
The Effects of Tolperisone on Simulated Driving Performance, Drowsiness,  
and Cognitive Function: Comparison With Cyclobenzaprine and Placebo in a 
Phase 1, Randomized, 4-Period Crossover Study

  BACKGROUND
• Acute muscle spasm of the back is a common reason for seeking medical attention and 

represents the leading cause of disability worldwide1-4

• Treatment approaches for acute muscle spasm include the following5:
 – First-line nonpharmacological treatments (eg, physical therapy) and over-the-counter 
medications (eg, nonsteroidal anti-inflammatory drugs, acetaminophen)

 – Skeletal muscle relaxants (SMRs; eg, cyclobenzaprine) are effective in the short-term, but 
they are frequently not preferred by patients due to their off-target central nervous system 
adverse events (AEs), primarily somnolence
• SMRs carry warnings about the risks of driving and operating heavy machinery while  

using them1,6

• Tolperisone is a centrally acting, nonopioid SMR7-13

 – Available in the European Union and Asia for the treatment of acute, painful muscle spasm 
and spasticity in adults and elderly individuals at doses up to 900 mg/day

 – In clinical development in the United States for the treatment of symptoms associated with 
acute muscle spasm of the back
• An ultra-pure formulation of tolperisone has been developed for use in the United States 

using a synthetic pathway that has reduced impurity and degradant levels below those 
required by the International Council for Harmonisation guidelines 

 – Tolperisone does not appear to induce the off-target central nervous system AEs typically 
associated with SMRs

• The US Food and Drug Administration has recommended that driving studies be conducted for 
all drugs that have the potential to impair drivers14-16

• An initial assessment of driving performance and sleepiness in subjects who received 
tolperisone (150 mg 3 times daily [TID]) was evaluated in a randomized, placebo-controlled, 
multiple-dose, 3-way crossover driving simulation study17:

 – Driving performance and self-reported sleepiness were equivalent to those observed with placebo
 – Subjects who received cyclobenzaprine demonstrated significant impairment of driving 
ability and reported increased sleepiness compared with placebo 

  OBJECTIVE
• To evaluate tolperisone 200 mg TID (clinical evaluation dose) and tolperisone 400 mg TID  

(supratherapeutic dose) over 3 days on measures of simulated driving performance, somnolence, 
cognitive function, and safety compared to placebo and cyclobenzaprine in normal healthy volunteers

  METHODS

Study Design
• This was a phase 1, randomized, placebo-controlled, multiple-dose, 4-way crossover study 

(NCT04407377)
• Subjects were randomly assigned to 1 of 4 treatment sequences: tolperisone 200 mg TID, 

tolperisone 400 mg TID, cyclobenzaprine 10 mg TID, or placebo TID
 – Investigators, research unit staff, subjects, and the sponsor were blinded to each subject’s 
treatment sequence 

• Measures of simulated driving performance, somnolence, cognitive function, and safety were 
evaluated in 4 treatment periods consisting of 4 partial days and 3 nights in an overnight 
research unit with a washout period (6-8 days) between the last dose of study drug on 1 period 
and the first dose of study drug in the following period 

• The study was approved by the institutional review board at each site and all subjects provided 
written informed consent

Inclusion Criteria
• Ambulatory subjects aged 21-65 years who met the following criteria:

 – Able to reliably perform study assessments (eg, standard deviation of lateral position [SDLP] 
≤1 standard deviation [SD] greater than the mean for normal healthy adults completing the 
Country Vigilance—Divided Attention practice scenario)

 – Physically capable (ie, adequate manual dexterity, vison, and hearing)
 – Active driver with a valid driver’s license with ≥10,000 driving miles per year for the previous 
3 years

 – Regular sleep pattern 
 – Score ≤10 on the Epworth Sleepiness Scale (ESS)

Study Assessments
• Primary endpoint:

 – Simulated driving performance as measured by SDLP (Figure 1)

Figure 1. Cognitive Research Corporation Driving Simulator

• Secondary endpoints:
 – Driving performance assessments:

• Lane exceedance 
• Speed 
• Excessive ay (excessive speed in corners)
• Total collisions 
• Divided attention measures

 – Karolinska Sleepiness Scale (KSS)
 – Epworth Sleepiness Scale (ESS)
 – Cognitive function assessments involving:

• CogScreen symbol digit coding (SDC) test
• Cambridge Neuropsychological Test Automated Battery (Cambridge Cognition, 

Cambridge, MA), including:
 – Reaction time (RTI)
 – Rapid visual information processing (RVP)

 – Self-perceived ability to drive safely was assessed with the following question:
• “Right now do you feel safe to drive?”

 – Self-reported motivation and appraisal of driving performance were assessed on a visual 
analog scale with the following questions:
• “How well do you think you drove for the last 60 minutes?”
• “How motivated did you feel to drive at your best during the last 60 minutes of driving?”

 – Safety endpoints included:
• Incidence of AEs
• Clinical evaluations
• Orthostatic effects of blood pressure
• Clinical laboratory evaluations
• Physical examinations
• Laboratory tests
• 12-lead electrocardiogram 

• Assessments were performed as shown in Table 1

Table 1. Study Assessments

Assessment Day –1 Day 1 Day 2 Day 3

Dosing NA
TID (AM, PM,  
and at bedtime)

TID (AM, PM,  
and at bedtime)

Single dose (AM) 

SDC Practice 
1 hour after PM dose; 
right before KSS

1.5 hours before AM 
dose; right before KSS

1 hour after PM dose; 
right before KSS

KSS NA Right before driving Right before driving Right before driving

Readiness-to-
drive question

NA
1 hour after PM dose; 
prior to drive

1.5 hours before AM 
dose; prior to drive

1 hour after AM dose; 
prior to drive

Driving 
simulation

Training and 
practice

1 hour after  
PM dose

1.5 hours before  
AM dose

1 hour after  
AM dose

ESS NA NA NA
1 hour after  
end of driving

VAS NA Right after driving Right after driving Right after driving

RTI and RVP Practice 
3.5 hours after  
AM dose 

2 hours after  
AM dose

30 minutes before  
AM dose 

ESS, Epworth Sleepiness Scale; KSS, Karolinska Sleepiness Scale; NA, not applicable; RTI, reaction time; RVP, rapid visual information processing; 
SDC, symbol digit coding; TID, 3 times daily; VAS, visual analog scale.

Statistical Analysis
• The primary analysis was conducted on the intention-to-treat population:

 – All randomized subjects who received ≥1 dose of study drug according to the planned 
treatment in each treatment period

• The safety analysis was conducted on the safety population:
 – All subjects who received ≥1 dose of study drug according to the actual planned treatment 
received in each treatment period 

• Primary endpoint (SDLP) was analyzed using a mixed model for repeated measures with fixed 
effects for sequence, period, and treatment, with repeated observations for subjects

 – An unstructured covariance structure and Kenward-Roger degrees of freedom were used
 – Pairwise within-subject differences in SDLP >4.4 cm (equal to the difference between 
placebo and a 0.05% blood alcohol content for the Cognitive Research Corporation Driving 
Simulator [St. Petersburg, FL]) were compared using McNemar’s test 
• These pairwise within-subject differences in SDLP were also tested for symmetry about 

zero using the maximally selected McNemar’s test 
• Noninferiority of tolperisone relative to placebo was considered if the upper 95% CI for 

tolperisone versus placebo difference was less than the prespecified noninferiority margin 
of 4.4 cm 

  RESULTS

Subject Disposition and Demographics
• 39 subjects were enrolled at 2 US sites

 – 35 (89.7%) subjects completed the study 
 – 4 (10.3%) subjects discontinued the study

• Reasons for discontinuation: withdrawal by subject (n=2), discontinued by sponsor (n=1), and 
lost to follow-up (n=1)

• Subject demographic and baseline characteristics were well balanced in each treatment sequence 
(Table 2)

Table 2. Demographic and Baseline Characteristics 

Treatment Sequence

Overall
N=39

ABCD
n=10

BDAC
n=9

CADB
n=11

DCBA
n=9

Age, years
Mean (SD)

Median

Range

42.2 (12.10)

42.0

22-59

38.8 (11.19)

34.0

26-59

44.3 (9.20)

43.0

32-65

39.3 (14.87)

34.0

23-59

41.3 (11.62)

42.0

22-65

Sex, n (%)
Male

Female

7 (70.0)

3 (30.0)

8 (88.9)

1 (11.1)

6 (54.5)

5 (45.5)

8 (88.9)

1 (11.1)

29 (74.4)

10 (25.6)

Race, n (%)
American Indian or Alaska 
Native

Asian

Black or African American

White

Other

0 

0

2 (20.0)

8 (80.0)

0

0 

1 (11.1)

7 (77.8)

1 (11.1)

0

0 

2 (18.2)

5 (45.5)

3 (27.3)

1 (9.1)

1 (11.1) 

1 (11.1)

3 (33.3)

4 (44.4)

0

1 (2.6) 

4 (10.3)

17 (43.6)

16 (41.0)

1 (2.6)

Ethnicity, n (%)
Hispanic or Latino

Not Hispanic or Latino

2 (20.0)

8 (80.0)

0

9 (100.0)

2 (18.2)

9 (81.8)

2 (22.2)

7 (77.8)

6 (15.4)

33 (84.6)

BMI (kg/m2)
Mean (SD)

Median

Range

26.20 (2.081)

26.35

23.5-29.5

23.99 (2.904)

25.00

19.4-27.6

27.08 (2.861)

27.70

19.9-29.9

27.04 (2.257)

27.60

23.2-29.5

26.13 (2.752)

26.60

19.4-29.9
BMI, body mass index; SD, standard deviation. 
Treatment group A = tolperisone 200 mg TID
Treatment group B = tolperisone 400 mg TID
Treatment group C = cyclobenzaprine 10 mg TID
Treatment group D = placebo TID

Primary Endpoint: Simulated Driving Performance as Measured by SDLP 
• SDLP did not differ significantly in subjects who received tolperisone 200 mg TID or tolperisone 400 mg 

TID versus subjects who received placebo on days 1-3 (Figure 2)
 – The significant increase in SDLP on day 2 in subjects who received tolperisone 200 mg TID 
(P=0.0309) compared to placebo was considered to be an anomaly due to a single data outlier 
(the subject had no impairment on days 1 and 3 and at 400 mg TID)

 – For both doses of tolperisone on days 1-3, the upper limit of the 95% CI did not exceed the 
noninferiority criterion of 4.4 cm

• In contrast, SDLP was significantly worse for cyclobenzaprine versus placebo on day 1  
(LSM difference = 3.010 cm; P=0.0002), day 2 (LSM difference = 2.583 cm; P=0.0015), and  
day 3 (LSM difference = 1.935 cm; P=0.0023) (Figure 2)

 – The upper limit of the 95% CI noninferiority threshold exceeded the preestablished 4.4 cm 
noninferiority threshold on day 1 (4.561 cm) 

Figure 2. SDLP: Individual’s Ability to Maintain Lane Position (weaving)
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Secondary Endpoints
Driving Assessments
• Most secondary driving assessments did not significantly differ in subjects receiving tolperisone 200 

TID or tolperisone 400 mg TID versus those receiving placebo TID 
 – Only excessive ay on day 2 was significantly increased on day 2 in subjects who received 
tolperisone 400 mg TID versus placebo TID (P=0.0258) 

• In subjects who received cyclobenzaprine, the frequency of lane exceedances was significantly 
worse versus placebo on day 1 (P=0.0005), day 2 (P=0.0233), and day 3 (P=0.0383) (Figure 3), as 
was speed deviation on day 1 (P=0.0174) and standard deviation of reaction on day 2 (P=0.0235)

Figure 3. Frequency of Lane Exceedances 
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Self-Reported Assessments of Sleepiness
• There were no significant differences in self-reported sleepiness in subjects receiving tolperisone 200 TID 

or tolperisone 400 mg TID versus placebo TID as assessed by the KSS (days 1-3) or the ESS (day 3) 
(Figure 4)

• Subjects who received cyclobenzaprine reported sleepiness that was significantly increased versus 
placebo on day 1 (P=0.0057) on the KSS and on day 3 (P=0.0306) on the ESS (Figure 4)

Figure 4. ESS on Day 3
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Cognitive Function Measures
• There were no significant differences between subjects who received tolperisone 200 TID or 

tolperisone 400 mg TID versus placebo TID in SDC, RTI, or RVP on days 1-3 (Figure 5)

Figure 5. Cognitive Function Assessments
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LS, least squares; RTI, reaction time; RVP, rapid visual information processing; SDC, Symbol Digit Coding; TID, 3 times daily.

Self-Reported Assessments of Driving
• On days 1-3, subjects’ motivation to drive and self-appraisal of driving performance were not significantly 

different in those who received tolperisone 200 TID or tolperisone 400 mg TID versus placebo TID
 – However, on day 2, subjects who received cyclobenzaprine judged their driving performance to 
be significantly worse compared with those receiving placebo (P=0.0226)

• On days 1 and 2, most subjects treated with tolperisone felt safe to drive (100% in the 200 mg TID 
group and 97.2% in the 400 mg TID group)

 – In spite of the impairment of driving and self-reported sleepiness, all subjects (100%) receiving 
cyclobenzaprine felt safe to drive 

Safety
• AEs were reported by 2 (5.6%), 6 (15.8%), 12 (33.3%), and 7 (19.4%) subjects receiving tolperisone 200 mg 

TID, tolperisone 400 mg TID, cyclobenzaprine 10 mg TID, and placebo, respectively (Table 3) 
 – Somnolence was reported by 0 and 2 (5.3%) of subjects receiving tolperisone 200 TID and 400 mg 
TID, respectively. This was comparable with that reported by patients receiving placebo (n=1, 2.8%). 
Nine subjects (25.0%) receiving cyclobenzaprine reported somnolence

 – AEs reported by subjects receiving tolperisone included headache (n=5 [13.2%], 400 mg TID), 
nausea (n=1 [2.8%], 200 mg TID), and arthralgia (n=1 [2.8%], 200 mg TID) 

 – Most AEs were mild to moderate in severity. One severe AE of headache was reported by a 
subject receiving tolperisone 400 mg TID, and this resolved with no action required 

 – There were no serious AEs or deaths reported, and no AEs led to study discontinuation 
 – There were no clinically abnormal lab results, ECG results, physical exam findings, and vital signs 

Table 3. Patient-Reported AEsa

Mean (%) (SD)
Placebo

n=36

Tolperisone 
200 mg TID

n=36

Tolperisone 
400 mg TID

n=38

Cyclobenzaprine 
10 mg TID 

n=36

Preferred term n (%) n (%) n (%) n (%)

Any TEAE 7 (19.4) 2 (5.6) 6 (15.8) 12 (33.3)

Somnolence 1 (2.8) 0 2 (5.3) 9 (25.0)

Headache 1 (2.8) 0 5 (13.2) 0

Fatigue 1 (2.8) 0 0 2 (5.6)

Arthralgia 1 (2.8) 1 (2.8) 0 0

Nausea 1 (2.8) 1 (2.8) 0 0

Diarrhea 0 0 0 1 (2.8)

Pyrexia 1 (2.8) 0 0 0

Back pain 1 (2.8) 0 0 0

Lethargy 0 0 0 1 (2.8)

Paresthesia 0 0 0 1 (2.8)

Oropharyngeal pain 1 (2.8) 0 0 0

Blood pressure fluctuation 1 (2.8) 0 0 0
AE, adverse event; SD, standard deviation; TEAE, treatment-emergent adverse event; TID, 3 times daily.
Coded using the Medical Dictionary for Regulatory Activities version 23.1.
AEs with a start date/time on or after first dosing in a treatment period will be attributed to the treatment given in that period.
Subjects are counted once within each preferred term.
aAll TEAEs with >1 subject reporting an AE.

  CONCLUSIONS
• The effects of tolperisone on driving performance, self-reported sleepiness, cognitive 

function, and rates of somnolence (via reported AEs) at the 200 mg TID dose (ie, under clinical 
evaluation) and the 400 mg TID (ie, supratherapeutic dose) were comparable to those observed 
in subjects who received placebo 

• In contrast, driving performance was significantly impaired, self-reported sleepiness was 
significantly increased, and rates of somnolence (via reported AEs) were higher in subjects who 
received cyclobenzaprine compared to those who received placebo

• Tolperisone, which is currently under evaluation in a phase 3 study in subjects with low back 
pain due to acute muscle spasm (NCT04671082), and may represent an effective therapeutic 
option that is not associated with somnolence or impairment of driving performance like other 
SMRs
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