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Abstract

Objective: Model-based meta-analysis was used to describe the time-course and dose-effect relationships of antidepressants
and also simultaneously investigate the impact of various factors on drug efficacy.

Methods: This study is a reanalysis of a published network meta-analysis. Only placebo-controlled trials were included in this
study. The change rate in depression rating scale scores from baseline was used as an efficacy indicator because a continuous
variable is more likely to reflect subtle differences in efficacy between drugs.

Results: A total 230 studies containing 64346 patients were included in the analysis. The results showed that the number
of study sites (single or multi-center) and the type of setting (inpatient or noninpatient) are important factors affecting the
efficacy of antidepressants. After deducting the placebo effect, the maximum pure drug efficacy value of inpatients was 18.4%
higher than that of noninpatients, and maximum pure drug efficacy value of single-center trials was 10.2% higher than that
of multi-central trials. Amitriptyline showed the highest drug efficacy. The remaining 18 antidepressants were comparable or
had little difference. Within the approved dose range, no significant dose-response relationship was observed. However, the
time-course relationship is obvious for all antidepressants. In terms of safety, with the exception of amitriptyline, the dropout
rate due to adverse events of other drugs was not more than 10% higher than that of the placebo group.

Conclusion: The number of study sites and the type of setting are significant impact factors for the efficacy of antidepressants.
Except for amitriptyline, the other 18 antidepressants have little difference in efficacy and safety.
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Significance Statement

Model-based meta-analysis (MBMA) is an important method for model informed drug discovery and development. This study
not only involved a comprehensive quantitative evaluation of the efficacy of antidepressants but also described the time-course
and dose-effect relationships of antidepressants and also simultaneously investigated the impact of various factors on drug
efficacy using MBMA to provide necessary quantitative information for the current clinical practice guidelines of depression.

Introduction

The World Health Organization states that the rates of depression
have risen by more than 18% during the past decade, and it is pre-
dicted to be the leading cause of disease burden by 2030 (Deardorff and
Grossberg, 2014; Papadimitropoulou et al., 2017). Currently, commonly
used antidepressants include selective serotonin reuptake inhibitors
(SSRIs) (Ioannidis, 2008), serotonin-norepinephrine reuptake inhibi-
tors (Amick et al., 2015), selective norepinephrine reuptake inhibitors
(Clayton et al., 2003), noradrenergic antagonist-specific serotonin ant-
agonists (Santarsieri and Schwartz, 2015), serotonin-modulating anti-
depressants, norepinephrine-dopamine reuptake inhibitors (Wang
etal,, 2016), etc. In the face of so many antidepressants, good evidence
is needed to guide clinicians to make the best decisions in selecting
which medication to prescribe (Amick et al., 2015).

A published network meta-analysis systematically compared
the efficacy of 21 antidepressants (Cipriani et al., 2018). This net-
work meta-analysis has the most abundant data in the field so
far. However, this study has limitations created by the meth-
odology of network meta-analysis. First, the efficacy data were
obtained at different endpoints (ranging from 4 to 12 weeks) and
were combined for analysis in this study, neglecting the effect of
time on treatment efficacy. Second, the studies used response
rates (defined as >50% reduction in initial depression rating-
scale scores) as the primary outcome (Cleare et al., 2015), but this
binary index will lose a lot of useful information compared with
a continuous index (Khoo et al., 2015; Jakobsen et al., 2017). For
example, a person who improves by 50% is called a responder,
whereas one who improves by 49% is called a nonresponder, thus
inflating the apparent difference between these patients. Third,
this study did not distinguish between placebo-controlled trials
and comparator-controlled trials. Many studies have shown that
the efficacy of antidepressant drugs in a comparator-controlled
trial is higher than that of a placebo-controlled trial (Rutherford
et al,, 2009); thus, the mixed analyses of these 2 types of trials
may cause bias. In view of the above limitations, it is necessary
to use a new method to reanalyze the data.

Model-based meta-analysis (MBMA) is an important method
for model-informed drug discovery and development (Lalonde
et al.,, 2007). MBMA can accurately describe the time-course and
dose-effect relationships of drugs and can simultaneously in-
vestigate the impact of various factors on the efficacy param-
eters. Compared with a traditional meta-analysis, MBMA can
make full use of the efficacy data at each time point (Boucher
and Bennetts, 2016). Based on data shared by Dr Andrea Cipriani
(Cipriani et al., 2018), this study involved a comprehensive
quantitative evaluation of the efficacy of antidepressants using
MBMA to provide necessary quantitative information for the
current clinical practice guidelines of depression.

Methods
Data Source and Handling

The data for this study were derived from the database shared by
Dr Andrea Cipriani (Cipriani et al., 2018). To correct for the het-
erogeneity of placebo response among the trials, only data from

placebo randomized controlled trials were included for analysis.
Because only the efficacy data at the end of the treatment were
shown in the published database, the efficacy data at each time
point during the trial period were added by a review of the ori-
ginal literature. If the efficacy data were presented as a graph,
the digitizing software Engauge Digitizer (version 4.1) was used
for data extraction. All the efficacy data were independently ex-
tracted by 2 researchers (Q.Q. Cheng and J.H. Huang), and the in-
consistencies were determined by the third researcher (L. Xu).
The data extraction error should not exceed 2% when reading
the graph. If it exceeds 2%, the graph must be reread and the
mean value of the 2 values is used as the final extracted value.

Various rating scales for depression were used, such as the
Hamilton Depression Rating Scale (HAMD) (17 items, 21 items,
22 items, 24 items, 31 items which are five versions of HAMD),
the Montgomery-Asberg Depression Rating Scale, and the
Inventory of Depressive Symptomatology-Self Report. To make
baseline scores of different rating scales comparable, baseline
scores were standardized as the percentage of maximum attain-
able scores on each rating scale. If the version of the HAMD in a
study was not specified, the most commonly used 17-item ver-
sion was used by default.

Risk of Bias Assessment

The risk of bias of the included studies has been assessed using the
Cochrane Risk of Bias Tool in the database shared by Dr Cipriani.
These studies were graded as high, moderate, or low quality based
on the following criteria: (1) studies were considered to be of high
quality when both randomization and allocation concealment
were assessed as low risks of bias, and all other items were as-
sessed as low or unclear risk of bias in a trial; (2) studies were con-
sidered to be of low quality if either randomization or allocation
concealment was assessed as a high risk of bias, regardless of the
risk of other items; and (3) studies were considered to be of mod-
erate quality if they did not meet the criteria for high or low quality.

Model Building

The change rate in the rating scale score from the baseline was
used as the evaluation index for modeling, thus eliminating the
potential baseline impacts on the evaluation of drug efficacy.
The change rate in rating scale score from baseline increased
with time and finally reached the plateau, which was in line
with the E___model. The E__ model is widely used to describe
the time course of placebo response (Formula 1) and drug effi-
cacy (Formula 2). In this study, we assumed that the efficacy of
the drug group consists of the placebo response and pure drug
efficacy (Formula 3). Here, the pure drug efficacy is the relative
efficacy of the drug, which is the efficacy after subtracting the
corresponding placebo response.

tud :
_ (Enmx,placebo,i + "Il,is Uay) x Timep,
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Ei,j,m = Eplacebo,i,m + Edvug,i,}',m + W (3)

InFormula1,E__ . .;is the maximum possible efficacy of pla-

cebo group in the i study, ETy; ;.. i the time to achieve 50%
of E which represents the speed of onset. Time (Time_)

'max, placebo,i’
represents the time of the m™ observation time point (week).
The inter-study variabilities (n, % and n, %) of E .and

'max, placebo,i
ET) praceno; 7€ assumed to be normally distributed with a mean
of 0 and variances of »,? and w,? respectively.

In Formula 2,E__ ... is the maximum possible efficacy of
the pure drug efficacy of the j™ drug group in the ith study, and
ETgy gy, 1S the time to achieve 50% of E_ ... Time (Time )
is the time of the m™ observation time point (week). The inter-
study variabilities (n,**% and n, **¥) of E__ ., and ET, ..
conform to the normal distribution with a mean of 0 and vari-
ances of w,” and w ? respectively. The inter-arm variabilities (n, ;
pmandng o) of E o0, and ETy . conform to the normal
distribution with a mean of 0 and variances of w,? and w?, re-
spectively. It should be noted that for the stability of the model,
inter-study variability and inter-arm variability of parameters of
the final model may not be introduced simultaneously.

In Formula 3, E;  is the observed efficacy at the m™ time
point of the j* drug group in the i study, E _ ;. is the efficacy
of the m™ observation point of placebo group in the i study, and
Ejrugijm 18 the pure drug efficacy of the m™ observation point of
the j* drug group in the i study. The residual error (g;;, ) of the
m™ observation point of the j® drug group in the i study will
be weighted by the inverse of the square root of the sample size
(N,; ) normalized to 100 patients. ¢;;,, is assumed to be normally
distributed with a mean of 0 and variance of o2

The factors potentially affecting the pharmacodynamic
parameters were evaluated, including age, female ratio, sample
size per study, dosing schedule (fixed or flexible), type of scale
ratings, type of setting (inpatient or noninpatient), standardized
baseline score of scale ratings, sources of funding (industry or
not), number of study sites, use of a placebo run-in period or not,
and years of reporting. Categorical variables were tested using
the proportional model (Formula 4), and continuous covariates
were normalized to the median value and evaluated using both
linear (Formula 5) and power (Formula 6) models.

Pyop = Prypicat + COV X Oy )
Ppop = PTypicaI + (COV - Covmedian) : acov (5)
Ppop = PTypical X (COV/COVmedian)ecov (6)

In Formulas 4-6, P is the model parameter under different
covariate levels. The typical value of the model parameter
(Paypica) is the model parameter when the bivariate variable is
defined as 0 or the continuous variable is defined as the me-
dian value. COV is the covariate value. COV, is the median of

median

the covariate, and 6_, is the covariate correction factor for the
model parameters.

Nested models in covariate screening were compared stat-
istically using a likelihood ratio test on the differences in the
objective function value (OFV). The change was considered sig-
nificant if the decrease in OFV was >3.84 (y2, df=1, P<.05) for the
forward inclusion step, and the increase in OFV was >6.63 (x?,
df=1, P<.01) for the backward elimination step (An et al., 2017).
Missing covariate values were imputed by the median value.

Model Evaluation

Models were evaluated by scientific plausibility, the OFV par-
ameter precision, and goodness-of-fit plots. A visual predictive
check was performed to determine whether the fitted model pro-
vided an adequate description of the data (Nguyen et al., 2017).
In this predictive check, 1000 datasets were simulated from the
final model. The median, lower (2.5%), and upper (97.5%) quan-
tiles of the simulated drug efficacy were then compared with
the observed efficacy value. The robustness of the model was as-
sessed using a nonparametric bootstrap with repetition of 1000
Nonlinear Mixed Effects Modeling (NONMEM) runs of the final
model. The bootstrap median parameter values and the per-
centile bootstrap 95% confidence intervals (CI) were compared
with the respective values estimated from the final model.

Typical Efficacy Analysis

After the final model is established, the Bayesian feedback algo-
rithm will be used to obtain the individual parameter values of
each study arm. When covariates that affect efficacy are found,
the efficacy parameters need to be corrected to ensure that the
drug efficacy are compared at the same covariant level. The dif-
ferent covariate model correction methods are as follows:

Pi,conected = Pi - (COV - Covmedian) X Hcov (7)
Pi,corrected = Pi X (Cov/covmedmn)*f?cm— (8)
Pi,corrected = P; — COV X Ocov (9)

In Formulas 7-9, P, is the individual parameter value of the i*
study arm obtained from the Bayesian feedback. P, .., 1s the
corrected individual parameter of the i study arm. COV is the
covariate value of the i study arm. COV__ .. is the median value
of the covariate of all study arms. 0_ is the correction coeffi-
cient of the covariate for the parameter.

The random effects model in the single-arm meta-analysis
was then used to synthesize the corrected parameter values
for each type of drug. Based on the distribution of parameters
of each type of drug, 10000 Monte Carlo simulations were con-
ducted to estimate the distribution of efficacy at each point in

time for each type of drug.

Software

Model development and Bayesian feedback were performed
by NONMEM (Version 7.4; Icon Inc, PA, USA). All model param-
eters were estimated using the first-order conditional estima-
tion method with n-¢ interaction in NONMEM. R (Version 3.4.4;



http://www.r-project.org) was used for visual diagnosis and
model simulation. Meta-analysis was performed by Stata soft-
ware (version 13.1, StataCorp LP, College Station, TX).

Results
Characteristics of Included Studies

A total of 230 studies containing 585 arms with 64346 patients
were included for analysis (supplementary Figure 1). A total 1682
data points were used for modeling, of which 1109 data points
(65.9%) were additional data points outside the public database
by Dr Andrea Cipriani.

Nineteen drugs were included for analysis: agomelatine (10
arms, n=1481), amitriptyline (26 arms, n=1582), bupropion (23
arms, n=2467), citalopram (17 arms, n=2061), desvenlafaxine
(13 arms, n=2645), duloxetine (22 arms, n=2690), escitalopram
(20 arms, n=3032), fluoxetine (36 arms, n=3307), fluvoxamine (7
arms, n=518), levomilnacipran (8 arms, n=1603), mirtazapine
(15 arms, n=825), nefazodone (13 arms, n=809), paroxetine
(44 arms, n=4782), reboxetine (11 arms, n=1332), sertraline (21
arms, n=1948), trazodone (6 arms, n=>570), venlafaxine (27 arms,
n=2774), vilazodone (12 arms, n=2264), and vortioxetine (24
arms, n=3765). The information was shown in Figure 1. Because
there was only 1 placebo-controlled trial of clomipramine and
no placebo-controlled trial of milnacipran, these 2 drugs were
not included for analysis.

In the included studies, the sample size of each arm ranged
from 7 to 357 (median,103). The treatment duration ranged from
4 to 12 weeks (median, 8 weeks). The mean age ranged from 31.9
to 56 years (median, 41 years). The percentages of female par-
ticipants ranged from 10% to 100% (median, 63%). The stand-
ardized scores of rating scales in baseline ranged from 0.24
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to 0.85 (median, 0.44). There were 289 (81.4%) drug arms from
multi-center clinical trials, 257 (72.4%) drug arms sponsored by
industry, 181 (51.0%) drug arms were given at a fixed-dose, and
208 (58.6%) drug arms used placebo run-in design. The detailed
information of the included studies is shown in supplementary
Table 1.

The bias risk assessments of the included studies are shown
in Supplementary Table 2. According to the criteria of literature
quality, 8.3% of the studies were rated as high quality, and the
remaining 91.7% of studies were graded as moderate quality.
Overall, the quality of the involved studies was relatively high.

Model Establishment and Assessment

The estimated model parameters are listed in Table 1. In the pro-
cess of covariate investigation, we found that the sample size
per study, the publication year (published before or after the
year 2000), the number of study sites (single or multi-center),
and type of setting (inpatient or noninpatient) had a significant
effect on the parameter of E__ .. The results of subgroup ana-
lysis also showed that the above factors had a great influence
on drug pure efficacy at week 8 (Table 2). It should be noted that
the sample size per study was correlated with the publication
year and the number of study sites such that the sample size
was smaller in the trials before 2000 or in the single-center trials
(supplementary Figure 2). After being screened by the forward
inclusion and backward elimination steps, only the type of set-
ting (inpatient or noninpatient) and the number of study sites
(single or multi-center) were included in the covariate model.
The final covariate model is expressed as follows:

Emax, drug = 16.4 + Type x 18.4 + Center x 10.2 (10)

Duloxetine
arms=22

Levomilnacipran
arms=8

Vortioxetine
arms=24

Sertraline
arms=21

Citalopram
arms=17

Paroxetine
arms=44

Agomelatine
arms=10

Escitalopram
arms=20

Fluoxetine
arms=36

Fluvoxamine

arms=7

Mirtazapine
arms=15

Venlafaxine
arms=27

Trazodone

arms=6

Amitriptyline

arms=26

>. Reboxetine

arms=11

Bupropion
arms=23

Vilazodone
arms=12

Desvenlafaxine Nefazodone
arms=13

arms=13

Figure 1. Model-based meta-analysis of eligible comparisons for efficacy. Width of the lines is proportional to the number of arms comparing every pair of treatments.
Size of every circle is proportional to the number of randomly assigned participants (i.e., sample size).
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Table 1. Parameter estimation

Pharmacodynamic Estimate 991 Bootstrapped
parameters (95% CI) median (95% CI)
maxplacebor 70 58.1 (54.2~62.0) 57.5 (50.5~62.0)
T, piscebor WK 3.83 (3.24~4.42) 3.73 (1.14~4.46)
S 16.4 (13.4~19.5) 15.8 (0.65~21.7)
ET, o Week 5.36 (3.55~7.17) 5.45 (3.57~9.17)
Bge ONE, % 18.4 (7.94~28.9) 20.30(7.71~45.15)
Ocone ONE, % 10.2 (4.26~16.1) 11.40(3.84~36.93)

Variability parameters

N (B o praceno % 14.2 (11.4~17.0) 14.3 (11.4~17.3)
N ET s pcen) % 1.68 (1.31~2.05) 1.73 (1.30~3.01)
M (ETsp gruh % 2.56 (1.79~3.33) 2.45 (0.00~3.57)
€,% 2.54 (2.33~3.75) 2.53 (2.34~2.76)

Abbreviations: E_ ;..
placebo; ET,

50-drug?
E

max-placebo? 11

time to achieve 50% of E

ET

‘max-drug?

50-placebo’

maximal pure effect of drug; E o placebo maximal effect of
time to achieve 50% of
variability of pharmacodynamic parameter; ¢, residual error.

In Formula 10, type is equal to 1 or 0 for inpatients and
noninpatients, respectively. Center is equal to 1 or 0 for single-
center or multi-center trials, respectively. The covariate model
showed that the E_ . value of inpatients was 18.4% higher
than that of noninpatients, and the E__ -, . value of single-
center trials was 10.2% higher than that of multi-central trials.
The E,, 4, value of noninpatients in the multi-center trials
was 16.4%.

The goodness-of-fit plots for the final model indicated that
the population predictions and individual predictions fitted well
along the identity line relative to the observed efficacy data, and
the conditionally weighted residuals were well distributed along
the zero line relative to population predictions and time point,
which showed no obvious trends or model misspecification
(supplementary Figure 3). The visual predictive check of the final
model indicated the model describes the observed data well, and
model predictions were generally within 95% prediction inter-
vals (Figure 2). The median values from the bootstrap procedure

Table 2. Subgroup analysis of the pure efficacy of all antidepressants at week 8

All of drugs

Arms
(sample size)

Efficacy Corrected efficacy
at week 8, % at week 8,%
(95% CI) (95% CI)

Overall
Sample size
n<250
n > 250
Trial design
Placebo run-in
Non placebo run-in
Publication year
Before 2000
After 2000 (2000 included)
Number of arms per trial
<2
>3
Number of study sites
1
>1
Funding source
Industry-sponsored
Non industry-sponsored
Type of subject
Inpatients
Noninpatients
Type of scale
HAMD-17
Non HAMD-17
Dosing regimen
Fixed dose
Flexible dose
Mean age, y
<41
>41
Standardized baseline
<0.44
>0.44
Females, %
<63%
>63%

355 (40455)

133 (7567)
222 (32888)

208 (20970)
40 (5155)

112 (8729)
156 (22207)

55 (5975)
300 (34480)

43 (1883)
289 (37242)

257 (29986)
85 (9184)

21 (944)
281 (31830)

166 (18908)
189 (21547)

181 (22759)
172 (17671)

158 (17540)
167 (20374)

162 (17018)
193 (23437)

94 (10983)
106 (13676)

10.3 (1.10~28.1)

14.4 (2.92~34.4)
9.06 (0.92~18.8)

10.4 (2.13~32.7)
10.4 (-0.01~29.8)

15.7 (4.42~34.1)
9.52 (1.84~25.0)

13.2 (2.45~38.5)
9.68 (0.91~27.4)

16.7 (6.13~34.6)
9.44 (0.86~22.1)

9.87 (1.06~25.4)
11.8 (2.40~27.9)

21.7 (10.8~44.5)
10.3 (1.02~25.7)

9.43 (1.19~27.5)
10.6 (1.17~28.1)

9.23 (0.34~25.9)
11.5 (1.30~30.7)

9.99 (0.51~21.5)
10.63 (2.72~31.1)

9.96 (0.59~25.6)
10.4 (2.12~33.7)

11.0 (0.11~27.2)
9.38 (1.39~25.1)

9.44 (0.67~22.2)

10.5 (0.98~24.0)
8.99 (0.70~18.8)

9.75 (1.31~21.3)
9.82 (-0.01~17.4)

12.0 (2.23~23.3)
9.43 (1.15~23.5)

10.3 (2.45~21.8)
9.33 (0.33~22.1)

10.1 (0.74~24.2)
9.09 (0.63~20.4)

9.15 (0.90~20.0)
10.3 (-0.29~25.0)

8.89 (0.63~22.9)
9.73 (0.82~21.2)

8.72 (0.85~21.0)
9.84 (0.51~23.7)

8.89 (0.34~22.4)
10.2 (1.05~21.8)

9.41 (-0.48~19.9)
9.61 (2.13~24.9)

9.47 (0.59~21.1)
9.44 (1.49~23.2)

8.83 (-0.03~23.5)
8.92 (0.80~22.5)

Abbreviations: CI, confidence interval; HAMD, Hamilton Depression Rating Scale.
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Figure 2. Visual predictive check of the final model for each treatment. The points represent the observed efficacy data and the symbol size is proportional to the
sample size. The solid lines are the model predicted 95% confidence interval (CI) of each treatment. The dotted line is the median value of the model predicted efficacy.

were close to the parameter estimates from the NONMEM. In
addition, more than 99% of the bootstrap runs were successful,
indicating that the model was stable.

Typical Efficacies

Because the type of setting (inpatient or noninpatient) and the
number of study sites (single or multi-center) had a significant
impact on E__ ... value, it is necessary to correct E  value
for each drug arm to the same covariant level. The correction
formula is as follows:

E max, drug, i, corrected = E max, drug, i — Type; x 18.4 — Center; x 10.2
(11)

maxdrug; 15 the E_ o value of the i drug group.
max drugicomectea 1S the corrected value of E__ . . Type, is the type
of setting of the i® drug group (1 is for inpatients and 0 is for
non-inpatient). Center, is the number of study sites of the i*

In Formula 11, E

drug group (1 is for single center and 0 is for multi-center). This
formula correctstheE . values of different drug groups to the
characteristics of multi-center clinical trials with noninpatients,
thereby eliminating the influence of the above 2 covariates on
the E__ 4., Values. After correction, the pure efficacy of drugs
between different subgroups was basically comparable (Table 2).

For each kind of antidepressant (Table 3), the E__ ..., of
amitriptyline was 23.5% (95% CI = 19.1%-27.8%), which was the
highest among all 19 antidepressants. The E__ .., of the
remaining drugs were lower than 20%. The onset time of ami-
triptyline and trazodone is fast with ET,, ,  values less than 3
weeks, while the ET,,, values of the other drugs ranged from
3.9 weeks to 5.5 weeks. Based on the efficacy parameters de-
scribed above, the distribution of drug efficacy at different time
points can be simulated. Taking week 8 as an example, the ef-
fect of amitriptyline is 17.4% (95% CI = 14.1%-20.8%), which is
obviously higher than other drugs. The other 18 antidepressants
were distributed between 5.9% and 15.2% at week 8. Among

them, we found the efficacy of venlafaxine was significantly
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Table 3. Pharmacodynamic parameters and typical pure efficacy of each treatment

Corrected efficacy at

Arms Emax Emax, corrected ET50 week 8
Group (sample size) (95% CI) (95% CI) (95% CI) (95% CI)
Amitriptyline 26 (1582) 29.2 (24.9,33.5) 23.5(19.1,27.8) 2.80 (2.15,3.45) 17.4 (14.1~20.8)
Trazodone 6 (570) 23.7 (14.8~32.6) 18.5 (9.9~27.2) 1.75 (0.51~2.98) 15.2 (8.0~22.8)
Venlafaxine 27 (2774) 18.8 (15.3-22.2) 17.7 (14.2-21.1) 4.04 (3.33~4.76) 11.7 (9.4~14.1)
Mirtazapine 15 (825) 21.1 (15.9~26.3) 17.6 (12.5~22.8) 3.93 (2.65~5.21) 11.8 (8.2~15.7)
Fluvoxamine 7 (518) 22.9 (14.3~31.4) 17.5 (9.0~26.1) 4.13 (2.6~5.67) 11.6 (5.8~17.6)
Duloxetine 22 (2690) 16.8 (13.2~20.4) 16.8 (13.2~20.4) 4.31 (3.49~5.13) 10 9 (8.5~13.4)
Levomilnacipran 8 (1603) 15.6 (9.6~21.6) 15.6 (9.6~21.6) 5.48 (3.85~7.11) 3(5.6~13.2)
Vortioxetine 24 (3765) 15.3 (11.2~19.3) 15.3 (11.2~19.3) 5.41 (4.58~6.24) 9.1(6.6~11.6)
Sertraline 21 (1948) 15.9 (11.7~20.2) 15.2 (10.9~19.5) 4.90 (3.90~5.89) 4 (6.8~12.2)
Citalopram 17 (2061) 15.2 (10.9~19.6) 15.2 (10.9~19.6) 4.37 (3.34~5.40) 8(6.9~12.8)
Paroxetine 44 (4782) 16.6 (13.7~19.5) 14.5 (11.6~17.3) 5.04 (4.38~5.71) 9 (7.1~10.7)
Agomelatine 10 (1481) 14.4 (8.9~19.9) 14.4 (8.9~19.9) 3.96 (2.21~5.70) .6 (5.8~13.8)
Escitalopram 20 (3032) 13.3 (9.3~17.4) 13.3 (9.3~17.4) 4.20 (3.27~5.13) 7 (6.0~11.4)
Fluoxetine 36 (3307) 13.9 (10.7~17.2) 12.1 (8.9~15.4) 4.78 (4.02~5.53) 6 (5.5~9.7)
Desvenlafaxine 13 (2645) 12.1 (7.6~16.7) 12.1(7.6~16.7) 5.02 (3.81~6.23) .5 (4.6~10.5)
Nefazodone 13 (809) 15.3 (9.7~21.0) 11.6 (6.0~17.3) 5.17 (3.87~6.47) 1 (3.6~10.6)
Vilazodone 12 (2264) 11.1 (6.0~16.2) 11.1 (6.0~16.2) 5. 27 (3.88~6.67) 7 (3.6~9.9)
Bupropion 23 (2467) 14.0 (9.4~18.7) 10 0(6.1~13.8) 0 (3.73~6.27) 2(3.8~8.7)
Reboxetine 11 (1332) 14.0 (4.5~23.4) 9 (2.6~15.3) 4, 18 (2.93~5.44) 9 (1.7~10.1)
Placebo 230 (23891) 56.6 (54.9~58.4) — 3.53 (3.3~3.76) 39 3 (37.9~40.7)°

Abbreviations: CI, confidence interval; HAMD, Hamilton Depression Rating Scale.

aThe efficacy of placebo group was not corrected; this value was the original value.

higher than bupropion, and their efficacy was at 11.7% (95%
CI = 9.4%-14.1%) and 6.2% (95% CI = 3.8%—-8.7%), respectively.

Time-Course Relationship

The time-course relationship was distinct in the 19 antidepres-
sants (Figure 3). The efficacy of most drugs at week 4 was only
about50% of theirE_ . values, and this ratio increased to 70%
at week 12. However, the onset time of trazodone and amitrip-
tyline was faster, and their efficacy can exceed 80% of their E

ang Values by week 12.

Dose-Effect Relationship

In this study, the efficacy characteristics of each drug within the
approved dose range were analyzed. The results showed that
there was no significant dose-effect relationship among the
19 antidepressants within the approved dose range at week 8,
and the efficacy of the high dose was similar to that of low dose

(Figure 4).

Dropout Rate Due to Adverse Events

The dropout rate due to adverse events in the antidepres-
sant groups was 4% higher than that of the placebo groups.
Amitriptyline, trazodone, and fluvoxamine had higher dropout
rates, which were 11% (95% CI = 7%-15%), 10% (95% CI = 2%~17%),
and 9% (95% CI = 5%-13%) higher, respectively, than that of the
placebo group. The dropout rate of agomelatine was low, which
was comparable with the placebo group (Figure 5).

Discussion

There are many differences in the methodology of clinical
trials of antidepressants (Wagner et al., 2017), such as having
different control groups (positive drug or placebo control),

different treatment durations, different number of study sites
(single or multi-center), and so on. It has been reported that
these heterogeneities will have significant impacts on drug effi-
cacy. If the above heterogeneities were not corrected, it may af-
fect the accurate judgment of drug efficacy. In this study, MBMA
method was used to correct for the heterogeneities among
studies. Our analysis showed that the publication year (before
or after 2000), the number of study sites (single or multi-center),
the sample size per study, and type of setting (inpatient or
noninpatient) had a significant impacton E__ . (Walsh et al,,
2002). However, the publication year and the sample size per
study were highly correlated with the number of study sites.
That is, the earlier the publication year and smaller the sample
size per study, the higher was the proportion of single-center
trials (Undurraga and Baldessarini, 2012). Therefore, when
the number of study sites (single or multi-center) was intro-
duced into the covariate model, the significant influence of the
publication year and the sample size per study disappeared,
indicating that the publication year and the sample size per
study were not essential impact factors for drug efficacy. The
final covariate model only retained the number of study sites
(single or multi-center) and the type of setting (inpatient or
noninpatient). The model shows thatthe E__ . . value of single-
center trials was 10.2% higher than that of multi-central trials,
and the E__ . value of inpatients was 18.4% higher than that
of noninpatients. The above results are consistent with those
reported in the literature (Undurraga and Baldessarini, 2012).
Previous studies (Rutherford and Roose, 2013) have shown that
with an increasing number of study sites, the screening for par-
ticipants may be less stringent and the outcome assessment
may be less consistent owing to the lack of experienced inves-
tigators, which results in a higher placebo response and much
smaller differences in effectiveness between drug and placebo
groups. The compliance of inpatients is generally better than
that of outpatients; thus it is easier to observe a higher drug-
placebo difference in the inpatients (Ansseaul et al., 1989).
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Figure 3. Typical predicted pure efficacy of each drug (red lines) and the corresponding efficacy ratio compared with the E

A recently published meta-analysis (Munkholm et al., 2019)
pointed out that the efficacy of antidepressants vs placebos was
higher in trials with a placebo run-in study design compared with
trials without such a design (P=.05); a lower efficacy was found in
trials categorized as industry sponsored than in trials categorized
as nonindustry sponsored (P=.005). However, this study found
that whether there was a placebo run-in or not and the sources
of funding had no significant effect on drug efficacy. The main
reason is that the evaluation index in this study was defined as
the change rate rather than change value in rating the scale score
from baseline, which can further eliminate the effect of the base-
line on drug efficacy. In addition, this study also deducted the im-
pact of heterogeneities on the results, such as the type of setting
and the number of study sites. Therefore, when there is a correl-
ation between the impact factors, we should be careful to identify
the impact factors to avoid the occurrence of false correlations,
which may be caused by the imbalance of other factors.

max_arg Value (bule lines) at each time points.

Compared with the original analysis, this study not only
minimized the heterogeneities among the different studies but
also analyzed the time-course and dose-effect relationships
of antidepressants, which can provide the necessary quantita-
tive information for clinical guidelines. The efficacy of amitrip-
tyline was ranked as the highest in the original study (Cipriani
et al,, 2018). However, in the clinical trials of amitriptyline, the
proportion of single-center trials is high. When this factor was
corrected for, amitriptyline remained the highest in pure effi-
cacy among the 19 antidepressants, which is about 3 times as
high as that of reboxetine at week 8. Amitriptyline is the rep-
resentative drug for tricyclic antidepressants and is included
in the World Health Organization List of Essential Medicines
(Furukawa et al.,, 2016). Although the efficacy of amitriptyline
is significantly higher than other antidepressants (Won et al,,
2014), its dropout rate due to adverse reactions was 11% higher
than that of the placebo group, which was also significantly
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Figure 4. Dose-effect relationship of each drug. Horizontal error bars represent the SD of doses after the combination of similar doses. The vertical error bars represent
the SD of the predicted pure efficacy of drugs at week 8 after the combination of same doses.

higher than other antidepressants. Among the remaining 18
antidepressants, excluding venlafaxine and bupropion, the 95%
confidence intervals of pure efficacy of other 16 antidepressants
at week 8 overlapped. However, the difference in pure efficacy
between venlafaxine and bupropion was small, which was 5.5%
at week 8. Therefore, we do not recommend ranking the efficacy
of these 18 antidepressants owing to the small differences in
efficacy among them.

Although most antidepressants had similar efficacy at week
8, there were some differences in the onset time. These results
showed that the onset time of trazodone and amitriptyline were
fast, and their ET,, values were less than 3 weeks. The onset
time of levomilnacipran, vortioxetine, paroxetine, nefazodone,
desvenlafaxine, vilazodone, and bupropion were relatively
slow, and their ET, values were longer than 5 weeks. It is worth
mentioning that the rapid onset of trazodone and amitriptyline
may be related to their sedative effect. Because amitriptyline
and trazodone are H1 antagonists, they can quickly improve
the sleep-related items of the HAMD (Becker, 2004). In addition,

treatment duration is an also important factor that affects the
effectiveness of antidepressants (Bauer et al., 2013), and our
model results showed that the efficacy of most antidepressants
at week 12 is about 1.5 times that at week 4. However, the effect
data at weeks 4-12 were combined for analysis in the previous
meta-analysis, which ignored the impact of time on drug effi-
cacy and thus may introduce deviation to the final conclusion
(Cipriani et al., 2009).

The approved dose range for some antidepressants is large,
such as the maximum approved dose for sertraline being 4 times
stronger than that of its minimum approved dose (Cipriani et al.,
2009). Recent meta-analyses (Hieronymus et al., 2016; Jakubovski
et al.,, 2016; Furukawa et al,, 2019a) have found a dose-response
relationship for SSRIs; however, these meta-analyses were based
on fixed-dose trials only, which do not reflect real-world condi-
tions. In addition, these meta-analyses combined the analysis of
different SSRIs and inevitably muddled the heterogeneity of dif-
ferent drugs. Therefore, the conclusions of the above studies are
questionable (Jakubovski et al., 2016; Furukawa et al., 2019b). In
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Figure 5. The predicted pure efficacy of each drug at week 8 (A) and the risk difference of adverse events between each drug and placebo (B). The error bar represents
95% confidence interval (CI) of the point estimate, the blue shadow area represents the distribution of efficacy (A) or adverse events (B) of the best drug, respectively.

this study, both fixed-dose and flexible-dose trials were included,
and the dose-response relationship of each drug was analyzed.
We found that 19 antidepressants had no significant dose-effect
relationship within the approved dose range, and their pure effi-
cacy at week 8 at high dose is comparable with that of low dose.
This result is consistent with the conclusions of a previous study
(Berney, 2005), which showed that the dose-response curve of
SSRIs is flat. These results indicated that it is difficult to show a
dose-effect relationship in clinical trials of antidepressants, and
the reasons for that may be due to the low pure efficacy and large
variation of antidepressants.

With the exception of amitriptyline, the dropout rate due
to adverse events of the other drugs is no more than 10%
higher than that of the placebo group. It should be noted that
the dropout rate due to adverse events of agomelatine was al-
most the same as that of placebo. Agomelatine is a potent
melatonergic MT1/MT2 receptor agonist with 5-HT2C receptor
antagonist properties (Maniadakis et al., 2013). In addition to
improving depression, agomelatine also has the advantages
of being able to normalize sleep and circadian rhythm (Tuma
et al., 2001), does not affect sexual function much, has good tol-
erance (Kennedy and Emsley, 2006), does not affect body weight,
and does not have a strong withdrawal response. However,
agomelatine has a risk of liver injury and requires regular moni-
toring of liver function (Norman and Olver, 2019).

Previous literature has suggested that there are differences
between antidepressants in improving different depressive
symptomologies (Baune et al., 2018). Therefore, it is necessary
to carry out research to compare the efficacy of different anti-
depressants on different depressive symptoms to better guide
patients to use drugs more effectively. However, this study
was unable to assess the efficacy of different antidepressants
on each depressive symptom due to the limited reports in the
literature. In addition, this study also has the following limita-
tions. This study only collected the study-level data for analysis,
and some covariates were not tested as the range of summary
level covariates was narrow. Despite the large amount of data

included in this study, many unpublished data were not in-
cluded in the analysis and this may lead to some bias.

Conclusion

This study is a reanalysis of a previously published network
meta-analysis that systematically compared the efficacy of 21
antidepressants. Compared with the original analysis method,
our analysis adjusted the heterogeneities among the studies
by modeling method and quantified the time-effect and dose-
effect relationships and factors influencing the efficacy of 19
antidepressants. The results showed that the efficacy of ami-
triptyline was the highest and that of the other antidepressants
were comparable or minimally different. Within the approved
dose range, no significant dose-response relationship was ob-
served. However, the time-course relationship is obvious for all
antidepressants, with their pure efficacy at week 12 being about
1.5 times higher than that at week 4. In addition, we found that
the efficacy of single-center clinical trials with inpatients was
significantly better than that of multi-center clinical trials with
noninpatients, which will need to be differentiated in future
meta-analyses.
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Supplementary data are available at International Journal of
Neuropsychopharmacology (JNPPY) online.
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