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Background: In general, a generic drug is considered interchangeable with the original
formulated drug. In Parkinson’s disease (PD), generic drug use remains debated. This study
was aimed to investigate whether the generic drug was as effective as the original in improving
the symptoms of PD and the prevalence of motor complications.

Methods: This study was a multicenter cohort study of patients with PD enrolled from three
northeast hospitals in Thailand between February 2013 and February 2014. The patients were
categorized into original and generic levodopa groups. The clinical characteristics, efficacy,
and motor complications were compared between the groups.

Results: There were 400 eligible patients. Of these, 327 patients (81.75%) met the study
criteria and were classified as the original levodopa group (200 patients, 61.16%) and the
generic levodopa group (127 patients, 38.84%). The average age of all patients with PD was
65 years. The duration of PD and the modified Hoehn—Yahr stages were not different between
the groups. The total doses of original and generic levodopa-equivalent doses were significantly
different (199.97+127.08 versus 305.58+138.27 mg; P-value <0.001) and the actual doses were
198.10+117.92 versus 308.85£139.40 mg (P-value <0.001). Approximately 80% of patients
with PD in both groups had good responses (P-value >0.999), but the development of motor
complications was significantly greater in the original than in the generic group.
Conclusion: Generic levodopa was effective in improving the symptoms of PD. The prevalence
of motor complications in the original compound group, at a lower dose of levodopa equivalent,
was higher than in the generic group.
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Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative disorder caused due to
dopamine depletion. It is estimated that the prevalence of PD in Thailand is 424.57
per 100,000 population.'! PD is mainly a movement disorder with four typical car-
dinal symptoms, including bradykinesia, rigidity, tremor, and postural instability.>*
The gold standard treatment of PD is dopamine replacement.’® Levodopa is the first-
line treatment and is highly effective for improving the symptoms of PD. Long-term
levodopa treatment may cause several motor complications such as dyskinesia or
dystonia.’

Thailand and other developing countries have an issue with the price of the original
medications including levodopa. The original levodopa or Madopar® has a higher
price as compared to the generic levodopas, Vopar or Levomet. As a result, original
levodopa is limited for clinical use and only available in university or tertiary care
hospitals. Generic levodopa is widely used in community or general hospitals, but its
efficacy compared with that of original is still of concern. Studies comparing original
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and generic compounds are very difficult to perform, as
most patients at the university hospital are on the original
compound while the community and general hospitals are
mandated to use only the generic compound with a few
exceptions. This study was aimed to investigate whether the
generic levodopa was as effective as the original levodopa
in improving the symptoms of PD. Also, the prevalence
of motor complications between the original and generic
levodopa was compared.

Materials and methods
Study design

This study was a multicenter consecutive case cohort study
of patients with PD enrolled from three northeast hospitals in
Thailand, including Udonthani Hospital, Khon Kaen Hospital,
and Srinagarind Hospital of Khon Kaen University. The first
two hospitals are general hospitals. Patients who had been
diagnosed with PD according to the UK PD Brain Bank
Clinical Diagnostic Criteria and were treated by neurologists
were studied. The study period was between February 2013
and February 2014. The study protocol was approved by the
ethics committees for human research of all three hospitals.

Subjects

All eligible patients were treated by the attending physicians
and were categorized by the type of levodopa given, original
or generic. Baseline characteristics, modified Hoehn—Yahr
(H-Y) stage, duration of disease, treatment, dosage of
levodopa, and motor complications were recorded. The dose
of levodopa could be adjusted, but the type of levodopa for
each patient remained the same throughout the study period.
The modified H-Y stages were used to classify the involve-
ment of PD as follows: 1) unilateral involvement only;
1.5) unilateral and axial involvement; 2) bilateral involvement
without impairment of balance; 2.5) mild bilateral disease
without recovery on pull test; 3) mild to moderate bilateral
disease, some postural instability but physically independent;
4) severe disability, still able to walk or stand unassisted;
and 5) wheelchair bound or bedridden unless aided. The
responses to treatments were classified for each patient using
the ratings for subjective improvement as good or poor. The
motor complications were classified as motor fluctuation and
dyskinesia. Motor fluctuations are the variable and unpredict-
able benefits of treatment of parkinsonian features in response
to a dose of levodopa. Dyskinesia is the levodopa-induced
involuntary movement that commonly occurs at the time of
peak concentration of the dose of levodopa. The time of peak
concentration was from the start of levodopa use to the first
report of a motor complication.

Levodopa is the mainstay of treatment for motor
symptoms of PD. Levodopa therapy, however, is associ-
ated with motor complications, particularly at higher
doses. Therefore, an alterative strategy is to use lower
doses of levodopa to reduce the motor complications of the
monotherapy and using a dopamine agonist or monoamine
oxidase type B inhibitor or adjunct therapy combining a
dopamine agonist, a monoamine oxidase type B inhibitor, or
a catechol-O-methyltransferase inhibitor with a lower dose
of levodopa. To facilitate the comparisons between each
strategy of treatment, a levodopa equivalent dose (LED)
was obtained by adding together all antiparkinsonian medi-
cations that the patient received. The total levodopa dose
equivalents were calculated as follows: (regular levodopa
dose x1) + (levodopa continuous-release dose x0.75) +
(pramipexole dose X67)+ (ropinirole dose x16.67)+ (pergolide
dose x100) + (bromocriptine dose x10) + [regular levodopa
dose + (continuous-release levodopa dose x0.75)] x0.25, if
the patient is taking entacapone.'”

Sample size calculation

Assuming that a 20% difference between original and generic
levodopa treatment response is significant, the minimal
number of subjects needed was 89. This calculation was
performed by using the compared hypothesis for calculating
the least number needed for each group.

Statistical analyses

After providing written informed consent, all patients were
categorized into two groups by the type of levodopa: original
and generic. Numerical factors were compared by either
Student’s #-test or Wilcoxon rank-sum test where appropri-
ate, whereas categorical factors were compared by using
chi-square or the Fisher’s exact test where appropriate. All
statistical analyses were performed by the Statistical Pack-
age for the Social Sciences statistical package version 22.0
(IBM Corporation, Armonk, NY, USA) and STATA version
10.0 (StataCorp LP, College Station, TX, USA). Statistical
significance was defined as P-value <0.05.

Results

There were 400 eligible patients: 200 patients from
Srinagarind Hospital, 100 patients from Udonthani Hospital,
and 100 patients from Khon Kaen Hospital. Of these, 327
patients (81.75%) met the study criteria and were classified as
original levodopa group (200 patients, 61.16%) and generic
levodopa group (127 patients, 38.84%). Two brands of
generic levodopa were used in this study: 51 (40.2%) patients
used Vopar and 76 (59.8%) patients used Levomet. All the
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Table I Demographic and baseline characteristics

Variables Original (n=200) Generic (n=127) P-value
Male, n (%) 114 (57.0) 62 (48.82) 0.14
Age, years (mean * SD) 65.68+11.80 65.11£9.98 0.65
Health insurance
Civil Servant Medical Benefits System 123 (61.50) 18 (14.17) <0.001
Universal coverage 57 (28.50) 105 (82.68)
Social security 2 (1.0) 4 (3.15)
Self-paid 18 (9.0) 0 (0)
Ethnicities
Thai 190 (95.0) 120 (94.49) 0.18
Chinese 7 (3.50) 2 (1.57)
Mixed Thai and Chinese 2 (1.0 5(3.94)
Laotian | (0.50) 0 (0)
Smoking, n (%) (n=211) 36 (40.45) 43 (35.25) 0.44
Age of onset, years (mean £ SD) 60.12+11.83 59.86+10.43 0.84
Disease duration, years (mean * SD) 5.59+4.52 5.25+4.09 0.60
Total levodopa dose, mg (mean + SD) 199.97+127.08 305.58+138.27 <0.001
Levodopa equivalent dose (mean + SD) 198.10+117.92 308.85+139.40 <0.001
Modified Hoehn—Yahr stage, n (%) 0.07
| 103 (51.50) 59 (46.46)
1.5 25 (12.50) 10 (7.87)
2 55 (27.50) 50 (39.37)
25 12 (6.0) 4 (3.15)
3 5 (2.50) 2 (1.57)
4 0 (0) 2 (1.57)
5 0 0

Abbreviation: SD, standard deviation.

patients used the same brands throughout the study. Seventy-
three patients were excluded because of not using levodopa
(six patients) or changing use between original and generic
(44 patients) or were lost to follow-up (23 patients).

The average age of all patients with PD treated with
original and generic levodopa was 65 years and approximately
half of the patients were male (Table 1). Other factors were
comparable, except for the type of insurance (Table 1). Most
patients treated with generic levodopa had universal coverage
(105 patients, 82.68%), while most patients who received
original levodopa had the Civil Servant Medical Benefits
System insurance (123 patients, 61.50%). The duration of
PD in the generic group was not different from the original
group at 5.59+4.52 versus 5.25+4.09 years (P-value 0.06).
The H-Y stages were not different between the groups.

The total doses of original levodopa and generic
LEDs were significantly different (199.97+127.08 versus
305.58+138.27 mg [P-value <0.001]), and the actual

doses were 198.10+117.92 versus 308.85£139.40 mg
(P-value <0.001).

Approximately 80% of patients with PD in both groups
had good responses, as shown in Table 2 (P-value >0.999),
but the development of motor complications was significantly
greater in the original than in the generic group as shown
in Table 3. The times to develop motor fluctuations at
48.12433.20 versus 62.10£39.55 months (P-value 0.07)
and dyskinesia at 62.46+37.72 versus 83.52+52.74 months
(P-value 0.13) were not significantly different between the
original and generic groups (Table 2). There were no reports
of major adverse drug events in either group.

Discussion

Clinical features of PD in the present study were quite
similar to those in a previous study on Thai population by
Kulkantrakorn et al.'' Sex and average ages were nearly the
same in the original formulation and generic groups.

Table 2 Response to levodopa and development of motor complications

Variables Original (n=200) Generic (n=127) P-value
Levodopa response, n (%) >0.999
Good 164 (82.0) 104 (81.9)

Poor 36 (18.0) 23 (18.1)

Development of motor complication, n (%) 83 (41.50) 38 (29.92) 0.035
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Table 3 Motor complications and levodopa dosage comparing original and generic compounds

Developed motor complications Original (n=83) Generic (n=38) P-value
Modified Hoehn—Yahr stage, n (%) 0.61

| 52 (62.65) 21 (55.26)

1.5 10 (12.05) 3(7.89)

2 18 (21.69) 13 (34.21)

25 2 (2.41) 1 (2.63)

3 I (1.20) 0(0)

4 0 (0) 0 (0)

5 0 (0) 0 (0)

Time of levodopa use to motor fluctuation, months (mean * SD) 48.12+33.20 62.10+39.55 0.07
Time of levodopa use to dyskinesia, months (mean =+ SD) 62.46+37.72 83.52+52.74 0.13
Total levodopa dose, mg (mean + SD) 229.51£143.03 365.81£154.09 <0.001
Levodopa equivalent dose, mg (mean + SD) 225.53+138.02 371.07+154.87 <0.001

Abbreviation: SD, standard deviation.

The present study compared original and generic levodopa
groups for symptomatic responses in order to determine if
the generic form was as good as or inferior to the original
levodopa (original group 82.0%, generic group 81.9%;
P-value >0.999). The total dosage of levodopa used in the
original group was lower than in the generic group (original
group 199.97 mg, generic group 305.58 mg; P-value <0.001).
The LED used in the original group was 198.10 mg versus
308.85 mg in the generic group (P-value <0.001). The present
study showed that the dosage of levodopa used in treatment
of patients with PD who had developed motor complications
in the generic group was higher than the dosage used in the
original group by approximately 1.5 times. Gasser et al'?
reported on the pharmaceutical quality of generic levodopa/
benserazide products compared with original Madopar/
Prolopa® (Roche, Switzerland) and found deviations in the
active ingredients, a marked excess in degradation, and some
problems with the dissolution times of generic compounds.
Therefore, the higher dose of generics may be due to lower
efficacy of the generic levodopa than the original. The US
Food and Drug Administration published draft guidelines on
levodopa/carbidopa showing that the bioequivalent base is at
90% confidence interval;' therefore, the dosage used in the
generic group was higher than that in the original group of
the cited study. To date, there has been no long-term study
on the bioequivalence of levodopa/benserazide in patients
with PD. Pahwa et al'* who compared single doses of
sinemet and atamet (generic carbidopa/levodopa) in patients
with PD found that there was no statistically significant
difference between sinemet and atamet in the time taken
to reach the maximum concentration (T, ), the maximum
concentration (C ), area under the curve, and the motor
performance tests, but there has been no study comparing the
original and generic forms in the long-term use of levodopa.

Patients with PD who often use multiple drugs and have low
gastric motility may experience drug—drug interactions and
slow absorption of orally administered compounds in the
morning."> Madopar, the original levodopa, was slightly more
expensive than Vopar and Levopar, the generic levodopa
(US$ 0.32 and 0.23 per tablet, respectively). The generic
drugs, however, are used at higher doses than the original
drug (305.58+138.27 versus 199.97+127.08 mg); therefore,
it may not be cost-effective to substitute generic drugs for
the brand name product.

The present study showed that a number of patients
developed complications similar to the previous study.!!
The incidence of complications in the original group was
41.50% and in the generic group was 29.92%. The original
group reported more motor complications (P-value 0.035),
but used lower doses of total levodopa and LEDs than the
generic group. Further study on the pharmacokinetics and
pharmacodynamics of original and generic levodopa in
patients with PD will need to be carried out before consider-
ing the use of generic levodopa as a cost-effective treatment.
Even though this study was of cohorts and similar to real-life
clinical practice, a further large randomized controlled trial
should be performed to confirm the results of this study.
The lower rate of motor complications in the generic group
may be due to the lower efficacy on a dosage basis of the
generics versus the original levodopa. The evaluation of
motor complications by asking patients rather than critical
clinical evaluation using the Unified PD Rating Scale as used
in real clinical practice could result in underdiagnosis. This,
in itself, is a possible limitation of this study.

Conclusion
Generic levodopa was effective in improving the symptoms
of PD. The prevalence of motor complications in the original
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compound group, at a lower dose of levodopa equivalent,
was higher than in the generic group.
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