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Abstract

Objective

This study compares three major elements of evidence-based medicine (EBM) practices, namely

evidence synthesis, clinical practice guidelines (CPGs) and real-world prescriptions in the US,

regarding antidepressant treatments of major depression over the past three decades.

Study design and setting

We conducted network meta-analyses (NMAs) of antidepressants every S years up to 2016 based on a

comprehensive dataset of double-blind randomized controlled trials. We identified CPGs and extracted

their recommendations. We surveyed the prescriptions in the US at 5-yearly intervals up to 2015.

Results

Most drugs recommended by CPGs presented favorable performance in efficacy and acceptability in

NMAs. However, CPG recommendations were often in terms of drug classes rather than individual

drugs, while NMAs suggested distinctive difference between drugs within the same class. The update

intervals of all CPGs were longer than 5 years. All the antidepressants prescribed frequently in the US

were recommended by CPGs. However, changes in prescriptions did not correspond to alterations in

CPGs nor to apparent changes in the effects indicated by NMAs. Many factors including marketing

efforts, regulations or patient values may have played a role.
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Conclusions

Enhancements including accelerating CPG updates and monitoring the impact of marketing on

prescriptions should be considered in future EBM implementation.
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What is hew (HIGHLIGHTS)

o Ideally synthesized evidence, guidelines and prescriptions were compared dynamically

e Network meta-analysis helps earlier detection of discriminable effect of antidepressants

e Guidelines’ infrequent updates failed to capture all the changes in the evidence

e Fluctuations in real-world prescriptions could not be explained by changes in guidelines

e Marketing efforts might have played a critical role in prescriptions of antidepressant
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1 INTRODUCTION

Evidence-based medicine (EBM) provides the principle for decision-making in medical practice [1].
Ideally, systematic reviews (SRs) synthesize evidence from clinical trials. Clinical practice guidelines
(CPGs) then interpret the evidence and make concrete recommendations. Eventually, physicians
should update their knowledge with new evidence and guidelines, and share the information with

patients so that they can discuss and agree on a final decision [2].

However, previous studies have revealed potential problems in this ideal EBM process. Evidence itself
may be biased due to unpublished data [3]. SRs may be out-of-date at the time of publication [4, 5].
Similarly, CPGs may not be updated in a timely manner [6], or fail to reflect valid evidence due to
methodological flaws [7, 8]. When it comes to clinical decision-making, physicians may not follow
the recommendations or evidence because of personal experiences and beliefs, or they are too busy to
access the updated knowledge [9-11]. Further aggravating the problem, both physicians and patients

can be influenced by pharmaceutical industry’s marketing strategies [12, 13].

Major depressive disorder (MDD) is one of the most common mental disorders across cultures [14,
15]. Antidepressants have long been recommended as the first-line treatment for MDD, although their
absolute effectiveness has been debated to date [16]. Selecting the optimal medication from an
overwhelming array of options is not straightforward. Earlier evidence based on randomized controlled
trials (RCTs) and pairwise meta-analyses (MAs) suggested that antidepressants had indistinguishable
efficacy. With the advent of new evidence synthesis methods, some antidepressants emerged as being
more efficacious and acceptable than others [17, 18]. The new body of evidence comprised a large
amount of unpublished data te. minimize publication bias, and was synthesized by network meta-
analyses (NMAs), a method that compares multiple treatments simultaneously. NMA can detect the
difference between treatments earlier, and with greater power than conventional pairwise MAs [19],

hence provide the highest level of evidence [20, 21].

It remains unclear in the past decades, whether CPG recommendations duly reflected the evidence,
and how the real-world prescriptions followed the evidence and CPGs. The aim of this study is to
compare the three elements in this process, namely synthesized evidence, CPG recommendations, and
real-world prescriptions, for new generation antidepressants in treating acute phase MDD through the
past three decades (Figure 1). As some of the evidence was not available in early years (e.g.
unpublished trial reports could not be retrieved from regulatory agencies until 2000), it was impossible
to identify evidence as was available in those days, presumably in a deficient and biased manner.
Rather, we have shown the evolution of evidence via a series of consecutively conducted NMAs using
the largest network of RCTs to date [18, 22]. Therefore, we use this ideally synthesized evidence as
the benchmark, to reveal what should have been in the CPGs had we been able to perform the best

evidence synthesis, which could indicate advantages of implementing NMA. We have also described
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real-world prescription patterns of antidepressants in the past 20 years in the US, based on a population
representative database [23]. In the present study we selected several internationally representative
CPGs for the pharmacological treatment of MDD, examined how they were developed and updated,
and extracted their recommendations. We then compared the ideal evidence based on cumulative
NMAs, the CPG recommendations, and the prescriptions. We described the discrepancies over time if
there were any, and investigated some factors that may have caused the deviations. Understanding
potential barriers in the process of practicing EBM will help us identify future direction of

improvement.

2 METHODS

The protocol for this study has been published [24]. This study did not require approval by an
institutional review board because only group-level data and deidentified data were used. It was
registered at UMIN Clinical Trials Registry (identifier: UMINO00031898).

2.1 Three elements of the EBM process
We have previously published and described the first and the third elements in the EBM process
(Figure 1) [22, 23]. Here we provide brief summaries of the methods for these two elements, and

describe the second element.

2.1.1 Evidence based on cumulative network meta-analyses

The evidence synthesized in this study was supposed to reflect the ideal evidence which should have
been available at each retrospective time point. Briefly, the dataset included published and unpublished
double-blind RCTs of new generation antidepressant treatment for acute phase MDD adult patients
(>18 years old) [18]. The primary outcomes were: efficacy (response rate, measured as the proportion
of patients who achieved a reduction of at least 50% on any validated depression severity scales
compared to baseline at 8 weeks) and acceptability (all cause discontinuation rate, measured as the
proportion of patients who withdrew early due to any reasons) [25]. We included only head-to-head
trials (n=190) 1n the current study, because having a placebo arm among the comparisons changed the
nature of the trials [26, 27].

In order to track the evidence evolution, we conducted a series of cumulative NMAs every 5 years
since 1990 (i.e., at 1990, 1995, 2000, 2005, 2010 and 2016 respectively), each of which included all
the RCTs completed up to one year before that date. For each NMA, a random-effects model was used
to estimate the odds ratios (ORs) for both efficacy and acceptability. Then we assessed the confidence
in the evidence using the CINeMA (Confidence in Network Meta-Analysis) framework [28, 29], rating
the evidence for each estimate at four levels: high, moderate, low and very low confidence (details of
assessment are described in the Appendix 1 (p.3-4)). We presented the results in a two-dimensional

plot at each time point. Each node represented an antidepressant, with x-axis indicating the efficacy
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while y-axis indicating the acceptability compared with citalopram, a drug that was consistently
prescribed through the decades. We use a pie chart for each node to illustrate the level of confidence

in the evidence for each drug. Further information is provided in [22].

2.1.2 Guideline recommendations in the internationally representative CPGs

As described in the protocol, we have identified all the published versions of the following English
written, representative CPGs concerning the acute phase pharmacological treatment for adult patients
diagnosed with MDD proposed by these professional institutions (government agencies or professional
academic societies): (1) American Psychiatric Association (APA) [30-32]; (2) Agency for Health Care
Policy and Research (AHCPR) [33]; (3) British Association for Psychopharmacology (BAP) [34-37];
(4) National Institute for Health and Care Excellence (NICE) [38, 39].

Two researchers (YL and EGO) independently extracted the information about the methodology of
guideline development: (1) search strategies; (2) types of publication primarily used to produce
recommendations; (3) the latest SRs referenced; (4) whether the panel conducted additional evidence
synthesis, and the method of synthesis. We also extracted specific recommendations. We considered
a drug being recommended if the statement used ‘recommend’, ‘must’, ‘necessary’, ‘should’,
‘appropriate’ or other similar words to express instructions. Merely mentioned in the explanatory
paragraph without explicit suggestions was not considered a recommendation. If the recommendation
was in terms of drug category, we searched the definition 1 that guideline to identify corresponding
drugs. Recommendations regarding particular subgroups such as” elderly, severe, hospitalized, or

pregnant patients were excluded.

2.1.3 Antidepressant prescriptions in the US based on a population-representative database

The real-world prescription patterns were depicted based on the Medical Expenditure Panel Survey
(MEPS) database in the US [40]. Briefly, the MEPS comprises yearly large-scale surveys since 1996.
20,000 to 40,000 participants from a nationally representative sample of families and individuals and
their medical providers were involved every year. We included patients diagnosed with MDD, and
excluded those with bipolar disorder and psychotic depression. Our target medications were
antidepressants being approved for MDD by the US Food and Drug Administration (FDA). We
focused on antidepressant monotherapy, defined as patients who were prescribed only one
antidepressant within the whole year.

To be consistent with evidence synthesis, the proportion of a particular antidepressant was estimated
by the number of MDD patients being prescribed that antidepressant monotherapy among all the MDD
patients on monotherapy in the years 1996, 2000, 2005, 2010 and 2015. The calculation was based on
the national estimates using sampling weights. We drew a plot to show the prescription proportions

for each antidepressant over the years. Further details are available in [23].

6 /20



2.2 Comparison between cumulative NMAs, CPGs, and real-world prescriptions

Firstly, we compared the ideal evidence based on cumulative NMAs and CPG recommendations. We
marked on the plot of each NMA the drugs recommended by CPGs published within 5 years of that
NMA, in order to visually examine the relative effect indicated by evidence behind the drugs. We used
distinct colors to label drugs that were commonly recommended by more than two CPGs, and those

only recommended by a specific CPG.

Secondly, we compared CPGs and prescriptions in the US. We first examined whether frequently
prescribed antidepressants were recommended by CPGs, and whether the time-of recommendation
matched the growth in prescription. Conversely, we examined the prescription proportions for drugs
that were recommended by CPGs. Then, as we anticipated many potential factors might influence real-
world prescriptions (Figure 1), we investigated the following: (1) changes in relative efficacy and
acceptability based on NMAs; (2) patent expiry; (3) FDA safety warnings; (4) marketing promotions.
For (1), we identified visually noticeable rises and falls in the prescription trend, and checked whether
they were accompanied by apparent changes in the effect indicated by NMAs. (2) ~ (4) were examined
graphically on the prescription plot. We marked the year of patent expiry. We searched for FDA safety
warnings on critical side effects after approval for specific antidepressants. Warnings concerning all
antidepressants (e.g. the black-box warning of suicidal risk), or only to specific patient groups (e.g.
pregnancy use) were excluded. We tagged the year of warning on the plot. Since we did not have
precise data on marketing investment, we explored relationship of the market share between drugs
from the same company. We matched the antidepressants by company that marketed the branded

products to visualize their relations.

3 RESULTS

3.1 CPG recommendations

3.1.1 Update frequency

The update of all-the guidelines took more than 5 years, ranging from 5 to 10 years, with a median

interval of 7 years (Table 1).

3.1.2 Methodology used in developing CPGs

Most CPGs reported the methodology with details. Improvement was observed over time: databases
searched were increasing, and new evidence synthesis methods such as NMAs were adopted gradually.
Though all CPGs conducted extensive literature searches on main medical databases, NICE’s was the
most comprehensive, including trial registries and unpublished data. All the CPGs based their
recommendations primarily on published SRs and RCTs. The newest SRs referenced in the guidelines
were usually published a year before or even in the same year as the publication of guideline. Pairwise

MAs were the most frequent sources of evidence, except for NICE-2009, BAP-2015, and NICE-2018,
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in which NMAs were taken into consideration. BAP considered the indirect comparisons in NMAs
produced weaker evidence, while NICE fully addressed the interpretations of referenced NMAs.
AHCPR and NICE also conducted MAs and/or NMAs on their own. BAP-2008 and BAP-2015 also

referenced previously published guidelines.

3.1.3 Recommendations

We summarized the recommendations in Table 1. Antidepressants were recommended as the first-line
treatment for patients with MDD above threshold severity, especially with persistent symptoms, in all
CPGs. Most CPGs claimed they prioritized drugs with better safety profiles, as. most antidepressants
had comparable efficacy. All the CPGs recommended some particular antidepressants, usually with
unspecified or weaker strength of evidence than the general statements. Selective serotonin reuptake
inhibitors (SSRIs) were recommended by all the CPGs, though always as a drug category.

Table 1. Summary of Recommendations Extracted from Representative Clinical Practice Guidelines

Date of Organization | Country Recommended drugs™
publication TCAs SSRIs SNRIs Others
secondary TCA: SSRls:
1993 AHCPR us nortriptyline, fluoxetine, paroxetine, - gsz:):oigﬁ
desipramine sertraline [Py
SSRls:
1993 APA uUSs acceptable e, [P, - gszf:"lgﬁ
sertraline prop
SSRls:
1993 BAP UK lofepramine fluoxetine, fluvoxamine, - tr;aigr?g:r?t?
paroxetine, sertraline
SSRls:
nortriptyline, citalopram, fluoxetine, A ]
AU NS L desipramine fluvoxamine, paroxetine, Herliisidn LB
sertraline
SSRis: nefazodone

citalopram, fluoxetine,
fluvoxamine, paroxetine,
sertraline

SSRIs:
2004 NICE UK citalopram, escitalopram, #
fluoxetine, fluvoxamine,
paroxetine, sertraline

SSRIs:

citalopram, escitalopram, venlafaxine, . .
2008 BAP UK . fluoxetine, fluvoxamine, duloxetine mirtazapine
paroxetine, sertraline

SSRls:
B citalopram, escitalopram, B

2009 NICE UK fluoxetine, fluvoxamine, #

paroxetine, sertraline

S.tSIIRIS: ital venlafaxine,
2010 APA us - citalopram, escitalopram, desvenlafaxine,
fluoxetine, paroxetine, .
duloxetine

sertraline

S.SRIS: . agomelatine

2015 BAP UK ) citalopram, escitalopram, ) vortioxetine ’

fluoxetine, fluvoxamine, . s
mirtazapine

paroxetine, sertraline
SSRls:

20187 NICE UK B cttalop(am, escttalopram,
fluoxetine, fluvoxamine,
paroxetine, sertraline

2000 BAP UK lofepramine venlafaxine mirtazapine,

reboxetine

bupropion,
mirtazapine

- mirtazapine
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*Drug categories are based on National Drug Code Directory of the US Food and Drug Administration. If
recommendations were in the form of drug category rather than a particular drug, all the drugs belonging to that
category according to that guideline’s definition are presented.

#NICE-2004 stated that venlafaxine was not appropriate in primary care due to safety concerns. And NICE-2009
stated that both venlafaxine and duloxetine might not be considered as an initial treatment due to safety issues.
§BAP-2015 did not recommend mirtazapine explicitly in the main statements, but suggested it could be considered
due to efficacy. The reason why it was not in the main recommendations was that the evidence for mirtazapine came
from indirect comparisons in a network meta-analysis, which was considered less strong than direct comparisons.
YINICE started the update in 2015, but now it is still ongoing and the formal update has not yet published. The newest
draft was updated in May, 2018 and was open online (https://www.nice.org.uk/guidance/indevelopment/gid-
cgwave0725/documents, https://www.nice.org.uk/guidance/gid-cgwave0725/documents/full-guideline-updated).
Abbreviations: APA-American Psychiatric Association; NICE-National Institute for Health and Care Excellence;
BAP-British Association for Psychopharmacology; AHCPR-Agency for Health Care Policy and Research.
TCA=tricyclic antidepressant; SSRI=serotonin reuptake inhibitor; SNRI=serotonin and/norepinephrine reuptake
inhibitor.

3.2 Comparison between cumulative NMAs and CPGs recommendations

As an illustration, Figure 2A compares the NMA as of 2000 with the recommendations in CPGs
published between 2000 and 2005, while Figure 2B compares the NMA-as of 2005 with CPGs
published between 2005 and 2010 (details in the legend). Most of the commonly recommended drugs
had slightly to moderately better efficacy than citalopram except fluvoxamine (ORs of response rate
except fluvoxamine: 1.00-1.55 in 2000, 1.00-1.26 in 2005; ORs>1 favor the drug other than
citalopram), and comparable or slightly worse-aceeptability than citalopram except duloxetine (ORs
of discontinuation rate 0.98-1.41 in 2000, 1.08-1.34 except duloxetine in 2005; ORs>1 favor
citalopram). Compared to other SSRIs, fluvoxamine was less favorable in efficacy (OR 0.92 in 2000
and 0.94 in 2005), acceptability (OR 1.37 m 2000 and 1.34 in 2005), and evidence credibility
(moderate or high confidence accounted for only 3.8% in 2000, and 15.6% in 2005). It was still
commonly recommended by CPGs as one of SSRIs, and no attempt was made to distinguish between
individual SSRIs. Duloxetine, despite the low acceptability estimated in 2005 in NMA (OR 2.02), was
recommended by both APA and BAP, whereas NICE was against its use as an initial treatment due to
concerns about tolerability. Bupropion was recommended only by APA, since it was not approved to
treat MDD 'in the UK. In 2000, three relatively new drugs, nefazodone, reboxetine and mirtazapine
were recommended only by BAP. In 2008 BAP stopped recommending nefazodone and reboxetine,
which is justified by our NMA, as in 2005 both presented low acceptability and low certainty in the
evidence. Additionally, unlike the positive attitude towards venlafaxine in the contemporary APA and
BAP CPGs, NICE stated that venlafaxine should only be initiated and monitored by mental health

specialists, because of its increased risk of intolerability, overdose toxicity and withdrawal symptoms.

The plots at other time points are provided in eFigurel in the Appendix 2.1 (p.5-8). In general, the
relative efficacy, acceptability, and confidence in the evidence of drugs changed every 5 years, as new
products were launched into the market. In addition, eFigure 1 again indicates that BAP was more
open to new drugs, since it recommended agomelatine and vortioxetine in 2015 while other

contemporary CPGs did not.
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3.3 Comparison between CPGs recommendations and prescriptions

Figure 3 shows the prescription patterns of eight most frequently prescribed antidepressants as
monotherapy in treating MDD in the US during the past 20 years. eFigure 2 in the Appendix 2.2 (p.9)
shows it for all available drugs. Since APA is the only CPG proposed by a US organization with
updates, we could only compare the prescription patterns with the APA recommendations. All the
eight antidepressants in Figure 3 were recommended by APA. However, escitalopram was not formally
recommended until 2010, despite high volume prescriptions beginning in 2005. Cenversely, eFigure
2 shows that most recommended drugs were relatively frequently prescribed, except for mirtazapine,
which was prescribed persistently at low levels.

Figure 3 displays the influence of several factors on prescriptions. First, due to infrequent updating of
the guideline, changes in APA recommendations (marked by.drugs being newly recommended) could
not explain the fluctuations in prescription. Second, a reduction in the share after patent expired can
be seen in sertraline, fluoxetine, paroxetine, venlafaxine and escitalopram. Third, the FDA liver side
effect warning for duloxetine in 2005 seems not to have caused a prescription decrease. However, the
risk of causing QT prolongation followed a fall for both escitalopram and citalopram. Finally, it
exhibits a shift pattern in prescription proportions.of the drugs whose branded products are marketed
by the same company. A reduction in one drug was accompanied by an increasing tendency for another.
The shift between citalopram and escitalopram pair was around 2005, when citalopram just lost its
patent. Citalopram experienced a drop while escitalopram soon achieved a very large prescription
volume when it was quite new. There is a slight shift in the prescription proportions of fluoxetine and
duloxetine pair after fluoxetine lost its patent: The shift between two longstanding drugs sertraline and
venlafaxine was not obvious. It should be mentioned that venlafaxine was marketed by Wyeth before
Pfizer completed acquisition of Wyeth in 2009. For paroxetine and bupropion, paroxetine’s share
continued to go down after patent expiry; while bupropion whose patent has expired for long, achieved
a slight increase in the share, which may be related to the approval of a new once-daily sustained-
release formulation in 2003.

We also explored the relationship between effect changes in NMAs and prescription fluctuations. We
identified a visually prominent growth in citalopram and duloxetine share between 2005 and 2010, and
a loss of share in fluoxetine and paroxetine after 2000 (Figure 3). After comparing NMA at 2005 and
2010, as well as NMA at 2010 and 2016 (eFigure 1), no corresponding leap or drop in relative efficacy
or acceptability was noticed. In fact, duloxetine sustained relatively low efficacy (ORs 1.02-1.13) and
acceptability (ORs 1.61-2.02) in both 2005 and 2010. Moreover, citalopram and escitalopram were
frequently prescribed immediately upon entering the market, where evidence had not yet been
sufficient.
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4 DISCUSSION

Cumulative NMAs suggested that the efficacy, acceptability, and confidence in the evidence for certain
drugs were distinguishable and changed dynamically through the decades. CPGs developed by
different groups had unique features: NICE expressed more concerns on safety; whereas BAP seemed
more open to new drugs and committed more amendments in their updates. CPGs were developed
following a rigorously reported methodology which improved over time. Even in comparison with
ideally synthesized evidence, no obvious inappropriateness was found in CPG recommendations.
However, NMA could have helped us differentiate the effect of individual drugs earlier and detect the
changes in the effect. Real-world prescriptions were not against CPG recommendations; however, the
fluctuations could not be fully explained by either CPGs or cumulative NMAs, and many factors may

have played a role.

Although CPG were developed based on valid methodology, using NMA conducted on a
comprehensive dataset as benchmark let us see how it may have facilitated EBM process. First,
consistent with previous studies [19, 41], NMA could have promoted earlier detection of individual
drug difference in effect. SSRIs were recommended as a group without further distinguishing within
the category by CPGs, whereas our evidence suggested fluvoxamine was less favorable in efficacy,
acceptability and evidence certainty compared with other SSRIs. Second, our cumulative NMAs
indicates a rapid change in evidence, implying that CPGs may need to speed up their updates in order
to catch up with evidence. Recently, living systematic reviews; based on prospectively designed
consecutive NMA, were suggested to be able to shorten the time of SR update [42-44]. It can further
contribute to a living guideline, which updates as soon as new evidence becomes available, making
timely recommendations possible [45,46]. Therefore, high quality NMAs based on exhaustive data to
minimize publication bias [3], if being utilized properly, may increase the precision and update speed
of future CPGs.

Similar to previous studies, our study implies that factors other than CPG recommendations and
evidence may shape the real-world prescription patterns [47]. Marketing efforts may be especially
worthy of note. We observed a shift in the prescription share between citalopram and escitalopram and
between fluoxetine and duloxetine, both shortly after the patent expiry of the older product, which may
be explained by a switch of promotional resources from the old drug in favor of the novel product
marketed by the same company. Especially duloxetine’s growth was before formal recommendation,
regardless of its comparably unfavorable efficacy and acceptability indicated in the NMAs and by
FDA'’s safety warning. This shift pattern was also observed among paroxetine and bupropion, right
when bupropion’s new formulation was approved in 2003. Furthermore, the fact that citalopram and
escitalopram achieved large market shares when they were just launched, also implicitly implies a
remarkable role of promotions. It may be dangerous, especially in the US, where direct-to-consumer

advertising is legal, the influence was on not only physicians but also patients [48, 49]. How EBM
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should be properly implemented under the impact of marketing needs more attention. In addition, we
found that patient values might also play a role. Mirtazapine appeared an example of an interplay
between side-effect profiles and unique cultural values. It was recommended by APA, though the
prescription volume remained at low level. This might be due to its side effect of gaining weight and
increasing serum lipid level, which possibly caused more worries to American physicians and patients

than it did in other countries [50].

There are some limitations in our study. First, we did not use any statistical tests to evaluate the
associations. Statistical tests such as correlation test needs assumptions and thus may lose clinical
relevancy. Due to the descriptive nature, we could not draw firm conclusions. Second, owing to
difficulties in acquiring truly available evidence in early years, we used NMAs to illustrate the
evidence. It makes the comparison not straightforward, because NMA was not applicable in the past.
However, comparing to this ideal evidence help us realize how NMA could have facilitated evidence
synthesis and how our future practice can be improved. Besides, our NMAs did not reflect long-term
beneficial and harmful effect, which should have been valued in CPG development. Nevertheless, it
could still be useful for drug selections. Third, due to lack of some sufficient and precise information
in the MEPS database and for factors like marketing investment, the explanations concerning changes
in prescription are generating hypotheses rather than proving associations. In fact, marketing strategies
are not always explicit, like interactions between representatives from companies and clinicians or
advertisements [51, 52], they can take more implicit forms, such aswvia scientific publications [53, 54],
which are even more dangerous while their influence is hard to be quantified. Future studies, based on
richer and more accurate data, and from other countries worldwide, are warranted to validate those

hypotheses.

5 CONCLUSIONS

To our knowledge, this is the first study to describe and compare the evolutions of the three main
elements in EBM process: ideally synthesized evidence about treatment effects, CPGs, and
prescriptions simultaneously, with regard to antidepressants in treating MDD patients over the past
three decades. The findings indicate that there is still good room for improvement. CPGs appeared to
reflect the evidence base, but NMA could have helped us detect distinctions between individual drugs
and changes in /the effect earlier. By contrast, the real-world prescription patterns showed larger
fluctuations which were not fully explicable either in terms of CPG recommendations or cumulative
NMA results. We suggest enhancements should include accelerating guideline updates, involving
advanced evidence synthesis methods for guideline development, and monitoring the impact of

marketing on prescriptions.

12 / 20



DECLARATIONS

Acknowledgements

ACi and EGO are supported by the National Institute for Health Research (NIHR) Oxford Cognitive Health
Clinical Research Facility; and ACi is also supported by an NIHR Research Professorship (grant RP-2017-08-ST2-
006) and by the NIHR Oxford and Thames Valley Applied Research Collaboration. The views expressed are those
of the authors and not necessarily those of the UK National Health Service, the NIHR, or the UK Department of
Health. GS has received funding from the Swiss National Science Foundation (Grant No./179158).

The analysis regarding the prescription pattern in this paper was conducted at the CFACT Data Center, and the
support of AHRQ is acknowledged. The results and conclusions in this paper are those of the'authors and do not

indicate concurrence by AHRQ or the Department of Health and Human Services.

Funding

This study was supported in part by JSPS Grant-in-Aid for ScientificiResearch (Grant Number 17k19808) to TAF
and by the National Institute for Health Research (NIHR) Oxford Health Biomedical Research Centre (grant BRC-
1215-20005) to ACi and EGO. The funder has no role in study design, data collection, data analysis, data

interpretation, writing of the report, or in the decision to submit for publication.

Competing interests

TAF reports personal fees from Mitsubishi-Tanabe, MSD and Shionogi and a grant from Mitsubishi-Tanabe, outside
the submitted work; TAF has a patent 2018-177688 (pending). ACi has received research and consultancy fees from
INCiPiT (Italian Network for Paediatric Trials), CARIPLO Foundation and Angelini Pharma. All the other authors

report no competing interests to declare.

Ethical standards
This study does not require institutional review board approval and participant consent, because only group-level

data and deidentified data were used.

Availability of data and materials

The data for evidence synthesis are openly available in https://github.com/y-luo06/cNMA_of antidepressant. The

prescription data used in this study are publicly available in the Medical Expenditure Panel Survey (MEPS),
https://meps.ahrq.gov/mepsweb/.

Authors’ contributions

YL and TAF designed the study. Regarding evidence synthesis, YO managed the original data, YL and ACh
conducted statistical analyses, TAF and GS gave suggestions for analytical plans. YL and EGO extracted the
guideline recommendations. YL conducted analysis for prescription data, and YK helped the analysis. YL, ES,

EGO, ACi and TAF participated in interpretation of the results. YL drafted the manuscript and all authors critically

13/ 20



revised the manuscript and approved the final version. All authors gave final approval of the version to be
published.

REFERENCES
[1] Djulbegovic B, Guyatt GH. Progress in evidence-based medicine: a quarter century on. Lancet. 2017;390:415-23.

https://doi.org/10.1016/S0140-6736(16)31592-6

[2] Haynes RB. Of studies, syntheses, synopses, summaries, and systems: the "5S" evolution‘of information services for

evidence-based healthcare decisions. Evid Based Med. 2006;11:162-4. https://doi.org/10.1136/cbm.11.6.162-a

[3] Turner EH, Matthews AM, Linardatos E, Tell RA, Rosenthal R. Selective publication of antidepressant trials and its
influence on apparent efficacy. N Engl J Med. 2008;358:252-60. https://doi.org/10.1056/NEJMsa065779

[4] Shojania KG, Sampson M, Ansari MT, Ji J, Doucette S, Moher D. How quickly do systematic reviews go out of date?
A survival analysis. Ann Intern Med. 2007;147:224-33.

[5] Beller EM, Chen JK, Wang UL, Glasziou PP. Are systematic reviews up-to-date at'the time of publication? Syst Rev.
2013;2:36. https://doi.org/10.1186/2046-4053-2-36

[6] Martinez Garcia L, Sanabria AJ, Garcia Alvarez E, Trujillo-Martin MM, Etxeandia-lkobaltzeta I, Kotzeva A, et al. The
validity of recommendations from clinical guidelines: / a survival analysis. CMAJ. 2014;186:1211-9.

https://doi.org/10.1503/cmaj.140547

[7] Schunemann HJ, Wiercioch W, Etxeandia I, Falavigna.M, Santesso N, Mustafa R, et al. Guidelines 2.0: systematic
development of a comprehensive checklist for’ a successful guideline enterprise. CMAJ. 2014;186:E123-42.
https://doi.org/10.1503/cmaj.131237

[8] Alonso-Coello P, Oxman AD, Moberg J, Brignardello-Petersen R, Akl EA, Davoli M, et al. GRADE Evidence to

Decision (EtD) frameworks: a systematic and transparent approach to making well informed healthcare choices. 2: Clinical

practice guidelines. BMJ. 2016;353:12089. https://doi0rg/10.1136/bmj.i2089

[9] Forsetlund L, Bjorndal A,Rashidian A, Jamtvedt G, O'Brien MA, Wolf F, et al. Continuing education meetings and
workshops: effects on professional practice and health care outcomes. Cochrane Database Syst Rev. 2009:CD003030.
https://doi.org/10.1002/14651858.CD003030.pub2

[10] Ivers N, Jamtvedt G; Flottorp S, Young JM, Odgaard-Jensen J, French SD, et al. Audit and feedback: effects on

professional ‘practice = and  healthcare  outcomes. Cochrane Database Syst Rev. 2012:CD000259.
https://doi.org/10.1002/14651858.CD000259.pub3

[11] O'Brien MA, Rogers S, Jamtvedt G, Oxman AD, Odgaard-Jensen J, Kristoffersen DT, et al. Educational outreach
visits: effects on professional practice and health care outcomes. Cochrane Database Syst Rev. 2007:CD000409.
https://doi.org/10.1002/14651858.CD000409.pub2

[12] Yeh JS, Franklin JM, Avorn J, Landon J, Kesselheim AS. Association of Industry Payments to Physicians With the
Prescribing of  Brand-name  Statins in  Massachusetts. JAMA Intem Med.  2016;176:763-8.
https://doi.org/10.1001/jamainternmed.2016.1709

[13] Rose SL, Highland J, Karafa MT, Joffe S. Patient Advocacy Organizations, Industry Funding, and Conflicts of Interest.
JAMA Intern Med. 2017;177:344-50. https://doi.org/10.1001/jamainternmed.2016.8443

[14] World Health Organization (WHO). Depression and other common mental disorders: global health estimates. World
14 / 20



Health Organization: 2017. Available at: http://www.who.int/iris/handle/10665/254610. Accessed 10 May 2019.
[15] Lim GY, Tam WW, Lu Y, Ho CS, Zhang MW, Ho RC. Prevalence of Depression in the Community from 30 Countries
between 1994 and 2014. Sci Rep. 2018;8:2861. https://doi.org/10.1038/s41598-018-21243-x

[16] Jakobsen JC, Gluud C, Kirsch I. Should antidepressants be used for major depressive disorder? BMJ Evidence-Based
Medicine. 2020;25:130. https://doi.org/10.1136/bmjebm-2019-111238
[17] Cipriani A, Furukawa TA, Salanti G, Geddes JR, Higgins JP, Churchill R, et al. Comparative efficacy and acceptability

of 12 new-generation antidepressants: a multiple-treatments meta-analysis. Lancet. 2009;373:746-58.

https://doi.org/10.1016/S0140-6736(09)60046-5

[18] Cipriani A, Furukawa TA, Salanti G, Chaimani A, Atkinson LZ, Ogawa Y, et al. Comparative efficacy and
acceptability of 21 antidepressant drugs for the acute treatment of adults with major depressive disorder: a systematic

review and network meta-analysis. Lancet. 2018;391:1357-66. https://doi.org/10.1016/S0140-6736(17)32802-7

[19] Nikolakopoulou A, Mavridis D, Furukawa TA, Cipriani A, Tricco AC, Straus SE, et al. Living network meta-analysis
compared with pairwise meta-analysis in comparative effectiveness research: empirical study. BMJ. 2018;360:k585.
https://doi.org/10.1136/bmj.k585

[20] Leucht S, Chaimani A, Cipriani AS, Davis JM, Furukawa TA, Salanti G. Network meta-analyses should be the highest

level of evidence in treatment guidelines. Eur Arch Psychiatry Clin Neurosci. 2016;266:477-80.
https://doi.org/10.1007/s00406-016-0715-4

[21] Higgins JP, Welton NJ. Network meta-analysis: a.norm for comparative effectiveness? Lancet. 2015;386:628-30.
https://doi.org/10.1016/S0140-6736(15)61478-7

[22] Luo Y, Chaimani A, Furukawa TA, Kataoka Y, Ogawa Y, Cipriani A, et al. Visualizing the Evolution of Evidence:
Cumulative Network Meta-Analyses of New Generation Antidepressants in‘the Last 40 Years. Res Synth Methods. 2020.
https://doi.org/10.1002/jrsm.1413

[23] Luo Y, Kataoka Y, Ostinelli EG; Cipriani. A, Furukawa TA. National Prescription Patterns of Antidepressants in the
Treatment of Adults With Major Depression in the US Between 1996 and 2015: A Population Representative Survey Based
Analysis. Front Psychiatry. 2020;11:35. https://doi.org/10.3389/fpsyt.2020.00035

[24] Luo Y, Chaimani A, Kataoka Y, Ostinelli EG, Ogawa Y, Cipriani A, et al. Evidence synthesis, practice guidelines and
real-world prescriptions of new generation antidepressants in the treatment of depression: a protocol for cumulative
network meta-analyses and meta-epidemiological study. BMJ Open. 2018;8:¢023222. https://doi.org/10.1136/bmjopen-
2018-023222

[25] Furukawa TA: How can we make the results of trials and their meta-analyses using continuous outcomes clinically

interpretable? Acta Psychiatr Scand. 2014;130:321-3. https://doi.org/10.1111/acps.12278

[26] Sinyor M, Levitt AJ, Cheung AH, Schaffer A, Kiss A, Dowlati Y, et al. Does inclusion of a placebo arm influence
response to active antidepressant treatment in randomized controlled trials? Results from pooled and meta-analyses. J Clin

Psychiatry. 2010;71:270-9. https://doi.org/10.4088/JCP.08r04516blu

[27] Salanti G, Chaimani A, Furukawa TA, Higgins JPT, Ogawa Y, Cipriani A, et al. Impact of placebo arms on outcomes
in antidepressant trials: systematic review and meta-regression analysis. Int J Epidemiol. 2018;47:1454-64.
https://doi.org/10.1093/ije/dyy076

[28] CINeMA. CINeMA: Confidence in Network Meta-Analysis [Software]. Institute of Social and Preventive Medicine;
15/ 20




2017. Available at: http://cinema.ispm.unibe.ch. Accessed 23 August 2019.

[29] Nikolakopoulou A, Higgins JPT, Papakonstantinou T, Chaimani A, Del Giovane C, Egger M, et al. CINeMA: An
approach for assessing confidence in the results of a network meta-analysis. PLoS Med. 2020;17:¢1003082.
https://doi.org/10.1371/journal.pmed. 1003082

[30] American Psychiatric Association (APA). Practice guideline for major depressive disorder in adults. American

Psychiatric Association. Am J Psychiatry. 1993;150:1-26. https://doi.org/10.1176/ajp.150.4.1

[31] American Psychiatric Association (APA). Practice guideline for the treatment of patients with major depressive
disorder (revision). American Psychiatric Association. Am J Psychiatry. 2000;157:1-45.

[32] American Psychiatric Association (APA). Practice Guideline for the Treatment of Patients*With Major Depressive
Disorder (3rd Edition). 2010.

[33] Agency for Health Care Policy and Research (AHCPR). Depression in Primary Care: Volume 2. Treatment of Major
Depression. Rockville MD. U.S.1993.

[34] Montgomery SA, Bebbington P, Cowen P, Deakin W, Freeling P, Hallstrom C, et al: Guidelines for treating depressive
illness with antidepressants: A statement from the British Association for Psychopharmacology. J Psychopharmacol.

1993;7:19-23. https://doi.org/10.1177/0269881193007001041

[35] Anderson IM, Nutt DJ, Deakin JF. Evidence-based guidelines for treating depressive disorders with antidepressants:
a revision of the 1993 British Association for Psychopharmacology guidelines. British Association for

Psychopharmacology. J Psychopharmacol. 2000;14:3-20.-https://doi.org/10.1177/026988110001400101

[36] Anderson IM, Ferrier IN, Baldwin RC, Cowen PJ, Howard L, Lewis G, et al. Evidence-based guidelines for treating
depressive disorders with antidepressants: a revision of the 2000 British Association for Psychopharmacology guidelines.
J Psychopharmacol. 2008;22:343-96. https://doi.org/10.1177/0269881107088441

[37] Cleare A, Pariante CM, Young AH, Anderson IM, Christmas D, Cowen PJ, et al. Evidence-based guidelines for

treating depressive disorders with-antidepressants: A‘revision of the 2008 British Association for Psychopharmacology

guidelines. J Psychopharmacol. 2015;29:459-525. https://doi.org/10.1177/0269881115581093

[38] National Institute for Health and Care Excellence (NICE). Management of depression in primary and secondary care.

https://wwwniceorguk/guidance/CG23:72004.

[39] National Institute for. Health and Care Excellence (NICE). Depression in adults: recognition and management.
niceorguk/guidance/cg90. 2010.
[40] U.S. Agency for Healthcare Research and Quality. Medical Expenditure Panel Survey (MEPS). Available at:

https://meps.ahrg.gov/mepsweb/. Accessed 4 June 2019.

[41] Rouse B, Cipriani A, Shi Q, Coleman AL, Dickersin K, Li T. Network Meta-analysis for Clinical Practice Guidelines:
A Case Study on First-Line Medical Therapies for Primary Open-Angle Glaucoma. Ann Intern Med. 2016;164:674-82.
https://doi.org/10.7326/M15-2367

[42] Elliott JH, Turner T, Clavisi O, Thomas J, Higgins JP, Mavergames C, et al. Living systematic reviews: an emerging
opportunity to narrow the evidence-practice gap. PLoS Med. 2014;11:¢1001603.
https://doi.org/10.1371/journal.pmed.1001603

[43] Elliott JH, Synnot A, Turner T, Simmonds M, Akl EA, McDonald S, et al. Living systematic review: 1. Introduction-

the why, what, when, and how. J Clin Epidemiol. 2017;91:23-30. https://doi.org/10.1016/j.jclinepi.2017.08.010
16 / 20




[44] Nikolakopoulou A, Mavridis D, Egger M, Salanti G. Continuously updated network meta-analysis and statistical
monitoring for timely decision-making. Stat Methods Med Res. 2018;27:1312-30.
https://doi.org/10.1177/0962280216659896

[45] Akl EA, Meerpohl 1], Elliott J, Kahale LA, Schunemann HJ, Living Systematic Review Network. Living systematic
reviews: 4. Living guideline recommendations. J Clin Epidemiol. 2017;91:47-53.

https://doi.org/10.1016/].jclinepi.2017.08.009

[46] Vogel JP, Dowswell T, Lewin S, Bonet M, Hampson L, Kellie F, et al. Developing and applying a 'living guidelines'
approach to WHO recommendations on maternal and perinatal health. BMJ Glob Health. 2019;4:¢001683.
https://doi.org/10.1136/bmjgh-2019-001683

[47] Nguyen T, Seiler N, Brown E, O'Donoghue B. The effect of Clinical Practice Guidelines on prescribing practice in
mental health: A systematic review. Psychiatry Res. 2020;284:112671. https://doi.org/10.1016/j.psychres.2019.112671

[48] Wilkes MS, Bell RA, Kravitz RL. Direct-to-consumer prescription drug advertising: trends, impact, and implications.
Health Aff (Millwood). 2000;19:110-28. https://doi.org/10.1377/hlthaff.19.2.110

[49] Greenslit NP, Kaptchuk TJ. Antidepressants and advertising: psychopharmaceuticals-in crisis. Yale J Biol Med.
2012;85:153-8.

[50] Hartmann PM. Mirtazapine: a newer antidepressant. Am Fam Physician. 1999;59:159-61.

[51] Naik AD, Woofter AL, Skinner JM, Abraham NS. Pharmaceutical company influence on nonsteroidal anti-
inflammatory drug prescribing behaviors. Am J Manag Care. 2009;15:e9-15.

[52] Pollack D, Wopat R, Muench J, Hartung DM. Show me the evidence: the ethical aspects of pharmaceutical marketing,
evidence-based medicine, and rational prescribing. Journal of Ethics in Mental Health. 2009;1:1-9.

[53] Spielmans GI, Parry PI. From evidence-based medicine to marketing-based medicine: evidence from internal industry
documents. Journal of Bioethical Inquiry. 2010;7:13-29.

[54] Azoulay P. Do pharmaceutical sales respond to scientific evidence? . Journal of Economics & Management Strategy.

2002;11:551-94.

17/ 20



Figures

Figure 1. Three elements of the evidence-based medicine process and their relationship evaluated in the
present study. Rectangles indicate the three elements studied: a) cumulative evidence about drug effects, b)
clinical practice guidelines, and ¢) prescription patterns. Bubbles indicate important factors which may
influence the process, but we do not have accurate and sufficient data. Blue bubbles indicate factors we
explored, though indirectly: we studied the impact of patent expiry year, safety warnings from the regulatory
agency and compared the share of drugs marketed by the same company. Factors in grey bubbles are

unobserved in this study.
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Figure 2. Comparison between network meta-analyses and guideline recommendations in 2000 (A) and
2005 (B). Results are presented as ORs compared with citalopram. Efficacy is shown in x-axis, with ORs>1
favoring the specific drug, while acceptability is shown in y-axis, with ORs>1 favoring citalopram. Therefore,
the drugs in the right upper corner should be better in both efficacy and acceptability.

The node for each drug is shown in terms of a pie chart, which indicates the composition of 4-level confidence
of evidence among all comparisons with that drug, for both efficacy and acceptability. Greenm: high, bluem:
moderate, : low, and redm: very low confidence. The size of each node is proportionate to the inverse
of the width of confidence interval regarding efficacy. Bigger nodes indicate better precision in efficacy.

Drug names labeled in green indicate that they were commonly recommended by more than.two guidelines
published within 5 years from the time of network meta-analyses. Names in indicate that they were
recommended by only (BAP-2000, BAP-2008), whereas
those in purple indicate that they were recommended only by American Psychiatric Association (APA) (APA-
2000, APA-2010). The v label indicates a relatively new drug.
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Figure 3. Prescriptions of the eight most frequently prescribed antidepressants (as monotherapy) for
major depression patients over the years (proportions). Drugs whose branded products are marketed by the
same company are labeled in the same color, one by a solid line and another a dotted line.

Circles mark the drug and the year when it was first recommended in the APA guideline. Triangles indicate the
year of patent expiry for a specific drug. Crosses label the safety warning issued by FDA, locating the year and
the drug. Note that FDA only published the warning of QT prolongation for citalopram, while the Medicines
and Healthcare Products Regulatory Agency in the UK issued it for both citalopram and escitalopram. For all
the labels, the color also matches the drug.

*Patent expiration of paroxetine (GSK): the patent was expired in 1999 in the EU and UK, while in the US, it
was still protected (until 2006). However, since several generic companies attained abbreviated new drug
application (ANDA) before 2006, legal actions were taken by GSK. In 2003, the US District Court of Illinois
ruled that one generic version of paroxetine did not infringe GSK’s original patent, and then the generic drug
was launched in 2003. (Reference: Generic Depression: Can Paxil Avoid Prozac’s Fate? Journal of Generic
Medicines. 2004, 1(2), 181-184. https://doi.org/10.1057/palgrave.jgm.4940010)
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