TFC score, mean (s.d.) 9.9 (1.71) 9.9 (1.69) 10.3 (1.60) 10.2 (1.59) 10.3 (1.62) 10.3 (1.52)

UHDRS-TMS scorec, mean (s.d.) 32.9 (10.95) 33.8 (11.16) 30.3 (9.64) 31.3 (11.05) 30.2 (9.98) 30.8 (11.23)

SDMT score, mean (s.d.) 23.3 (9.31) 22.8 (9.02) 26.7 (9.42) 25.7 (8.96) 26.2 (9.29) 26.1 (9.31)

SWR score, mean (s.d.) 62.0 (18.15) 61.0 (17.70) 68.9 (16.40) 64.6 (17.56) 68.4 (15.47) 65.5 (17.30)

cUHDRS scored, mean (s.d.) 8.9 (2.65) 8.7 (2.53) 9.9 (2.42) 9.5 (2.50) 9.8 (2.43) 9.6 (2.47)

HD-QoL scoree, mean (s.d.) 60.8 (37.68) 61.6 (40.54) 53.5 (34.44) 54.0 (39.92) 55.6 (34.64) 53.1 (41.57)

CGI-S scoref, mean (s.d.) 3.2 (0.79) 3.3 (0.81) 3.1 (0.85) 3.1 (0.85) 3.1 (0.82) 3.1 (0.83)

FT IOI, average, both hands (ms), 
mean (s.d.)

353.3 (137.78) 352.9 (129.92) 329.5 (95.29) 352.4 (112.24) 333.4 (95.74) 353 (111.41)

The table summarizes participant demographics and baseline disease characteristics across the ITT, mITT and PP populations. The ITT population includes all randomized participants, 
the mITT population includes those with valid baseline and post-baseline TFC scores, and the PP population represents the combined analysis set of W65PP and W78PP. At baseline, mean 
age, CAG repeat length and gender distribution were similar across treatment arms. ADM use was 44.5% in the placebo group and 50.0% in the pridopidine group, with antipsychotics 
and VMAT2 inhibitors as the most common ADMs. During the study, 45.3% of participants receiving placebo and 39.7% of participants receiving pridopidine remained off ADMs. ‘Off 
ADMs’ refers to participants who did not receive ADM treatment during the study. Stage HD1 and HD2 distributions were similar across off-ADM subgroups. aCAP = Age × (CAG − 33.66). 
bUHDRS-IS, Unified Huntington’s Disease Rating Scale Independence Scale; scores collected at screening. cUHDRS-TMS, Unified Huntington’s Disease Rating Scale-Total Motor Score. 
dcUHDRS = [(TFC − 10.4)/1.9] − [(TMS − 29.7)/14.9] + [(SDMT − 28.4)/11.3] + [(SWR − 66.1)/20.1] + 10. eHD-QoL, Huntington’s Disease-Quality of Life. fCGI-S, The Clinical Global Impression-Severity  
gADM, Antidopaminergic Medication. hPP, Per Protocol population. iCAP100, participants with a CAG-Age Product (CAP) score of 100.
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n = 95) and at week 65, the LSMean difference was −23.92 ms (P = 0.04; 
placebo n = 104, pridopidine n = 91). Although improvements at week 
52 (−20.21 ms, P = 0.109) and week 78 (−22.23 ms, P = 0.104) did not 
reach statistical significance, the overall trend favored pridopidine.

In the PP population, these effects in FT IOI and Pro-Sup ITI were 
more pronounced, with larger LSMean differences observed through-
out the study. Results consistently favored pridopidine over placebo at 
time points between weeks 26 and 78, supporting a potential treatment 
effect on motor performance (Extended Data Fig. 2d,f).

Additional variability data from finger tapping (FT IOI s.d.) 
(Extended Data Fig. 1c) also showed a beneficial effect of pridopidine 
at week 26, with a nominally significant improvement over placebo. At 
later time points, weeks 52, 65 and 78, the treatment effect persisted as 
a numerical trend in favor of pridopidine. In the PP population, results 
were more robust, with larger treatment effects observed consistently 
across all time points (Extended Data Fig. 2e).

Results for Pro-Sup IOI show similar trends favoring pridopi-
dine, particularly at weeks 26 and 65 (Extended Data Fig. 1d). Effects 
were more pronounced in the PP population (Extended Data Fig. 2g). 
Together, although these motor findings suggest pridopidine’s poten-
tial to improve motor function and mitigate motor decline in HD, 
these outcomes were secondary, and should therefore be interpreted 
cautiously.

Post hoc analyses
Responder and threshold analyses of cUHDRS scores in partici-
pants off ADMs. To further characterize the treatment effect in the 
off-ADM subgroup, two post hoc analyses of cUHDRS scores were 
conducted to explore clinically meaningful response patterns. These 
analyses provided a complementary view to mean change estimates, 
highlighting potential differences in individual participant trajecto-
ries in a population that typically experiences progressive decline in 
HD2,29,38 (Methods).

The first approach used cumulative distribution functions (CDFs) 
in the mITT population and showed consistently greater response 
rates for pridopidine than placebo across all time points (Fig. 4a). The 
CDF provides a comprehensive view of the distribution of treatment 
responses without relying on a predefined cutoff, thereby reducing 
potential bias and allowing for objective comparison of clinical ben-
efit across groups. At week 26, the treatment difference was notable 
(area under the curve (AUC) = 0.60, P = 0.013; Kolmogorov–Smirnov 
(KS) test P = 0.0093), with similar trends at weeks 39 (AUC = 0.61), 65 
(AUC = 0.55) and 78 (AUC = 0.59). In the PP population, effects were 
more pronounced at week 78 (P = 0.035) (Extended Data Fig. 3).

In the second approach, a post hoc threshold-based analysis using 
a ≥5% improvement cutoff in cUHDRS score consistently showed higher 

response rates for pridopidine compared with placebo across all time 
points (Fig. 4b and Methods). At weeks 26 and 39, response rates nearly 
doubled for pridopidine (week 26: 40% versus 21%, P = 0.004; week 39: 
40% versus 20%, P = 0.003). This corresponds to a relative increase in 
responders of 95% at week 26 and 104% at week 39. This pattern per-
sisted to week 78, suggesting potential durability. The PP population 
showed similar findings, with significant differences observed at weeks 
26, 39 and 78. Together, these responder analyses provide additional 
insight into a potential treatment effect of pridopidine in participants 
off ADMs, particularly with favorable trends sustained to week 78.

Discussion
The PROOF-HD study was a multicenter, randomized, double-blind, 
placebo-controlled phase 3 trial evaluating the efficacy and safety of 
pridopidine over 65 weeks, with a variable 13-week extension for a total 
of 78 weeks. The trial evaluated pridopidine’s impact on functional, 
motor and cognitive decline in participants with HD. Completion rates 
were high, with 91.8% of participants completing the 65-week main 
study. These findings underscore the feasibility and robustness of 
long-term pridopidine treatment. In the overall population, the study 
did not meet its primary endpoint of change in TFC from baseline to 
week 65, or the key secondary endpoint of change in cUHDRS.

Several factors may inform interpretation and underscore the 
limitations of this trial. The trial was conducted during the COVID-19 
pandemic, which impacted global healthcare access. As observed in 
other neuropsychiatric trials, a higher-than-expected use of ADMs was 
observed39–41. This may have introduced confounding, because many 
ADMs are associated with side effects such as sedation, parkinsonism 
and cognitive impairment that are well-documented in regulatory 
labels42–45 and can mimic or mask HD symptoms8,30,31. In addition to 
these symptomatic effects, the complex relationship between pro-
longed D2 antagonism from ADMs and the risk of extrapyramidal 
symptoms (EPS) varies among participants46–48; further complicating 
the interpretation of treatment effects in trials like PROOF-HD, where 
symptomatic overlap may obscure true drug-related benefits.

Given that many ADMs are metabolized by cytochrome P450 2D6 
(refs. 42–45,49,50) and that pridopidine inhibits cytochrome P450 
2D6, it is also possible that pharmacokinetic interactions in the active 
treatment arm could have further interfered with measures of clinical 
outcome in the overall population51. These limitations suggest that 
ADM-related confounding may reduce the sensitivity of functional 
and cognitive measures in HD trials, and support the need for future 
studies to stratify randomization by ADM use or to prespecify subgroup 
analyses based on ADM exposure status. Although this study was not 
designed to test dosage strategies for ADMs, findings also raise the pos-
sibility that ADM dose minimization (as recommended in regulatory 
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Fig. 2 | Primary and key secondary endpoints in the overall population. 
a,b, TFC (primary endpoint) (a) and cUHDRS (key secondary endpoint) (b) 
are presented as LSMean changes from baseline to week 65 for the ITT and 
mITT populations. LSMean differences between the placebo and pridopidine 
treatment arms are shown at each time point. Sample sizes at week 65 were: 

placebo, n = 249 and pridopidine, n = 250 (ITT); and placebo, n = 247 and 
pridopidine, n = 242 (mITT). All replicates represent biologically independent 
participants. Statistical analyses were performed using a maximum likelihood-
based mixed-effects model for repeated measures (MMRM). Data are presented 
as LSMean ± 95% CI.
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labeling) or careful ADM and dosage selection in combination with 
pridopidine may offer a viable strategy for symptom management20,24,31.

To assess the potential effect of pridopidine treatment in the 
absence of ADM interference, we performed a sensitivity analysis 
of an off-ADM subgroup, which excluded participants who received 
VMAT2 inhibitors or antipsychotics at any time during the trial. 
Although no significant difference with treatment was observed in 
the off-ADM cohort for TFC, this cohort was smaller than anticipated, 
and consequently may have limited statistical power. By contrast, 

nominally favorable trends were observed across multiple other 
outcomes, including in cUHDRS, TFC, SWR and Q-Motor23,24,52, par-
ticularly baseline to week 52, suggesting the potential for slowed 
progression relative to placebo over 1 year. These findings were based 
on nominal P values without correction for multiplicity and should 
be interpreted with caution. Here, participants off ADMs treated with 
pridopidine may have experienced numerically smaller declines in 
cUHDRS scores over 78 weeks. Note that modest annual reductions 
in cUHDRS (0.1–0.3 points) have been associated with a clinical mean-
ingful benefit in HD29, underscoring the potential importance of these 
trends. In complementary post hoc responder analyses of cUHDRS, 
data further suggested higher response rates for pridopidine com-
pared with placebo over time53. Improvements in SWR, reflecting 
cognitive flexibility and processing speed were also observed at early 
time points, consistent with possible cognitive benefit in a disease 
with relentless decline.

Objective Q-Motor results also provided rater-independent insight 
of motor function, aligning with clinical outcomes23,54. Compared 
with placebo, nominally significant improvements were seen in FT IOI 
(weeks 26 and 78) and Pro-Sup ITI (weeks 26 and 65). FT IOI, in particu-
lar, has been shown to detect motor impairments up to 20 years before 
clinical onset in HD gene carriers and to track longitudinal progression 
across disease stages23,55. It demonstrates a strong structure–func-
tion relationship, correlating with HD-related caudate and putamen 
atrophy as well as clinical progression in outcomes such as TMS and 
TFC2,23,55. These motor outcomes paralleled trends in cUHDRS and 
support the internal consistency of treatment effects across clinical 
measures, although these are secondary endpoints and require cau-
tious interpretation.

Overall, participants treated with pridopidine in the off-ADM 
subgroup showed less decline than participants treated with placebo 
across multiple outcomes, but the subgroup size was limited, and 
the findings were not powered to support definitive conclusions. 
Nonetheless, the consistency of trends across function, motor and 
cognition suggests a treatment effect. To date, no approved therapy 
has demonstrated a definitive, consistent effect on global progression 
endpoints like TFC or cUHDRS in HD. Although preliminary, observed 
trends with pridopidine treatment highlight pridopidine’s potential 
to address HD progression beyond symptom-specific treatments like 
VMAT2 inhibitors for chorea.

Consistent with earlier trials like PRIDE-HD21–23, pridopidine was 
well-tolerated, and with a safety profile comparable to placebo. High 
study completion (91.8% for 65 weeks) and long treatment duration 
support its feasibility for long-term use; an essential component for 
continued research and development efforts20,23,25. Open-label data 
from Open-HART also support the long-term safety of pridopidine20, 
with no treatment-related deaths or cardiac risk signals identified in 
PROOF-HD. Rates of psychiatric events and suicidality were in line with 
background HD risk, and no new safety concerns emerged6,25,35.

Pridopidine’s therapeutic effects are closely tied to its potent 
and highly selective S1R agonist activity56. S1R is a chaperone protein 
involved in cellular stress adaptation, neuroprotection and synaptic 
function57. Activation of S1R by pridopidine has been shown to reduce 
endoplasmic reticulum stress, support calcium homeostasis and pro-
mote neurotrophic signaling14,16,58,59. These effects are particularly 
relevant to HD pathophysiology, which involves progressive striatal 
degeneration and impaired cellular resilience.

In conclusion, pridopidine did not demonstrate significant ben-
efit in the overall PROOF-HD population. However, the consistent 
safety profile, pharmacologic rationale and the coherence of treatment 
effects across multiple outcomes in the off-ADM sensitivity analysis—
findings not previously observed in any HD trial—identify a biologically 
plausible and clinically relevant patient population in which treatment 
benefit was observed. This merits further evaluation in confirmatory 
trials. Future studies should refine patient selection and account for 

Table 2 | Treatment-emergent adverse events and serious 
adverse events

Placebo  
(n, %) (N = 249)

Pridopidine 
(n, %) (N = 250)

Total (n, %) 
(N = 499)

TEAEs

 COVID-19 58 (23.3) 60 (24.0) 118 (23.6)

 Fall 58 (23.3) 55 (22.0) 113 (22.6)

 Diarrhea 22 (8.8) 21 (8.4) 43 (8.6)

 Headache 25 (10.0) 16 (6.4) 41 (8.2)

 Depression 13 (5.2) 26 (10.4) 39 (7.8)

 Insomnia 18 (7.2) 20 (8.0) 38 (7.6)

 Anxiety 17 (6.8) 20 (8.0) 37 (7.4)

 Nasopharyngitis 18 (7.2) 19 (7.6) 37 (7.4)

 Urinary tract infection 17 (6.8) 11 (4.4) 28 (5.6)

 Back pain 14 (5.6) 13 (5.2) 27 (5.4)

 Contusion 15 (6.0) 12 (4.8) 27 (5.4)

SAEs

Total number of SAEs 21 (8.4) 34 (13.6) 55 (11.0)

 Psychiatric disorders 6 (2.4) 10 (4.0) 16 (3.2)

 Injury, poisoning and 
procedural complications

5 (2.0) 4 (1.6) 9 (1.8)

 Infections and infestations 2 (0.8) 4 (1.6) 6 (1.2)

 Neoplasms benign, malignant 
and unspecified (including 
cysts and polyps)

1 (0.4) 5 (2.0) 6 (1.2)

 Gastrointestinal disorders 1 (0.4) 4 (1.6) 5 (1.0)

 Nervous system disorders 2 (0.8) 3 (1.2) 5 (1.0)

 Cardiac disorders 3 (1.2) 1 (0.4) 4 (0.8)

 Musculoskeletal and 
connective tissue disorders

1 (0.4) 2 (0.8) 3 (0.6)

 General disorders and 
administration site conditions

0 2 (0.8) 2 (0.4)

 Metabolism and nutrition 
disorders

1 (0.4) 1 (0.4) 2 (0.4)

 Blood and lymphatic system 
disorders

1 (0.4) 0 1 (0.2)

 Hepatobiliary disorders 0 1 (0.4) 1 (0.2)

 Investigations 0 1 (0.4) 1 (0.2)

 Respiratory, thoracic and 
mediastinal disorders

0 1 (0.4) 1 (0.2)

 Vascular disorders 0 1 (0.4) 1 (0.2)

Summary of the most common TEAEs, occurring in ≥5% of participants in either treatment 
group, and all SAEs reported in the placebo and pridopidine 45 mg bid groups. TEAEs 
are listed by preferred terms in decreasing order of frequency, with COVID-19, falls and 
diarrhea being the most commonly reported events. SAEs are categorized by system organ 
class, with psychiatric disorders (for example, depression, anxiety) and injury-related 
complications being the most frequently reported. Other notable SAEs included neoplasms 
(benign, malignant and unspecified), infections, gastrointestinal disorders and nervous 
system disorders.
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Fig. 3 | Sensitivity analysis of clinical outcomes in the off-ADM subgroup.  
a, In the off-ADM mITT population, pridopidine treatment was associated with 
a slower rate of decline in cUHDRS scores compared with placebo. Maximal 
differences were observed between weeks 26 and 52, with nominal statistical 
significance at weeks 26 (P = 0.004), 39 (P = 0.014) and 52 (P = 0.035). b–f, Forest 
plots display treatment effects for cUHDRS and its four components—TFC, 
SWR, SDMT and TMS—in both the off-ADM mITT and PP populations. For the 
mITT group, sample sizes were as follows: week 26, n = 112 (placebo) and n = 95 
(pridopidine) (b); week 39, n = 107 (placebo) and n = 90 (pridopidine) (c); week 
52, n = 104 (placebo) and n = 91 (pridopidine) (d); week 65, n = 106 (placebo) and 
n = 91 (pridopidine) (e); and week 78, n = 71 (placebo) and n = 70 (pridopidine) 
(f). For the PP population, group sizes were: week 26, n = 99 (placebo) and n = 78 
(pridopidine) (b); week 39, n = 99 (placebo) and n = 76 (pridopidine) (c); week 52, 

n = 97 (placebo) and n = 78 (pridopidine) (d); week 65, n = 97 (placebo) and  
n = 78 (pridopidine) (e); and week 78, n = 60 (placebo) and n = 60 (pridopidine) 
(f). g, Cognitive performance based on SWR showed numerical improvements 
with pridopidine at week 26 (P = 0.018; n = 112 (placebo) and n = 95 (pridopidine)),  
week 39 (P = 0.058; n = 107 (placebo) and n = 91 (pridopidine)) and week 52 
(P = 0.042; n = 104 (placebo) and n = 92 (pridopidine)). h, Motor skills assessed 
by FT IOI Mean showed significant improvements at week 26 (P = 0.025; n = 112 
(placebo) and n = 95 (pridopidine)), week 65 (P = 0.016; n = 104 (placebo) 
and n = 91 (pridopidine)) and week 78 (P = 0.028; n = 71 (placebo) and n = 69 
(pridopidine)). All replicates represent independent participants. Statistical 
analyses were performed using a MMRM with two-sided nominal P values. The 
unit of analysis was the individual participant. Data are presented as LSMean, 
with error bars indicating 95% CI. *P < 0.05, **P < 0.01.
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the potential impact of ADM exposure through stratification and dos-
age strategies, which may preserve pridopidine’s effects while also 
managing symptoms.

Online content
Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information, 
acknowledgements, peer review information; details of author contri-
butions and competing interests; and statements of data and code avail-
ability are available at https://doi.org/10.1038/s41591-025-03920-3.
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Methods
Trial design
This phase 3, randomized, double-blind, placebo-controlled, parallel- 
arm, multicenter clinical trial (PROOF-HD; ClinicalTrials.gov ID 
NCT04556656, EudraCT number 2020-002822-10) aimed to evalu-
ate the efficacy and safety of pridopidine at a dose of 45 mg bid in 
participants with a TFC score range of 7–13 at screening. Recruitment 
took place across 59 international sites in Austria, Canada, Czechia, 
France, Germany, Italy, Netherlands, Poland, Spain, the UK and the 
USA. The trial was conducted primarily during the global COVID-19 
pandemic, with the first participant enrolled on 23 October 2020, and 
the last patient completing the double-blinded portion of the study 
on 14 March 2023.

The study enrolled 499 participants, and participants were rand-
omized in a 1:1 ratio to receive either pridopidine or placebo (ITT popu-
lation n = 249 placebo and n = 250 pridopidine). Randomization was 
stratified based on baseline HD stage (HD1 TFC 11–13 versus HD2 TFC 
7–10) and antipsychotic use at baseline (yes or no). The randomization 
sequence was generated by the Sponsor’s designated statistical team, 
and allocation was concealed from site investigators, participants and 
study staff throughout the trial. The study consisted of a screening 
period, randomization and a double-blind treatment period. The study 
was conducted over a period of 65–78 weeks, with the primary analysis 
taking place at 65 weeks to assess primary efficacy, key secondary 
and other outcomes, as well as safety. An additional variable 13-week 
double-blind treatment period was included to evaluate the durability 
of the treatment effect up to 78 weeks.

Following the baseline visit, participants underwent a 2-week 
titration period of 45 mg once daily, followed by 63 weeks of full-dose 
maintenance treatment (45 mg bid or matching placebo). Partici-
pants in the active arm received pridopidine at the clinically rec-
ommended dose of 45 mg bid orally administered as hard gelatin 
capsules, whereas those in the placebo arm received indistinguish-
able matching placebo capsules. Participants who completed the 
65-week maintenance period entered a variable double-blind exten-
sion period of up to 13 weeks, concluding when the last randomized 
participant completed 65 weeks of treatment. In this common closing 
design, all participants remaining between weeks 65 and 78 com-
pleted ‘end of study’ visits once the final participant reached week 65. 
This approach allowed for the collection of extended double-blind, 
controlled data to evaluate efficacy up to 78 weeks, while ensuring 
consistent double-blinding for all participants and investigators 
throughout the study.

Most participants were followed for 78 weeks, including the mITT 
population of 490 participants (98.2%), which comprised those who 
received at least one dose of the study drug and had valid baseline and 
post-baseline assessments. Of all participants, 458 (91.8%) completed 
at least 65 weeks in the main study period. There were two PP popula-
tions: one for week 65 and one for week 78. The week 65 per protocol 
(W65PP) population comprised 414 patients (83.0% of the ITT) and 
included participants from the mITT group who had valid TFC data at 
week 65, maintained >80% compliance with the study drug and had no 
substantial protocol deviations impacting TFC assessment. The week 
78 per protocol (W78PP) population comprised 318 participants (63.7% 
of the ITT) and was defined similar to W65PP but included participants 
with valid TFC data at week 78.

The dose selection of 45 mg bid for pridopidine in the PROOF-HD 
study was based on evidence from previous research, notably the phase 
2 PRIDE-HD study19,23,24. This study demonstrated the potential efficacy 
of pridopidine at this dose, particularly in early-stage HD patients. 
The 45 mg bid dose aimed to optimize efficacy while maintaining an 
acceptable safety profile, as observed in the PRIDE-HD study. The 
PRIDE-HD study also highlighted pridopidine’s potential to maintain 
functional capacity in participants with TFC scores ranging from 7 to 
13 over a 52-week period, with the most significant benefits observed 

in those classified as HD1 or HD2. Considering that individuals with 
HD1 and HD2 (TFC 7–13) typically experience an annual decline in TFC 
of roughly 0.8 to 1.0 points, the PROOF-HD phase 3 study was designed 
with a 65-week observation period24,29. This extended timeframe was 
chosen to allow sufficient opportunity to detect a potential mainte-
nance effect of pridopidine compared to the natural decline anticipated 
in the placebo arm.

Sex and gender were self-reported by participants at screen-
ing and documented in the electronic case report forms. The study 
was not stratified by sex or gender, and no subgroup analyses were 
conducted for this study based on these characteristics. Participants 
received financial compensation as outlined in site contracts for each 
in-person clinic visit, as well as for telephone, virtual or home-based 
visits. Additional reimbursement for transportation or lodging costs 
was considered on a case-by-case basis with prior approval by the study 
contract research organization (CRO).

Trial eligibility criteria
Inclusion and exclusion criteria were established to enroll partici-
pants with early to moderate HD, defined by motor, functional and 
genetic parameters. These criteria prioritized participant safety and 
facilitated the creation of a homogeneous study population, enabling 
accurate assessment of pridopidine’s effects. Detailed protocol infor-
mation is available on ClinicalTrials.gov (accessed 23 January 2025;  
https://clinicaltrials.gov/study/NCT04556656).

Inclusion criteria. Participants had to meet all of the following criteria:

•	 Age ≥25 years at the time of signing informed consent
•	 Male or female
•	 Diagnosis of HD based on clinical features and the presence of 

≥36 CAG repeats in the huntingtin (HTT) gene, confirmed histori-
cally or at screening

•	 Diagnostic confidence level of 4 (≥99% certainty) on the 
UHDRS-TMS

•	 Adult-onset HD (onset of signs or symptoms at ≥18 years of age)
•	 Stage 1 or stage 2 HD, defined by a United Huntington’s Disease 

Rating Scale-Total Functional Capacity score ≥7 at screening
•	 UHDRS-IS score ≤90% at screening
•	 UHDRS-TMS score ≥20 at screening
•	 Met all criteria required for randomization authorization flow 

and was considered eligible by the randomization authorization 
flow reviewer

•	 Willingness to comply with contraceptive requirements:

•	 Female participants of childbearing potential must have 
had a negative β-human chorionic gonadotropin test 
at screening and baseline, or must have been sterile or 
post-menopausal.

•	 Female participants with potentially fertile male partners 
must have used highly effective birth control methods stable 
for at least 3 months before screening, during the study and 
for 30 days after study drug discontinuation.

•	 Male participants must have been sterile or used effective 
birth control with female partners throughout the study and 
for 90 days after discontinuation.

•	 Allowed psychotropic medication dosing (for example, antip-
sychotics, antidepressants) must have been stable for at least 
4 weeks before baseline and throughout the study, unless clini-
cally necessary to change.

•	 Allowed concomitant medication dosing must have been stable 
for at least 4 weeks before baseline (amiodarone must not have 
been used within 6 weeks of baseline).

•	 Capable of providing signed informed consent and complying 
with study requirements.
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Exclusion criteria. Participants were excluded if any of the following 
applied:

•	 Q-TcF interval >450 ms for males or >470 ms for females at 
screening

•	 Clinically significant heart disease within 12 weeks before  
randomization, including:

•	 History of arrhythmia, symptomatic or uncontrolled atrial 
fibrillation, confirmed ventricular tachycardia or left bundle 
branch block

•	 Known congenital long Q-T syndrome or family history  
of same

•	 Clinically significant bradycardia, sick sinus syndrome, atrio-
ventricular block, congestive heart failure or electrolyte dis-
turbances (hypocalcemia, hypokalemia, hypomagnesemia)

•	 History of epilepsy or seizures within the past 5 years
•	 Serious medical illness including:

•	 Uncontrolled hypertension
•	 Severe asthma
•	 Severe hepatic disease (hepatitis B virus, hepatitis C virus, 

human immunodeficiency virus)
•	 Severe renal disease or AIDS
•	 Unstable psychiatric or neurological disorders
•	 Metastatic cancer

•	 Known intracranial neoplasms, vascular malformations,  
cerebrovascular accident or intracranial hemorrhage

•	 Pregnancy, planning pregnancy or breastfeeding
•	 Use of medications that prolong Q-T interval within 4 weeks of 

baseline (amiodarone prohibited within 6 weeks)
•	 Use of nonallowed antipsychotics, tricyclic antidepressants or 

Class I antiarrhythmics within 4 weeks of baseline
•	 Use of pridopidine within 12 months before baseline
•	 Treatment with any investigational product within 6 weeks  

(or five half-lives, whichever is longer) before screening
•	 Receipt of gene therapy at any time
•	 Prior participation in any study involving tominersen
•	 Laboratory abnormalities at screening that were clinically 

significant or:

•	 Creatinine clearance <30 ml min−1 (Cockcroft–Gault)
•	 Aspartate aminotransferase or alanine aminotransferase 

≥2.5× upper limit of normal
•	 Gamma-glutamyl transferase ≥3.0× upper limit of normal
•	 Total bilirubin >1.5 mg dl−1 (unless caused by Gilbert’s syn-

drome without liver dysfunction)

•	 Alcohol or substance use disorder within 6 months before 
screening (per Diagnostic and Statistical Manual of Mental 
Disorders (DSM)-5 Text Review (TR))

•	 Active suicidal ideation (Columbia-Suicide Severity Rating Scale 
score of 4 or 5) within 1 year of screening or positive suicidal 
behavior items, or judged to be at serious suicide risk by the 
Investigator

•	 Known allergy to any ingredient in the study drug (pridopidine, 
silicified microcrystalline cellulose, magnesium stearate)

•	 Vulnerable participants (for example, detained individuals) or 
those unfit because of living circumstances

•	 Employees or immediate family members of Sponsor, Investiga-
tor or study site staff, or those otherwise dependent.

Participant discontinuation and withdrawal
Managing participant discontinuation and withdrawal was crucial to 
ensure safety, compliance and data integrity. The stopping rule speci-
fied that participants had to discontinue the study drug if their Q-TcF 
exceeded 500 ms or was over 480 ms with an increase of more than 
60 ms from baseline (as determined by electrocardiogram). In addition, 

participants with CrCl <30 ml min−1 were required to discontinue. Addi-
tional stopping criteria included suicidal ideation (Columbia-Suicide 
Severity Rating Scale score ≥4 or Problem Behaviors Assessment-Short 
Version (PBA-s) suicidal ideation >3), seizures, symptomatic or uncon-
trolled atrial fibrillation, confirmed ventricular tachycardia, presence 
of left bundle branch block, intracranial issues, cerebrovascular events, 
substance use disorders or pregnancy. Other reasons included adverse 
events, noncompliance, consent withdrawal or study termination. 
Discontinued participants were encouraged to attend scheduled visits. 
Participants could withdraw at any time, and the reasons for withdrawal 
were recorded.

Assessments and endpoints
The primary endpoint of the study was the change from baseline in 
the TFC score, at 65 weeks. The TFC is the standard and well-accepted 
clinical scale for staging and tracking the progression of HD. Scores 
range from 0 to 13, with 13 indicating no functional impairment and 0 
representing complete incapacity. The scale assesses a participant’s 
ability to manage domestic chores, activities of daily living, finances, 
care needs and occupation. The scale is designed to detect changes 
in the early stages of HD (HD1 and HD2) and exhibits a floor effect in 
advanced stages of the disease.

The key secondary endpoint was the change in cUHDRS score from 
baseline at 65 weeks (ref. 60). The cUHDRS is a composite measure 
comprising four components: TFC, TMS, SDMT and SWR. These com-
ponents collectively assess functional, motor and cognitive outcomes, 
offering a comprehensive evaluation of clinical progression in HD.

A key assumption in using the cUHDRS in clinical studies is that 
neuroprotective therapies targeting disease mechanisms should result 
in concordant improvements across all components of the cUHDRS29,60. 
To evaluate this assumption and explore the contribution of each cUH-
DRS component at each study visit, post hoc forest plot analyses were 
conducted in the mITT and PP populations off ADMs. The components 
were rescaled using standardization factors from Schobel’s formula 
(1.9, −14.9, 11.3 and 20.1 for TFC, TMS, SDMT and SWR, respectively) to 
visualize their relative contributions4.

Additional endpoints included Q-Motor measures, which provide 
objective, rater-independent quantifiable assessments of motor per-
formance, in which an increase in performance indicates improvement 
with minimal or no placebo effects23,55,61. These tests evaluated motor 
skills essential for daily activities, including FT IOI Mean and FT IOI 
Standard Deviation (digitomotography), FT ITI, and Pro-Sup IOI and 
Pro-Sup ITI (dysdiadochomotography) measures. These assessments 
used precalibrated, temperature-controlled force transducers and 
three-dimensional position sensors to ensure high sensitivity and relia-
bility across sessions and sites, reducing variability and placebo effects 
compared with clinical rating scales55. Data were transferred securely 
for centralized review and analysis was automated and blinded. FT IOI, 
FT ITI, Pro-Sup ITI and Pro-Sup IOI were analyzed to determine motor 
performance.

Cognitive performance was evaluated using the SWR and the 
SDMT, which assesses attention, processing speed and cognitive flex-
ibility. The SWR evaluates attention and mental flexibility through the 
Stroop effect, where participants to read color names (for example, 
‘red’) printed in black ink, with accuracy and speed recorded over 45 s. 
Higher scores reflect better performance. SWR was evaluated both as 
an individual cognitive measure and as a prespecified component of 
the composite cUHDRS endpoint. The SDMT assesses psychomotor 
speed and working memory by having participants match symbols to 
corresponding numbers within 90 s, with scores reflecting the total 
correct responses (maximum of 110). Both assessments were admin-
istered alongside motor tests.

TMS evaluates motor features of HD including gait, balance, oculo-
motor function, dysarthria, dystonia and postural stability and chorea, 
where lower TMS scores indicate improvement. All study raters were 
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trained and certified through UHDRS-TMS online certification pro-
vided by the European Huntington Disease Network Motor Working 
group in collaboration with the ENROLL-HD study platform55,62.

Statistical analysis
The primary outcome endpoint analysis was performed on the ITT pop-
ulation, or on the mITT population, depending on regional regulatory 
requirements. For the European Union (EU) regions, the primary end-
point was United Huntington’s Disease Rating Scale-Total Functional 
Capacity change from baseline at 65 weeks. The primary estimand was 
a composite of treatment policy and hypothetical strategies, defined 
in the ITT population, which included all randomized participants. In 
non-EU regions, the primary analysis was conducted using a treatment 
policy strategy-based estimand in the mITT population, which included 
all participants in the ITT population who received at least one dose of 
the study drug and had valid in-clinic TFC scores at both baseline and 
at least one post-baseline time point. Here we present all data from the 
mITT, which excluded nine patients from the ITT population. Sensitivity 
analyses were conducted on the PP population, which included partici-
pants from the mITT population who were on the study drug at week 65 
(W65PP) or week 78 (W78PP), maintained compliance >80% during the 
study and did not have major protocol deviations impacting efficacy.

The statistical methods applied in the study, including sample 
size calculations, were prespecified in the protocol and detailed in the 
statistical analysis plan (SAP), which was finalized before treatment 
unblinding. The null hypothesis stated that there was no difference 
between pridopidine and placebo in improving TFC at week 65. A 
restricted maximum likelihood-based MMRM was used to analyze 
in-clinic observed change from baseline at each post-baseline visit 
based on the primary estimand. The MMRM model included fixed 
effects for treatment, baseline value of the endpoint, region (Europe, 
North America), two randomization stratification factors (antipsy-
chotic or neuroleptic use (yes, no) and baseline HD stage (HD1, HD2)), 
categorical week and treatment-by-week interaction. A random inter-
cept for participant was included. An unstructured covariance matrix 
was used to model within-participant correlations. Kenward–Roger 
approximation was used to estimate denominator degrees of freedom.

Hypothesis testing was conducted hierarchically for the primary 
and key secondary endpoints, maintaining a two-sided Type I error level 
of ≤0.05 to control for multiple comparisons. The endpoints included 
in the hierarchical testing sequence were:

•	 Change from baseline to week 65 in TFC (primary endpoint)
•	 Change from baseline to week 65 in cUHDRS total score (key 

secondary endpoint)
•	 Proportion of participants with improvement or no worsening 

(≥0-point change) at week 65 in TFC
•	 Change from baseline to week 52 and week 78 in TFC
•	 Change from baseline to week 65 in Q-Motor FT IOI Mean
•	 Change from baseline to week 65 in UHDRS-TMS
•	 Change from baseline to week 65 in SDMT
•	 Change from baseline to week 52 in TMS
•	 Proportion of participants with improvement or no worsening in 

Clinical Global Impression of Change at week 65.

Because the primary endpoint was not met, no further formal 
multiplicity adjustment was applied beyond the hierarchical testing 
procedure. Subgroup analyses, including those in the off-ADM popula-
tion, were reported with point estimates, 95% CI and nominal P values, 
and were interpreted with appropriate caution. Prespecified sensitivity 
analyses included subgroup analyses of the primary endpoint (TFC) 
by baseline ADM status, as outlined in the SAP. Post hoc analyses were 
subsequently performed to evaluate cUHDRS and responder thresh-
olds in the off-ADM subgroup.

Following the primary analysis, missing data were handled using 
a control-based pattern mixture model (PMM) under a Missing Not 

at Random (MNAR) assumption. In this approach, missing post- 
discontinuation outcomes were imputed based on placebo group 
trajectories. The assumed delta adjustment reflected a weighted esti-
mate based on observed dropout patterns across treatment groups. 
Sensitivity analyses using PMM were performed for TFC, cUHDRS and 
other key endpoints. The results of these sensitivity analyses were con-
sistent with the primary MMRM findings, although nominal statistical 
significance was not reached in the overall population.

The sample size determination aimed to ensure sufficient power 
to detect a statistically significant difference in change from baseline 
in TFC between pridopidine and placebo at week 65 at 90% power and 
a two-sided significance level of 0.05. Specifically, a total sample size 
of 372 participants provided 94% power to detect a between-group 
difference of 0.7 points in mean change from baseline to 65 weeks in 
TFC, assuming an s.d. of 1.9 and a two-tailed t-test. To accommodate 
a projected dropout rate of 22.5%, the final target sample size was 
set at 480 randomized participants. This dropout assumption was 
empirically derived from the PRIDE-HD trial23, in which the combined 
dropout rate for the placebo and pridopidine 45 mg bid groups was 
22.3% among participants with baseline TFC scores between 7 and 13. 
Under a MNAR assumption, modeling discontinued participants to 
follow the trajectory of placebo after withdrawal, the estimated treat-
ment difference of 0.565 (a weighted average of 0.7 for completers 
and 0.1 for dropouts) with an s.d. of 1.9 yielded 90% power to detect a 
statistically significant effect.

Continuous variables were summarized using descriptive sta-
tistics (mean, s.d., quartiles); categorical variables were summarized 
using frequency counts and percentages. Using control-based PMM, 
sensitivity analyses were conducted under an MNAR assumption 
to evaluate robustness. Continuous outcomes were analyzed using 
MMRM, accounting for repeated observations and assuming data were 
missing at random. Continuous outcomes were analyzed using MMRM, 
accounting for repeated observations and assuming data were missing 
at random. The SP included all participants who received at least one 
dose of study drug and was analyzed according to treatment received.

We performed a post hoc responder analysis of pridopidine’s 
impact on cUHDRS. However, despite the advantages of performing a 
responder analysis37,63,64, choosing a single specific cutoff to define a 
responder can be a limitation. To address this limitation, two comple-
mentary approaches were adopted. First, a post hoc CDF analysis was 
used, which does not require a specific responder cutoff but instead 
evaluates the entire range of responses, spanning from −10% to +10% 
change from baseline in cUHDRS score. The AUC difference between 
the pridopidine and placebo groups was assessed using a logistic 
model with a fixed effect for treatment. In addition, the CDFs between 
the treatment groups were compared nonparametrically using the KS 
test. Second, a specific threshold was analyzed, defined as at least a 5% 
improvement from baseline on the cUHDRS, a threshold considered 
reasonably likely to represent clinical significance given the progres-
sive decline typically observed in HD.

All statistical tests were two-sided, with a significance threshold 
of 0.05. Subgroup analyses were prespecified to evaluate treatment 
effects by baseline HD stage, ADM use and other factors. For efficacy 
and safety outcomes, baseline was defined as the last nonmissing 
assessment before the first study drug dose. Change from baseline at 
scheduled visits to week 65 (weeks 26, 39, 52, 65) and to week 78 were 
analyzed using separate MMRM models to reduce potential bias from 
participants who did not reach week 78. End of study was defined as 
the time point when the last participant completed the week 65 visit 
or withdrew. All statistical analyses were conducted using SAS v.9.4.

Efficacy subgroup analysis. Given the potential of ADMs (antipsychot-
ics or neuroleptics and VMAT2 inhibitors) to mask clinical measures 
of HD and potentially mask the efficacy outcomes of pridopidine8,65, 
subgroup analyses were conducted on participants who were off ADMs 
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at any point during the study, including both at baseline and through-
out its duration. The SAP included stratification at baseline based on 
antipsychotic use (yes or no) and, considering the biological plausibil-
ity that ADMs could negatively impact function and cognition in HD, 
subgroup analyses excluding antipsychotics and VMAT2 inhibitor use 
any time during the study were defined. These analyses were conducted 
in both the modified intent-to-treat mITT and PP populations (Fig. 1 
and Table 1).

Safety evaluation and monitoring
Participants were closely monitored throughout the study to ensure 
proper adherence to the dosing regimen. Adverse events were collected 
and reported in accordance with Good Clinical Practice guidelines. 
Safety monitoring included tracking the incidence of TEAEs, SAEs and 
any events leading to treatment and study discontinuation (Table 2; 
Extended Data Table 1). Investigators assessed the severity of all adverse 
events, and their causality to determine whether they were related to 
the treatment with the study drug.

An independent safety monitoring committee reviewed unblinded 
data during the trial to ensure participant safety. The monitoring 
approach ensured a comprehensive evaluation of treatment exposure, 
adherence and safety.

Ethical considerations
This trial was conducted in accordance with the Declaration of Helsinki 
and the Council for International Organizations of Medical Sciences 
International Ethical Guidelines, as well as the International Council 
for Harmonisation guidelines for Good Clinical Practice66. The trial 
protocol and all amendments were approved by an independent review 
board (IRB) and independent ethics committee (IEC).

Ethical approvals were obtained from IRBs and IECs at each par-
ticipating site, including but not limited to the Western Institutional 
Review Board (USA), Comité de Protection des Personnes Ile de France 
VI (France), Ethik-Kommission der Ärztekammer Hamburg (Germany), 
Comités de Ética de la Investigación con medicamentos (CEIm) del 
Hospital General Universitario Gregorio Marañón (Spain), Central 
Ethics Committee of the Czech Republic, Medical Ethics Committee 
of the University Medical Center Groningen (Netherlands) and Comi-
tati Etici per la Sperimentazione Clinica della Regione Toscana (Italy). 
Written informed consent was obtained from all participants before 
any study-specific procedures were conducted.

The Investigator was responsible for providing written summaries 
of the status of the study to the IRB and IEC as required by the IRB and 
IEC’s policies and procedures. In addition, the Investigator notified the 
IRB and IEC of any SAEs or other notable safety findings as required by 
IRB and IEC procedures. Oversight of the study’s conduct at each site 
and adherence to the requirements of 21 Code of Federal Regulations 
(CFR), International Council for Harmonisation guidelines, the IRB and 
IEC and applicable local regulations were maintained. Each Investiga-
tor’s agreement to conduct and administer this study in accordance 
with the protocol was documented in separate study agreements with 
the Sponsor, as well as in other forms as required by national authorities 
in the country where the study center was located.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
The minimum dataset necessary to interpret, verify and extend the 
findings of this study will be made available to qualified researchers. 
Individual deidentified participant data (IDP), including data dictionar-
ies, will be shared. Related documents including the study protocol, 
statistical analysis plan (SAP) and informed consent form template 
will also be available upon request and approval. Data access will be 

granted beginning six months after the date of publication and will 
remain available for a period of five years, subject to a formal request 
process. Access is limited to researchers affiliated with academic or 
nonprofit institutions and will be granted for scientifically sound and 
ethically approved analyses that align with the original study aims or 
address relevant scientific questions. Data are not deposited in a public 
repository due to ethical and legal constraints—including protection 
of participant confidentiality under applicable privacy laws (for exam-
ple, GDPR). However, a redacted version of the protocol and SAP are 
available at https://ghi-muenster.de/protocols/proof-hd and https:// 
ghi-muenster.de/protocols/proof-hd-sap. Requests for access to  
clinical trial data should be directed to the Sponsor, Prilenia Therapeu-
tics, via email at: info@prilenia.com. Each request will be reviewed by 
the study sponsor or its designated data access committee, and deci-
sions will be provided within 90 days of receipt. Approved requesters 
must enter into a Data Use Agreement (DUA) that stipulates: (1) no 
attempts to re-identify participants; (2) no unauthorized downstream 
sharing of data; (3) compliance with agreed-upon research purposes 
aligned with the original study aims or relevant scientific questions; and 
(4) authorship or acknowledgment requirements, consistent with the 
principles outlined in the International Committee of Medical Journal 
Editors (ICMJE) Recommendations (2024). A copy of the DUA template 
may be made available to requesters or to journal editors upon request. 
No third-party proprietary datasets were used in this study. All data 
were collected and analyzed by the study investigators and Sponsor 
as detailed in Methods.

Code availability
No custom code was developed or used in this study.
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Extended Data Fig. 1 | Sensitivity Analysis in mITT Participants Off ADMs 
Showing the Effect of Pridopidine on TFC, cUHDRS, Cognitive Function (SWR) 
and Motor Performance (Q-Motor Assessments). Sensitivity analyses of the 
change in (a) TFC show that pridopidine treatment showed a numerical trend 
favoring pridopidine, slowing TFC decline as compared with placebo through 
Week 78 with maximal TFC difference at Week 52 (difference: 0.26 vs. placebo; 
n = 104 placebo, n = 91 pridopidine). (b) Skilled Motor Performance (Pronation-
Supination Inter-Tap Interval [Pro-Sup ITI] Mean): Improvements were significant 
at Week 26 (LSMean difference = -38.06 msec; p = 0.007; n = 112 placebo, n = 95 
pridopidine) and Week 65 (LSMean difference = -23.92 msec; p = 0.04), with 
numerical trends favoring pridopidine at other timepoints. (c, d) Pridopidine 
treatment mitigated declines in motor function in mITT participants off ADMs. 

Negative values indicate improvement. Specifically: (c) Motor Variability  
(Finger Tapping IOI Standard Deviation [SD]): Significant reductions in 
variability were observed at Week 26 (LSMean difference = -0.43; p = 0.035; 
n = 112 placebo, n = 95 pridopidine), with trends favoring pridopidine at later 
timepoints. (d) Pronation-Supination Inter-Onset Interval (Pro-Sup IOI) Mean: 
Significant improvements were observed at Week 26 (LSMean difference = -17.2 
msec; p = 0.044; n = 112 placebo, n = 95 pridopidine). Each panel represents 
mean change from baseline with 95% confidence intervals. *p < 0.05; **p < 0.01; 
***p < 0.001. All statistical tests are based on mixed-effects models for repeated 
measures (MMRM) applied to the mITT population off ADMs. Negative values 
indicate improvement for all motor outcomes.
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Extended Data Fig. 2 | See next page for caption.
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Extended Data Fig. 2 | Sensitivity Analysis in PP Participants Off ADMs 
Showing the Effect of Pridopidine on TFC, cUHDRS, Cognitive Function 
(SWR) and Motor Performance (Q-Motor Assessments). (a) Pridopidine 
showed a 0.37-point difference in TFC versus placebo at Week 78 (placebo: 
n = 160; pridopidine: n = 158). (b) For the cUHDRS, pridopidine slowed decline 
compared with placebo, with nominal statistical significance observed through 
Week 52 (Week 26: p = 0.006, placebo: n = 99, pridopidine: n = 78; Week 39: 
p = 0.003, n = 99, n = 76; Week 52: p = 0.035, n = 97, n = 78) (*p < 0.05; **p < 0.01). 
(c) Pridopidine demonstrated improvements in cognitive function (SWR) with 
significance reached at Week 26 (p = 0.034, n = 99, n = 78), Week 39 (p = 0.023, 
n = 99, n = 77), and Week 52 (p = 0.019, n = 97, n = 79) (*p < 0.05; **p < 0.01). 
(d–g) For motor outcomes, negative values indicate improvement. (d) Motor 
Skills (Finger Tapping Inter-Onset Interval [FT IOI]): Pridopidine resulted in 

significant improvements at Week 26 (p < 0.0001, n = 99, n = 78), with sustained 
differences through Week 78 (n = 76, n = 74; *p < 0.05; **p < 0.01; ****p < 0.0001). 
(e) Motor Variability (FT IOI Standard Deviation [SD]): Significant reductions 
were observed at Week 26 (p < 0.01; n = 99, n = 78) (**p < 0.01). (f) Skilled 
Motor Performance (Pronation-Supination Inter-Tap Interval [Pro-Sup ITI]): 
Improvements were significant at Week 26 (***p < 0.001), with trends favoring 
pridopidine through Week 78 (*p < 0.05; **p < 0.01; n = 99, n = 78). (g) Pronation-
Supination Inter-Onset Interval (Pro-Sup IOI): Significant improvements were 
observed at Week 26 (**p < 0.01; n = 99, n = 78) and Week 78 (*p < 0.05; n = 76, 
n = 74). All data represent mean change from baseline in the PP population 
off-ADMs. Statistical significance was assessed using mixed-effects models 
for repeated measures (MMRM). P values are nominal and unadjusted for 
multiplicity. Error bars represent 95% confidence intervals (CIs).
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Extended Data Fig. 3 | Post Hoc Cumulative Distribution Function Analysis 
Based on Percent Change from Baseline in Composite Unified Huntington’s 
Disease Rating Scale Through Week 78 in Participants Off Antidopaminergic 
Medications (PP). (a) This post hoc analysis presents the cumulative distribution 
function (CDF) of percent change from baseline in cUHDRS scores through 
Week 78 in the PP population of participants not receiving antidopaminergic 
medications (ADMs). Pridopidine consistently demonstrated higher response 
rates compared with placebo, with significant differences observed at Week 26 
(AUC = 0.63, p = 0.003; KS Test p = 0.008; placebo n = 99, pridopidine n = 78) 
and Week 39 (AUC = 0.63, p = 0.001; KS Test p = 0.02; n = 99, n = 76). Trends 

favoring pridopidine persisted at Week 65 (AUC = 0.56; n = 97, n = 78) and Week 
78 (AUC = 0.61; n = 60, n = 60). These results highlight pridopidine’s potential 
to improve or maintain function in participants off ADMs, with pronounced 
effects observed during the first 39 weeks. (b) A threshold-based analysis 
revealed that a ≥ 5% improvement in cUHDRS was achieved in approximately 
twice as many participants receiving pridopidine compared with placebo at 
Week 26 (p = 0.006) and Week 39 (p = 0.004) (**p < 0.01; *p < 0.05). All statistical 
tests were two-sided and unadjusted for multiple comparisons. Error bars 
represent 95% confidence intervals (CIs). AUC = area under the curve; KS test = 
Kolmogorov–Smirnov test.
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Extended Data Table 1 | Summary of Study Treatment-Related Treatment Emergent Adverse Events

This table summarizes study treatment-related treatment emergent adverse events (TEAEs) reported in the Safety Population (SP). Abbreviations: bid = twice daily; TEAE = treatment 
emergent adverse event. Notes: • A TEAE is defined as an adverse event (AE) that occurred for the first time or worsened on or after initiation of treatment in the Main Study and within 14 
days of stopping study treatment. • A total of 118 (23.6%) participants reported a TEAE assessed by the investigator as related to study treatment, with similar proportions in the placebo 
and pridopidine arms. Of these, only one participant (placebo arm) experienced a treatment-related serious adverse event (SAE). None of the treatment-related TEAEs led to death. • Study 
treatment-related TEAEs leading to treatment withdrawal were reported in 21 (4.2%) participants, including 9 (3.6%) in the placebo arm and 12 (4.8%) in the pridopidine arm. The majority of 
treatment-related TEAEs were of mild to moderate severity (114 participants, 22.8%), with similar rates between treatment arms. Severe treatment-related TEAEs were reported in 4 (0.8%) 
participants: Placebo arm: 1 (0.4%) participants (acute myocardial infarction); Pridopidine arm: 3 (1.2%) participants (diarrhea infectious, muscle spasms, and depression).
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Extended Data Table 2 | Change from Baseline in Total Functional Capacity (TFC) at Baseline and Week 65 (ITT, mITT)

This table summarizes the change from baseline in TFC for placebo and pridopidine 45 mg bid groups at baseline and Week 65 in the ITT and mITT populations. Abbreviations: bid = twice 
daily; CI = confidence interval; LS = least square; max = maximum; min = minimum; Q1, Q3 = quartile 1, 3; SD = standard deviation; SE = standard error. Notes: • For ITT analysis: Missing data 
were imputed using multiple imputations (MI) under the assumption of missing not at random (MNAR). Analysis and p-values for comparison of pridopidine versus placebo were generated by 
combining results from the mixed model for repeated measures (MMRM) for each imputed dataset. Summary statistics are not applicable due to multiple imputations. The MMRM included 
change from baseline in TFC score as the dependent variable and independent variables: treatment arm, baseline TFC, region, neuroleptic use or no use, baseline HD stage (HD1 and HD2), 
categorical week, and treatment by categorical week interaction, with Kenward-Roger approximation for degrees of freedom. An unstructured covariance matrix was used for repeated 
measurements at the participant level. • For mITT analysis: The analysis and p-values were generated using observed data in the MMRM for comparison of pridopidine versus placebo. The 
MMRM included change from baseline in TFC as the dependent variable and independent variables: treatment arm, baseline TFC, region, neuroleptic use or no use, baseline HD stage (HD1 
and HD2), categorical week, and treatment by categorical week interaction, with Kenward-Roger approximation for degrees of freedom. An unstructured covariance matrix was used for 
repeated measurements at the participant level. No imputation was performed on missing data. • One participant was screened with TFC ≥ 7 but had a TFC score below 7 by the baseline visit.

http://www.nature.com/naturemedicine


Nature Medicine

Article https://doi.org/10.1038/s41591-025-03920-3

Extended Data Table 3 | Change from Baseline to Week 65 in Composite Unified Huntington’s Disease Rating Scale 
(cUHDRS) Scores for Placebo and Pridopidine Groups (mITT)

This table summarizes the change from baseline to Week 65 in cUHDRS scores for placebo and pridopidine 45 mg bid groups in the mITT population. Abbreviations: bid = twice daily;  
CI = confidence interval; cUHDRS = composite Unified Huntington’s Disease Rating Scale; LS = least square; max = maximum; min = minimum; Q1, Q3 = quartile 1, 3; SD = standard deviation;  
SE = standard error. Notes: • The p-values presented are nominal. • Analysis and p-values were generated using observed data from a Mixed Model Repeated Measures (MMRM) for comparison 
of pridopidine with placebo. • In the MMRM, change in cUHDRS score from baseline was the dependent variable, and independent variables included treatment arm, baseline cUHDRS, 
region, neuroleptic use or no use, baseline HD stage (HD1 and HD2), categorical week, and treatment by categorical week interaction. Kenward-Roger approximation was used for degrees of 
freedom. • An unstructured covariance matrix was applied for repeated measurements at the participant level. No imputation was performed for missing data.
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Extended Data Table 4 | Summary of Participant Disposition (ITT)

This table summarizes the disposition of participants in the intent-to-treat (ITT) population. Percentages are based on the number of randomized participants per treatment arm. 
Abbreviations: AE = adverse event; bid = twice daily; TFC = total functional capacity. Notes: • Participants who discontinued from the study and study treatment are counted in both 
categories. • Nine participants completed at least 65 weeks but discontinued the study. These participants are included in both the 50 who discontinued the study and the 458 who completed 
at least 65 weeks. • Deaths: A total of five deaths occurred: one in the placebo arm, three in the pridopidine arm, and one in the pridopidine arm after discontinuing treatment for over a year. 
The latter was not deemed treatment-emergent. • The death in the placebo arm was related to a road traffic accident and categorized as a treatment-emergent adverse event (TEAE). • None of 
the deaths were deemed treatment-related by the investigator.
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A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection N/a — No custom software used for data collection. Data were collected using standard clinical assessments and validated instruments (e.g., 
TFC, cUHDRS, UHDRS components, Q-Motor system)

Data analysis N/A — No custom or unpublished software was used. Data analyses were conducted using standard statistical methods (e.g., MMRM, 
multiple imputation) implemented in validated, commercially available software (SAS® version 9.4).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A description of any restrictions on data availability 
- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

 

The minimum dataset necessary to interpret, verify, and extend the findings of this study will be made available to qualified researchers. Individual de-identified 
participant data (IDP), including data dictionaries, will be shared. Related documents including the study protocol, statistical analysis plan (SAP), and informed 
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consent form template will also be available upon request and approval. Data access will be granted beginning six months after the date of publication and will 
remain available for a period of five years, subject to a formal request process. Access is limited to researchers affiliated with academic or non-profit institutions and 
will be granted for scientifically sound and ethically approved analyses that align with the original study aims or address relevant scientific questions. 
 
Data are not deposited in a public repository due to ethical and legal constraints—including protection of participant confidentiality under applicable privacy laws 
(e.g., GDPR). However, a redacted version of the protocol and SAP are available at https://ghi-muenster.de/protocols/proof-hd and https://ghi-muenster.de/
protocols/proof-hd-sap.  
 
Requests for access to clinical trial data should be directed to the Sponsor, Prilenia Therapeutics, via email at: info@prilenia.com. Each request will be reviewed by 
the study sponsor or its designated data access committee, and decisions will be provided within 90 days of receipt. 
 
Approved requesters must enter into a Data Use Agreement (DUA) that stipulates: 
• No attempts to re-identify participants; 
• No unauthorized downstream sharing of data; 
• Compliance with agreed-upon research purposes aligned with the original study aims or relevant scientific questions; 
• Authorship or acknowledgment requirements, consistent with the principles outlined in the International Committee of Medical Journal Editors (ICMJE) 
Recommendations (2024)  
 
A copy of the DUA template may be made available to requesters or to journal editors upon request. No third-party proprietary datasets were used in this study. All 
data were collected and analyzed by the study investigators and Sponsor as detailed in the Methods section. 

Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation), 
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Sex was self-reported by participants at screening and recorded in the electronic case report forms (eCRFs). Gender identity 
was not specifically assessed. Randomization and statistical analyses were not stratified by sex or gender, and these 
characteristics were not used as inclusion or exclusion criteria. The study was not powered to detect sex- or gender-based 
differences. 
 

Reporting on race, ethnicity, or 
other socially relevant 
groupings

Race and ethnicity were not systematically collected or analyzed in this study. The trial enrolled participants across 12 
countries in North America and Europe, and geographic region was included as a covariate in the primary statistical model. 
Socially relevant groupings beyond geographic region were not used for eligibility criteria, stratification, or subgroup analyses.

Population characteristics The study enrolled 499 adults (≥25 years old) with early-stage manifest Huntington’s disease (TFC 7–13), confirmed by ≥36 
CAG repeats in the HTT gene. Participants were recruited from 59 clinical sites across 12 countries in North America and 
Europe. Both male and female participants were eligible; sex was self-reported at screening. The population was clinically 
homogeneous by HD stage, but no restrictions were placed on race, ethnicity, or socioeconomic status.

Recruitment Participants were recruited from 59 clinical trial sites across 12 countries in North America and Europe between October 
2020 and March 2023. Recruitment was conducted through physician referrals, site outreach, and registries of individuals 
with Huntington’s disease. As with most clinical trials, some degree of self-selection bias may be present, as participants 
willing to enroll in research may differ from the general HD population in motivation, access to care, or health literacy. 
However, broad geographic distribution and inclusive criteria were intended to support generalizability within early-stage HD. 
No stratification or enrollment targeting was based on sex, race, or socioeconomic status.

Ethics oversight Ethics approval was obtained from independent ethics committees or institutional review boards (IRBs) at each participating 
site, including the Western Institutional Review Board (USA), Comité de Protection des Personnes Ile de France VI (France), 
Ethik-Kommission der Ärztekammer Hamburg (Germany), and others as detailed in the manuscript. The study was conducted 
in accordance with the Declaration of Helsinki, ICH Good Clinical Practice (GCP) guidelines, and applicable regulatory 
requirements. The trial was registered at ClinicalTrials.gov (NCT04556656) and EudraCT (2020-002822-10). Written informed 
consent was obtained from all participants prior to any study procedures.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf
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Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size A total of 499 participants were randomized 1:1 to receive pridopidine or placebo. Sample size was determined based on statistical power 
calculations to detect differences in Total Functional Capacity (TFC) decline, accounting for expected dropout and disease progression rates.

Data exclusions Data exclusions were prespecified. Participants without any post-baseline efficacy data were excluded from the mITT population (n=10 
exclusions: 3 pridopidine, 7 placebo). Major protocol deviations led to exclusions from the PP population. No ad hoc exclusions were made.

Replication n/a - This was a single, prospective, multicenter randomized clinical trial.

Randomization Participants were randomized 1:1 to pridopidine or placebo using a centralized, Sponsor-generated sequence. Randomization was stratified 
by HD stage (HD1 vs HD2) and baseline antipsychotic use (yes/no). Allocation was concealed from investigators and participants.

Blinding This was a double-blind study. Participants, investigators, site staff, and outcome assessors were blinded to treatment assignment throughout 
the 78-week study period, including the extension phase. Matching placebo capsules were indistinguishable from active drug. 
 

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 

Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Clinical data
Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration ClinicalTrials.gov (NCT04556656) and EudraCT (2020-002822-10)

Study protocol The full trial protocol and statistical analysis plan (SAP) will be made available via a publicly accessible portal. A redacted version of 
the protocol is available at https://ghi-muenster.de/protocols/proof-hd, and a redacted version of the SAP is available at https://ghi-
muenster.de/protocols/proof-hd-sap. For submission for peer review, full SAP and protocols accompany the manuscript as separate 
documents.

Data collection Data collection occurred from October 23, 2020 (first participant enrollment) through March 14, 2023 (last participant last visit).

Outcomes The predefined primary outcome was the change from baseline to Week 65 in the Total Functional Capacity (TFC) score, a validated 
clinical scale assessing functional abilities in Huntington’s disease. The predefined key secondary outcome was the change from 
baseline to Week 65 in the composite Unified Huntington’s Disease Rating Scale (cUHDRS) score, which combines assessments of 
functional capacity (TFC), motor function (Total Motor Score [TMS]), and cognitive performance (Symbol Digit Modalities Test [SDMT] 
and Stroop Word Reading [SWR]). 
 
All outcomes were assessed during in-person study visits using validated tools administered by trained and certified clinical raters. 
Motor function was also evaluated using Q-Motor assessments, which provide objective, automated, and rater-independent 
measurements to minimize variability and enhance sensitivity.
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Novel plant genotypes n/a

Seed stocks n/a

Authentication n/a
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