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Abstract

This thesis focuses on the antidepressant effects of selective serotonin
reuptake inhibitors (SSRIs) and how these are reflected by the Hamilton
Depression Rating Scale (HDRS). To this end, we have assembled a
large data set of placebo-controlled SSRI trials in major depression, and
used this for a series of post-hoc patient-level analyses.

Thus, in a population of 8 262 patients treated with either of four SSRIs
(citalopram, fluoxetine, paroxetine, or sertraline) or placebo, we have
assessed (1) to what extent the various symptoms included in the HDRS
separate between active treatment and placebo, and contrasted this to the
sum-score of all HDRS items, which has been the conventional effect
parameter, (2) whether the effects of SSRIs are dose-dependent, (3)
whether side effects are necessary for SSRIs to outperform placebo, (4)
if SSRIs increase or decrease suicidal ideation, and (5) whether only
patients with high baseline depression severity respond to treatment with
SSRIs.

We found that the influence of drug treatment on individual HDRS items
differs vastly with regard to both the size and direction of effect. While
depressed mood and other core symptoms of depression are consistently
improved by SSRI treatment, HDRS items that may reflect typical SSRI
side effects, such as e.g., gastrointestinal symptoms and sexual
symptoms, respond, on average, negatively. The HDRS sum-score thus
represents an aggregate of beneficial effects on core depression
symptoms and detrimental effects on possible side-effect related items.
Further, we suggest that the balance between these domains vary with
time under treatment, with side-effects being relatively more influential



early in treatment, thereby obfuscating significant positive effects
otherwise evident as early as after one week of treatment.

We also found evidence for a dose-response relationship, i.e., very low
SSRI doses were more effective than placebo, but less effective than
higher doses; this relation plateaued at the low to mid-range of currently
recommended doses. We did not find any evidence in support of the
hypothesis that side effects be an indispensable prerequisite for
antidepressant efficacy, or that side effect severity moderates response.
We could replicate previous studies showing SSRIs to decrease suicidal
ideation in subjects > 25 years of age, but could not detect a significant
influence of SSRIs in either direction in young adults (18 < age < 25).
We found baseline symptom severity to be positively associated with
SSRI efficacy when measured by the HDRS sum-score. This was
however not the case for core depression symptoms where instead
patients improved equally regardless of baseline severity. We suggest
this to be partly due to non-core symptoms being absent in low-severity
patients, thus leaving less room for improvement and more room for
worsening on side-effect related items. Most of these observations were
replicated in a population of 3575 patients from studies of the serotonin
and noradrenaline reuptake inhibitor duloxetine.

We conclude 1) that the sum-score of the HDRS rating scale is an
insufficient and insensitive measure of antidepressant efficacy, ii) that
the use of this outcome parameter has led to an underestimation of the
true efficacy of SSRIs and SNRIs, particularly at the early phase of
treatment and in subjects with relatively mild depression, iii) that normal
doses of antidepressants are superior to low doses but not inferior to high
doses, iv) that antidepressant effects are not, as has been suggested,
secondary to side effects breaking the blind, and v) that the net effect of
antidepressants on suicidality is beneficial, at least in subjects > 25 years
of age. In conjunction, the results rebut many of the claims that have
been put forward by those questioning the usefulness of antidepressants.

Keywords: antidepressants, antidepressive agents, depression, major
depressive disorder, selective serotonin reuptake inhibitor, SNRI, SSRI.
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Sammanfattning pa svenska

De selektiva serotoninaterupptagshdmmarna (SSRI) utgér de oftast
anvinda ldkemedlen mot depression. Under senare ar har deras
antidepressiva effekt dock ifragasatts, och det har dven hévdats att de kan
oOka risken for sjdlvmord. Det forskningsprojekt som sammanfattas i denna
avhandling har gétt ut pa att med nya infallsvinklar analysera utfallet av ett
stort antal tidigare utférda placebo-kontrollerade studier vari SSRI-medel
jamforts med placebo. I den forsta av avhandlingens sex artiklar underséker
vi SSRIs effekt pad olika symptom, och finner hdrvid att ndstan alla
genomforda studier visar att dessa medel ar tydligt battre dn placebo vad
giller att minska det centrala symptomet nedstdmdhet. I den andra artikeln
visar vi att ldga doser av SSRI-medel ar mer effektiva dn placebo men
samre an hogre doser. Att dessa laga doser dnda inkluderats i tidigare
analyser har hairmed medfort att man underskattat medlens positiva verkan.
Vi ser ocksa att SSRI, till skillnad fran vad som ofta hdvdas, utévar en liten
men sékerstilld forbéttring av stimningslaget redan efter en veckas
behandling. Den tredje artikeln undersdker om de har rétt som hévdar att
enda skélet till att SSRI-medlen fungerar béttre 4dn placebo 1
lakemedelsstudier &r att biverkningarna far patienten att inse att han/hon ej
lottats till placebo, vilket skulle kunna 6ka placebo-effekten hos dem som
fatt aktiv behandling. Var observation att ocksa de patienter som ej erfarit
nagra biverkningar forbattras mer d4n de som erhallit placebo talar emot
denna hypotes. I den fjiarde artikeln undersdker vi hur SSRI paverkar
sjdlvmordstankar hos patienter med depression. Vi finner hirvid att medlen
utovar en tydligt positiv effekt redan fran forsta veckan hos dem over 25
ars alder, men att effekten hos yngre patienter &r mer svarbedomd, delvis
for att antalet yngre patienter i var databas var forhallandevis litet. Den
femte artikeln motiveras av att det ofta hivdas att det bara dr patienter med
mycket djup depression som eventuellt har nytta av SSRI-behandling. Vi
finner dock att de med forhallandevis mild depression (men likvil av
tillrdcklig svarighetsgrad for att de skall ha inkluderats i likemedelsstudier)
vad géller centrala symtom som t ex nedstimdhet forbattras i samma
utstrackning som de med ett mer allvarligt tillstand. I den sjitte och sista
artikeln har vi granskat likemedelsstudier avseende ett antidepressivt
lakemedel ur gruppen SNRI-medel, dvs medel med delvis annorlunda
verkan dn SSRI-medlen, och kan hérvid replikera de observationer vi gjort
for SSRI-preparaten. Vi finner vidare att skillnaderna mellan SSRI och
SNRI forefaller mindre &dn vad som tidigare hivdats.
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1 Background

1.1 Major Depressive Disorder

An episode of Major Depressive Disorder (MDD) consists of a period
of at least two weeks in which the patient displays a pronounced
reduction in overall mood and/or a marked loss of interest in, or pleasure
from, usual activities (anhedonia).'* To qualify for a diagnosis, at least
three or four additional symptoms of depression (e.g., weight change,
sleep disturbance, fatigue, feelings of worthlessness, suicidal ideation)
need to be present. Furthermore, these symptoms must represent a
change from the individual’s usual state, they must cause significant
distress or functional impairment, and they must not be better explained
by another reason than depression, e.g., a somatic disease, substance
abuse, or another psychiatric disease.

Lifetime prevalence of MDD varies considerably with sampling
methodology and across populations, but has been estimated to be in the
10 to 20% range, with the 12-month prevalence being about half of
that.*® At least half of all patients who recover from their first depressive
episode will have one or more additional episodes, and among patients
who have had two episodes the recurrence rate is approximately 80%.°
Depression is roughly twice as common in females as it is in men.
Incidence peaks around middle-age, and being disabled, unemployed or
of low income is associated with MDD, as is being previously or never
married,*” or having been exposed to traumatic events.!°

Twin studies have estimated heritability to be around 40-50% and
family studies indicate a two to threefold increase in lifetime risk of
developing depression among first-degree relatives.'"'> While progress
in identifying genetic risk variants has been limited, a recent genome-
wide association study including roughly half a million patients and
controls identified 44 independent and significant loci associated with
the development of MDD.!?

MDD displays several psychiatric comorbidities and is hence strongly
associated with substance abuse and dependence, various anxiety
disorders (primarily generalized anxiety disorder), as well as some
personality disorders.®” MDD is also more common in patients suffering
from chronic somatic diseases such as asthma, angina, arthritis, cancer,
diabetes, or heart failure,*!7 and it is also commonly seen post
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myocardial infarction'® and post stroke.!” Patients with MDD have
severely decreased quality of life and impaired psychosocial
functioning,'>?%?* are at a greatly increased risk of suicide,>""** and
suffer a worse prognosis in several comorbid disorders.!”?? A
common disease, with a high recurrence rate, that is associated with
considerable morbidity and mortality, MDD is thus one of the top
contributors to the global burden of disease.?!*3

1.1.1 Diagnosing depression

“[l]n 1953 the American Psychiatric Association held a 3-day
‘Conference on the Development of a Research Program for the
Evaluation of Psychiatric Therapies.’ The goal of the conference
was ambitious: to develop a ‘comprehensive evaluation of
therapies’ and to establish ‘sound criteria, methodology, or
standards under which such validation might take place’. The
conference ended with the frank admission that efficacy of
treatment was impossible to judge because of the lack of
standardized criteria for both diagnosis and treatment
outcome.”

Mitchell Wilson, 1993

At the turn of the 19" century, the German psychiatrist Emil Kraepelin,
by focussing on common patterns of symptoms over time, separated the
unitary concept of psychosis into dementia praecox (schizophrenia) and
manic depression (bipolar disorder), thereby establishing them as
distinct disease entities.?’

In contrast to this can be seen psychoanalytical theory, which dominated
American psychiatry during the 1940s and 1950s, leading to a generally
unfavourable view of psychiatric diagnoses.’* A common argument at
the time was that the precise symptomatic picture was secondary to
understanding, in the words of Karl Menninger, ‘how the observed
maladjustment came about and what the meaning of this sudden
eccentricity or desperate or aggressive outburst is.”>' In essence,
effective psychiatric treatment thus consisted of understanding the
meaning of a symptom and undoing its psychogenic cause (via
psychotherapy), rather than manipulating a symptom directly (e.g., via
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medication).>! From this perspective, conventional diagnoses may even
be seen as injurious to psychiatric patients as it shifts focus from the
individual to the universal (i.e., the disease). Consequently, diagnostic
agreement between psychiatrists at that time was poor.*

The ability to agree on which patients qualify for a diagnosis and which
do not is an indispensable prerequisite for conducting meaningful
quantitative research.®* A landmark paper in this regard was published
in 1972 by John P. Feighner and co-workers®* in which they presented
provisional operationalized diagnostic criteria for 14 psychiatric
illnesses, which they argued had been ‘sufficiently validated by precise
clinical description, follow-up, and family studies to warrant their use
in research as well as in clinical practice’.

The core of the Feighner definition of depression was the presence of a
minimum number of specific symptoms. This stands in stark contrast to
the diagnosis of depressive neurosis in the then current DSM version
(DSM-II), where the condition was defined as ‘an excessive reaction of
depression due to an internal conflict or to an identifiable event such as
the loss of a love object or cherished possession.’>® The Feighner criteria
for depression found their way, more or less unchanged, into the next
revision of the DSM (DSM-II)*!* and thus our current
conceptualization of depression as defined primarily by its
symptomatology, or phenomenology,’” was established. While there
have been changes to the definition over the years, the similarity
between the Feighner criteria and the current DSM-V diagnosis of
Major Depressive Disorder is considerable.”*

1.1.2 Problems with diagnosing depression

Though the switch from an etiological focus to a phenomenological one
improved diagnostic reliability, depression is still a heterogeneous
condition with comparatively low diagnostic reliability.*> This was
demonstrated in the field trials conducted during the development of the
current iteration of the DSM (DSM-V) in which the MDD diagnosis was
shown to have questionable interrater reliability (x = 0.28).3® Low
diagnostic reliability is a problem as it introduces variance, thus making
it more difficult to accurately identify e.g., risk factors and
comorbidities, as well as potentially leading to erroneous inferences
regarding e.g., the structure and natural course of the disorder.>**



On the Effects of Serotonin Reuptake Inhibitors in Major Depression

There are several possible reasons for why depression has comparatively
low reliability. First, current consensus is that depression is best
understood as a continuum with no sharp demarcation between well and
unwell. And the same can probably be said for most of its constituent
symptoms.*>*! A diagnosis thus necessitates the imposition of a binary
decision on an underlying continuous distribution, which invariably
leads to borderline cases where judgements are likely to differ. Second,
the many possible symptoms of depression make it possible for two
patients to be diagnosed with MDD without having a single symptom in
common.*? Illustrating this, an analysis of a sample of 3703 depressed
patients (the STAR*D population) found 1030 unique symptom
profiles, with roughly half of them being endorsed by only one patient,
and more than five out of six profiles being found in five or less
subjects.** Third, MDD is strongly associated with several other
psychiatric disorders and patients who qualify only for an MDD
diagnosis is the exception rather than the norm.** As diagnoses are not
hierarchical, and show considerable overlap in symptomatology,>* the
individual clinician has considerable leeway in deciding whether a
patient who technically may qualify for several diagnoses is best
described as suffering from all of them concurrently, or if his/her
condition is better explained by one diagnosis being primary.*

A related concern is that the current diagnosis of depression is
considered to have poor biological validity.’”**** This has inspired
initiatives aimed at reconceptualising psychiatric nosology into one
based on biological understanding rather than phenomenology.’” One
such initiative is the National Institute of Mental Health-sponsored
Research Domain Criteria framework, which proposes to move away
from syndrome-based diagnoses and instead focuses on specific deficits
in e.g., positive and negative valence systems, with possibly better-
defined biological underpinnings.**->?

1.1.3 Measuring severity

If one were to follow the operational definition of depression, severe
depression essentially means that the patient endorses more depressive
symptoms, and/or that these symptoms are more severe, and/or that the
patient’s functional impairment is greater, as compared to what is the
case for non-severe variants.>* These criteria are unfortunately difficult
to quantify and therefore not of much use for research purposes.’® While
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several proxies for severe depression, such as the presence of
melancholia or hospitalization, have been suggested,>>* the most
common way to address this issue has been to categorize patients based
on some numerical measure of severity.’>-

To attain such a numerical measure, we require some transformation
from clinical observations to numbers. This transformation can be as
straightforward as letting an observer assign a reasonable numerical
value to how severe he/she judges the condition of a patient to be, as in
the Clinical Global Impression — Severity scale.’® More commonly
though, rating scales for MDD include a number of depression-related
symptoms. Each symptom is graded on a scale by one or more observers,
the scores for all included symptoms are summed together, and the sum-
score is seen as representing the overall severity of the depressive
episode.’ By conducting repeated such evaluations it is then in principle
possible to track the course of a depressive illness.

While there is a plethora of rating scales for depression in existence,
only a handful have seen widespread use.’® Pharmacological
treatments of depression have primarily been evaluated using either the
Hamilton Depression Rating Scale (HDRS), first published in 1960,%” or
the Montgomery-Asberg Depression Rating Scale (MADRS), first
published in 1979.%° Psychological treatments, on the other hand, have
mainly been assessed using the Beck Depression Inventory (BDI), first
published in 1961.5!

The HDRS, in its most common form, comprises seventeen items
(HDRS-17), some rated on a 3-point scale and others on a 5-point scale.
In order of appearance these items are: depressed mood, feelings of guilt,
suicidal ideation, initial insomnia, middle insomnia, late insomnia, work
and interests, psychomotor retardation, psychomotor agitation, psychic
anxiety, somatic anxiety, gastrointestinal symptoms, general somatic
symptoms, sexual symptoms, hypochondriasis, loss of weight and
insight. The MADRS includes ten symptoms all of which are rated on a
7-point scale, the included items being: apparent sadness, reported
sadness, inner tension, reduced sleep, reduced appetite, concentration
difficulties, lassitude, inability to feel, pessimistic thoughts and suicidal
thoughts. Finally, the BDI consists of 21 items which are all rated on a
4-point scale, the included items being: sadness, pessimism, past failure,
loss of pleasure, guilty feelings, punishment feelings, self-dislike, self-
criticalness, suicidal thoughts or wishes, crying, agitation, loss of
interest, indecisiveness, worthlessness, loss of energy, changes in sleep
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pattern, irritability, changes in appetite, concentration difficulty,
tiredness or fatigue and loss of interest in sex.

While there is thus significant overlap between all three scales, there are
also marked differences. The BDI stands out for being self-rated,
although self-rated variants of both the MADRS and the HDRS do
exist.®>% The BDI is also the scale with the largest emphasis on items
related to affective cognition, whereas the HDRS includes the highest
percentage of somatic items.** MADRS, in contrast to the BDI and the
HDRS, was explicitly designed to be sensitive to change and hence
included items that were frequently endorsed and which changed with
treatment. Due to its symmetric structure and equal weighting of
symptoms, the MADRS is generally considered to be a more balanced
scale than the HDRS.*”%° In this thesis we are primarily concerned with
the HDRS for the simple reason that most clinical trials have used this
scale as primary effect parameter.5

Notably, while many studies state that they have used the HDRS for
outcome assessment, this is not as precise as it may seem. Max Hamilton
himself published several versions of the HDRS>"% and other authors
have produced versions that differ in which symptoms are included, as
well as in how they are rated.®”-%® When Zitman and co-workers screened
five major journals for one year, asking all authors of studies using the
HDRS exactly which version they had used, they found that fewer than
half of the publications referenced the version of the HDRS that had
actually been used.®

1.1.4 Problems with the Hamilton Depression Rating
Scale

The HDRS, though extensively used, has not escaped criticism.
> Bagby and co-workers, when reviewing the scale in 2004, thus
concluded ‘/t/he HDRS is psychometrically and conceptually flawed.
The breadth and severity of the problems militate against efforts to
revise the current instrument.’

58,64,65,70-

One common criticism is that the HDRS is lacking in content validity
and face validity, which essentially means that it is doubtful that the
HDRS adequately and accurately measures all facets of MDD.
Specifically, it has been pointed out that there is a considerable lack of
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content overlap between the DSM diagnosis of depression and the
HDRS assessment.®> Concentration difficulties which are part of the
DSM definition are not assessed by the HDRS, and while the HDRS
includes an item on guilt it does not explicitly address feelings of
worthlessness which is part of the DSM diagnosis. Moreover, in HDRS
the anhedonia item is dominated by issues related to reduced ability to
work rather than to a loss of interest and pleasure in various activities.
The other way around, psychic anxiety, while common in depression and
assessed by the HDRS, is not part of the DSM diagnosis and neither is
hypochondriasis or lack of insight.%

As noted by Bagby and co-workers, given the dominant position of the
HDRS one could almost as well criticize the DSM for not offering full
coverage of HDRS-defined depression as the other way around.®
However, due to the many different HDRS versions in circulation as
many as 59 distinct symptoms have at some point been suggested to
form part of an HDRS evaluation.”* In the same vein, a review of seven
commonly used depression rating scales found that they together
included 52 different symptoms.’ It is thus obvious that there are more
aspects of depression, that could reasonably be measured, than those
included in the HDRS-17. In analogy to the value of clearly defined
diagnostic criteria, the substantial lack of content overlap between
measures opens up the possibility that research outcomes may be
conditional on which rating instrument is used.”

In contrast to content validity can be put factorial validity. While
improving content validity essentially means including more symptoms,
maximizing factorial validity aims to improve the correlation between
the overt measure (i.e., the HDRS sum-score) and the latent construct
(i.e., depression severity). In practice this often results in reduced
content validity as only those symptoms that are strongly correlated to
the latent construct are included.

To exemplify, if we wish to measure the latent construct ‘depression
severity’ across multiple populations we would aim to exclude items
that are strongly associated with other variables. For example, if certain
HDRS symptoms are associated with age, gender, or a comorbid
condition,’®’® we run the risk of erroneously concluding that a particular
patient group is more severely depressed when, in fact, some
symptomatology may instead be attributed to other factors.5%646> That
rating scale sum-scores may reflect more than one underlying construct,
i.e., that they can be multidimensional, is well-known, and Max
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Hamilton himself placed considerable attention on the factor structure
of the HDRS in his first publications on the scale.’”-%¢77

There are many good reasons to include many items in a rating scale: it
increases content validity and convergent validity,” and it also tends to
increase most measures of reliability even when inter-item correlations
are weak.”®”® This notwithstanding, a measure with adequate reliability
and good content validity is still of little value as a change measure for
depression if it is unclear whether it accurately represents depressive
severity, as may be the case if there is low factorial validity.5%6

Further, even if all seventeen HDRS symptoms were equally relevant
and informative with regard to depression severity, it does not
necessarily follow that any particular treatment for depression must
affect all symptoms equally.’®%* Some antidepressants have insomnia as
a side-effect®® whereas others induce non-specific sedation by
antagonizing histaminergic Hi-receptors.?! Similarly, some more
modern antidepressants may induce weight loss®? and are associated
with gastrointestinal complaints and sexual dysfunction.”**%%3 All of
these symptoms are rated on the HDRS; thus, a patient may in theory
respond beneficially with regards to e.g., mood and cognition, score
poorly on items reflective of side-effects, and have a null effect on the
sum-score.”’ By using a scale including complaints that may be side-
effects of treatment one may thus fail to distinguish between an effective
treatment that causes side-effects and an ineffective one.

It is likewise not necessarily the case that all symptoms contribute
equally with regards to disability.3* A multivariate analysis of the impact
of different depression symptoms on psychosocial functioning found
that the proportion of total explained variance differed greatly between
symptoms. While hypersomnia and middle insomnia accounted for less
than 1% of total explained variance, loss of interest, fatigue and
concentration difficulties stood for roughly 15% each, whereas sad
mood contributed approximately 20%.%° Supporting that not all
symptoms are equal in this regard, it has been demonstrated that a
substantial fraction of patients who score below the HDRS cut-off for
remission do not consider themselves in remission,*® and, conversely,
that many patients who score above the HDRS cut-off for remission do
not consider themselves depressed.®’

One possible solution to these problem that could be applied
retroactively would be to use factor scores from multidimensional scales
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as outcome measures.®® Another possibility would be to use

unidimensional subscales, or single-item measures, derived from
comprehensive rating instruments. Such subscales have seen some use
in later years, especially the unidimensional HDRS-6 subscale’®’!
which comprises the items depressed mood, guilt, work and interests,
psychomotor retardation, psychic anxiety, and general somatic
symptoms 5570718991

1.2 Pharmacological treatment of depression

“From the external appearance alone it is possible to tell that
the mood improves with imipramine hydrochloride. The patients
get up in the morning of their own accord, they speak louder and
more rapidly, their facial expression becomes more vivacious.
They commence some activity on their own, again seeking
contact with other people, they begin to entertain themselves,
take part in games, become more cheerful and are once again
able to laugh ... despondency gives way to a desire to undertake
something, despair gives place to renewed hope in the future.
Instead of being concerned about imagined or real guilt in their
past, they become occupied with plans concerning their own
Sfuture.”

Roland Kuhn, 1958

The 1950s were transformational for psychiatry. In but a few years after
the efficacy of chlorpromazine — the first antipsychotic — was
established,” psychiatry received two pharmacological treatments for
depression: iproniazid, the first monoamine oxidase inhibitor, and
imipramine, the first tricyclic antidepressant (TCA).

That iproniazid, initially studied for its anti-tubercular efficacy,
possessed psychoactive properties was first reported by Selikoff,
Robitzek and Ornstein in 1952. They noted that iproniazid, as
compared to the structurally similar isoniazid, appeared a more potent
stimulant of the central nervous system. Patients treated with iproniazid
showed greater vitality, some to the point of wanting to leave the
hospital.”* At around the same time it was demonstrated experimentally
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that iproniazid, but not isoniazid, inhibited monoamine oxidase, i.¢., the
enzyme primarily responsible for metabolizing monoamines such as
serotonin, noradrenaline and dopamine.®

The observed psychostimulant effects, which were at the time primarily
conceptualized as side effects, were by some discerning clinicians seen
as a potential primary effect. In subsequent years, several reports
concerning its potential as a treatment for depression were published.”®
% Credit for the definitive assertion of iproniazid’s antidepressant
potential in depressed non-tuberculosis patients is usually afforded to
Klein, Loomer and Saunders, who in 1957 reported that 70% of
depressed patients had improved markedly (raised mood, weight gain,
better interpersonal capacity, etc.) after treatment with iproniazid.”
While the use of iproniazid was limited by side effects, compounds with
similar monoamine oxidase inhibiting effects (e.g., tranylcypromine,

phenelzine and isocarboxazid) were developed and are still being
used, 94100

At around the same time, the Swiss psychiatrist Roland Kuhn was
conducting a trial of a new compound designated G22355. Imipramine,
as we now know it, was structurally related to chlorpromazine and was
therefore investigated as a potential neuroleptic. While concluding that
imipramine was not of much use for that purpose, Kuhn noticed a rapid
and marked improvement in three patients diagnosed with depressive
psychosis. He suggested it should be studied also in patients with
endogenous depression, and thus the serendipitous discovery of the
antidepressant properties of imipramine was made.”*!%%1%! [n 1961,
Julius Axelrod and colleagues demonstrated that imipramine inhibited
the reuptake of noradrenaline in peripheral tissue,'> and in 1964 they
showed this to be the case also in the brain.!®

All this was paralleled by observations from Bernard Brodie and co-
workers who in 1955 showed the Rauwolfia alkaloid reserpine to impact
central stores of serotonin,'® and by Holzbauer and Vogt who in 1956
showed that it did the same for central stores of noradrenaline.'®’
Intriguingly, reserpine, which was at the time used in the treatment of
high blood pressure, had several times been reported to induce
depression in a subset of hypertensive patients.!%6-1%

Together these three observations — that iproniazid and imipramine, who

both increased noradrenergic activity via distinct mechanisms
(decreased metabolism and decreased reuptake, respectively), could
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alleviate depression, whereas reserpine that instead decreased
noradrenergic activity, was able to induce it — formed the basis of the
catecholamine hypothesis of affective disorders, popularized by Joseph
Schildkraut in 1965.1°

In 1968, Arvid Carlsson and colleagues demonstrated that imipramine
also inhibits the reuptake of serotonin in the brain, and that this effect
was evident at much lower doses than its effects on noradrenaline
reuptake'!! which prompted Carlsson to remark that ‘this action may be
of importance for its antidepressive properties’. One year later Lapin
and Oxenkrug proposed a cohesive serotonergic theory of depression.'!?

TCAs, of which imipramine was the first, are ‘dirty drugs’, meaning that
they interact with several targets.!”> Most TCAs block both the
noradrenaline and the serotonin reuptake transporters, either directly or
through their metabolites. Many also affect specific serotonergic and
noradrenergic receptors, as well as have antihistaminergic and
anticholinergic properties.!'* The TCAs in general have low therapeutic
indices, produce significant side-effects, and are highly toxic in
overdose.!'>!'7 Providing severely depressed patients with a substance
potentially usable for self-poisoning was thus a concern,!'® and
developing antidepressants with pure serotonin and/or noradrenaline
reuptake inhibition became a priority.

The first selective serotonin reuptake inhibitor (SSRI) was zimelidine,
which was developed by Berntsson, Carlsson and Corrodi and patented
in 1972."% Reaching the market in 1982, it was shortly withdrawn after
it was realized that it could occasionally trigger a Guillain-Barré-like
syndrome.'?*!?! By that time several other SSRIs were either already
marketed or in late clinical development. The first SSRI to become a
major commercial success was fluoxetine, which became available in
1986 and went on to be one of the world’s best-selling drugs.'??

Prescriptions for antidepressants rose dramatically during the early
1990s, primarily due to the SSRIs.!?*!?* Fluoxetine was followed by
several others (citalopram, paroxetine, sertraline, escitalopram), all of
which achieved remarkable commercial success.'?* The reason why the
SSRIs were rapidly adopted is not that they were more effective than
prior generation antidepressants — in fact they may be less effective!?>12
— but because they were more tolerable and much safer in overdose.!?’

11
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1.2.1 Methodological issues with antidepressant
trials

Approximately half of all antidepressant trials conducted during the
1980s and 1990s have failed to show significant superiority of active
treatment over placebo.’”!2%13% This has been deemed in contrast to
earlier trials of antidepressants, many of which found significant
differences despite sample sizes that were considerably smaller than the
hundreds of patients per arm that are regularly included today, and
which still often yield non-significant differences.”-!*! The high rate of
failed and negative antidepressant trials has been a source of concern for
the psychiatric community. Lower effect sizes necessitate the use of
larger trials in order to attain statistical significance. Such trials are more
expensive and time-consuming to conduct, and also likely to introduce
additional sources of variability that further lowers statistical power.>”%

One possible explanation for the low rate of positive trials has been that
the makeup of the patient population has changed. Prior to the
introduction of effective antidepressants there existed a pent up need for
effective treatment and it was thus logistically and ethically
straightforward to recruit severely depressed patients to trials.’”** Now
there are dozens of effective antidepressants readily available, and
patients open to the possibility of receiving placebo, and which
clinicians may consider to expose to the risk of not receiving treatment,
are hence likely to be either less severely depressed or non-responders
to previous treatments.>”** And while the definition of depression has
not changed much since 1972,** the changes that have occurred have
generally expanded the diagnostic boundaries — most recently through
the removal of the bereavement exclusion.*>” It is thus likely that
patients with milder, or more temporally variable, syndromes, and/or
who have responded poorly to similar treatments, account for a larger
fraction of the participants in current trials.®* A related concern, though
anecdotal, is that of professional malingerers who participate in multiple
trials incentivized by the monetary rewards offered by some studies.!*?

Another explanation is that the studies have changed. Modern day trials
are more complex than earlier ones, involving more frequent visits and
mandatory evaluations, and they tend to carry on for longer durations.
Thus more time and attention is invested in each patient and the increase
in non-specific supportive contact may have increased placebo response
rates.3#13%133 A related concern, which has been argued could both
inflate and underestimate antidepressant efficacy, is the strict inclusion
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and exclusion criteria commonly used in antidepressant trials.3*!** And,
similar to the concern about professional symptomatic volunteers, it has
been argued that pressure to include patients may incentivize clinicians
to overrate the severity of some patients so as to make them eligible for
inclusion.!3%13% If true, this would likely lead to decreased drug-placebo
differences as all such overrated patients should display an apparent
response to treatment as soon as the incentive to overrate them
disappears, i.e., after they have qualified for inclusion.

1.2.2 Statistical issues with antidepressant trials

Two major statistical concerns when analysing data from clinical trials
of antidepressants are how to deal with heterogeneous results across
centres or trials, and how to handle missing data.®*!** Heterogeneity is
usually dealt with by formally assessing whether the results across, e.g.,
centres vary more than is expected by chance, and, if so, conducting a
sensitivity analysis with the most extreme observations excluded.®*

Missing data is more troublesome since there is no way to know how
the observations that are missing would have turned out had they not
been missing.!'*” While missing data can arise through multiple
mechanisms, the by far most common cause is that subjects drop out of
the trial, usually due either to adverse events or lack of efficacy of the
randomized treatment. Since antidepressants have a gradual onset of
efficacy, a large fraction of early drop-outs is a major issue that can
severely bias results.®*

In statistical parlance three terms are commonly used to describe
missing data: MCAR (missing completely at random), MAR (missing
at random), and MNAR (missing not at random).'*! MCAR means that
there are no systematic differences between missing and observed data.
The missing data is truly a random subset of all observations and
estimates are hence not biased by their omission. For MAR data there
are systematic differences between missing and observed data, but those
differences are conditional on some observed variable. If, for example,
low baseline quality of life contributes to both dropout and poor
treatment outcome, this would bias an unadjusted model. However, if
the model controls for baseline quality of life then estimates will be
unbiased. If data is MNAR this means that there are systematic
differences between missing and observed data, and that this difference
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is not conditional on any observed variable. Consequently, we have no
way to adjust for the missing data and there will be systematic deviations
between observed and unobserved data. With the exception of obvious
cases of MCAR data, it is generally impossible to distinguish between
data that is MAR and data that is MNAR.'#!

Missing data has historically been handled in one of two ways. It has
either been ignored, in a so-called observed cases (OC) analysis, or a
single imputation approach, commonly the last observation carried
forward (LOCF) procedure, has been used. The population generated by
this procedure, when conducted on all patients who have been
randomized to receive treatment, is called an intention-to-treat (ITT)
population. Neither of these methods is valid if data is MNAR or MAR,
and LOCEF is not necessarily valid if data is MCAR since it assumes that
no change would have occurred following dropout. Nevertheless, LOCF
has been commonly used and is generally seen as a conservative
estimate of treatment effects, which, however, is not necessarily the
case, 142,143

Recently, linear mixed-models and multiple imputation methods have
seen more widespread use.'** The advantage of these over OC and
LOCEF being that they produce unbiased estimates when missing data is
MCAR or MAR.'!"143 When data is MNAR it is impossible to obtain
unbiased estimates and the appropriate way to handle this possibility is
to conduct a number of sensitivity analyses using, e.g., pattern mixture
models or selection models.'*?

1.2.3 Statistical and clinical significance

The magnitude of effect needed to qualify as meaningful is usually
referred to as clinical significance, or clinical relevance.'* Statistical
significance, on the other hand, quantifies how likely it is that an
observed difference is due to chance. Statistical significance, in contrast
to clinical significance, is affected not only by the size of the treatment
effect but also by the sample size used in the particular investigation. '’
Provided that there is an underlying true effect, no matter how minute,
the probability of attaining statistical significance approaches one-
hundred percent as the sample size increases. For this reason, statistical
significance by itself is not necessarily informative.
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Unfortunately, clinical significance can be equally uninformative since
there is no consensus on what separates clinically significant from
clinically insignificant, and the same result can hence be used to argue
both for and against the usefulness of any particular treatment. #6143 An
example of this is constituted by two antidepressant meta-analyses,
published within a month of each other by Turner and colleagues in the
New England Journal of Medicine!** and by Kirsch and co-workers in
PLOS Medicine.!* The former, which found a publication bias-
corrected effect size of 0.31, concluded that all included antidepressants
were superior to placebo. The latter, which found a highly similar
publication bias-corrected effect size of 0.32, instead concluded that:
‘there seems little evidence to support the prescription of antidepressant
medication to any but the most severely depressed patients’.'¥
Additionally, since non-response and treatment-resistance to
antidepressants are common occurrences, °*!>! a metric such as
‘average additional improvement for all patients’ (i.e., effect size), likely
underestimates the benefit afforded to those patients who do respond.

1.3 The antidepressant controversy

Due to the lack of useful therapeutic tools in the treatment of depression,
the first antidepressants were rapidly adopted and have proven to be
extraordinarily useful;”*!'%12124 3 1975 review on imipramine
concluding that ‘/t/ he benefit of this drug in patients with endogenous
depression who have not become institutionalized is indisputable ...
further drug-placebo trials in this condition are not justified.”"!
Nevertheless, they have since their introduction also been the target of
criticism.>*!52 During the 1960s and 1970s, in addition to the tensions
between psychodynamic psychotherapy and biological psychiatry,
antidepressants were targeted by the antipsychiatry movement,'> as
well as by the Church of Scientology whose founder, L. Ron Hubbard,
blamed psychiatry for everything from being the primary cause of
crime!** to creating the holocaust.!>

In later years, the criticism against antidepressants has become both
more prevalent and more public than before.!>¢16! What was previously
essentially an intra-professional debate on, e.g., the merits of
antidepressants in milder forms of depression,3*!?” has thus transformed
into cover stories categorically stating that antidepressants ‘don’t
work’.'® That this stance has gained popularity also outside a limited
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group of outspoken critics is illustrated by a book review where a former
editor in chief of the New England Journal of Medicine entertains the
prospect that antidepressants are ‘/u/seless ... or worse than useless.’

Among the more vocal critics of antidepressants can be mentioned
Harvard psychology professor Irving Kirsch, whose stance is that the
SSRIs do not display beneficial effects, and that the effects of
antidepressants in clinical trials are artefactual and caused by inadequate
blinding.'*>!® In the same vein, the British psychiatrist Joanna
Moncrieff argues that antidepressants do not have any specific effects,
and that any apparent effect in trials may be explained by the rating
scales used being sensitive to non-specific effects such as
sedation.’>!9416> While David Healy, professor of psychiatry at Bangor
University, has claimed that the SSRIs commonly induce suicide and
violent behaviour, %167 the American journalist Robert Whitaker claims
that antidepressants, and other psychiatric drugs, lead to brain damage
and malign long-term outcomes and thus are the cause of an iatrogenic
epidemic of mental illness.'®® And recently this debate has witnessed the
entry of the former director of the Nordic Cochrane Center, Peter
Gotzsche, who argues for all of the above, with the addition that
antidepressants also induce dependence.'®’

The controversy has not only affected the public perception of these
drugs but has also influenced regulatory authorities, such as when a
representative of The National Institute for Health and Care Excellence
in Britain stated on CBS 60 Minutes that antidepressants ‘probably
weren’t worth having’ for mild to moderate depression.'>® Or when a
Special Rapporteur to the U.N. Human Rights Council, in his report on
‘the right of everyone to the enjoyment of the highest attainable standard
of physical and mental health’ concluded that ‘/¢] he benefit experienced
with antidepressants, specifically for mild and moderate depression, can

be attributed to a placebo effect.’'”®

1.3.1 Antidepressants and suicide

Early epidemiological analyses from the United States concluded that
while the rate of suicide was relatively stable in the decade following
the introduction of the first pharmacological antidepressants, there was
a marked increase in suicide attempts.!”! This finding prompted some
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authors to speculate that perhaps pharmacological antidepressants were
less effective at preventing suicide than electroconvulsive therapy.!”

A later theory posited that these observations, rather than being a
consequence of poorer anti-suicidal efficacy, may in fact be due to a
suicide-promoting effect. Specifically, it was suggested that
antidepressants with predominantly noradrenergic effects could reduce
psychomotor retardation and inhibition prior to there being any marked
improvement in mood or suicidality,!”® hence potentially affording
severely depressed and inhibited patients the energy to go through with
a suicide attempt that might otherwise be lacking.

Shortly after the introduction of the SSRI fluoxetine, several case reports
detailing emergence of intense suicidal ideation after initiation of
therapy were published. What was described was distinct from the
previous disinhibition theory: an intense ‘somatic-emotional state’ of
profound anxiety and/or restless agitation in combination with an
inability to sit still (akathisia) and severe suicidality.!”*!” Scientology,
through its antipsychiatry organization, the Citizens Commission on
Human Rights, took heed of these reports and mounted major and
partially successful campaigns against fluoxetine through television
appearances and newspaper ads.!>*!8¢

The case reports on possible fluoxetine-induced suicidality prompted Eli
Lilly to conduct a meta-analysis of their fluoxetine trials. The report,
which was published in the BMJ in 1991, concluded that there were no
statistical differences in the rates of suicidal acts between patients
treated with fluoxetine, TCA comparators, or placebo, but that suicidal
ideation instead improved significantly more often with fluoxetine or
TCAs than it did with placebo (p < .001).!81:182

Since then this issue has been the subject of several meta-analyses.
Summarizing these is not entirely unproblematic due to the lack of
standardized methodology to investigate suicidality. Different
publications thus report various composite outcomes consisting of
suicidal ideation and/or suicidal behaviour and/or suicide attempts
and/or completed suicides.'®® While individual studies have suggested
that certain antidepressants, such as maprotiline, may be associated with
an increase in completed suicides,'®* suicide attempts,'®* and suicidal
ideation,'®® authors reviewing the literature have generally not been able
to detect any differences in the rates of completed suicides.!36-1!
Regarding suicide attempts and/or suicidal behaviour, some studies have
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found an increase!®”!%? while others have not.!3%1°0:193-195 Effects on
suicidal ideation, while seldom analysed separately, have tended to be
equivocal'®® or positive.!8%193:19 Finally, studies looking at rating scale-
assessed suicidality, which depending on the particular scale may be
seen as an amalgamation of suicidal ideation, behaviour and attempts,'®’
have generally found beneficial effects of antidepressants, 18%193-195.198.199

A highly influential publication on this matter is a report from the U.S.
Food and Drug Administration which was published in the BMJ in
2009, in which Stone and co-workers present safety analyses
comprising roughly 100000 adult patients who had participated in 372
trials of antidepressants, regardless of indication. Prompted by previous
internal analyses of paediatric antidepressant trials, which had found an
increase in suicidality (but not completed suicides, of which there were
none),'”? they conducted age-stratified analyses which found a
significant increase in suicidal behaviour, but not ideation, in young
adults (18 < age < 25), a neutral effect on suicidal behaviour and a
positive effect on suicidal ideation in participants aged 25 to 64, and a
positive effect on suicidal behaviour and a similar tendency for suicidal
ideation in those above the age of 65. Corresponding age-dependent
effects have been reported also from observational studies.??!-20?

Based on their review of paediatric trials,'®” the U.S. Food and Drug
Administration in 2004 issued a black-box warning about the possibility
of a link between antidepressant use and suicidality in children and
adolescents. In 2007 the black-box warning was expanded to also
include young adults (18 < age < 25), and regulatory agencies around
the world followed suit. As depression is a major risk factor for suicide
also in children, adolescents, and young adults, but also since such a
warning may have spill-over effects to other age-groups, this decision
was highly controversial.>*-*!'! While there were reports of an increase
in adolescent suicides and suicidal behaviour following the black-box
warning,>'?-*!4 similar trends were not seen in all countries.*!>216

A reasonably consistent finding across countries, however, is that of an
inverse  relation  between antidepressant prescriptions and
suicides.!?*?!7-21% Similarly, Gibbons and associates, in a sample of
roughly a quarter of a million American veterans, found the rate of
suicide attempts to be lower in antidepressant-treated patients than in
those who received no treatment, and that the rate of suicide attempts
was higher prior to treatment than after treatment initiation.?*
Paralleling this, Isacsson and co-workers have repeatedly shown that
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suicide subjects are unlikely to test positive for antidepressants also in
the presence of major depression,??!?*? and Rutz and colleagues found
that a physician’s education program administered on the Swedish
island of Gotland and aiming to improve detection and treatment of
depression showed time-related drops in suicide rates.??*?*

Gibbons and colleagues also demonstrated that, on the county level,
SSRI prescriptions were inversely related to suicidality whereas TCA
prescriptions were positively related,??> which could partly be explained
by SSRIs being less toxic in overdose.'!® Similarly, Tiihonen and co-
workers, in a cohort of 15390 patients hospitalized due to a suicide
attempt, found that among patients who had ever used an antidepressant,
current use was associated with an increase in suicide attempts, but a
decrease in completed suicides.??¢

Due to the low rate of suicides in clinical trials of antidepressants it has
been estimated that 1.9 million participants would have to be enrolled
for a study to have adequate power to detect a 20% increase or decrease
in completed suicides.'®® It is thus unlikely that this matter will be
definitively resolved by any future randomized controlled study; hence
thoroughly analysing data which have already been collected for
indications of whether these drugs may be harmful in a subset of patients
should be a priority.

19



On the Effects of Serotonin Reuptake Inhibitors in Major Depression

20



Fredrik Hieronymus

2 Aims

The overall aim of this thesis is to investigate the effects of SSRIs when
used as a treatment for MDD. Specifically, we look to assess what
influence the common use of the HDRS sum-score for evaluating
treatment outcomes may have had on apparent SSRI efficacy. A
common feature of the six papers is that we have assessed multiple
HDRS derived efficacy measures, including individual items, and
contrasted the results obtained from these with those arrived at when
using the HDRS sum-score. In addition, item-based analyses were used
to assess possible symptom aggravation.

In paper I we aimed to assess whether the use of the HDRS sum-score
as primary outcome measure has contributed to why roughly half of all
trials have failed to show a significant separation between SSRI and
placebo.

In paper II we wished to investigate whether the beneficial effects of
SSRIs are dose-dependent, and to what extent including suboptimal
doses in post-hoc analyses makes the drugs appear less effective than
they are.

In paper III we aimed to assess whether side-effects are necessary for
SSRIs to show superiority over placebo, i.e. to test the validity of the
side-effects-breaking-the-blind theory.

In paper IV we attempt to assess the impact of acute SSRI treatment on
rating scale-assessed suicidal ideation in young adults (18 < age < 25)
and adults (age > 25), respectively.

In paper V we investigate whether baseline depression severity impacts
SSRI efficacy. Specifically, we aimed to investigate whether patients
with comparatively mild depression benefit from SSRI treatment.

In paper VI we aimed to see whether the results we had for the SSRIs
would extend to an SNRI. Also, we wanted to compare the effect profile
of the SNRI to that of the SSRIs after adjusting for overall antidepressant
efficacy.
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3 Papers

Papers [ to V are based on patient-level data from a population of phase
IT to phase IV trials conducted by the pharmaceutical industry during the
clinical development of three SSRIs: citalopram (H/S Lundbeck, Valby,
Denmark), paroxetine (GlaxoSmithKline, Brentford, UK) and sertraline
(Pfizer, New York, NY, USA). Paper VI is similarly based on trials
conducted by Eli Lilly (Indianapolis, IN, USA) during the clinical
development of duloxetine.

The data base used for most analyses in papers I-V consists of 8262
patients from 28 SSRI trials which have used the HDRS for rating
purposes. Participants were treated with either citalopram (n=744),
fluoxetine (n=754), paroxetine (n=2981), sertraline (n=1202) or placebo
(n=2581). The data used for paper VI comes from 15 studies on
duloxetine comprising 4828 patients. Of these 2709 were treated with
duloxetine, 202 with escitalopram, 60 with fluoxetine, 290 with
paroxetine and 1559 with placebo.

In paper I we conducted analyses of individual studies and therefore
excluded trials with small sample sizes (n<50 for each arm). The
complete sample for this paper thus consists of 18 trials and 6669
eligible subjects. In paper II we specifically looked at dose-response in
fixed-dose trials (n=11) including in total 2859 subjects. For paper III
we needed data on the timing and nature of adverse events which we
had not requested in our initial research proposals. Pfizer was unable to
provide us with these data and we were hence unable to include studies
of sertraline. Lundbeck provided additional data in an offline format,
thus allowing us to use the same data sets as for all other analyses of
citalopram. GlaxoSmithKline, on the other hand, had implemented new
procedures for data sharing and provided remote desktop access to the
requested data. While the included studies are the same, there may exist
minor discrepancies between the online and the offline data sets. Papers
IV and V use the full SSRI data set, and paper VI uses the complete
duloxetine set.
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3.1 Paperl
3.1.1 Background

The high rate of failed antidepressant trials has been a major concern for
the psychiatric community, in part because it makes new drug
development more expensive and hence imperils future drug discovery,
but also because it has been used as an argument to suggest that these
drugs are not clinically relevant (see 1.2.1),162:163.227.228

Prompted by the problems associated with HDRS sum-scores (see 1.1.4)
we aimed to investigate what influence the use of this measure as
primary effect parameter may have had on the poor outcome of many
SSRIs trials.”?” As we had access to item-level data for individual
patients we could compare the results obtained when using HDRS-17-
sum as outcome measure, to those obtained when alternative HDRS-
derived unidimensional subscales and single-item measures are used.
We particularly emphasized depressed mood since this measure has
good face validity (one of two cardinal symptoms), was present in
almost all patients (highest baseline rated severity) and should hence not
be subject to large floor effects, and has previously been used as a
secondary efficacy measure by regulatory authorities.?*°

3.1.2 Results

With regards to the results from individual studies, 56% of all
comparisons (18 of 32) failed to separate between active drug and
placebo when HDRS-17-sum was used as outcome measure, as
compared to 9% (3 of 32) when depressed mood was used for the same
purpose (p < .001). Depressed mood yielded a larger effect size than
HDRS-17-sum in 30 out of 32 instances (p <.001).

The pooled average effect size, as measured by HDRS-17-sum, was
0.27. There was approximately 30% greater separation between drug
and placebo (ES: ~0.35) when a unidimensional subscale was used in
place of HDRS-17-sum (p < .001). Effect sizes for individual items
varied widely. Depressed mood (ES: 0.40) yielded approximately 50%
larger drug-placebo differences than HDRS-17-sum, thus significantly
outperforming all other items (p <.001), subscales (p <.001), as well as
the HDRS-17-sum (p <.001).
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Several items (initial and middle insomnia, psychomotor agitation,
somatic anxiety and insight) yielded effect sizes < 0.10, and for three
individual items: gastrointestinal symptoms, sexual symptoms and loss
of weight, effect sizes were negative, although significantly so only for
loss of weight (p = .04). For these three items, it was more common that
SSRI-treated patients had worsened as compared to baseline, than that
placebo-treated patients had (OR 1.27, p =.009; OR 1.24, p =.005; OR
=1.21,p=.03).

3.1.3 Comment

The primary finding in this paper is that the effect of antidepressants is
more consistent across trials than has usually been assumed, with only
9% of all included studies failing to indicate efficacy of the tested
antidepressant when depressed mood was used as outcome parameter.

Of the three comparisons that were insignificant, two came from
sertraline studies which used flexible dosing (50-200mg) and in which
an active comparator (amitriptyline) had demonstrated assay sensitivity.
The third came from a citalopram inpatient study in which the higher
(40 mg), but not the lower dose (20 mg), demonstrated superiority over
placebo, thus also demonstrating assay sensitivity. For citalopram this
could be indicative of 20 mg being a less effective dose than 40 mg (see
below, paper II). For sertraline it is unknown whether the two negative
comparisons are a consequence of trial methodology or chance findings.

The average effect size of 0.27 for HDRS-17-sum is on par with previous
reports.'3%1%° That effect sizes were approximately 30% higher when
using unidimensional subscales is similarly in line with previous
findings.***>! " While the unidimensional subscales thus showed
significantly greater sensitivity for drug-placebo differences than the
HDRS-17-sum, effect sizes for depressed mood (0.40) were significantly
higher than for all subscales (p < .001), all other individual items (p <
.001), and HDRS-17-sum (p <.001).

We did not exclude any studies based on duration, dosage, or design,
apart from us enforcing a minimum sample size of 50 per arm. Hence,

effect sizes are likely conservative.

Effect sizes for other symptoms varied widely, with some being
relatively large whereas others were on average negative. Noteworthy is

25



On the Effects of Serotonin Reuptake Inhibitors in Major Depression

that items reflecting insomnia and agitation did not contribute much to
efficacy, hence refuting the theory that non-specific effects on these
items, rather than a true antidepressant effect, are largely responsible for
the separation seen between antidepressants and placebo.”

We found negative effect sizes at endpoint for three items that may be
reflective of SSRI side effects: gastrointestinal symptoms, sexual
symptoms and loss of weight. In a follow-up analysis of the frequency of
worsening as compared to baseline, it was found that this was more
common in SSRI-treated patients for all three items.

It should be noted that these results are likely conditional on the severity
of the studied population. Depressed mood was highly prevalent,
whereas, e.g., suicidal ideation and psychomotor retardation was far
less common, and the latter symptoms were thus likely subject to floor
effects which could serve to minimize the apparent beneficial effects of
any effective treatment.

Our results thus suggest that the HDRS-17-sum is an amalgamation of
several different effects, and that much information is lost when going
from individual symptoms to the sum-score. That depressed mood was
the most sensitive measure does not mean that it is the only informative
measure, and we hence do not suggest that future trials in depression
should use depressed mood as the sole outcome measure. What our
results do illustrate is the large impact that the choice of rating
instrument may have on apparent efficacy. And while decreased libido
or weight loss may often be important symptoms of depression, it is
problematic if they can also reflect side-effects of the active treatment.
Not least for future drug development, the value of being able to separate
a drug that is effective but which has side-effects, from one that is
entirely ineffective, should be obvious.

In conclusion, in light of the many methodological problems inherent to

conducting trials of antidepressants, the effect of SSRIs, as measured by
depressed mood, was remarkably consistent across trials.
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3.2 Paperll
3.21 Background

Systematic reviews and meta-analyses on the merits of dose-escalation
in cases of non-response to SSRIs have concluded that this is not an
effective practice. In addition, raising the dose may increase
discontinuation symptoms and side-effects, as well as delay the
recognition of early-state treatment-resistant depression.?%>2233 It has
thus been argued that this highly common practice should be abandoned,
with the possible exception of for patients who are fast-metabolizers.>*

Counter to this, recent meta-analyses of fixed-dose studies have
concluded that there is evidence of dose-dependent efficacy. Papakostas
and colleagues reported that higher starting doses of SSRIs were
associated with significantly higher response rates, although the
magnitude of the difference was not very large, and doses above double
the usual starting doses (citalopram: >40mg, paroxetine: >40mg
sertraline: >100mg) were not associated with increased efficacy.?** In
contrast, Jakubovski and co-workers reported dose-dependent beneficial
effects of SSRIs up until doses exceeding those commonly
recommended (citalopram: 60-75mg, paroxetine: 40-50mg, sertraline:
240-300mg).>*

Relatedly, imaging studies have consistently found that usual SSRI
starting doses produce roughly 80% occupancy at the serotonin reuptake

transporter, and that higher doses do not significantly increase this.>*>-
238

Of particular interest for this thesis is what influence the choice of
outcome measure may have on the apparent dose-response relationship.
Baker and colleagues have argued that, since side effects are dose-
dependent,®® any gain in efficacy may be offset by a larger proportion of
dropouts in the higher dose-groups.?*>*** As shown in paper I, this could
also affect the ratings of some adverse event-related HDRS items.
Relatedly, if most antidepressant studies are barely powered to detect
the HDRS sum-score difference one might expect between a placebo
and an effective dose of an antidepressant, they are likely underpowered
to detect differences between two antidepressant doses which both
outperform placebo .’
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The clinical importance of this issue is evident: if high doses are no more
effective than lower ones, the commonly applied strategy of dose-
escalation will be harmful to patients by increasing the burden of side-
effects, with no corresponding gain in efficacy.??> On the other hand, if
they do display dose-dependent beneficial effects, the supposition that
they do not may instead influence clinicians to use suboptimal doses.?*?
And yet another reason to clarify this issue is that the alleged lack of
dose-response relationship has been put forward as an argument by
debaters questioning the usefulness of these drugs; a common claim thus
has been that a truly effective drug should display a dose-response
relationship, and that the absence of such a relationship for the SSRIs
suggests them to be ineffective,!>7-163:243

In paper I1*** we hence investigated whether or not the beneficial effects
of SSRIs in fixed dose-studies (11 trials, n = 2 859) are dependent on
dose. We hypothesized that a possible beneficial dose-response
relationship on core depression symptoms may be obfuscated by a larger
detrimental effect on items likely to be sensitive to SSRI side-effects in
those receiving higher doses, and that assessing depressed mood
therefore might be more informative than assessing HDRS-17-sum.

3.2.2 Results

An initial analysis stratified by drug (citalopram, paroxetine, sertraline)
offered indications of dose-dependent beneficial effects. This appeared
to be primarily due to doses in the subtherapeutic to low therapeutic
range (citalopram: 10 and 20mg, paroxetine: 10mg, sertraline: 50mg)
being less effective than doses in the low to mid therapeutic range
(citalopram: 40 and 60mg, paroxetine: 20-40mg, sertraline: 100 and
200mg).

We thus pooled all patients and subdivided the SSRI population into a
low-dose group and an optimal-dose group, based on the
abovementioned cut-offs.

Low-dose significantly outperformed placebo, but was significantly less
effective than optimal-dose with regards to change in depressed mood
(low-dose vs placebo ES = 0.30; optimal-dose vs placebo ES =0.51) and
HDRS-17-sum (low-dose vs placebo ES 0.19; optimal-dose vs placebo
ES = 0.36). Corresponding differences were seen on the categorical
outcomes response and remission.
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Acknowledging that the procedure of visually inspecting the results for
individual drugs and then selecting cut-offs may be questioned we
conducted two sensitivity analyses: i) an ‘extreme dose’ analysis which
only included the lowest and highest dose administered for each drug
and ii) an analysis with dose treated as a linear predictor. Placebo-treated
patients were excluded from the latter analysis. Results from both
sensitivity analyses mirrored those of the primary one; the ‘extreme
dose’ analysis however yielded significant differences between effective
doses only with respect to depressed mood (ES: 0.26, p < .01) but not
with respect to HDRS-17-sum (ES: 0.15, p = ns).

We also conducted a linear sensitivity analysis of doses within the
optimal-dose group. This revealed no indication of a dose-response
relationship for either depressed mood (p = .5) or HDRS-17-sum (p =.3)
within this group.

Incidentally, the use of longitudinal modelling revealed that while
differences as measured by HDRS-17-sum were generally not observed
before three weeks of treatment, there were small but significant
differences in favour of SSRI-treatment already after one week with
respect to depressed mood (ES range: 0.11-0.23).

3.2.3 Comment

In line with some,?**** but not all,>* previous meta-analyses we did
observe an influence of dose on efficacy.!*”!®> Consequently, average
effect sizes for optimal doses were somewhat larger than what has been
commonly reported in SSRI meta-analyses for HDRS-17-sum (ES 0.34
to 0.36), and much larger for depressed mood (ES 0.51 to 0.57). We
suggest that the beneficial effects of SSRIs in MDD have been
underestimated by meta-analyses failing to account for i) the problems
associated with the HDRS-17-sum as effect parameter and ii) dose.

Similar to Papakostas and co-workers,?** but in contrast to Jakubovski
and colleagues,?*® differences between effective doses were only found
between doses in the subtherapeutic to low range on the one hand, and
doses in the medium-range on the other hand. We found no added
benefit of doses that may be described as high (citalopram 60mg,
paroxetine > 30mg, sertraline 200mg).
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We suggest that the comparatively high dose-ranges for maximum
beneficial effects arrived at by Jakubovski and associates are due to the
way they included and characterized flexible-dose studies.>* By treating
flexible dose-studies as if all included participants received the
maximum dose these studies are bound to cluster at the top of all
included studies with respect to dosage. If flexible-dose studies also
yield larger average effect sizes than fixed-dose studies (which they
have been reported to do),?*¢ this would confound effects in such a way
as to make very high doses seem the most effective.

Notably, our results are compatible with those from the dose-escalation
literature which have failed to demonstrate any benefit from this
practice. Thus, the doses from which these studies have begun escalating
(paroxetine 20mg and sertraline 100mg)®*%2472*8 already produce, on
average, maximum benefit in our analyses. The one, small (n=91) dose-
escalation study that may be informative with regards to our results, is
one by Schweizer and co-workers that investigated dose-escalation from
50 to 150mg of sertraline.?** While not achieving statistical significance,
the direction and magnitude of the results were in agreement with
superior efficacy of 150mg compared to 50mg (HDRS-17-sum
difference of 2 points).

While differences between active drug and placebo with respect to
HDRS-17-sum were almost invariably non-significant during the first
two weeks of treatment, there were consistent improvements in
depressed mood already from the first week in most analyses. Similar
findings have been reported previously,?° and in conjunction with
reports of negative efficacy for certain HDRS items early in
treatment,”! they suggest that perhaps antidepressant efficacy with
regards to mood is not so much delayed in onset as it is gradual.
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3.3 Paperlll
3.3.1 Background

The fact that inert placebos do not produce any side effects, whereas
almost all pharmacologically active substances do, poses a problem
when conducting double-blind trials.>*>?33 It could bias the observers,
who, noticing recognizable side-effects, might be influenced to rate
outcomes differently.?>> And it could influence patients, who, having
been briefed on the same side-effects, may conclude that they have been
randomized to active treatment; a realization which, it has been
hypothesized, could introduce an amplified placebo effect,>*162:163.254
The latter theory has been widely disseminated both in lay media and
the scientific literature as an alternative explanation for why
antidepressants are superior to placebo in clinical trials,!>6-158:163.170

While studies have suggested that clinicians and patients are better than
chance at guessing treatment assignments,> it is not obvious what
influence this may have on efficacy ratings. Moreover, for any effective
treatment one could get a better than chance prediction by simply
guessing active treatment whenever there is improvement.?6-2>7

In the 1960s and 1970s, attempts were made to control for this potential
confounder through the use of active placebos. Specifically, the
anticholinergic agent atropine, which mimics many side effects of
tricyclic agents, was used instead of inert placebo.?>*?°® These active
placebo trials were reviewed by Moncrieff and co-workers®® who
reported an overall effect size of 0.39 (0.24 to 0.54), and a
conservatively estimated effect size of 0.17 (0.00 to 0.34) when one
positive trial which was deemed an outlier was excluded, concluded
that: ‘this suggests that unblinding effects may inflate the efficacy of
antidepressants in trials using inert placebos.’

Quitkin and colleagues reviewed the same collection of trials and noted
that they suffered from important drawbacks common to many trials of
the era: inadequate doses, low power, short treatment duration, and
diagnostic heterogeneity.® Further, they suggested that if it were true
that active placebos induce a stronger placebo effect via unblinding, then
one would expect active placebo groups to have higher response rates
than inert placebo groups. The average placebo response rate in these
active placebo trials being 22%, which is on the lower end of what was
commonly seen in antidepressant trials with inert placebos at the time,>*
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hence does not support the hypothesis that the use of active placebo
induces an amplified placebo response.

In support of a significant role for unblinding effects has also been
presented early trial-level meta-analyses showing the frequency of side-
effects to correlate with antidepressant efficacy.?® These results,
however, have failed to replicate in another and much larger trial-based
analysis,?®! and both of these efforts are of course also susceptible to the
ecological fallacy.??%2%2

Another piece of supporting evidence for the ‘side effects breaking the
blind’-hypothesis is that response to treatment is larger in trials that only
include active comparators than it is in placebo-controlled trials.?®* Also
those observations are, however, difficult to interpret due to trials using
active comparators also displaying lower rates of dropout than do
placebo-controlled trials.?®> On the other hand, arguing against this
hypothesis is the fact that differences in efficacy have been seen between
active treatments in trials that lack a placebo arm, i.e., under conditions
where this putative bias should not be able to be expressed.?¢42%7

The importance of having this controversy resolved is of obvious
clinical importance. If the efficacy of antidepressants is indeed
artefactual and driven merely by unblinding, the extensive use of SSRIs
for depression, and possibly other indications as well, should be
reconsidered.?”® If this theory is incorrect, however, it is equally
important to have that clarified so that doctors are not discouraged from
prescribing effective medication. Assessing this is thus the subject of
paper IIL°*® in which we contrasted patients receiving treatment
(citalopram or paroxetine) against those given placebo conditional on
whether or not they reported side effects.

3.3.2 Results

Patients treated with paroxetine or citalopram fared significantly better
than patients treated with placebo regardless of whether they reported
an early (week 1 or 2) side effect (paroxetine ES: 0.48, p < .001;
citalopram ES: 0.31, p = .002) or not (paroxetine ES: 0.33, p < .001;
citalopram ES: 0.49, p < .001). These results were replicated in
sensitivity analyses i) using alternative time-periods for determining
side-effect status (week 1 or 2 + lead-in, week 1, week 1 to 6), ii)
including only adverse events deemed probably or possibly related to
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treatment, iii) stratifying also the placebo-group according to whether or
not they reported early adverse events, and iv) using the intention-to-
treat rather than the observed cases population. For paroxetine, the
results were also similar in a sensitivity analysis using HDRS-17-sum as
outcome measure rather than depressed mood, whereas for citalopram,
patients with early adverse events did not show significant separation
from placebo-treated patients in this analysis (ES: 0.17, p =.10).

Paroxetine-treated patients with side-effects had significantly lower
outcome ratings than those without (ES: 0.15, p = .008). This was not
the case for citalopram-treated patients where instead those without
side-effects had lower outcome ratings than those with side-effects (ES:
-0.17, p =.14). These findings were mostly consistent across sensitivity
analyses, although when using HDRS-17-sum as outcome parameter
there was no significant difference between paroxetine patients with and
without side-effects (ES 0.07, p = .20).

Adverse event severity did not moderate treatment response for either
paroxetine (p = .93) or citalopram (p = .48).

3.3.3 Comment

Patients treated with the SSRIs paroxetine and citalopram fared
significantly better than patients treated with placebo regardless of
whether or not they reported side effects. This observation is not
compatible with the hypothesis that side-effects are largely or entirely
responsible for the efficacy of antidepressants, !>7:158:162.163

On the other hand, paroxetine-treated patients with side-effects
demonstrated a small but significant improvement over paroxetine-
treated patients without side-effects when efficacy was measured by
depressed mood. While this is in line with a potential role for unblinding
influencing efficacy, there are obviously many other possible reasons
for why beneficial and adverse effects may correlate (e.g., through
differences in dose, compliance, drug metabolism, or pharmacological
responsiveness). While not significant, the opposite tendency was
observed for citalopram.

One limitation that should be commented on is the possibility that

subthreshold side-effects, which were noticeable to the patient, but not
of sufficient severity to merit an adverse event report, made it so that
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also patients who did not report side-effects believed they had been
given active treatment. Considering the high prevalence of side effects
in this material, and that previous studies have found far from a 100%
correct classification rate,”> we however deem this an unlikely
confounder. Relatedly, adverse event severity did not moderate efficacy
for either drug.

3.4 PaperlV
3.4.1 Background

Whether antidepressants may provoke suicidality in susceptible
individuals has long been a controversial issue (see 1.3.1). In paper IVZ%’
we look at rating scale-assessed suicidality as measured by the HDRS
item suicidal ideation.

We analysed both group mean ratings of suicidal ideation and the
incidence of three categorical derivatives of the suicidal ideation item.
These were: i) worsening, defined as a higher rating of suicidal ideation
than at baseline, /i) emergent suicidality (loose), defined as a suicidal
ideation rating of 2 to 4 in a patient who scored 0 or 1 at baseline,?’® and
iii) emergent suicidality (strict), defined as a suicidal ideation rating of
3 or 4 in a patient who scored 0 or 1 at baseline.'8! The purpose of the
former analyses was to assess the net impact of treatment, whereas that
of the latter was to identify possible negative effects in a subgroup of
patients.

Prompted by earlier reports suggesting the influence of SSRIs on
suicidality to be age-dependent, all analyses were stratified by age, with
young adults (18 < age <25) and adults (age > 25) analysed separately.

3.4.2 Results

For adults, mean ratings of suicidal ideation were significantly
improved after one week of treatment (ES: 0.09, p <.001) and remained
so throughout the study (endpoint ES: 0.25, p < .001). Sensitivity
analyses of the ITT population (ES: 0.20, p <.001), and of patients that
dropped out (ES: 0.23, p <.001), yielded comparable results.
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For young adults, mean ratings of suicidal ideation were significantly
lower in SSRI-treated subjects after one week of treatment (ES: 0.23, p
=.03), but there were no significant differences at subsequent visits, nor
in the ITT population or among patients who dropped out.

Follow-up analyses revealed young adults to score slightly but
significantly higher on suicidal ideation at baseline (ES: -0.15, p=.001).
An interaction analysis between the age groups found that while there
were no differences in the response to SSRI between them, placebo-
treated young adults responded significantly better than placebo-treated
adults (interaction p = .009).

Kaplan-Meier analyses found SSRI treatment to significantly decrease
the risk of worsening (p < .001) and emergent suicidality (loose) (p <
.001) in adults, but showed no significant effect on emergent suicidality
(strict). These results were mirrored by logistic regression analyses
looking separately at early (week 1 and 2) and late (week 3 to 6)
occurrences of deterioration.

For young adults, Kaplan-Meier analyses found no significant
differences on any categorical measure of deterioration. These results
were mostly replicated in the logistic regression analyses; however,
worsening (p = .04) and emergent suicidality (loose) (p = .01) were
significantly more common in SSRI-treated patients during the late, but
not the early, study period.

3.4.3 Comment

For adults, effects on the HDRS suicidal ideation item were consistently
in favour of SSRI-treated patients. This was evident both in analyses of
group mean effects, and in categorical analyses of three measures of
deterioration.

In contrast, the results for young adults were inconclusive, with most
analyses not detecting any significant effect of SSRI treatment. The
exception being the logistic regression analyses of worsening and
emergent suicidality (loose), which were both significantly more
common in SSRI-treated young adults during the late study period
(week 3 to 6) but not during the early study period (week 1 and 2), or in
patients who dropped out. Similar effects were not seen in the Kaplan-
Meier analyses which included the entire study period (week 1 to 6).
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While notable, in consideration of the large number of tests conducted,
the relatively weak significances, and the small sample size of the young
adult group (n=414 for worsening, n=247 for emergent suicidality,
loose), these findings should be interpreted with caution.

While our results suggest the effects of SSRIs on suicidality to be
decidedly beneficial in adults, it cannot be excluded that certain adult
patients experienced a drug-induced deterioration, but that this was not
possible to detect due to a larger fraction of patients who improved with
SSRI treatment.

In summary, our results mirror those from a previous publication
concerning fluoxetine and venlafaxine,'**> which also found HDRS-rated
suicidal ideation to improve in adults treated with these substances,
whereas the effect in young adults was inconclusive. Together, these
findings suggest that it is highly unlikely that the SSRIs are associated
with a large suicide-provoking effect. This conclusion is in line with
several reports showing an inverse relation between SSRI prescriptions
and suicide rates.'?17219

3.5 PaperV
3.5.1 Background

A common, 34190271277 byt not universal,?’®?”  meta-analytical
finding has been a tendency for drug-placebo differences to increase
with depression severity. This, in conjunction with the recent emphasis
on clinical significance,!*>1%190276 hag resulted in regulatory agencies
and expert bodies dissuading from the use of pharmacological
antidepressants for non-severe cases.

Two highly influential publications in this debate are the 2008 meta-
analysis in PLOS Medicine by Kirsch and colleagues,'* and a
comparatively small (n=718) mega-analysis published in JAMA two
years later by Fournier and co-workers.?’® Both of these reported results
in support of increased drug-placebo separation with increasing baseline
severity.

Since the publication of these reports, several large-scale investigations
addressing the possible severity-by-treatment interaction using patient-
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level data have been conducted.?®® Most?®!2%3 but not all*®* of these have
failed to find statistical support for such an interaction to be at hand. Of
note is the study by Rabinowitz and co-workers who, while not finding
support for such a severity-by-treatment interaction when analysing data
on the patient-level, did find a significant interaction when analysing the
same data using study-level aggregates. Conversely, Petkova and co-
workers found such an association when analysing the data on patient-
level, but not when meta-regressing aggregate study-level data.?®?

Of note is that most meta-analyses, and all five mega-analyses, have
used the HDRS for assessing outcome and severity. As mentioned in the
introduction, and in the chapter presenting the results of paper I, there
are however reasons to doubt the fitness of this instrument for both these
purposes.

If the conclusion of the oft-cited meta-analysis by Kirsch and co-
workers'#* on this topic, i.e. that antidepressants produce a meaningful
improvement (if at all) only in the ‘the most extremely depressed
patients’, is correct, then the current use of these drugs must obviously
be reconsidered. We hence deemed it important to address this issue
using patient level data for citalopram, paroxetine and sertraline, our
addition in comparison to previous patient-level analyses being to assess
the impact of baseline severity not only on HDRS-17-sum, but also on
the following HDRS-derived outcome measures: depressed mood,
HDRS-6-sum,’®’" and non-HDRS-6-sum (i.e. the sum of the 11 HDRS
items not included in HDRS-6-sum)

3.5.2 Results

We found no severity-by-treatment interaction when both outcome and
initial severity were measured by HDRS-17-sum in the full population.
Visual inspection of the plots, however, hinted that there may
nevertheless be a linear severity-treatment interaction that was obscured
by high variance in the extreme ranges of the severity distribution. To
assess this, we reran the analysis after having excluded severity values
with less than 50 observations per treatment arm; resulting in an HDRS
range of 18 to 29 (92% of all patients). This manoeuvre revealed a
significant interaction in both the MMRM (B = 0.14 (0.067), p = .036)
and the LOCF-analyses (B = 0.16 (0.061), p = .007); likewise, similar
results were obtained from yet a sensitivity analysis in which we instead
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excluded severity values with less than 20 observations per treatment
arm (HDRS range 17 to 32; 97% of all patients) (MMRM p = .044;
LOCF p=.016)

Importantly, analyses using depressed mood or HDRS-6-sum as
outcome parameters did not find significant severity-by-treatment
interactions, regardless of whether uncommon severity values were
included or not. Conversely, when non-HDRS-6-sum was used as
measure of outcome, the severity-treatment interaction was significant
across all three populations. Using HDRS-6-sum to assess baseline
severity and HDRS-17-sum to measure outcome also resulted in non-
significant interactions.

Partitioning patients into those with severe (HDRS-17-sum > 27) and
non-severe (HDRS-17-sum < 18) depression yielded comparable results:
non-HDRS-6-sum again being the only outcome measure which showed
a significant interaction (p = .005).

Exploratory analyses contrasting the non-severe category against the
severe category found that while symptoms belonging to the HDRS-6
cluster were highly prevalent in both severity groups, symptoms
belonging to the non-HDRS-6 cluster were markedly less common in
non-severe patients. Thus, while mean HDRS-6-sum ratings differed by
37% between groups, non-HDRS-6-sum pathology was 113% higher in
the severe group. Correspondingly, effect sizes for HDRS-6 symptoms
were roughly in parity between the two groups, with many non-HDRS-
6 items showing negative or null effect sizes in non-severe patients, but
positive ones in severe patients.

3.5.3 Comment

A major conclusion of this study is that also subjects with relatively low
symptom rating at baseline experience a marked reduction in core
symptoms of depression when treated with an SSRI. The widespread
assumption that they are useless for the treatment of non-severe
depression hence seems unfounded.

That we did not detect an overall interaction between severity and
treatment as measured by HDRS-17-sum in the full population is in line
with most previous mega-analyses.!?*?822% Notably though, all three of
these displayed non-significant tendencies in favour of greater drug
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efficacy with increasing baseline severity. We hence suggest that such
an interaction is real, but sometimes, as in our analysis, masked by rare,
extreme values.

There are many factors that may explain the finding that the reduction
in non-core symptoms, but not in core symptoms, seems dependent on
baseline severity. First, the items belonging to HDRS-6 were much more
common than other symptoms in non-severe depression. This is not
unexpected as commonness was one of the criteria used when
constructing this subscale, 7! and also since many studies in our material
have used a minimum cut-off on depressed mood as an inclusion
criterion thus guaranteeing its presence. That most patients do display
these symptoms likely alleviates floor effects on items for which the
SSRIs display strong beneficial effects.

Second, many of the items belonging to the non-HDRS-6 cluster have
been shown to display minute or even negative effect sizes, and may
reflect common SSRI side-effects.??>*! For patients experiencing such
symptoms with high severity at baseline, there may be a ceiling effect
in the sense that the rating instrument does not permit further
deterioration; moreover, patients with, e.g., severe sexual dysfunction or
somatic anxiety already at baseline may experience a relief with regard
to these symptoms even in the presence of SSRI induced side-effects,
provided that their depression improves significantly. In contrast, for
subjects with mild depression, in which these symptoms are often rare
or mild at baseline, the impact of SSRI side-effects may be considerably
larger. Relatedly, many non-HDRS-6 items (e.g., insomnia, somatic
anxiety, and gastrointestinal symptoms) are common also in healthy
people, and may thus be less responsive to an overall change in the
severity of depression.

Third, a complementary or additional explanation could be that SSRIs
are only effective in a fraction of patients, and that the size of that
fraction is independent of baseline severity. This has been indicated in
one large meta-analysis.”’® If so, and if the average improvement in this
fraction is a constant percentage of baseline symptomology, then one
would expect to see larger numerical separation with increasing baseline
severity. That we did not observe any indications of a severity-treatment
interaction when using HDRS-6-sum as measure of both baseline
severity and outcome (data not shown), however, argues against this
being the entire explanation.
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Notably, the two mega-analyses that did detect a significant interaction
between baseline severity and treatment both included trials of
imipramine together with a selective serotonin reuptake inhibitor
(paroxetine and fluoxetine, respectively), whereas the other three did not
include any TCA.?’62%* Imipramine being associated with a larger
burden of side-effects?® and/or with better efficacy on sleep-related
items,?%® could perhaps explain why these two mega-analyses found
evidence for a severity-treatment interaction, while the other three did
not.

Additionally, as all HDRS scale items are measured on the ordinal level,
it is likely that precise relations will be non-linear and conditional not
only on which symptom is measured, but also on its exact rating, as
some HDRS symptom ratings may be more sensitive to change than
others.

Four limitations deserve discussion: i) patients in the extreme group
analyses (non-severe and severe, respectively) differ not only in severity
on each specific item but also with respect to overall pathology. A
possible confounder is that patients with lower overall severity may be
more prone to experience side-effects as detrimental, potentially leading
to dropout. ii) The precise division between HDRS-6 and non-HDRS-6
is arbitrary. While the existence of a core depression factor has been
replicated multiple times,® there is no consensus on precisely which
items should be included. For example, Santen and colleagues proposed
a seven-item scale which included the items in the HDRS-6 as well as
suicidal ideation,’’ and the Toronto scale proposed by McIntyre and co-
workers include somatic anxiety and suicide but not psychomotor
retardation.”®’ iii) Somatic anxiety and insomnia are more common in
unipolar than bipolar depression.?’® Thus patients with low ratings on
these symptoms may be more likely to suffer from undiagnosed bipolar
disorder, which has been reported to respond less favourably to
antidepressant treatment.?®® jv) Our material contained very few patients
with HDRS-17-sum lower than 17, i.e., very few patients had truly mild
depression and our results can therefore not inform the debate on to what
extent such subjects may respond to SSRIs.>>34

In summary, when looking at core symptoms of depression there is no
influence of baseline severity and patients display meaningful benefits
from antidepressant treatment regardless of severity. Thus, while
HDRS-17-sum differences do increase with baseline severity, this
appears to be driven by specific symptoms not included in the HDRS-6.
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These symptoms not responding in patients categorized as non-severe
may partly be explained by them being uncommon in patients with low
overall severity; these symptoms thus account for the lion’s share of the
HDRS-17-sum increase across the severity range that has commonly
been included in antidepressant trials.

3.6 Paper VI
3.6.1 Background

All of the previous papers detail results from post-hoc analyses
stemming from one data set (or subsets thereof) in which drugs
belonging to the SSRI class have been administered. One major aim of
paper VI was thus to assess to what extent the findings obtained for the
SSRIs could be replicated in a population of studies concerning an
antidepressant with a somewhat different profile: the SNRI duloxetine.

It has previously been suggested that duloxetine, because of its affinity
for the noradrenaline transporter, displays a somewhat different effect
profile as compared to the SSRIs, including a more pronounced effect
on the items work and interests and psychomotor retardation.”® A
second aim was to address this possibility by comparing effect profiles
for all HDRS items (after adjusting for overall response) in the
duloxetine population and in the SSRI population, respectively.

3.6.2 Results

Whereas the individual items depressed mood (ES: 0.20), guilt (ES:
0.10), suicidal ideation (ES: 0.15), agitation (ES: 0.08) and psychic
anxiety (ES: 0.23) separated significantly and positively when
comparing duloxetine with placebo already at the week 1 evaluation,
HDRS-17-sum (ES: 0.05, p = .16) did not. The latter observation was
explained by the ratings of middle insomnia (ES: -0.08), gastrointestinal
symptoms (ES: -0.30), sexual dysfunction (ES: -0.10), and loss of weight
(ES: -0.22) showing significant initial deterioration in patients treated
with duloxetine.

41



On the Effects of Serotonin Reuptake Inhibitors in Major Depression

At endpoint, all individual symptoms except middle insomnia, loss of
weight and insight significantly favoured duloxetine over placebo.
Depressed mood (ES: 0.44) had the highest effect size, closely followed
by psychic anxiety (ES: 0.43), whereas HDRS-17-sum was slightly
lower (ES 0.37). For all other items, effect sizes ranged from -0.05 (loss
of weight) to 0.32 (work and activities).

Separate age-stratified analyses of the suicidal ideation item revealed
significant superiority of duloxetine over placebo from week 1 until
week 8 for patients aged 25 and over (n=3318), and non-significant
differences numerically in favour of duloxetine in patients aged below
25 (n=257).

In paper IV we reported that some categorical measures of aggravated
suicidal ideation were more common in SSRI-treated young adults than
they were in placebo-treated young adults during the late study period
(week 3 to 6), but not during the early study period (week 1 and 2).
While the corresponding categorical analyses were deemed to be beyond
the scope of the report regarding duloxetine, and are hence not included
in manuscript VI, results from analyses corresponding to those in paper
IV, are presented below.

As our previous findings concerned SSRI-treated patients, we first
contrasted SSRI-treated young adults to placebo-treated young adults
with respect to the incidence of worsening and emergent suicidality
(loose and strict definition, respectively) during the late study period.
Worsening thus occurred in 10 out of 47 young adults treated with
placebo, compared to 7 out of 46 treated with an SSRI. Emergent
suicidality (loose definition), occurred in 4 out of 46 young adults
treated with placebo, and 4 out 43 treated with SSRIs. One placebo-
treated patient and no SSRI-treated patient reported emergent suicidality
according to the stricter definition. Due to the low number of patients
and events, we refrained from conducting any statistical tests.

To increase power, we also conducted an analysis in which SSRI- and
duloxetine-treated young adults were pooled. This yielded non-
significant differences numerically favouring active treatment.
Worsening thus occurred in 23 out of 161 placebo-treated young adults
as compared to 17 out of 163 actively treated patients (OR 0.70, 0.36 to
1.37, p =.29), emergent suicidality (loose definition) occurred in 13 out
of 145 placebo-treated patients and 10 out of 138 actively treated
patients (OR 0.79, 0.34 to 1.88, p = .60), and there was one occurrence
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of emergent suicidality according to the strict definition in each group
(OR 1.05,0.06 to 17.2, p =.97).

There were no significant interactions between baseline severity (as
measured by HDRS-17-sum) and treatment when outcome was assessed
by depressed mood, HDRS-6-sum or HDRS-17-sum. When outcome
was assessed by non-HDRS-6-sum there was, on the other hand, a
significant interaction in the direction of larger drug-placebo differences
with increasing HDRS-17-sum severity (B = 0.08 (0.03), p =.02). As in
paper V, this was driven by low effect sizes for non-core symptoms in
patients categorized as non-severe (HDRS-17-sum < 18). Also in line
with paper V, the prevalence and severity of non-core symptoms
differed markedly between cases classified as severe (HDRS-17-sum >
27) and non-severe. Mean HDRS-6-sum ratings thus were merely 63%
higher in severe cases than in non-severe cases, whereas non-HDRS-6-
sum ratings were 139% higher.

Duloxetine-treated patients fared significantly better than placebo-
treated patients with regard to depressed mood, irrespective of whether
they reported early (week 1 to 2) adverse events (ES: 0.46) or not (ES:
0.34). The within-treatment comparison however significantly favored
duloxetine-treated patients with early adverse events (ES: 0.12, p =.02).
Similar results were obtained when including adverse events occurring
during the entire study period (week 1 to 8). When using HDRS-17-sum
as measure of efficacy, results were similar in that both duloxetine
groups outperformed placebo; the within-treatment contrast, however,
was non-significant. Adverse event severity did not significantly
moderate outcome as measured by depressed mood.

The analysis of efficacy-adjusted symptom response profiles yielded
strikingly similar results for duloxetine and the SSRIs. There were hence
no significant differences between treatments for any HDRS item.

3.6.3 Comment

In line with paper II, depressed mood significantly outperformed
placebo already after one week of treatment whereas HDRS-17-sum did
not.>** Also, consistent with paper 1, depressed mood displayed a larger
effect size at endpoint than did HDRS-17-sum.**° The magnitude of this
difference (24%) however was smaller than that for the SSRI population
(48%) at the corresponding time-point (week 6).
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Similarly, the finding of early and enduring positive effects on rating
scale-assessed suicidal ideation for patients aged 25 or above is in line
with results from paper IV, as are the non-significant differences seen in
patients below the age of 25; all differences were however numerically
in favour of duloxetine in the young adults.?®® Similarly, while not
included in manuscript VI, we did not observe any indications that SSRI
or duloxetine treatment caused increased suicidality in young adults.

The finding of a significant severity-by-treatment interaction when
outcome was assessed by non-HDRS-6-sum, but not when using other
outcome measures (depressed mood, HDRS-6-sum, HDRS-17-sum),
mirrors results from the SSRI population (paper V), as does the
observation that differences in the rating of non-core rather than core
symptoms of depression constitute the major difference between
patients categorized as severe and non-severe, respectively. The
assumption that the tendency for baseline severity to be positively
associated with response to a large extent may be due to the HDRS
comprising items rated low at baseline in cases categorized as non-
severe hence gained further support from the duloxetine dataset.

That duloxetine-treated patients outperform placebo regardless of the
presence of adverse events, and that efficacy is not moderated by
adverse event severity, is in line with the findings in paper I11.2® The
results in paper III differed between SSRIs (citalopram and paroxetine)
as to the strength and direction of the possible association between
adverse events and efficacy as measured by depressed mood.
Duloxetine-treated patients with side-effects, like paroxetine-treated
patients with side-effects, fared slightly but significantly better than
patients without side-effects. As discussed for paper III, while
compatible with the side-effects breaking the blind hypothesis, there are
several other explanations for why such an association may be seen.

On the basis of seven head-to-head comparisons of duloxetine versus
different SSRIs, it has previously been suggested that duloxetine exerts
a more pronounced effect on, e.g., psychomotor retardation and inability
to work, than do the SSRIs;*® the interpretation of these trials is
however complicated by the use of relatively low and possibly
suboptimal SSRI doses in several of them. Our analysis of symptom
response profiles lent no support for any major differences between
duloxetine and the SSRIs, but revealed strikingly similar profiles for the
two treatments. While adequately powered head-to-head analyses using
equipotent doses are always required to definitively settle the issue of
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possible differences in symptom-level efficacy between two treatments,
our analysis suggest duloxetine to be highly similar to the SSRIs with
regards to symptom-level response pattern.

In summary, the findings from paper I to V translated remarkably well
to an independent population of duloxetine studies. In line with this, our
item-level analyses of efficacy suggest the response profile of
duloxetine to be highly similar to that of the SSRIs.
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4 Conclusion

The findings in this thesis contradict many of the arguments put forth as
evidence of SSRIs being ineffective, or exerting merely non-specific
effects, for the treatment of MDD. The largest effect of SSRI treatment
was an improvement in mood, not a non-specific improvement. This
was a consistent finding, with 91% of all drug-placebo comparisons
displaying significant improvement on this symptom with SSRI
treatment. Likewise, the effect of SSRIs on suicidal ideation was clearly
beneficial in patients above the age of 25. Both of these effects were
evident already after one week of treatment.

The beneficial effects of SSRI treatment, rather than (as often claimed)
being unrelated to dose, were dose-dependent, although maximum
efficacy was achieved already at comparatively low doses. Similarly,
side-effects, rather than being solely or largely responsible for the drug-
placebo differences observed in antidepressant trials (as often claimed),
turned out not to be necessary for SSRIs to outperform placebo. Further,
rather than being clinically meaningful only for the most extremely
depressed patients (as also often claimed), the effects of SSRIs on core
depression symptoms were as large for the least severe patients as they
were for the most severely depressed. It should however be considered
that subjects with truly mild depression are seldom included in trials of
antidepressants.

Most of these findings come as a result of abandoning the outcome
parameter that was originally used in the included trials, i.e., the HDRS
sum-score. We conclude that this parameter is an insensitive measure of
SSRI efficacy, in part because it captures SSRI side effects. This was
most apparent early in treatment where the HDRS sum-score
consistently found no differences, whereas item-level analyses showed
clear effects on many symptoms. While side effects may impact quality
of life and should be meticulously recorded, they should preferably not
affect the rating of depressive severity as this will effectively amount to
double-counting the adverse events. It will also render it more difficult
to assess the magnitude of the beneficial effects of SSRI treatment.

In summary, the use of an insensitive effect parameter has resulted in an
underestimation of the value of SSRIs for the treatment of MDD, and
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may also have impeded drug development in depression by making drug
candidates appear less effective than they really are. While we would
thus recommend that one in future trials in depression refrains from
using the HDRS-17-sum as primary effect parameter, we note with
appreciation that modern trials indeed appear to be applying other
outcome measures, e.g., the MADRS, to an increasing extent, 44290291
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5 Methods and materials

5.1 Ethics

Secondary use of de-identified patient-level data does not require ethical
approval in Sweden. We have however obtained an advisory opinion
from the Regional Ethical Review Board of Gothenburg, Sweden, in
which they state no objection to the conduct of these studies.

5.2 Statistical analyses

Continuous outcome measures have been analysed using analysis of
covariance (ANCOVA), either for the ITT- or the OC-population,
and/or using mixed models for repeated measurement (MMRM).!*?
Unless expressly stated otherwise, all models have included a fixed
factor for centre or trial (depending on the level of analysis), and
baseline severity as a covariate. MMRM models have also included a
fixed factor for time (visit or week) and the interaction between time and
treatment. MMRM models have been specified to use unstructured
(co)variance matrices to model within-patient errors and the Kenward-
Roger approximation to estimate denominator degrees of freedom.*?
Effect sizes for continuous measures have been calculated by dividing
least-squares means differences by the root of the corresponding
variance term. Effect estimates for categorical measures are generally
reported as odds-ratios. ITT-populations have been constructed using
the LOCF procedure.

Categorical outcomes have been assessed using logistic regression,
generalized linear mixed models (GLMM), and Kaplan-Meier analyses.
Logistic regression models have used corresponding specifications to
the ANCOVA models, whereas GLMM-models have been specified in
an analogous fashion to the MMRM-models. GLMM models used for
dichotomous outcomes have used a binary distribution with a logit link.

In paper I, we investigated SSRI efficacy, regardless of dose, using
LOCF ANCOVA. Hence fixed factors for treatment (placebo, SSRI)
were included in the analyses. Treatment-by-centre interactions were
assessed for all individual studies, and significant treatment-by-centre
interactions were handled through sequential exclusion of the centres
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displaying the most divergent outcomes. The choice of using LOCF
ANCOVA rather than more advanced modelling (e.g., MMRM) was
motivated by this having been the most commonly used analytical
procedure when these trials were originally reported. We hence
attempted to replicate the original analyses as closely as possible.
Ordinal logistic regression was used to ensure that the use of ANCOVA
to analyse the ordinal measure depressed mood did not impact the
results. Repeated measures analysis of variance and paired t-tests were
used to test for differences between effect parameters. McNemar’s test
was used to test whether the ratios of comparisons reaching statistical
significance differed between depressed mood and HDRS-17-sum.
Pearson’s one-sample y2-test was used to assess whether the ratio of
effect size estimates which improved when switching to depressed mood
was significantly different from what can be expected by chance.

In paper II, SSRI dose was included both as a categorical (placebo = 0,
actual doses in mg) and as a continuous predictor in MMRM-models.
When treated as a continuous predictor, doses were normalized so that
the lowest included dose (for each drug) was anchored at zero, the
highest at one, with doses in between linearly interpolated. Placebo-
treated patients were excluded from all analyses treating dose as a
continuous predictor. GLMM models with dose group as a fixed factor
were used to assess the categorical outcomes remission (HDRS-17-sum
<7, depressed mood = 0) and response (HDRS-17-sum reduction of at
least 50%, depressed mood decrease of at least 1 point).

In paper III, we wished to investigate the relation between side-effects
and treatment outcomes. As side effects may lead to treatment
discontinuation, we considered the OC-population as primary. These
analyses included a three-level fixed factor to classify patients (placebo,
SSRI without adverse events, SSRI with adverse events). When
assessing whether side-effect severity moderated outcomes, patients
were stratified according to the highest severity side effect they had
experienced (mild, moderate, severe). Patients without adverse events,
and patients treated with placebo, were excluded from these analyses.

In paper IV, the impact of SSRI treatment on HDRS assessed suicidality
was assessed using LOCF ANCOVA and MMRM. We also conducted
analyses encompassing only those patients that dropped out prior to
study end. All models included SSRI treatment as a fixed-factor
(placebo, SSRI). Categorical measures of deterioration were analysed
using both logistic regression and Kaplan-Meier survival analysis.
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Patients who by definition could not experience deterioration on a
particular measure were excluded from the corresponding analyses.

In paper V we assessed the relation between baseline severity and
efficacy. LOCF ANCOVA and MMRM models were both used.
Treatment was included as a fixed factor (placebo, SSRI) whereas
baseline severity was included both as a fixed factor and as a covariate,
respectively.

In paper VI we assessed whether the symptom response profile differed
between SSRIs and duloxetine when analyses were adjusted for overall
antidepressant efficacy using MMRM. Separate analyses were run for
each item, and the analyses included treatment outcome, represented by
the sum-score of all items not serving as the dependent variable, as
covariate. As the SSRI and duloxetine data come from different trials
the comparison was indirect. Relative mean differences compared to
placebo were computed separately for both populations (SSRI,
duloxetine), and an unpaired two-sample t-test was used to assess the
difference in mean differences from placebo between the two
populations.

5.3 Statistical software

Offline analyses have been conducted using IBM SPSS Statistics for
Mac/Windows, Version 21.0 (IBM Corp, Armonk, NY, USA) and SAS
software for Windows, Version 9.4 (SAS Institute, Cary, NC, USA). For
papers III and VI, remote desktop access to the Clinical Trial Data
Transparency environment, SAS version 9.4, was provided by the
Clinical Study Data Request website through SAS Solutions
OnDemand.
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