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Abstract
Treatment of Parkinson’s disease with levodopa/carbidopa/entacapone (LCE) has been studied for a long time. However, the
efficacy and safety of LCE in the treatment of early Parkinson’s disease (PD) still need to be assessed. Our objective was to do a
meta-analysis of relevant randomized controlled trials (RCTs) to evaluate the efficacy and safety of LCE for early PD. PubMed,
Embase, the Cochrane Library, and the Web of Science were searched for RCTs with “levodopa/carbidopa/entacapone” and
“Parkinson’s disease” as keywords. The search period was from inception to October 2018. The quality of included studies was
strictly evaluated. We evaluated the quality of included studies strictly and six studies met all inclusion criteria. The results
showed that LCE could improve activities of daily living and motor function in PD patients. However, LCE therapy was
associated with higher risks of total AEs and single AEs compared with traditional therapy.
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Introduction

Parkinson’s disease (PD) is a neurological disorder with com-
plex evolving layers. It has long been characterized by the
classical motor features of Parkinsonism with Lewy bodies
(LBs) and loss of dopaminergic neurons in the substantia nigra
[1, 2]. LBs is a unique intracytoplasmic inclusion body con-
taining a variety of cellular proteins. α-synaptic nucleoprotein
(α-syn) is a major component of LBs. In recent years, the
research focus of PD is mainly on the mechanism of α-syn.
α-syn monomer is composed of the amino terminus, the car-
boxyl terminus, and the NAC domain (the substrate of
transglutaminase). It normally exists in the body as a disor-
dered monomer. However, in the brains of Parkinson’s pa-
tients, these monomers are abnormally expressed and

aggregated to form synaptic nucleocapsin aggregates, which
along with other proteins form LBs, causing mitochondrial
dysfunction and apoptosis, which ultimately leads to brain cell
death [3]. PD is characterized by bradykinesia, muscular ri-
gidity, and rest tremor, as well as postural and gait impairment.
In addition to motor symptoms, various non-motor features,
such as olfactory dysfunction, cognitive impairment, psychi-
atric symptoms, and sleep disorders, may occur at different
stages throughout the disease. As well as treating motor symp-
toms, these non-motor symptoms must also be addressed, but
are often more difficult to treat [2, 4, 5].

PD has a high prevalence and it is associated with social
and economic consequences. PD affects about 10–18 out of
every 100,000 people every year [2]. The prevalence of PD
increases with age and the global burden of care for the con-
dition is likely to increase markedly over the next 25 years
since life expectancy is rising worldwide [6].

A major goal of Parkinson’s disease research is to develop
disease-modifying drugs that slow or halt the underlying neu-
rodegenerative process [2]. In the 1980s, levodopa was the
only medication available for PD (except anticholinergics
and amantadine). Levodopa act to enhance synaptic dopamine
transmission using the dopamine precursor L-3,4-
ihydroxyphenylalanine. However, this drug has side effects
such as dyskinesia and motor fluctuations [5]. Most of these
dyskinesias occur when levodopa or other dopamine receptor
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agonists have a concentration in the brain that is sufficient to
overactivate dopamine receptors in the putamen [7].
Considering the limitations of levodopa monotherapy, the ad-
juvant therapy with adding other anti-Parkinson’s drugs has
been used in PD treatment.

Levodopa is partly metabolized by catechol O-
methyltransferase (COMT). COMT inhibitors increase the
elimination half-life of levodopa and boost the effect of each
tablet by about 30% [5, 8]. Entacapone is a selective, revers-
ible, peripheral inhibitor of the COMT, which mediates LD
metabolized to 3-O-methyldopa (3-OMD) and prolongs LD
half-life in vivo [9]. So, using one tablet that combines levo-
dopa, carbidopa, and entacapone should have similar pharma-
cokinetic and efficacy profile and that can lead to increasing
the daily “on” time, decreasing the daily “off” time, and the
daily levodopa dose [10–12]. However, the plasma half-life of
levodopa in rapidopa/levodopa (CD/LD) rapidrelease agents
is only about 1.5 h, making it difficult to maintain therapeutic
drug concentrations and leading to fluctuations in motor
symptoms and a long-term risk of movement disorders. In
order to quickly achieve the therapeutic concentration of levo-
dopa and maintain the longer efficacy, CD/LD sustained re-
lease agents were developed [13–15].

Although a large number of studies have investigated the
treatment of motor and non-motor symptoms in PD, there are
still many controversies about the diagnosis and treatment of
early PD patients (early PD patients are newly diagnosed pa-
tients in Hoehn-Yahr (H&Y) stage 1 and up to stage 2 [16]).
So, we make this meta-analysis to review the evidence for
efficacy and safety of LCE in the treatment of early PD
patients.

Methods

Literature search strategy

We searched four databases of PubMed, Embase, Web of
science, and the Cochrane Library. The publication period
for the search is from inception to October 2018 for all the
English language studies that used LCE in the treatment of
early PD. The search was conducted using a combination
o f k e ywo rd s i n c l ud i n g “Pa r k i n s on D i s e a s e , ”
“Entacapone,” and free words including “Idiopathic
Parkinson’s Disease,” “Lewy Body Parkinson Disease,”
etc. We used the Boolean logic “AND” to combine the
keywords and “OR” for the free words. Reference lists
from the resulting publications and reviews were used to
identify further relevant publications.

Inclusion and exclusion criteria

The studies to be included had to satisfy the following criteria:

1. Study design: randomized controlled clinical trials
(RCTs). The research had to include a comparative treat-
ment of LCE or Stalevo with other Parkinson’s drugs like
levodopa/carbidopa (LC) or placebo.

2. Subjects included patients with early PD. The early PD
was defined as idiopathic PD, H&Y stage 3 or less, no
motor complications history, no treatment, or limited
(generally less than 6 months) use of anti-Parkinson’s
drugs.

3. Experimental parameters, such as the dose of LCE or
Stalevo, and medication time.

4. The scales scores associated with PD, such as PDQ-8,
UPDRS II, or III scores, and duration of dyskinesia.

Prespecified exclusion criteria were (1) case reports, ab-
stracts, comments, reviews, and editorials; (2) duplicate pub-
lication; (3) uncorrelated experiment; and (4) no treatment-
related outcomes were reported.

Data extraction

Data for each study were extracted independently by two re-
searchers (Wu and Liu). For all the studies we searched, we
used the title summary screening in the first phase and the full-
text reading screening in the second phase to obtain the studies
we needed to include in the end. For each study, information
was carefully extracted from all the eligible studies, including
(1) the first author, year of publication, number of subjects,
sex ratio (male/female), mean age of subjects, and inclusion
criteria of PD patients; (2) study design, PD scale used, dura-
tion of study, and visits of all stages; and (3) intervention
characteristics of the trial groups and control groups. We re-
solved our differences through discussion and consulted a
third investigator (Xia) if necessary.

Quality assessment

The two researchers evaluated the methodological quality of
the included studies by the Cochrane risk-of-bias assessment
tool independently. The tool classifies the studies as having
low, moderate, or high risk of bias across six domains:
Random sequence generation (selection bias), allocation con-
cealment (selection bias), blinding of participants and person-
nel (performance bias), incomplete outcome data (attrition bi-
as), selective reporting (reporting bias), other sources of bias
(other bias). Disagreements were resolved through consensus
or discussed with a third investigator.

Statistical analysis

The results of each identified trial were combined by using
meta-analytic methods to evaluate the overall effect for exper-
imental group (use LCE) versus control (use others). For
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continuous data (such as UPDRS, PDQ-8), we calculated
mean differences (MDs), standard differences (SDs), and their
95% confidence intervals (CIs). For categorical outcomes
(such as dyskinesia, risk of AEs), we calculated relative risk
(RRs). We used the recommended method from the Cochrane
handbook to estimate SDs if they were not available in the
included studies. The random effects was used rather than a
fixed effects model because this takes into account the hetero-
geneity between multi-studies. For the assessment of hetero-
geneity, the I2 statistic was used. When outcome measure-
ments in all studies are made on the same scale, it can be used
as a summary statistic in meta-analysis. Publication bias was
examined by funnel plot. All analyses performed with
RevMan 5.3. p values ≤ 0.05 were considered significant.

Result

Study inclusion

Our literature search yielded 2185 articles, of which 2033
literatures were excluded through title and abstract screening.
Through screening the full-text of the remaining 152 articles,
78 studies were excluded because of non-RCT experimental
literature, 5 studies were excluded because of the short follow-

up time, 32 studies were excluded because of the unclear
outcomes, and 31 studies were excluded because the interven-
tion drugs did not included LCE. Ultimately, we included six
articles [6, 10, 17–20] which satisfied the inclusion criteria.
The flowchart of studies included and excluded is presented in
Fig. 1.

Basic characteristic of studies

Six RCTs met the inclusion criteria, of which 1983 partici-
pants were included. The levodopa/carbidopa/entacapone
group contained 983 participants and the control group
contained 1000 participants. One study adopted levodopa/
DDCI+ entacapone (L/D/E) and five studies adopted
levodopa/carbidopa (LC) in the control group. The average
age of the included participants was about 60 to 70, the pro-
portion of male was slightly higher than female, the average
duration of PD was about 5.3 years, and all participants’
Hoehn and Yahr staging was no more than three. In the six
studies, treatment duration ranged from 6 to 134 weeks, and
the number of participants ranged from 95 to 745. In terms of
experimental outcomes, UPDRS as the outcome measure was
observed in four studies, CGI as the outcome measure was
reported in two studies, and PDQ-39 as the outcome measure
was observed in four studies. All studies reported adverse

Records identified through database searching 

PubMed, Cochrane library, Embase, Web of 

Science(n=2185)

Titles and abstracts reviewed

(n = 1573)

Full-text articles excluded(n=146):

-Not RCT(n=78)

-Short time follow up(n=5)

-Unclear outcomes(n=32)

-Not LCE intervention(n=31)

Records excluded(n=1421):

-case reports, reviews, abstracts 

or comments(n=1076)

-Extraneous experiments(n=345)

Full-text articles assessed

for eligibility (n=152)

Studies included in 

meta-analysis (n=6)

Publications excluded 

duplicate data(n=612)

Fig. 1 Flowchart of studies
included and excluded. RCT,
randomized controlled trial; LCE,
levodopa/carbidopa/entacapone
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events (AEs), included total adverse events and single adverse
events (nausea, diarrhea, dyskinesia, dizziness, and so on).
The basic characteristics of the six studies were summarized
in Table 1.

Risk of bias

We used the Cochrane Collaboration’s tool for assessing risk
of bias. Six studies described the sequence generation and
provided complete outcome data. Five studies have complete
allocation sequence concealment. Four studies described
blinding of participants, personnel, and outcome assessors.
Therefore, all studies, included finally, were considered to
have low risk of bias, of which average bias risk score is 5.
Table 2 summarized the risks of bias of each study.

UPDRS II

Three of included studies reported the results of UPDRS II. In
these studies, the intervention of control group was levodopa/
carbidopa (LC). These studies contained 702 participants. It
showed that the effect of LCE was more obvious than LC for
reducing UPDRS II scores and the heterogeneity was not sig-
nificant (WMD= − 0.98, 95%CI − 1.48 to − 0.48, p = 0.0001;
heterogeneity, Chi2 = 3.07, p = 0.22, I2 = 35%; Fig. 2a).

UPDRS III

Similarly, UPDRS III data was available from four studies, of
which the intervention of control group was LC. These studies
contained 1061 participants. We found the significant effect of
LCE compared with LC, and we used the random effects
models for pool analysis because of the heterogeneity
(WMD= − 1.93, 95% CI − 4.25 to 0.39, p = 0.10; heteroge-
neity, Chi2 = 4.69, p = 0.0001, I2 = 85%; Fig. 2b). However,
we did not make further analysis to explore the sources of
heterogeneity because of the limitations.

CGI

Two studies that reported clinical global impression (CGI)
scores were included in the efficacy analysis. The CGI scores
were evaluated by investigators. The control group of one
article was LC and the other was levodopa/DDCI+
entacapone (L/D/E). The results showed that there was no
significant difference in overall efficacy between the LCE
group and the control group (RR = 1.01, 95% CI 0.93 to
1.10, p = 0.80; heterogeneity, Tau2 = 0.00, Chi2 = 0.25, p =
0.61, I2 = 0%; Fig. 3, (1)). However, the LCE group, reported
“very much improved” had a larger probability (RR = 1.49,
95% CI 0.54 to 4.11, p = 0.44, Fig. 3, (2)) and reported “much
improved” had smaller a probability compared with the con-
trol group (RR = 0.90, 95% CI 0.64 to 1.27, p = 0.55, Fig. 3,
(3)). These results had no significantly statistical difference, of
which p values ranged from 0.44 to 0.84. We should
interpreted the result cautiously because of the small number
of included studies.

PDQ-39

The Parkinson’s disease Questionnaire (PDQ-39) data was
available from four studies with 1622 participants included
in this pool analysis. The control groups of four studies were
LC. The effect of LCE group was slightly lower than that of
LC group on improving quality of daily life (WMD= 0.62,
95% CI − 0.71 to 1.96, p = 0.36; heterogeneity, Chi2 = 4.59,
p = 0.20, I2 = 35%; Fig. 4). This pool analysis did not have an
obvious publication bias because the funnel plot was roughly
symmetric for the PDQ-39 score (Fig. 6a).

Adverse events

We analyzed the adverse events (AEs) in detail. All studies
with 1983 participants reported the total number of partici-
pants with AEs. The incidence of AEs was 80.4% in the
LCE group and 66.8% in the control group. The result showed
that the LCE group had a higher probability of AEs than the
control group (RR = 1.26, 95%CI 1.02 to 1.57, p = 0.03;

Table 2 Risk of bias of randomized controlled trials

Study Random sequence
generation

Generation allocation
concealment

Blinding Incomplete
outcome data

Selective
reporting

Other source
of bias

Total

Brooks, D. J 2005 1 0 0 1 1 ? 3

Fung, V. S. C 2009 1 1 1 1 1 1 6

Stocchi, F 2010 1 1 1 1 1 1 6

Lew, M. F.2011 1 1 0 1 1 ? 4

Tolosa, E 2014 1 1 1 1 1 ? 5

Hauser, Robert A 2009 1 1 1 1 1 1 6

1, low; 0, high; ?, unclear
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heterogeneity, Tau2 = 0.06, Chi2 = 58.00, p < 0.00001, I2 =
91%; Fig. 5a).

The number of discontinuation due to AEs was 102 in the
LCE group with 983 participants, and 76 in the control group
with 1000 participants. In the subgroup analysis for the dis-
continuation due to AEs, the proportion of the LCE group was
superior to the control group (RR = 1.36, 95%CI 1.02 to 1.80,
p = 0.03; heterogeneity, Chi2 = 2.19, p = 0.82, I2 = 0%; Fig.

5b). The funnel plot was not completely symmetrical for the
number of discontinuation due to AEs, so it suggested some
certain publication bias (Fig. 6b).

We did further analysis about single adverse events. The
risk of nausea, diarrhea, dyskinesia, dizziness, and urine ab-
normality was 23.0%, 12.9%, 5.9%, 10.6%, and 13.6% in
LCE group compared with 13.0%, 6.7%, 4.5%, 8.0%, and
3.0% in control group. The results showed that the risk of

Fig. 3 Forest plot of effect sizes
for CGI; CGI, clinical global
impression

Fig. 2 Forest plot of effect sizes for UPDRS II (a) and UPDRS III (b)

2050 Neurol Sci (2020) 41:2045–2054



those single AEs in the LCE group was greater than that in the
control group (Fig. 5c). Among them, there is significant sta-
tistical difference in the results of risk analysis of nausea and
diarrhea (p < 0.0001 and p = 0.0009), and risk analysis of nau-
sea, diarrhea, and dizziness revealed good homogeneity (I2 =
0%, 20%, and 0%). The result reported that the LCE group
was more likely to have nausea, diarrhea, dyskinesia, dizzi-
ness, and urine abnormality than the control group.

Discussion

Summary of evidence

Our meta-analysis found that LCE therapy improve the
UPDRS I and UPDRS II score compared with traditional drug
therapy in early PD patients. However, there was no obvious
difference in CGI scores. What’s more, the result showed that
LCE therapy was not as effective as LC therapy with PDQ-39
as the outcome measure. LCE therapy also increased the risk
of total AEs, nausea, diarrhea, dyskinesia, dizziness, urine
abnormality, and discontinuation risk when compared with
traditional therapy. Most of our results are in line with clinical
observations in the published paper [21–24]. The results dem-
onstrated that patients who received LCE therapy could evi-
dently show improvement on activities of daily living and
motor symptoms. This part of our result is the same with a
pooled analysis of phase III studies with entacapone [25].
According to the pool analysis of CGI, this study has shown
that LCE provided equivalent benefits to those obtained with
separately administered levodopa/DDCI and entacapone tab-
lets or levodopa/carbidopa tablets. Improvement in motor
scores may have driven the changes observed in the PDQ-39
and may have been temporized by the presence of AEs [18].
The AEs that produced by stalevo tablets should be of more
concern. Specially, the risk of urine abnormal in LCE group
was observed to almost three times as likely as that in control
group (p = 0.08).

Interpretation of the results

LCE provided the greatest symptomatic benefit for PD than
LC [23]. One meta-analysis suggested that LCE could

improve activities of daily living and motor symptoms in PD
patients [26]. We found LCE could significantly improve the
UPDRS II and UPDRS III scores compared with LC in early
Parkinson patients, consistent with previous results. In our
meta-analysis, LCE did not show improvement in CGI scores,
which may be explained by a small amount of included stud-
ies. The statistical power of this analysis is low. We look
forward to further experimental studies to refine our results.
One probable reason why LCE participants had a slightly
worsening in PDQ-39 scores was that using PDQ-39 scores
could be relative insensitivity to change of this measure, as has
been suggested in early Parkinson patients [18]. The other
probable reason was that the high-frequency presence of
AEs caused a lower PDQ-39 scores compared with traditional
therapy. The incidence of AEs was 80.4% in the LCE group
and 66.8% in the control group. Discontinuation risk was
10.4% in the LCE group and 7.9% in the control group. The
stalevo treatment with a more common in AEs was not unex-
pected, as it occurred in previous studies with entacapone. The
increase in AEs was a result of enhanced dopaminergic activ-
ity [21, 22, 24]. Urine abnormality was the most common AE
in the LCE group, but it was a benign event associated with
the color of the metabolites of entacapone excreted in urine.

Limitations

A number of limitations of this study should be considered.
First, meta-analyses combining evidence from several high-
quality RCTs generally considered the highest level of evi-
dence for effects of interventions. However, due to the limited
number of studies included in this meta-analysis, the risk of
overestimation of intervention effects cannot be excluded [27,
28]. Thus, we did not conduct a subgroup analysis of the effect
of different doses of LCE on the treatment of motor compli-
cations in early PD patients. In addition, most of the studies
included in this meta-analysis are about the comparison of
LCE and LC; only one is about the difference between LCE
and L/D/E. Consequently, further large, well-designed RCTs
that evaluate the long-term balance of benefit and harm, com-
paring LCE with L/D/E, are urgently needed. Second, we
compared the p value and I2 value of the results of multiple
groups and found heterogeneity in some studies. However,
due to the insufficient sample size, we did not conduct further

Fig. 4 Forest plot of effect sizes for PDQ-39; PDQ-39, Parkinson’s Disease Questionnaire
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Fig. 5 Forest plot of total AEs
(a), discontinuation due to AEs
(b), and single AEs (c)
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subgroup analysis. This indicated that our results may be bi-
ased. Third, all the trials were carried out in Europe, Australia,
USA, and so on. There are insufficient data on the Asian and
Africa. It would inevitably be valuable to know whether the
initial treatment of PD is discrepancy in different regions.
Forth, only English-language studies were included. This is
another defect that limited the generalization of the findings
potentially. In spite of these limitations, our meta-analysis also
had possessed some advantages. First, all of the included trials
were well designed and were considered to have a low risk of
bias and provided promising evidences. Second, we simply
analyzed the efficacy of LCE in patients with early PD, while
previous meta-analysis was to analyze the efficacy of LCE in
the whole stage of PD patients, so this meta-analysis provided
more clear opinions for the treatment of early PD patients.

Implications for future research

A major goal of PD research is the development of disease-
modifying drugs that slow or stop the underlying neurodegen-
erative process [2]. Levodopa, as the gold standard for the
treatment of PD, is associated with the development of motor
complications. So a drug that combined entacapone (as an
inhibitor of the COMT) with levodopa and carbidopa has
recently emerged to reduce the side effects of using levodopa
alone. However, although many studies have been conducted
to explore the therapeutic effect of LCE on PD patients, few
studies have been conducted on the efficacy and safety of
early PD patients, so more RCTs are needed to confirm our
results in the future.

Conclusions

This is the first meta-analysis to determine the efficacy and
safety of levodopa/carbidopa/entacapone (LCE) in early
Parkinson patients with Hoehn-Yahr (H&Y) less than three.

Current meta-analysis has proved that LCE is more effective
than other Parkinson’s drugs in the treatment of early PD, but
it has more adverse reactions than other drugs. However, one
factor affecting the validity of findings is that the number of
studies included in this meta-analysis is very limited.
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