
BackgroundBackground Although selectiveAlthough selective

serotoninreuptake inhibitors (SSRIs) areserotoninreuptake inhibitors (SSRIs) are

frequently used formajordepressivefrequently used formajordepressive

disorder, only 50^60% of patientsdisorder, only 50^60% of patients

respond to a standard dose.Fornon-respond to a standard dose.Fornon-

responders, dose escalation is oftenresponders, dose escalation is often

applied.applied.

AimAim To systematically review theTo systematicallyreview the

evidence fordose escalation of SSRIs.evidence fordose escalation of SSRIs.

MethodMethod A systematic literature searchA systematic literature search

in MEDLINE,EMBASE,CINAHL andin MEDLINE,EMBASE,CINAHL and

PsycInfowasperformed.RandomisedPsycInfowasperformed.Randomised

controlled trials andmeta-analysescontrolled trials andmeta-analyses

investigatingdose escalationof SSRIswereinvestigatingdose escalation of SSRIswere

identified.Relevant articleswereidentified.Relevant articleswere

retrieved and critically appraised.Resultsretrieved and critically appraised.Results

were summarised in an evidence table.were summarised in an evidence table.

Poolingwasnot justified because ofPoolingwasnot justified because of

heterogeneityofthe identified studies.heterogeneityofthe identified studies.

ResultsResults Eighttrue dose-escalationEighttrue dose-escalation

studies and threemeta-analyseswerestudies and threemeta-analyseswere

identified.The available data providednoidentified.The available data providedno

unequivocalbase fordose escalation.Doseunequivocalbase fordose escalation.Dose

escalationbefore 4 weeks oftreatment atescalationbefore 4 weeks oftreatment at

a standard dose appeared to bea standard dose appeared to be

ineffective.ineffective.

ConclusionsConclusions Dose escalation of SSRIsDose escalation of SSRIs

is equivocally supportedbyevidence ofis equivocally supported byevidence of

randomised controlled trials;randomised controlled trials;

methodological difficulties in the studiesmethodological difficulties in the studies

may account for this lackof evidence.may account for this lackof evidence.

Declaration of interestDeclaration of interest None.None.

So far many countries have developed na-So far many countries have developed na-

tional clinical guidelines for the treatmenttional clinical guidelines for the treatment

of major depressive disorder (Depressionof major depressive disorder (Depression

Guideline Panel, 1993Guideline Panel, 1993aa,,bb; Rush; Rush et alet al,,

1998; Mulrow1998; Mulrow et alet al, 1999; American, 1999; American

Psychiatric Association, 2000; AndersonPsychiatric Association, 2000; Anderson

et alet al, 2000; Kennedy, 2000; Kennedy et alet al, 2001; National, 2001; National

Institute for Clinical Excellence, 2004). InInstitute for Clinical Excellence, 2004). In

these guidelines pharmacotherapy is amongthese guidelines pharmacotherapy is among

the most important treatments, and inthe most important treatments, and in

many countries selective serotonin reuptakemany countries selective serotonin reuptake

inhibitors (SSRIs) have become the first-lineinhibitors (SSRIs) have become the first-line

antidepressants. It is less clear what shouldantidepressants. It is less clear what should

be done in those 40–50% of patients whobe done in those 40–50% of patients who

do not respond to the first antidepressantdo not respond to the first antidepressant

administered (Thase & Rush, 1995;administered (Thase & Rush, 1995;

KroenkeKroenke et alet al, 2001). Strategies in case of, 2001). Strategies in case of

non-response have been published innon-response have been published in

several narrative reviews (Thase & Rush,several narrative reviews (Thase & Rush,

1997; Nelson, 1998; Crismon1997; Nelson, 1998; Crismon et alet al, 1999;, 1999;

Fava, 2000Fava, 2000aa,,bb; O’Reardon; O’Reardon et alet al, 2000;, 2000;

Marangell, 2001; Trivedi & Kleiber,Marangell, 2001; Trivedi & Kleiber,

2001; Hirschfeld2001; Hirschfeld et alet al, 2002; Kennedy, 2002; Kennedy etet

alal, 2002; Anderson, 2003; Kennedy &, 2002; Anderson, 2003; Kennedy &

McDonough, 2003; McIntyreMcDonough, 2003; McIntyre et alet al, 2003;, 2003;

Nelson, 2003) and in one systematic reviewNelson, 2003) and in one systematic review

(Stimpson(Stimpson et alet al, 2002). Three major strate-, 2002). Three major strate-

gies for non-response are recommended:gies for non-response are recommended:

dose escalation, augmenting the antidepres-dose escalation, augmenting the antidepres-

sant by adding a second drug, and switch-sant by adding a second drug, and switch-

ing to another antidepressant of the sameing to another antidepressant of the same

or a different class.or a different class.

Available dose-finding studies do notAvailable dose-finding studies do not

provide evidence for initiating pharmaco-provide evidence for initiating pharmaco-

therapy for major depressive disorder withtherapy for major depressive disorder with

SSRIs in higher than standard dosesSSRIs in higher than standard doses

(Altamura(Altamura et alet al, 1988; Beasley, 1988; Beasley et alet al, 1990;, 1990;

Dunner & Dunbar, 1992; TignolDunner & Dunbar, 1992; Tignol et alet al,,

1992; Montgomery1992; Montgomery et alet al, 1994). For non-, 1994). For non-

responders, all guidelines recommend doseresponders, all guidelines recommend dose

escalation as the appropriate strategy,escalation as the appropriate strategy,

instead of continuing an apparently in-instead of continuing an apparently in-

adequate regimen (Depression Guidelineadequate regimen (Depression Guideline

Panel, 1993Panel, 1993aa;;bb; Rush; Rush et alet al, 1998; Mulrow, 1998; Mulrow

et alet al, 1999; American Psychiatric Associa-, 1999; American Psychiatric Associa-

tion, 2000; Andersontion, 2000; Anderson et alet al, 2000; Kennedy, 2000; Kennedy

et alet al, 2001). Only the National Institute for, 2001). Only the National Institute for

Clinical Excellence (NICE) guideline is lessClinical Excellence (NICE) guideline is less

definite (National Institute for Clinical Ex-definite (National Institute for Clinical Ex-

cellence, 2004), advising that if ‘there arecellence, 2004), advising that if ‘there are

no significant side-effects, a gradual in-no significant side-effects, a gradual in-

crease in dose should be considered’. More-crease in dose should be considered’. More-

over, surprisingly little systematic evidenceover, surprisingly little systematic evidence

is provided to support these recommenda-is provided to support these recommenda-

tions. Because of the above recommenda-tions. Because of the above recommenda-

tions and because of its simplicity, dosetions and because of its simplicity, dose

escalation is widely practised and often theescalation is widely practised and often the

first strategy applied (Byrne & Rothschild,first strategy applied (Byrne & Rothschild,

1997; Shergill & Katona, 1997; Fredman1997; Shergill & Katona, 1997; Fredman etet

alal, 2000; Mischoulon, 2000; Mischoulon et alet al, 2000). The aim, 2000). The aim

of our study was to systematically reviewof our study was to systematically review

the evidence for dose escalation of SSRIs inthe evidence for dose escalation of SSRIs in

major depressive disorder.major depressive disorder.

METHODMETHOD

Design of studies to be includedDesign of studies to be included

Ideally the design of dose-escalation studiesIdeally the design of dose-escalation studies

is randomisation of non-responders tois randomisation of non-responders to

higher doses of an antidepressant orhigher doses of an antidepressant or

placebo after some weeks of a standard-placebo after some weeks of a standard-

dose regimen. In this review we considerdose regimen. In this review we consider

three other methodological requirementsthree other methodological requirements

for such studies. First, dose escalationfor such studies. First, dose escalation

should be deferred to 3–6 weeks aftershould be deferred to 3–6 weeks after

initiation of treatment, because severalinitiation of treatment, because several

weeks are required for antidepressants toweeks are required for antidepressants to

have clinical effect (Mischoulon, 1997).have clinical effect (Mischoulon, 1997).

The practice of dose escalation and theThe practice of dose escalation and the

demonstration of a dose–response relation-demonstration of a dose–response relation-

ship is based on selection of ‘true’ non-ship is based on selection of ‘true’ non-

responders (Baker & Woods, 2003). As thisresponders (Baker & Woods, 2003). As this

might take 6–10 weeks (Quitkinmight take 6–10 weeks (Quitkin et alet al,,

2003), dose-escalation studies with early2003), dose-escalation studies with early

randomisation diminish the possibility ofrandomisation diminish the possibility of

proving the usefulness of dose escalation.proving the usefulness of dose escalation.

The inclusion of unidentified late respon-The inclusion of unidentified late respon-

ders in both arms of the study reduces theders in both arms of the study reduces the

contrast between the intervention andcontrast between the intervention and

control. Second, an outstanding study willcontrol. Second, an outstanding study will

have sufficient power to be able to demon-have sufficient power to be able to demon-

strate a clinically relevant difference (e.g.strate a clinically relevant difference (e.g.

20%) between treatment arms and, third,20%) between treatment arms and, third,

will describe the method of dose escalationwill describe the method of dose escalation

and describe the early drop-out ratesand describe the early drop-out rates

because of dose escalation.because of dose escalation.

Identification and selectionIdentification and selection
of articlesof articles

First, systematic literature searches (up-First, systematic literature searches (up-

dated 10 February 2005) were performeddated 10 February 2005) were performed

in four databases (MEDLINE, EMBASE,in four databases (MEDLINE, EMBASE,

CINAHL, PsycInfo; all indexed years). AsCINAHL, PsycInfo; all indexed years). As

there are no specific keywords for dose-there are no specific keywords for dose-

escalation studies, sensitive searches wereescalation studies, sensitive searches were

performed with the following terms:performed with the following terms:

(((dose[textword(tw)] OR dosage[tw])(((dose[textword(tw)] OR dosage[tw])
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Dose escalation for insufficient responseDose escalation for insufficient response

to standard-dose selective serotonin reuptaketo standard-dose selective serotonin reuptake

inhibitors in major depressive disorderinhibitors in major depressive disorder

Systematic reviewSystematic review
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ANDAND increase[tw]) OR ((dose[tw] OR dosa-increase[tw]) OR ((dose[tw] OR dosa-

ge[tw]) AND maxim*[tw]) OR (upward[tw]ge[tw]) AND maxim*[tw]) OR (upward[tw]

ANDAND titrat*[tw])) OR dose–response re-titrat*[tw])) OR dose–response re-

lationship,lationship, drug[MeSH], in combinationdrug[MeSH], in combination

with the Cochrane Collaboration search-with the Cochrane Collaboration search-

filter for randomised controlled trialsfilter for randomised controlled trials

and systematic reviews, the Cochraneand systematic reviews, the Cochrane

Collaboration Depression Anxiety andCollaboration Depression Anxiety and

Neurosis group search-filter for major de-Neurosis group search-filter for major de-

pressive disorder and MeSH-terms and textpressive disorder and MeSH-terms and text

words for SSRIs. Primary selection (inde-words for SSRIs. Primary selection (inde-

pendently by H.R. and J.H.) was based onpendently by H.R. and J.H.) was based on

design and focused on dose–responsedesign and focused on dose–response

relationships for SSRIs, by screening titlerelationships for SSRIs, by screening title

and abstract of the article.and abstract of the article. Agreement onAgreement on

exclusion of irrelevant articlesexclusion of irrelevant articles was 99.1%,was 99.1%,

with Cohen’s kappa for interrater agree-with Cohen’s kappa for interrater agree-

ment 0.62 (which is a substantial agree-ment 0.62 (which is a substantial agree-

ment (Munoz & Bangdiwala, 1997)).ment (Munoz & Bangdiwala, 1997)).

Discrepancies between initial selection wereDiscrepancies between initial selection were

resolved by discussion and consensus.resolved by discussion and consensus.

Second, all potentially relevant articlesSecond, all potentially relevant articles

were judged according to specific inclusionwere judged according to specific inclusion

and exclusion criteria (criteria available fromand exclusion criteria (criteria available from

H.R. on request). In case of doubt, an articleH.R. on request). In case of doubt, an article

was read fully and assigned afterwards.was read fully and assigned afterwards.

Additionally, relevant cross-references wereAdditionally, relevant cross-references were

retrieved. Double publications were con-retrieved. Double publications were con-

sidered together to reveal the maximumsidered together to reveal the maximum

available information.available information.

Critical appraisal and summaryCritical appraisal and summary

Next, selected articles were criticallyNext, selected articles were critically

appraised and abstracted by H.R., usingappraised and abstracted by H.R., using

standardised forms derived from the Dutchstandardised forms derived from the Dutch

Institute of Healthcare ImprovementInstitute of Healthcare Improvement

(Kwaliteitsinstituut voor de Gezondheidszorg(Kwaliteitsinstituut voor de Gezondheidszorg

CBO, 2000) and the Agency for HealthcareCBO, 2000) and the Agency for Healthcare

Policy and Research (MulrowPolicy and Research (Mulrow et alet al, 1999)., 1999).

The items used for critical appraisal wereThe items used for critical appraisal were

the same as proposed by the Scottish Inter-the same as proposed by the Scottish Inter-

collegiate Guideline Network (2001) andcollegiate Guideline Network (2001) and

SackettSackett et alet al (2000). Each study was(2000). Each study was

assigned a ‘level of evidence’ (Table 1).assigned a ‘level of evidence’ (Table 1).

Levels of evidence were based on theLevels of evidence were based on the

methodological robustness of studies. Formethodological robustness of studies. For

the results, the highest level of evidence ofthe results, the highest level of evidence of

the supporting scientific evidence (A1–D)the supporting scientific evidence (A1–D)

was used.was used.

To assess judgement bias of the personTo assess judgement bias of the person

who performed the critical appraisal, inter-who performed the critical appraisal, inter-

rater variation was determined in a slightlyrater variation was determined in a slightly

different set of 12 publications. We alldifferent set of 12 publications. We all

critically appraised four publications, andcritically appraised four publications, and

agreement for the appraisal items was ex-agreement for the appraisal items was ex-

pressed by Cohen’s kappa. Kappa valuespressed by Cohen’s kappa. Kappa values

were 0.49 (for validity of the study), 0.86were 0.49 (for validity of the study), 0.86

(for concealment of allocation); complete(for concealment of allocation); complete

agreement existed for randomisation of theagreement existed for randomisation of the

study, level of evidence and data extractionstudy, level of evidence and data extraction

(kappa(kappa¼1.0). This is in line with other re-1.0). This is in line with other re-

ports of interrater agreement in appraisal ofports of interrater agreement in appraisal of

psychiatric research (Moncrieffpsychiatric research (Moncrieff et alet al, 2001)., 2001).

A qualitative summary with discussionA qualitative summary with discussion

of the results, restrictions, methodologicalof the results, restrictions, methodological

flaws and external validity of the studiesflaws and external validity of the studies

was described in an evidence table and awas described in an evidence table and a

separate document, of which a summaryseparate document, of which a summary

is provided in this paper. Because of theis provided in this paper. Because of the

apparent heterogeneity in timing of theapparent heterogeneity in timing of the

dose escalation between the studies, resultsdose escalation between the studies, results

were not pooled in a meta-analysis.were not pooled in a meta-analysis.

RESULTSRESULTS

Search results and selection of studies areSearch results and selection of studies are

presented in Fig. 1. The 11 studies selectedpresented in Fig. 1. The 11 studies selected

for this review are summarised in Table 2.for this review are summarised in Table 2.

A table of excluded studies is availableA table of excluded studies is available

from H.R. on request.from H.R. on request.

Characteristics of the studiesCharacteristics of the studies

Our searches identified eight dose-escalationOur searches identified eight dose-escalation

studies that increased dosages after at leaststudies that increased dosages after at least

3 weeks of standard dosage (Dornseif3 weeks of standard dosage (Dornseif et alet al,,

1989; Schweizer1989; Schweizer et alet al, 1990, 2001; Fava, 1990, 2001; Fava etet

alal, 1992, 1994, 2002; Benkert, 1992, 1994, 2002; Benkert et alet al, 1997;, 1997;

Licht & Qvitzau, 2002). We further foundLicht & Qvitzau, 2002). We further found

three systematic reviews about dose–three systematic reviews about dose–

response relationships, which included, re-response relationships, which included, re-

spectively, three (Bollinispectively, three (Bollini et alet al, 1999), three, 1999), three

(Corruble & Guelfi, 2000) and four (Baker(Corruble & Guelfi, 2000) and four (Baker

et alet al, 2003) of the eight identified dose-, 2003) of the eight identified dose-

escalation studies.escalation studies.

Across the studies different outcome de-Across the studies different outcome de-

finitions for end-points were used. In sevenfinitions for end-points were used. In seven

articles, response was defined as a reductionarticles, response was defined as a reduction

ofof 5550% in the Hamilton Rating Scale for50% in the Hamilton Rating Scale for

Depression (HRSD) score (DornseifDepression (HRSD) score (Dornseif et alet al,,

1989; Schweizer1989; Schweizer et alet al, 1990; Benkert, 1990; Benkert et alet al,,

1997; Licht & Qvitzau, 2002; Baker1997; Licht & Qvitzau, 2002; Baker et alet al,,

2003). A Clinical Global Impression (CGI)2003). A Clinical Global Impression (CGI)

improvement or severity scoreimprovement or severity score 442 was used2 was used

for response in one study (Schweizerfor response in one study (Schweizer et alet al,,

2001). Partial response was used in three2001). Partial response was used in three

studies and defined as 25–50% decreasestudies and defined as 25–50% decrease

in HRSD score (Favain HRSD score (Fava et alet al, 1992, 1994,, 1992, 1994,

2002). In seven studies, remission-rates2002). In seven studies, remission-rates

were reported. These were defined aswere reported. These were defined as

HRSD scoreHRSD score 447 (Fava7 (Fava et alet al, 1994, 2002;, 1994, 2002;

Licht & Qvitzau, 2002) or HRSD scoreLicht & Qvitzau, 2002) or HRSD score

448 (Schweizer8 (Schweizer et alet al, 2001)., 2001).

Different criteria were applied to decideDifferent criteria were applied to decide

whether a patient should be randomised:whether a patient should be randomised:

non-response according to CGI (Benkertnon-response according to CGI (Benkert

et alet al, 1997),, 1997), 5550% decrease in HRSD50% decrease in HRSD

310310

Table1Table1 Levels of evidence in therapeutic studiesLevels of evidence in therapeutic studies

LevelLevel Type of studyType of study

A1A1 Systematic review including at least someSystematic review including at least some

studies of A2 level.Consistent resultsstudies of A2 level. Consistent results

(homogeneity) across the included trials(homogeneity) across the included trials

A2A2 Randomised controlled (double-blind)Randomised controlled (double-blind)

trial of goodmethodological quality,trial of goodmethodological quality,

adequate size and consistency of resultsadequate size and consistency of results

BB Randomised clinical trial of lowerRandomised clinical trial of lower

methodological quality or inadequatemethodological quality or inadequate

size.Other comparative researchsize.Other comparative research

(e.g. non-randomised trial, comparative(e.g. non-randomised trial, comparative

cohort study, case^control study)cohort study, case^control study)

CC Uncontrolled, open studyUncontrolled, open study

DD Expert opinion, e.g. guideline panelExpert opinion, e.g. guideline panel

membersmembers

Dutch Institute of Healthcare Improvement (Kwaliteits-Dutch Institute of Healthcare Improvement (Kwaliteits-
instituut voor de Gezondheidszorg CBO, 2000instituut voor de Gezondheidszorg CBO, 2000).). Fig. 1Fig. 1 Selection process for reported studies.Selection process for reported studies.
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score (Dornseifscore (Dornseif et alet al, 1989; Schweizer, 1989; Schweizer et alet al,,

1990; Fava1990; Fava et alet al, 1994, 2002) or no re-, 1994, 2002) or no re-

mission (HRSD scoremission (HRSD score 448 (Schweizer8 (Schweizer et alet al,,

2001)). In the present studies no genetic2001)). In the present studies no genetic

information of the cytochrome P450information of the cytochrome P450

(CYP) system nor drug blood levels were(CYP) system nor drug blood levels were

reported.reported.

The three previous reviews all had someThe three previous reviews all had some

methodological problems: Bollinimethodological problems: Bollini et alet al

(1999) pooled studies with completely(1999) pooled studies with completely

different designs and drug classes, anddifferent designs and drug classes, and

applied a dose equivalence strategy thatapplied a dose equivalence strategy that

put differential doses of SSRIs together.put differential doses of SSRIs together.

BakerBaker et alet al (2003) also pooled hetero-(2003) also pooled hetero-

geneous studies with different moments ofgeneous studies with different moments of

dose escalation, and used an unusuallydose escalation, and used an unusually

low reference dose of fluoxetine (5 mg).low reference dose of fluoxetine (5 mg).

Corruble & Guelfi (2000) did not use anCorruble & Guelfi (2000) did not use an

adequate search strategy and only describedadequate search strategy and only described

the dose–response relationships found inthe dose–response relationships found in

their identified studies as flat, curvilineartheir identified studies as flat, curvilinear

or linear.or linear.

We will briefly outline the dose-We will briefly outline the dose-

escalation studies. Dorseifescalation studies. Dorseif et alet al (1989) first(1989) first

investigated week-3 non-respondersinvestigated week-3 non-responders

((nn¼371 out-patients) to fluoxetine, who371 out-patients) to fluoxetine, who

were randomised to continuation withwere randomised to continuation with

20 mg or increase to 60 mg/day for 5 weeks.20 mg or increase to 60 mg/day for 5 weeks.

Response rates were 40.5% and 44.7%,Response rates were 40.5% and 44.7%,

respectively, and remission rates 33.3%respectively, and remission rates 33.3%

and 36.2%, respectively. Drop-out ratesand 36.2%, respectively. Drop-out rates

because of side-effects were significantlybecause of side-effects were significantly

different at 5.3% and 11.6%, respectively.different at 5.3% and 11.6%, respectively.

SchweizerSchweizer et alet al (1990) investigated 77(1990) investigated 77

non-responsive out-patients after 3 weeks’non-responsive out-patients after 3 weeks’

administration of fluoxetine (20 mg/day),administration of fluoxetine (20 mg/day),

with a randomisation to placebo increasewith a randomisation to placebo increase

or dose escalation up to 60 mg/day for 5or dose escalation up to 60 mg/day for 5

weeks. Response rates were 51.2% andweeks. Response rates were 51.2% and

50%, respectively, with non-significant50%, respectively, with non-significant

drop-out rates of 4.9%drop-out rates of 4.9% vv. 16.7%. In a simi-. 16.7%. In a simi-

lar study, Schweizerlar study, Schweizer et alet al (2001) studied(2001) studied

dose escalation of sertraline in out-patientdose escalation of sertraline in out-patient

non-remitters after 3 weeks of sertralinenon-remitters after 3 weeks of sertraline

(50 mg/day,(50 mg/day, nn¼75). Doses were randomly75). Doses were randomly

either kept at 50 mg/day or increased toeither kept at 50 mg/day or increased to

150 mg/day. Remission rates after 5 weeks150 mg/day. Remission rates after 5 weeks

were 32% and 47%, respectively (non-were 32% and 47%, respectively (non-

significant). Specified drop-out ratessignificant). Specified drop-out rates

because of side-effects were not reported.because of side-effects were not reported.

FavaFava et alet al (1992) first openly treated(1992) first openly treated

15 out-patients (who were week-8 non-15 out-patients (who were week-8 non-

responders to fluoxetine at 20 mg/day) withresponders to fluoxetine at 20 mg/day) with

increased doses of fluoxetine titrated up toincreased doses of fluoxetine titrated up to

80 mg/day for 4 weeks. No response rates80 mg/day for 4 weeks. No response rates

were given, but the mean 17-item HRSDwere given, but the mean 17-item HRSD

scorescore decreased 6.2 points in week-8decreased 6.2 points in week-8

non-non-responders and 10.1 points in partialresponders and 10.1 points in partial

responders. In a second study, Favaresponders. In a second study, Fava et alet al

(1994) randomised week-8 non-responders(1994) randomised week-8 non-responders

to fluoxetine 20 mg/day (to fluoxetine 20 mg/day (nn¼41) to either41) to either

fluoxetine 40–60 mg, desipramine additionfluoxetine 40–60 mg, desipramine addition

or lithium addition for 4 weeks. Noor lithium addition for 4 weeks. No

placebo increase was practised. Remissionplacebo increase was practised. Remission

rates were 53%, 25% and 29%, res-rates were 53%, 25% and 29%, res-

pectively, but these differences were non-pectively, but these differences were non-

significant. Initial partial responderssignificant. Initial partial responders

appeared to benefit most from fluoxetineappeared to benefit most from fluoxetine

dose increases (data non-significant).dose increases (data non-significant).

Drop-out rates for side-effects were 0%,Drop-out rates for side-effects were 0%,

17% and 7%, respectively. In a third17% and 7%, respectively. In a third study,study,

FavaFava et alet al (2002) repeated the(2002) repeated the three-armthree-arm

randomised design from their 1994 studyrandomised design from their 1994 study

with a stratification for partial or non-with a stratification for partial or non-

response at week 8 (response at week 8 (nn¼101). After 4 weeks,101). After 4 weeks,

the high-dose fluoxetine group showed in-the high-dose fluoxetine group showed in-

creased but non-significant remission ratescreased but non-significant remission rates

(42.4%) compared with desipramine addi-(42.4%) compared with desipramine addi-

tion (29.4%) and lithium additiontion (29.4%) and lithium addition

(23.5%). Again initial partial responders(23.5%). Again initial partial responders

appeared to benefit more from fluoxetineappeared to benefit more from fluoxetine

dose increases compared withdose increases compared with initial non-initial non-

responders (differences non-responders (differences non-significant).significant).

NoNo specific data on drop-out because ofspecific data on drop-out because of

side-side-effects were given.effects were given.

BenkertBenkert et alet al (1997) investigated dose(1997) investigated dose

escalation of paroxetine (20 mg/day) inescalation of paroxetine (20 mg/day) in

out-patients who were depressed or hadout-patients who were depressed or had

minor depression. Those who did not re-minor depression. Those who did not re-

spond after 3 weeks of treatment (spond after 3 weeks of treatment (nn¼86)86)

were randomised to receive 40 mg paroxe-were randomised to receive 40 mg paroxe-

tine for 3 additional weeks or placebotine for 3 additional weeks or placebo

increase. Response rates were 75% in theincrease. Response rates were 75% in the

placebo increased group and 74% in theplacebo increased group and 74% in the

40 mg group. Licht & Qvitzau (2002)40 mg group. Licht & Qvitzau (2002)

investigated randomised dose escalationinvestigated randomised dose escalation

of sertraline (up to 200 mg/day)of sertraline (up to 200 mg/day) vv..

sertraline 100 mg/day (placebo increase)sertraline 100 mg/day (placebo increase)

or mianserin addition in 295 out-or mianserin addition in 295 out-

patients non-responsive to sertralinepatients non-responsive to sertraline

50 mg for 4 weeks and additionally in-50 mg for 4 weeks and additionally in-

creased to 100 mg for 2 more weeks.creased to 100 mg for 2 more weeks.

Response rates 5 weeks after randomis-Response rates 5 weeks after randomis-

ation were significantly lower in theation were significantly lower in the

dose-increase group (56%) than in thedose-increase group (56%) than in the

sertraline 100 mg group (70%) andsertraline 100 mg group (70%) and

the mianserin addition group (67%).the mianserin addition group (67%).

Data on drop-out because of side-effectsData on drop-out because of side-effects

were not specified.were not specified.

Strengths, flaws and other details of allStrengths, flaws and other details of all

selected studies are shown in Table 2. Inselected studies are shown in Table 2. In

summary, we mention several methodo-summary, we mention several methodo-

logical problems we encountered: absencelogical problems we encountered: absence

of placebo controls (Favaof placebo controls (Fava et alet al, 1992,, 1992,

1994, 2002), inclusion of minor depression1994, 2002), inclusion of minor depression

(Benkert(Benkert et alet al, 1997), insufficient data, 1997), insufficient data

presentation (Schweizerpresentation (Schweizer et alet al, 1990; Fava, 1990; Fava

et alet al, 1994), insufficient power (Schweizer, 1994), insufficient power (Schweizer

et alet al, 1990, 2001; Fava, 1990, 2001; Fava et alet al, 1992, 1994,, 1992, 1994,

2002; Benkert2002; Benkert et alet al, 1997), uncertainty, 1997), uncertainty

about masking (Dornseifabout masking (Dornseif et alet al, 1989;, 1989;

SchweizerSchweizer et alet al, 2001), earlier dose escala-, 2001), earlier dose escala-

tion before the randomisation (Licht &tion before the randomisation (Licht &

Qvitzau, 2002), inadequate pooling ofQvitzau, 2002), inadequate pooling of

heterogeneous data and problems with con-heterogeneous data and problems with con-

version to dose equivalents (Bolliniversion to dose equivalents (Bollini et alet al,,

1999; Baker1999; Baker et alet al, 2003). None of the, 2003). None of the

studies provided information about thestudies provided information about the

method of dose escalation or describedmethod of dose escalation or described

the early drop-out rates because of dosethe early drop-out rates because of dose

escalation.escalation.

Evidence for dose escalation?Evidence for dose escalation?

From four of the eight dose-escalation stu-From four of the eight dose-escalation stu-

dies it appeared that dose increments beforedies it appeared that dose increments before

4 weeks were not effective (level of evi-4 weeks were not effective (level of evi-

dence: A2) (Dornseifdence: A2) (Dornseif et alet al, 1989; Schweizer, 1989; Schweizer

et alet al, 1990, 2001; Benkert, 1990, 2001; Benkert et alet al, 1997;, 1997;

BolliniBollini et alet al, 1999; Corruble & Guelfi,, 1999; Corruble & Guelfi,

2000; Baker2000; Baker et alet al, 2003). However, in the, 2003). However, in the

meta-analysis of some of these studies bymeta-analysis of some of these studies by

BakerBaker et alet al, a potential dose–response, a potential dose–response

relationship was found for dose escalationrelationship was found for dose escalation

if participants who dropped out becauseif participants who dropped out because

of side-effects were excluded from theof side-effects were excluded from the

analysis (a so-called dose-tolerant sample)analysis (a so-called dose-tolerant sample)

(Baker(Baker et alet al, 2003). Baker & Woods, 2003). Baker & Woods

(2003) proposed that differential drop-out(2003) proposed that differential drop-out

because of side-effects in the dose-because of side-effects in the dose-

escalation group (compared with placeboescalation group (compared with placebo

increase) conferred a substantial (negative)increase) conferred a substantial (negative)

bias to the potential dose–response re-bias to the potential dose–response re-

lationship. They argued that by applying alationship. They argued that by applying a

last-observation-carried-forward approachlast-observation-carried-forward approach

(often used in the original studies), more(often used in the original studies), more

participants dropping out early (becauseparticipants dropping out early (because

of side-effects) in the high-dose groupsof side-effects) in the high-dose groups

would unequally increase average severitywould unequally increase average severity

scores and decrease response rates comparedscores and decrease response rates compared

with the lower-dose (or placebo) groups.with the lower-dose (or placebo) groups.

This methodological problem could beThis methodological problem could be

overcome by analysing only dose-tolerantovercome by analysing only dose-tolerant

participants (those not dropping out becauseparticipants (those not dropping out because

of side-effects).of side-effects).

In the well-performed study with ser-In the well-performed study with ser-

traline by Licht & Qvitzau (2002) (nottraline by Licht & Qvitzau (2002) (not

included in the three reviews), dose escala-included in the three reviews), dose escala-

tion after 6 weeks was found to be lesstion after 6 weeks was found to be less

effective than continuation of the standardeffective than continuation of the standard

dose, or augmentation with mianserin (leveldose, or augmentation with mianserin (level

of evidence: A2). After 8 weeks of treat-of evidence: A2). After 8 weeks of treat-

ment, increased dosages of fluoxetine werement, increased dosages of fluoxetine were

more effective than augmentation withmore effective than augmentation with

lithium or desipramine (Favalithium or desipramine (Fava et alet al, 1994,, 1994,

2002), although in the latter study this2002), although in the latter study this

was not significant (level of evidence: B).was not significant (level of evidence: B).

In these studies no placebo dose escalationIn these studies no placebo dose escalation

was performed. Both studies showed awas performed. Both studies showed a

non-significant trend of increased efficacynon-significant trend of increased efficacy
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of dose escalation compared with augmen-of dose escalation compared with augmen-

tation (lithium or desipramine), particularlytation (lithium or desipramine), particularly

for partial responders (level of evidence: B).for partial responders (level of evidence: B).

Across all studies, higher doses were re-Across all studies, higher doses were re-

lated to increased drop-out rates, whichlated to increased drop-out rates, which

were associated with more side-effects inwere associated with more side-effects in

some studies (level of evidence: A2) (Bollinisome studies (level of evidence: A2) (Bollini

et alet al, 1999). It appeared that the occurrence, 1999). It appeared that the occurrence

of side-effects did not increase equallyof side-effects did not increase equally

when dosages were gradually escalated forwhen dosages were gradually escalated for

initial non-responders, compared withinitial non-responders, compared with

fixed-dose trials. However, this could notfixed-dose trials. However, this could not

be compared straightforwardly betweenbe compared straightforwardly between

the studies, and was not investigatedthe studies, and was not investigated

specifically.specifically.

Additional concerns for cliniciansAdditional concerns for clinicians

We identified no evidence to recommendWe identified no evidence to recommend

how dose increase should be practised.how dose increase should be practised.

Also, the maximum dosage to be achievedAlso, the maximum dosage to be achieved

was not investigated well.was not investigated well.

DISCUSSIONDISCUSSION

Our systematic review provided eightOur systematic review provided eight

studies about dose escalation of SSRIs.studies about dose escalation of SSRIs.

Only one of these studies approached ourOnly one of these studies approached our

rather stringent criteria (Licht & Qvitzau,rather stringent criteria (Licht & Qvitzau,

2002). We found no evidence of increased2002). We found no evidence of increased

efficacy by dose escalation within the firstefficacy by dose escalation within the first

4 weeks. Dose escalation after 6 weeks4 weeks. Dose escalation after 6 weeks

appeared less effective than continuing theappeared less effective than continuing the

same dose. We found some, but limited,same dose. We found some, but limited,

evidence for efficacy of dose escalationevidence for efficacy of dose escalation

after 8 weeks, particularly in partial re-after 8 weeks, particularly in partial re-

sponders. This effect was seen within 4sponders. This effect was seen within 4

weeks after dose escalation. Irrespective ofweeks after dose escalation. Irrespective of

efficacy, dose escalation unequivocally in-efficacy, dose escalation unequivocally in-

creased side-effects, but effects on drop-creased side-effects, but effects on drop-

out rates because of side-effects were lessout rates because of side-effects were less

straightforward. Thus, in the absence ofstraightforward. Thus, in the absence of

methodologically well-designed studies wemethodologically well-designed studies we

can neither unequivocally state that dosecan neither unequivocally state that dose

escalation is useful nor discard it as useless.escalation is useful nor discard it as useless.

These findings may challenge theThese findings may challenge the

current beliefs and recommendations aboutcurrent beliefs and recommendations about

dose escalation as it is generally practiseddose escalation as it is generally practised

(Byrne & Rothschild, 1997; Shergill &(Byrne & Rothschild, 1997; Shergill &

Katona, 1997; FredmanKatona, 1997; Fredman et alet al, 2000;, 2000;

MischoulonMischoulon et alet al, 2000). Contrary to this, 2000). Contrary to this

challenge, many patients who have onlychallenge, many patients who have only

partially responded are too often treatedpartially responded are too often treated

with long-term obviously insufficient treat-with long-term obviously insufficient treat-

ments (e.g. standard doses of SSRIs). Forments (e.g. standard doses of SSRIs). For

these patients, one could argue that it isthese patients, one could argue that it is

better to try dose escalation than to con-better to try dose escalation than to con-

tinue inadequate treatment. Presumably,tinue inadequate treatment. Presumably,

in the absence of clear guidance from trialin the absence of clear guidance from trial

data, clinicians do not have many alterna-data, clinicians do not have many alterna-

tives for non-responders or partialtives for non-responders or partial

responders, and clinicians all have theirresponders, and clinicians all have their

case histories of improvement after dosecase histories of improvement after dose

escalation. A more sophisticated questionescalation. A more sophisticated question

must therefore also be asked; i.e. whichmust therefore also be asked; i.e. which

subgroup of patients will benefit from dosesubgroup of patients will benefit from dose

escalation?escalation?

So far, only the NICE guideline dis-So far, only the NICE guideline dis-

played some reserve in the general re-played some reserve in the general re-

commendation about dose escalationcommendation about dose escalation

(National Institute for Clinical Excellence,(National Institute for Clinical Excellence,

2004). The British Medicines and Health-2004). The British Medicines and Health-

care products Regulatory Agency’scare products Regulatory Agency’s

Committee on Safety of Medicines ex-Committee on Safety of Medicines ex-

amined the available evidence for doseamined the available evidence for dose

escalation as provided by pharmaceuticalescalation as provided by pharmaceutical

companies, and recommended the lowestcompanies, and recommended the lowest

efficacious dose (Wellerefficacious dose (Weller et alet al, 2004). From, 2004). From

this report it was unclear which studiesthis report it was unclear which studies

were taken as evidence. Three previous re-were taken as evidence. Three previous re-

views concerning higher doses of anti-views concerning higher doses of anti-

depressants were published (Bollinidepressants were published (Bollini et alet al,,

1999; Corruble & Guelfi, 2000; Baker1999; Corruble & Guelfi, 2000; Baker etet

alal, 2003), the methodological shortcomings, 2003), the methodological shortcomings

of which have already been mentioned.of which have already been mentioned.

The findings in these reviews previouslyThe findings in these reviews previously

challenged the belief of a dose–responsechallenged the belief of a dose–response

relationship, but Bakerrelationship, but Baker et alet al proposed a po-proposed a po-

tential dose–response relationship, accord-tential dose–response relationship, accord-

ing to their dose-tolerance analysis. Alling to their dose-tolerance analysis. All

reports summarised studies performed untilreports summarised studies performed until

1997; thereafter, the study by Licht &1997; thereafter, the study by Licht &

Qvitzau (2002) further challenged theQvitzau (2002) further challenged the

efficacy of dose escalation.efficacy of dose escalation.

Limitations of the identified studiesLimitations of the identified studies

Four major issues of concern in the eightFour major issues of concern in the eight

identified studies should be mentioned.identified studies should be mentioned.

First, the methodological quality of theseFirst, the methodological quality of these

studies varied between poor and goodstudies varied between poor and good

according to our classification. Weaccording to our classification. We

summarised these methodological problemssummarised these methodological problems

in the Results section and Table 2.in the Results section and Table 2.

Second, and more in general, all dose-Second, and more in general, all dose-

escalation studies, except the studies ofescalation studies, except the studies of

Fava and colleagues, which lacked aFava and colleagues, which lacked a

placebo control (Favaplacebo control (Fava et alet al, 1992, 1994,, 1992, 1994,

2002), suffered a methodological problem2002), suffered a methodological problem

in the timing of dose escalation (Baker &in the timing of dose escalation (Baker &

Woods, 2003). Even the most robust study,Woods, 2003). Even the most robust study,

by Licht & Qvitzau (2002), hampered itsby Licht & Qvitzau (2002), hampered its

own design by a non-randomised doseown design by a non-randomised dose

increase 2 weeks before randomisation.increase 2 weeks before randomisation.

This problem might explain the highThis problem might explain the high

placebo response rates in some of theplacebo response rates in some of the

dose-escalation studies (up to 75%).dose-escalation studies (up to 75%).

Third, in most studies no data wereThird, in most studies no data were

provided on the selective drop-out, norprovided on the selective drop-out, nor

the schedule of dose increments (Baker &the schedule of dose increments (Baker &

Woods, 2003). The possibility that patientsWoods, 2003). The possibility that patients

randomised to true dose escalation mightrandomised to true dose escalation might

drop out more frequently and earlier afterdrop out more frequently and earlier after

randomisation (with associated high sever-randomisation (with associated high sever-

ity scores), compared with those receivingity scores), compared with those receiving

placebo, might have biased the intention-placebo, might have biased the intention-

to-treat analyses in which last observationsto-treat analyses in which last observations

are usually carried forward to study end-are usually carried forward to study end-

points. This happens in particular whenpoints. This happens in particular when

dose escalation is performed rapidly. Thedose escalation is performed rapidly. The

analysis of a dose-tolerant sample in suchanalysis of a dose-tolerant sample in such

studies would indeed provide additionalstudies would indeed provide additional

information, but these data were notinformation, but these data were not

provided.provided.

Fourth, in the selected trials, it wasFourth, in the selected trials, it was

mostly response that was used as primarymostly response that was used as primary

outcome, whereas currently remission ofoutcome, whereas currently remission of

depression is the clinical aim of treatmentdepression is the clinical aim of treatment

(Nierenberg & DeCecco, 2001). If dose(Nierenberg & DeCecco, 2001). If dose

escalation would be effective, the questionescalation would be effective, the question

remains whether dose escalation will alsoremains whether dose escalation will also

further improve initial responders that werefurther improve initial responders that were

non-remitters. So far only Schweizernon-remitters. So far only Schweizer et alet al

addressed this topic, with equivocal effectsaddressed this topic, with equivocal effects

of dose escalation (Schweizerof dose escalation (Schweizer et alet al, 2001)., 2001).

Possible explanationsPossible explanations
for a dose^response relationshipfor a dose^response relationship

A possible explanation of the clinical obser-A possible explanation of the clinical obser-

vation that response might occur after dosevation that response might occur after dose

escalation is initial lower levels of the drugescalation is initial lower levels of the drug

in the bloodstream. This may be related toin the bloodstream. This may be related to

increased metabolism because of geneticincreased metabolism because of genetic

polymorphisms of the CYP enzyme systempolymorphisms of the CYP enzyme system

(Bertilsson(Bertilsson et alet al, 1985; Steimer, 1985; Steimer et alet al,,

2001; Charlier2001; Charlier et alet al, 2003; Brosen, 2004)., 2003; Brosen, 2004).

The incidence of increased metabolism byThe incidence of increased metabolism by

(multi-)duplicated genes of CYP 2D6 varies(multi-)duplicated genes of CYP 2D6 varies

between 1–2% in White populations inbetween 1–2% in White populations in

Sweden, 3.6% in Germany and 7–10% inSweden, 3.6% in Germany and 7–10% in

Spain and Sicily, and also varies betweenSpain and Sicily, and also varies between

ethnic groups (e.g. 29% in Black Ethio-ethnic groups (e.g. 29% in Black Ethio-

pians) (Bertilssonpians) (Bertilsson et alet al, 2002). A few studies, 2002). A few studies

showed equivocal evidence for theshowed equivocal evidence for the

involvement of CYP polymorphisms (re-involvement of CYP polymorphisms (re-

sponsible for rapid metabolism) as an ex-sponsible for rapid metabolism) as an ex-

planation of non-response to a standardplanation of non-response to a standard

dose of SSRIs (Bertilssondose of SSRIs (Bertilsson et alet al, 1997,, 1997,

2002; Steimer2002; Steimer et alet al, 2001; Brosen, 2004;, 2001; Brosen, 2004;

KawanishiKawanishi et alet al, 2004). However, a clear, 2004). However, a clear

relationship between blood levels of SSRIsrelationship between blood levels of SSRIs

and response was never found (Beasleyand response was never found (Beasley etet

alal, 1990; Norman, 1990; Norman et alet al, 1993; Baumann,, 1993; Baumann,

1996; Amsterdam1996; Amsterdam et alet al, 1997; Bourdeaux, 1997; Bourdeaux

et alet al, 1998; DeVane, 1998). Perhaps genetic, 1998; DeVane, 1998). Perhaps genetic

variability of the central target of thesevariability of the central target of these

drugs, the serotonin reuptake transporter,drugs, the serotonin reuptake transporter,

may be responsible more directly for themay be responsible more directly for the

effects of SSRIs (Hahn & Blakely, 2002;effects of SSRIs (Hahn & Blakely, 2002;

SmitsSmits et alet al, 2004)., 2004).
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FromFrom in-vitroin-vitro andand ex-vivoex-vivo studies itstudies it

appears that, at higher doses, selective anti-appears that, at higher doses, selective anti-

depressants such as SSRIs may becomedepressants such as SSRIs may become

dual-action agents that, like noradrenaline,dual-action agents that, like noradrenaline,

also affect other monoamine systemsalso affect other monoamine systems

(Owens(Owens et alet al, 1997; Gorman & Sullivan,, 1997; Gorman & Sullivan,

2000; Gilmor2000; Gilmor et alet al, 2002). From the current, 2002). From the current

data on dose escalation in SSRIs, thisdata on dose escalation in SSRIs, this

theoretical hypothesis can neither be falsi-theoretical hypothesis can neither be falsi-

fied nor proven. In addition, we arefied nor proven. In addition, we are

unaware of an acceptable method tounaware of an acceptable method to

test whether specific sites of action aretest whether specific sites of action are

responsible for the observed treatmentresponsible for the observed treatment

effects.effects.

Limitations of the reviewLimitations of the review

No meta-analysis was performed becauseNo meta-analysis was performed because

the differences in timing of dose escalationthe differences in timing of dose escalation

between the identified studies introducedbetween the identified studies introduced

substantial heterogeneity. An extension ofsubstantial heterogeneity. An extension of

the meta-regression approach as performedthe meta-regression approach as performed

by Bakerby Baker et alet al (2003) was considered in-(2003) was considered in-

appropriate for addressing this problem,appropriate for addressing this problem,

as the number of studies gave insufficientas the number of studies gave insufficient

power; moreover, gender, age, outcomepower; moreover, gender, age, outcome

definition and type of SSRI ideally shoulddefinition and type of SSRI ideally should

be included in such a model.be included in such a model.

The grading system for studies does notThe grading system for studies does not

represent the appraised methodologicalrepresent the appraised methodological

dimensions of evidence. This improved thedimensions of evidence. This improved the

applicability of the results for busyapplicability of the results for busy

clinicians, but reduced their strength.clinicians, but reduced their strength.

Finally, patients studied in trials areFinally, patients studied in trials are

generally selected populations, reducinggenerally selected populations, reducing

external validity for clinical practice. Allexternal validity for clinical practice. All

identified studies excluded psychotic de-identified studies excluded psychotic de-

pression, bipolar depression, depression inpression, bipolar depression, depression in

children or adolescents and depressive dis-children or adolescents and depressive dis-

order with severe psychiatric and somaticorder with severe psychiatric and somatic

comorbidity.comorbidity.

Future dose-escalation studiesFuture dose-escalation studies

For future dose-escalation trials, methodo-For future dose-escalation trials, methodo-

logical issues should be considered. First,logical issues should be considered. First,

for optimal contrast in the study, an appro-for optimal contrast in the study, an appro-

priate group of non-responders should bepriate group of non-responders should be

selected by postponing randomisation andselected by postponing randomisation and

refraining from (additional) interventionsrefraining from (additional) interventions

before dose escalation is applied. The mini-before dose escalation is applied. The mini-

mum period that can be reconciled withmum period that can be reconciled with

recommendations in current guidelinesrecommendations in current guidelines

and that is acceptable for clinical practiceand that is acceptable for clinical practice

is 6 weeks. Second, studies should haveis 6 weeks. Second, studies should have

enough power to detect significant differ-enough power to detect significant differ-

ences. This implies a large sample to startences. This implies a large sample to start

with, as approximately 50% of patientswith, as approximately 50% of patients

will show a response in the first 6 weeks.will show a response in the first 6 weeks.

Third, the method of dose escalation shouldThird, the method of dose escalation should

be described and applied in such a way thatbe described and applied in such a way that

few patients drop out. Fourth, adequatefew patients drop out. Fourth, adequate

results should be presented: response andresults should be presented: response and

remission rates in intention-to-treat ana-remission rates in intention-to-treat ana-

lyses and for the group that could belyses and for the group that could be

described as dose tolerant. Fifth, efficacydescribed as dose tolerant. Fifth, efficacy

should be tested in predefined subgroupsshould be tested in predefined subgroups

(e.g. partial responders at week 6). Sixth,(e.g. partial responders at week 6). Sixth,

genetic sampling (e.g. CYP and SERTgenetic sampling (e.g. CYP and SERT

polymorphisms) and plasma SSRI-levelpolymorphisms) and plasma SSRI-level

sampling would be interesting in the furthersampling would be interesting in the further

examination of potential explanations for theexamination of potential explanations for the

clinically observed efficacy of dose escalation,clinically observed efficacy of dose escalation,

and to identify potential prognostic variables.and to identify potential prognostic variables.
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