nature medicine

Article

https://doi.org/10.1038/s41591-024-03252-8

Digital AVATAR therapy for distressing voices
inpsychosis: the phase2/3 AVATAR2 trial

Received: 10 April 2024

Accepted: 15 August 2024

A list of authors and their affiliations appears at the end of the paper

Published online: 28 October 2024

% Check for updates

Distressing voices are a core symptom of psychosis, for which existing
treatments are currently suboptimal; as such, new effective treatments
for distressing voices are needed. AVATAR therapy involves voice-hearers

engagingin aseries of facilitated dialogues with a digital embodiment

of the distressing voice. This randomized phase 2/3 trial assesses the
efficacy of two forms of AVATAR therapy, AVATAR-Brief (AV-BRF) and
AVATAR-Extended (AV-EXT), both combined with treatment as usual (TAU)
compared to TAU alone, and conducted an intention-to-treat analysis.

We recruited 345 participants with psychosis; data were available for 300
participants (86.9%) at 16 weeks and 298 (86.4%) at 28 weeks. The primary
outcome was voice-related distress at both time points, while voice severity
and voice frequency were key secondary outcomes. Voice-related distress
improved, compared with TAU, in both forms at 16 weeks but not at 28

weeks. Distress at 16 weeks was as follows: AV-BRF, effect —1.05 points, 96.5%
confidenceinterval (Cl) =-2.110to 0, P=0.035, Cohen’sd=0.38 (CI=0to
0.767); AV-EXT -1.60 points, 96.5% Cl =-3.133t0 —0.058, P=0.029, Cohen’s
d=0.58 (CI=0.021t01.139). Distress at 28 weeks was: AV-BRF, —0.62 points,
96.5% Cl=-1.912t0 0.679, P=0.316, Cohen’s d = 0.22 (Cl = -0.247 t0 0.695);
AV-EXT -1.06 points, 96.5% Cl=-2.700t0 0.586, P=0.175, Cohen’s d = 0.38
(CI=-0.213t0 0.981). Voice severity improved in both forms, compared
with TAU, at 16 weeks but not at 28 weeks whereas frequency was reduced in
AV-EXT but not in AV-BRF at both time points. There were no related serious

adverse events. These findings provide partial support for our primary
hypotheses. AV-EXT met our threshold for a clinically significant change,
suggesting that future work should be primarily guided by this protocol.
ISRCTN registration: ISRCTN55682735.

Digital innovation carries the promise of transforming mental health
treatment, addressing long-standingissues inaccess, engagement and
effectiveness'. Auditory verbal hallucinations (henceforth voices),
commonly associated with a diagnosis of schizophrenia, are often dis-
tressing and impair quality of life. However, the response to pharmaco-
logicaland psychological treatments is suboptimal®*, highlighting the
need for new interventions. AVATAR therapy is one such digital innova-
tion, which targets voices’. Itis part of awave of relational approaches,
informed by advances in theory, which position voice-hearing as an

experience of social communication®’. The defining aspect of AVATAR
therapyisthe digital embodiment of the distressing voice in the form
of an avatar. Bespoke software enables the voice-hearer to customize
how the avatar looks and sounds. Treatment is focused on a series of
‘face-to-face’ dialogues between the personand their avatar, supported
by the therapist. The aim is to reduce voice-related distress and build
empowerment in daily life.

A proof-of-concept study found that a six-session course of
AVATAR therapy was safe, with positive effects on voice severity’.

e-mail: Philippa.Garety@kcl.ac.uk; Thomas.Ward@kcl.ac.uk

Nature Medicine


http://www.nature.com/naturemedicine
https://doi.org/10.1038/s41591-024-03252-8
https://www.isrctn.com/ISRCTN55682735?q=ISRCTN55682735&filters=&sort=&offset=1&totalResults=1&page=1&pageSize=10
http://crossmark.crossref.org/dialog/?doi=10.1038/s41591-024-03252-8&domain=pdf
mailto:Philippa.Garety@kcl.ac.uk
mailto:Thomas.Ward@kcl.ac.uk

Article

https://doi.org/10.1038/s41591-024-03252-8

Aprevious fully powered single-site randomized controlled trial (AVA-
TAR1) compared AVATAR therapy with supportive counseling® and
demonstrated a substantial reduction in the severity of voices in the
AVATAR therapy group at 12 weeks. Anindependent pilot also reported
feasibility and efficacy findings’. Examination of AVATARI1 therapy
contentidentified awide range of potential treatment targets, includ-
ing developmental trauma'®, suggesting that the intervention could be
optimized through personalization to diverse voice-hearer
experiences™ . Early evidence for AVATAR therapy is based on delivery
byasmalland experienced cohort of therapists within research settings.
There is consequently a need to test effectiveness when treatment is
delivered by awider workforce, across geographically and demographi-
cally diverse locations, including frontline mental health services.
The main objective of this late phase 2/3 multisite AVATAR2 trial
is to test, compared with treatment as usual (TAU) alone, the efficacy
of two forms of AVATAR therapy, that is, AVATAR-Brief (AV-BRF), with
a standardized focus on exposure, assertiveness and self-esteem,
and AVATAR-Extended (AV-EXT), with a phase 1 mirroring AV-BRF,
augmented by a more personalized, developmentally focused phase
2 based on the voice-hearer’s life history. We hypothesized that both
AV-BRF and AV-EXT, when added to TAU, would be superior to TAU
alone at 16 and 28 weeks in reducing voice-related distress (primary
outcome), frequency and severity (key secondary outcomes).

Results
Patient disposition
Between1January2021and 30 November 2022, we assessed 642 people
for eligibility, recruiting 345 participants and randomly allocating them
to AV-BRF (n=116), AV-EXT (n = 114) and TAU control (n =115). Data were
available for 300 participants at the 16-week follow-up (86.9%) and 298
(86.4%) at 28 weeks; at the 16-week follow-up, 12 participants were lost
in TAU, 17 in AV-BRF and 16 in AV-EXT; the numbers lost were 11 (TAU),
15 (AV-BRF) and 21 (AV-EXT) at 28 weeks (see Fig. 1 for the participant
Consolidated Standards of Reporting Trials (CONSORT) diagram).
The participants’ baseline demographic and clinical characteris-
tics showed no differences between trial arms at baseline (Table1). As is
typicalinasample of people with psychosis, overall there was agreater
proportion who were male (61.4%); most were single, unemployed
and the most common diagnosis was schizophrenia (43.8%). Partici-
pants had been in contact with mental health services for an average
of approximately 13 years (mean =13.33, s.d. =11.15), and approxi-
mately 40% belonged to a minoritized ethnic group. Their voices were
assessed at baseline on the Psychotic Symptoms Rating Scale-Auditory
Hallucinations (PSYRATS-AH) scale as similar in severity to thosein the
AVATART trial®, with high mean scores for voice severity”. On average,
61.2% reported highly characterized voices.

Treatment completion

Atotal of 950f 116 (81.90%) participants assigned to the AV-BRF and 66
of 114 (57.89%) assigned to the AV-EXT completed treatment (against
prespecified criteria, thatis, four of six active sessions for AV-BRF and
ten of 12 sessions for AV-EXT). Four (3.45%) participants allocated to
AV-BRF and 37 (32.46%) to AV-EXT had partial treatment but did not
reach the completion criterion. Seventeen people (14.66%) allocated
to AV-BRF and 11 to AV-EXT (9.65%) attended no treatment sessions.
For AV-BRF, the overall mean number of sessions attended was 5.11
(s.d.=2.42; range = 0-8). For those who completed treatment, the
mean was 6.16 sessions (s.d. = 0.94; range = 4-8). The mean active
treatment session duration was 65.65 min (s.d. =13.97, minimum = 30;
maximum =148), including a mean avatar dialogue duration 0of 9.51 min
(s.d.=3.79, minimum = 4, maximum = 28). For AV-EXT, the overall
mean number of sessions was 8.18 (s.d. = 4.43; minimum = 0; maxi-
mum =13). For those who completed treatment, the mean was 11.53
sessions (s.d. = 0.92; range = 10-13). The active treatment session time
was 65.93 min (s.d. =13.34; minimum = 20; maximum =122), including

ameanactive dialogue duration 0f10.47 min (s.d. =3.95; minimum =1;
maximum = 27) (see Supplementary Materials 1-4 for additional data
ontreatment completion and mode of delivery).

Primary outcomes

AsshowninTable2andFig.2, there wasanimprovementin voice-related
distress on the distress subscale of the PSYRATS-AH-Distress
(range = 0-20) inboth forms at 16 weeks but not at 28 weeks (distress
at 16 weeks: AV-BRF, effect —1.05 points, 96.5% confidence interval
(Cl)=-2.110t0 0, P=0.035, Cohen’sd = 0.38 (Cl = 0 t0 0.767); AV-EXT,
-1.60 points, 96.5% Cl = -3.133 to —0.058, P= 0.029, Cohen’s d = 0.58
(CI1=0.021t01.139)). Distress at 28 weeks was as follows: AV-BRF, -0.62
points, 96.5% Cl=-1.912t00.679, P=0.316, Cohen’sd = 0.22 (Cl =-0.247
t0 0.695); AV-EXT -1.06 points, 96.5% Cl =-2.700 to 0.586, P=0.175,
Cohen’s d=0.38 (Cl =-0.213 to 0.981). In the mixed-effects analysis
of the primary outcome, the intraclass correlation coefficient (ICC)
for the therapist clustering effect in both AV-EXT and AV-BRF was
0.054, indicating that approximately 5.4% of the residual variance in
PSYRATS-AH-Distress was at the therapist level.

Key secondary outcomes

There was an improvement in PSYRATS-AH-Total voice severity
(range = 0-44) inboth forms at 16 weeks (AV-BRF, -2.04 points, 96.5%
CI=-3.836t0-0.239, P=0.017, Cohen’sd = 0.45 (CI = 0.053 to 0.853);
AV-EXT -2.32 points, 96.5% Cl = -4.208 to —0.438, P= 0.009, Cohen’s
d=0.52(Cl=0.097t00.936)) but not at 28 weeks (AV-BRF, -1.61 points,
96.5% Cl=-4.260t01.036, P=0.199, Cohen’s d=0.36 (CI=-0.230 to
0.947); AV-EXT -1.87 points, 96.5% Cl = —4.274 to 0.526, P=0.100,
Cohen’sd=0.42 (Cl=-0.117 to 0.950)).

Voice frequency as measured by the PSYRATS-AH-Frequency sub-
scale (range = 0-12) was significantly reduced in AV-EXT at both time
points (16 weeks: —0.62 points, 96.5% Cl =-1.140 to —0.104, P=0.011,
Cohen’s d=0.30 (CI=0.051to 0.556); 28 weeks: —0.89 points, 96.5%
CI=-1.525t0-0.258,P=0.003, Cohen’sd = 0.43 (Cl = 0.126 t0 0.744)).
Frequency was not reduced by AV-BRF at either time point (16 weeks:
-0.50 points, 96.5% Cl=-1.012 to 0.018, P=0.042, Cohen’s d = 0.24
(CI=-0.009 to 0.494); 28 weeks: —0.65 points, 96.5% Cl = -1.331 to
0.030,P=0.044, Cohen’sd=0.32 (CI=-0.015t0 0.649)).

Other secondary outcomes

Table 2 also shows the treatment effect estimates across all other
secondary outcomes. For other voice-specific measures, there were
improvements in voice acceptance and action for both AV-BRF and
AV-EXT atboth time points; for the Beliefs About Voices Questionnaire
(BAVQ) malevolence or benevolence, there were no effects for AV-BRF or
AV-EXT at either time point nor for omnipotence at 16 weeks, although
there was an effect on omnipotence for AV-EXT only at 28 weeks; the
Voice Power Differential Scale (VPDS) score improved inboth arms at
16 weeks and in AV-EXT at 28 weeks; finally, there were no effects on
the Hallucinations Remission Score in either arm at either time point.
There were reductions in PSYRATS-Delusions and improvements in
well-being (Warwick-Edinburgh Mental Well-being Scale (WEMWABS))
for AV-EXT at both time points and for AV-BRF at week 16. There were
improvements in personal recovery (CHoice of Outcome In Cbt for
PsychosEs (CHOICE)) for AV-EXT and AV-BRF at both time points,
and reductions in anxiety, depression and stress (measured by the
Depression, Anxiety and Stress Scale (DASS)) for AV-BRF at both time
points butonly at week 16 for AV-EXT. Depression measured by the Beck
Depression Inventory (BDI) and anxiety in daily life measured with the
experience sampling method (ESM) showed improvements at 16 but
not 28 weeks in AV-EXT, but not AV-BRF. There were no effects on the
International Trauma Questionnaire (ITQ) for eitherarm at either time
point. Figure 3 summarizes the standardized mean differences on all
outcomes at both time points (Extended Data Tables 1and 2 give the
descriptive statistics for all measures at each time point).
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Enrolment Refered and screened for eligibility

(n=642)
Ineligible total: (n = 281)
Declined at initial contact or unable to
contact: (n = 81)
Did not meet criteria: (n = 161)
Did not give informed consent: (n = 39)
Consented
(n =361)
Withdrawn (n =7)
Baseline collected
(n=354)
Withdrawn (n = 9)
X Randomised
Allocation (n = 345)
TAU AV-BRF + TAU AV-EXT + TAU
(n=15) (n=16) (n="14)

Lost to follow-up (n = 9)
Withdrawn (n = 3)

Follow-up at 16 weeks
(n=103)

Follow-up at 16 weeks
(n=99)

Lost to follow-up (n =7)
Withdrawn (n=3 +1)

Follow-up at 28 weeks Follow-up at 28 weeks

Lost to follow-up (n =12)

Lost to follow-up (n = 9)
Withdrawn (n=5 + 1)

Lost to follow-up (n=7)
Withdrawn (n =7)

Withdrawn (n = 5) Deceased (n = 2)

Follow-up at 16 weeks
(n=98)

Lost to follow-up (n=9)
Withdrawn (n=7 + 3)
Deceased (n =2)

—

Follow-up at 28 weeks
(n=93)

(n=104) (n=101)
Analysis

Analyses Intention-to-treat
(n = 345)

Fig.1| CONSORT diagram of all participants who were assessed for eligibility for the trial, randomized to AV-EXT + TAU, AV-BRF + TAU or TAU alone, and
followed up to 28 weeks. Follow-up at 16 weeks: 16 weeks after baseline (post-treatment follow-up). Follow-up at 28 weeks: 28 weeks after the baseline.

Safety

Table 3 presents all serious adverse events (SAEs) according to arm
and event type. There were 58 SAEs across 56 participants, with 51%
of events occurringinthe AV-EXT arm. Most events were admission to
hospital for psychological health events and these occurred equally
across arms. There were two deaths in the AV-EXT arm. One of the
deaths was asuicide, whichoccurred in the context of along-standing
pattern of suicidality-related hospital admissions, with increased
alcohol use identified as a key factor. The independent Data Moni-
toring and Ethic Committee (DMEC) deemed this to be unrelated to
treatment. For the second death, it was not possible to establish a defi-
nite cause of death. However, a serious untoward incident review was
conducted independently by the responsible NHS trust and concluded

that there was no evidence of a relationship between the death and
engagement with AVATAR therapy; therefore, it was determined to be
unrelated to treatment or other trial procedures by the independent
DMEC. No SAEs were related to trial procedures (treatment, device
or assessment). Six events, involving five participants, were ‘possibly
related’ to treatment. A ‘possibly related’ rating meant that the DMEC
Chair did not determine that it was related but could not definitively
rule out arelationship. The single ‘possibly related’ event for AV-BRF
and four of the five for AV-EXT were hospital admissions (the other
was acrisis teaminvolvement). The main factor in the rating for each
ofthese as ‘possibly related’ was the timing of the event being close to
the AVATAR therapy course; however, in each case there were plausible
unrelated contributory factors linked to admission identified by the
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Table 1| Demographic and clinical characteristics of the ITT population across trial arms at baseline

Trialarm
TAU AV-BRF AV-EXT Total
n 15 (33.3%) 116 (33.6%) 114 (33.0%) 345 (100.0%)
Age (years) 38.69 (+12.78) 39.35 (+13.31) 40.81(+13.69) 39.61(13.26)
Age when they first started to hear voices (years) 24.39 (¥11.99) 23.70 (10.88) 25.93 (+12.10) 24.67 (£11.67)
Duration of contact with mental health services (years) 12.75 (¥10.15) 13.24 (¥11.61) 14.03 (¥11.69) 13.33 (x11.15)
Gender
Male 69 (60.0%) 72 (62.1%) 71(62.3%) 212 (61.4%)
Female 44 (38.3%) 43 (371%) 42 (36.8%) 129 (37.4%)
Other 2 (1.7%) 1(0.9%) 1(0.9%) 4(1.2%)
Ethnicity
White 69 (60.0%) 63 (54.3%) 71(62.3%) 203 (58.8%)
Black or mixed Black 19 (16.5%) 19 (16.4%) 19 (16.7%) 57 (16.5%)
South Asian or mixed South Asian 12 (10.4%) 9 (7.8%) 6 (5.3%) 27 (7.8%)
Other 15 (13.0%) 25 (21.6%) 18 (15.8%) 58 (16.8%)
Marital status
Single 86 (74.8%) 87 (75.0%) 86 (75.4%) 259 (75.1%)
In a relationship 4 (3.5%) 11(9.5%) 7 (6.1%) 22 (6.4%)
Cohabiting 10 (8.7%) 1(0.9%) 3(2.6%) 14 (41%)
Married or civil partnership 6 (5.2%) 8 (6.9%) 6 (5.3%) 20 (5.8%)
Divorced 9(7.8%) 7(6.0%) 12 (10.5%) 28 (8.1%)
Widowed 0 (0%) 2 (1.7%) 0 (0%) 2(0.6%)
Living status
Living alone (x children) 54 (47.0%) 54 (46.6%) 51 (44.7%) 159 (46.1%)
Living with husband/wife (+ children) 5(4.3%) 7 (6.0%) 5 (4.4%) 17 (4.9%)
Living together as a couple (+ children) 10 (8.7%) 5(4.3%) 6 (5.3%) 21(6.1%)
Living with parents 31(27.0%) 33(28.4%) 31(27.2%) 95 (27.5%)
Living with other relatives 4 (3.5%) 3(2.6%) 6 (5.3%) 13 (3.8%)
Living with others 10 (8.7%) 12 (10.3%) 15 (13.2%) 37 (10.7%)
Not available or not applicable 1(0.9%) 1(0.9%) 0 (0%) 2 (0.6%)
Unknown 0 (0%) 1(0.9%) 0 (0%) 1(0.3%)
Highest level of schooling
Primary school 1(0.9%) 2(17%) 2(1.8%) 5(1.4%)
Secondary, no exams qualifications 10 (8.7%) 9 (7.8%) 6 (5.3%) 25 (7.2%)
Secondary, O level or CSE equivalent 24 (20.9%) 20 (17.2%) 32 (281%) 76 (22.0%)
Secondary, A level equivalent 20 (17.4%) 14 (12.1%) 16 (14.0%) 50 (14.5%)
Vocational education or college 21(18.3%) 35(30.2%) 23(20.2%) 79 (22.9%)
University degree or professional qualification 39 (33.9%) 34 (29.3%) 34 (29.8%) 107 (31.0%)
Not available or not applicable 0 (0%) 2 (1.7%) 1(0.9%) 3(0.9%)
Employment status
Unemployed 85 (73.9%) 86 (74.1%) 86 (75.4%) 257 (74.5%)
Employed full-time 8 (7.0%) 12 (10.3%) 10 (8.8%) 30 (8.7%)
Employed part-time 8(7.0%) 3(2.6%) 5(4.4%) 16 (4.6%)
Self-employed 0 (0%) 0 (0%) 2 (1.8%) 2 (0.6%)
Retired 1(0.9%) 4(3.4%) 2 (1.8%) 7(2.0%)
Student 11(9.6%) 9(7.8%) 7 (61%) 27 (7.8%)
Housewife or husband 2 (1.7%) 2 (1.7%) 1(0.9%) 5(1.4%)
Not available or not applicable 0 (0%) 0 (0%) 1(0.9%) 1(0.3%)
Diagnoses (according to the ICD-10 codes)
F20—Schizophrenia 54 (47.0%) 52 (44.8%) 45 (39.5%) 151 (43.8%)
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Table 1(continued) | Demographic and clinical characteristics of the ITT population across trial arms at baseline

Trialarm
TAU AV-BRF AV-EXT Total
F22—Persistent delusional disorders 2 (1.7%) 1(0.9%) 0 (0%) 3(0.9%)
F23—Acute and transient psychotic disorders 2 (1.7%) 0 (0%) 2 (1.8%) 4 (1.2%)
F24—Induced delusional disorder 0 (0%) 1(0.9%) 0 (0%) 1(0.3%)
F25—Schizoaffective disorders 6 (5.2%) 9 (7.8%) 12 (10.5%) 27 (7.8%)
F28—Other nonorganic psychotic disorders 4 (3.5%) 3(2.6%) 1(0.9%) 8(2.3%)
F29—Unspecified nonorganic psychosis 31(27.0%) 35 (30.2%) 41(36.0%) 107 (31.0%)
F31—Bipolar affective disorder 3(2.6%) 1(0.9%) 4 (3.5%) 8(2.3%)
F32.3—Severe depressive episode with psychotic symptoms 11(9.6%) 14 (121%) 8 (7.0%) 33 (9.6%)
Not available or not applicable 2(1.7%) 0 (0%) 1(0.9%) 3(0.9%)
Deprivation Index
Most deprived 41(35.7%) 54 (46.6%) 45 (39.5%) 140 (40.6%)
Second quintile 38 (33.0%) 33 (28.4%) 37 (32.5%) 108 (31.3%)
Third quintile 21(18.3%) 13 (11.2%) 20 (17.5%) 54 (15.7%)
Fourth quintile 4 (3.5%) 6 (5.2%) 5(4.4%) 15 (4.3%)
Least deprived 7 (6.1%) 8 (6.9%) 4 (3.5%) 19 (5.5%)
Unknown 4 (3.5%) 2(17%) 3(2.6%) 9 (2.6%)
PSYRATS-AH-Distress 15.70 (+2.78) 15.72 (+2.72) 15.89 (+2.77) 15.77 (x2.75)
PSYRATS-AH-Frequency 7.87 (+1.95) 7.39 (x2.11) 7.06 (+2.02) 7.44 (+2.05)
PSYRATS-AH-Total 30.64 (+4.42) 30.09 (+4.66) 3011 (+4.42) 30.28 (+4.50)
Voice characterization
More highly characterized (higher) 69 (60.0%) 71(61.2%) 71(62.3%) 211 (61.2%)
Less highly characterized (lower) 46 (40.0%) 45 (38.8%) 43 (37.7%) 134 (38.8%)

Values are presented as n (n%), indicating the frequency and its corresponding percentage of the total, while n (£n) indicates the mean value and s.d. ICD-10, International Statistical

Classification of Diseases and Related Health Problems, 10th Revision.

clinical team and reviewed by the DMEC (for example, life stressors
and substance use).

AV-EXT showed a higher number of SAEs compared to the two
other arms. The category ‘Other physical health event’ contributed to
this elevated number; it is unlikely to be treatment-specific in cause.
Additional data tables are given in Supplementary Tables 5-8.

Moderation and compliance-adjusted analysis

We tested for moderation of treatment effects in a prespecified set of
putative baseline moderators. There was no moderationaccordingto
low or high voice characterization for either comparison at either time
point. The only moderation effects to meet the significance threshold
related to comparisons for AV-EXT between Index of Multiple Depri-
vation quintiles (Q2 versus Q1 at 16 and 28 weeks; Q4 versus Ql at 16
weeks) and aninteraction for age at first hearing voices for AV-BRF,
where an earlier onset of AHs may have been associated with larger
treatment effects (Extended Data Tables 3 and 4). However, given
the number of statistical tests, these findings may have occurred by
chance. We estimated complier average causal effects (CACEs) using
two definitions of treatment compliance and estimated larger CACE
thanintention-to-treat (ITT) effects for most comparisons. The overall
patternof findings is similar to that of the primary analysis, with larger
between-group effects at 16 weeks and no between-group differences
at 28 weeks (Extended Data Table 5).

Discussion

This multisite randomized trial of AVATAR therapy, investigated brief
and extended forms, and tested delivery by alarge cohort of therapists
across geographically diverse sites. Voice distress mean scores and

overallmean voice severity significantlyimproved inboth AV-BRF and
AV-EXT atend of treatment (16 weeks), compared to TAU alone. These
improvements were maintained at 28 weeks, although they were no
longer statistically significant. Voice frequency was reduced by AV-EXT
(butnotby AV-BRF) compared to TAU at the end of treatment (16 weeks);
thisimprovement was sustained at the follow-up (28 weeks). The find-
ingthat AV-EXT demonstrated sustained reductionin the frequency of
the occurrence of voices is relevant to research that shows that voice
reduction (or cessation) is a clear priority for service users'. In sum-
mary, these findings meet the criteria prespecified in our statistical
analysis plan for partial support of our main hypotheses, which stated
thatboth versions of AVATAR therapy would be superior to TAU alone,
at post-treatment and at follow-up, in reducing voice-related distress,
voice severity and voice frequency.

The between-group effect sizes (that is, each version of therapy
versus TAU) on voice-related distress post-treatment had a Cohen’s
d=0.58 for AV-EXT and d = 0.38 for AV-BRF. These are greater than or
equal to comparable post-treatment effect sizes of around 0.3-0.4
reportedinrecent meta-analyses for longer courses of cognitive behav-
ioral therapy for psychosis (CBTp)*%, the current psychological treat-
ment recommended by the National Institute for Clinical and Health
Excellence (NICE)'. While AV-EXT treatment exceeded the threshold
we prespecified for a clinically significant post-treatment change (that
is, an effect size of 0.5 standard deviation), AV-BRF was slightly below
this level with an associated P value just at the prespecified threshold
for statistical significance (P=0.035), suggesting some caution in its
interpretation.

Secondary outcomes included recognized priorities for voice-
hearers™ (Supplementary Materials and Supplementary Table 9) and as
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Table 2 | Treatment effect estimates on primary and secondary outcomes

Outcome n Time Comparison Effect s.e. P 96.5% CI Effect size

Primary outcome

Voice-related distress

TAU versus AV-BRF -1.05 0.500 0.035 -2.110 0 0.38
16
TAU versus AV-EXT -1.60 0.729 0.029 -3133 -0.058 0.58
PSYRATS-AH-Distress 314
TAU versus AV-BRF -0.62 0.615 0.316 -1.912 0.679 0.22
28
TAU versus AV-EXT -1.06 0.779 0.175 -2.700 0.586 0.38
Key secondary outcomes
Voice frequency
TAU versus AV-BRF -0.50 0.244 0.042 -1.012 0.018 0.24
16
TAU versus AV-EXT -0.62 0.246 0.01 -1.140 -0.104 0.30
PSYRATS-AH-Frequency 314
TAU versus AV-BRF -0.65 0.323 0.044 -1.331 0.030 0.32
28
TAU versus AV-EXT -0.89 0.300 0.003 -1.525 -0.258 0.43
Voice severity
5 TAU versus AV-BRF -2.04 0.853 0.017 -3.836 -0.239 0.45
1
TAU versus AV-EXT =2.32 0.894 0.009 -4.208 -0.438 0.52
PSYRATS-AH Total 314
28 TAU versus AV-BRF -1.61 1.256 0199 -4.260 1.036 0.36
TAU versus AV-EXT -1.87 1138 0.100 -4.274 0.526 0.42
Other secondary outcomes
Other voice-specific measures
BAVQ
TAU versus AV-BRF 0.64 0.455 0.162 -0.324 1.595 0.18
16
TAU versus AV-EXT 0.73 0.652 0.266 -0.649 2101 0.20
Omnipotence 298
28 TAU versus AV-BRF 0.83 0.399 0.038 -0.014 1.668 0.23
TAU versus AV-EXT 1.29 0.589 0.028 0.053 2.536 0.36
TAU versus AV-BRF 0.44 0.469 0.352 -0.552 1.426 0.10
16
TAU versus AV-EXT 0.38 0.571 0.507 -0.826 1.584 0.09
Malevolence 298
TAU versus AV-BRF -0.14 0.480 0.772 -1151 0.873 0.03
28
TAU versus AV-EXT 0.26 om 0.712 -1.236 1.760 0.06
TAU versus AV-BRF on 0.367 0.767 -0.665 0.882 0.03
16
TAU versus AV-EXT 0.52 0.417 0.212 -0.359 1.402 013
Benevolence 298
TAU versus AV-BRF (0] 0.435 0.993 -0.921 0.913 (0]
28
TAU versus AV-EXT 0.67 0.505 0.186 -0.397 1731 0.17
TAU versus AV-BRF 3.05 1.548 0.049 -0.214 6.313 0.26
16
TAU versus AV-EXT 3.00 1.248 0.016 0.372 5.634 0.26
Total 298
TAU versus AV-BRF 17 1.641 0.296 -1.747 5175 015
28
TAU versus AV-EXT 3.01 1.819 0.098 -0.824 6.846 0.26
VAAS
TAU versus AV-BRF 3.4 0.815 <0.001 1.688 5125 0.49
16
TAU versus AV-EXT 3.88 1.048 <0.001 1.672 6.089 0.56
Acceptance 297
TAU versus AV-BRF 2.84 0.813 <0.001 1126 4.555 041
28
TAU versus AV-EXT 3.98 1196 0.001 1.458 6.500 0.58
TAU versus AV-BRF 1.98 0.813 0.015 0.262 3.689 0.22
16
TAU versus AV-EXT 3.26 0.974 0.001 1.205 5.313 0.36
Action 297
TAU versus AV-BRF 2.25 0.924 0.015 0.297 4194 0.25
28
TAU versus AV-EXT 2.83 1.042 0.007 0.635 5.027 0.31
TAU versus AV-BRF 5.51 1.406 <0.001 2.550 8.477 0.39
16
TAU versus AV-EXT 717 1776 <0.001 3.420 10.910 0.51
Full-scale 297
TAU versus AV-BRF 512 1.462 <0.001 2.039 8.204 0.36
28
TAU versus AV-EXT 6.83 1.989 0.001 2634 11.022 0.48
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Table 2 (continued) | Treatment effect estimates on primary and secondary outcomes

Outcome n Time Comparison Effect s.e. P 96.5% Cl Effect size
. TAU versus AV-BRF -0.35 0.160 0.030 -0.686 -0.010 0.28
TAU versus AV-EXT -0.36 0.144 0.013 -0.659 -0.053 0.29
VPDS 298
. TAU versus AV-BRF -0.17 0.136 0.205 -0.460 0.115 0.14
TAU versus AV-EXT -0.31 0137 0.022 -0.601 -0.026 0.25
6 TAU versus AV-BRF -01 0.094 0.233 -0.311 0.086 0.22
TAU versus AV-EXT -0.21 0.108 0.050 -0.439 0.016 0.4
Hallucinations Remission Score 314
08 TAU versus AV-BRF -0.02 0.157 0.894 -0.351 0.310 0.04
TAU versus AV-EXT -0.06 0127 0.654 -0.324 0.210 on
Distressing persecutory beliefs (delusions)
16 TAU versus AV-BRF -1.85 0.776 0.017 -3.490 -0.216 0.37
TAU versus AV-EXT -2.86 1.220 0.019 -5.433 -0.289 0.57
PSYRATS-Delusions 279
28 TAU versus AV-BRF -1.24 0.780 om -2.890 0.401 0.25
TAU versus AV-EXT -3.41 1.448 0.019 -6.459 -0.355 0.68
Well-being and recovery
. TAU versus AV-BRF 219 0.949 0.021 0.185 4186 0.20
TAU versus AV-EXT 6.83 2.028 0.001 2.555 11107 0.63
WEMWBS 291
28 TAU versus AV-BRF 2.03 1.084 0.061 -0.251 4.321 0.19
TAU versus AV-EXT 510 2.280 0.025 0.294 9.909 0.47
- TAU versus AV-BRF 7.39 2.529 0.003 2.061 12.723 0.33
TAU versus AV-EXT 9.44 2.260 <0.001 4.673 14.204 0.42
CHOICE 291
28 TAU versus AV-BRF 5.67 2.404 0.018 0.598 10.737 0.25
TAU versus AV-EXT 6.40 2.473 0.010 1181 11.610 0.29
Mood, anxiety, trauma
DASS
16 TAU versus AV-BRF -4.50 0.953 <0.001 -6.512 -2.495 0.44
TAU versus AV-EXT -4.07 0.856 <0.001 -5.879 -2.269 0.40
Anxiety 293
28 TAU versus AV-BRF -3.26 0.936 <0.001 -5.232 -1.287 0.32
TAU versus AV-EXT -2.07 1.268 0.103 -4.740 0.605 0.20
75 TAU versus AV-BRF -3.76 1m 0.001 -6.102 -1.416 0.33
TAU versus AV-EXT -4.19 1.252 0.001 -6.829 -1.548 0.37
Depression 293
o TAU versus AV-BRF -2.66 1168 0.023 -5.122 -0.196 0.24
TAU versus AV-EXT -1.90 1.505 0.207 -5.073 1.274 0.17
16 TAU versus AV-BRF -3.97 1.004 <0.001 -6.083 -1.848 0.39
TAU versus AV-EXT -3.57 1.239 0.004 -6.187 -0.962 0.35
Stress 293
28 TAU versus AV-BRF -3.57 0.965 <0.001 -5.606 -1.536 0.35
TAU versus AV-EXT -1.75 1.360 0.198 -4.616 ms8 017
. TAU versus AV-BRF -2.06 1.517 0.174 -5.261 1137 0.14
-~ . TAU versus AV-EXT -3.52 1.665 0.035 -7.026 -0.005 0.24
o TAU versus AV-BRF -1.73 1.547 0.264 -4.991 1.534 0.12
TAU versus AV-EXT -1.72 2160 0.425 -6.279 2.831 0.12
ITQ
TAU versus AV-BRF -1.55 0.769 0.043 -3177 0.068 0.25
DSO 257 16
TAU versus AV-EXT -1.37 0.949 0.149 -3.369 0.631 0.22
TAU versus AV-BRF -0.82 1.050 0.433 -3.038 1.391 012
PTSD 259 16
TAU versus AV-EXT -0.73 0.844 0.387 -2.512 1.049 0.10
- TAU versus AV-BRF -1.07 0.689 0.122 -2.520 0.387 0.25
TAU versus AV-EXT =210 0.731 0.004 -3.645 -0.563 0.50
Anxiety (ESM) 139
. TAU versus AV-BRF 0.09 0.836 0.913 -1.671 1.855 0.02
TAU versus AV-EXT -0.29 0.861 0.734 -2.109 1.523 0.07

Effects are estimates of between-group mean difference after adjusting for site, voice characterization and baseline measurement of each outcome. DSO, disturbances in self-organization;
PTSD, posttraumatic stress disorder; VAAS, Voices Acceptance and Action Scale. Time points: 16, 16 weeks after baseline (post-treatment follow-up); 28, 28 week follow-up after baseline. n
represents the sample size for the longitudinal mixed model for each measure in the analysis. Bold denotes P<0.035.
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Fig.2|PSYRATS-AH-Distress, Total Severity and Frequency observed
mean scores with 96.5% CIs. Week 16: 16 weeks after baseline (post-treatment
follow-up). Week 28: 28-week follow-up after baseline. The center points
represent the mean values with the 96.5% Cls. The sample size (n) for
PSYRATS-AH-Distress, Total Severity and Frequency was 345 at baseline, 299 at
week 16 and 298 at week 28.

suchare worthy of some consideration. While the trial was not designed
for a direct comparison between AV-BRF and AV-EXT, the different
secondary outcome effects of each, compared to TAU alone, are also
informative. AV-BRF delivered benefits at both time points (albeit
with relatively small between-group effects) onimportant secondary
outcomes, including personal recovery, voice acceptance and action
and mood (anxiety, depression and stress), with the latter being the
single domain where sustained effects were observed for AV-BRF but
not AV-EXT. Engagement in AV-BRF was also strong, with treatment
completion rates of over 80%. AV-EXT delivered benefits at both time
points across well-being, personal recovery and empowerment, out-
comes that were not demonstrated in earlier AVATAR studies>®. There
were also significant post-treatment between-group effects for AV-EXT
on depression, stress and anxiety, with convergent evidence from

ESM data for anxiety reduction in daily life. However, there were no
significant differences for AV-EXT inmood outcomes at 28 weeks. With
respect to the hypothesized effects on beliefs about voices, improve-
ments were observed for AV-EXT inomnipotence but not malevolence.
Finally, evidence of improvements in persecutory distressing beliefs
linked to the voice showed amoderate-to-large effect size at 28 weeks
(d=0.68), whichisapproximately double the typical findings reported
for delusions in meta-analyses of CBTp**. This evidence supports
AV-EXT delivering important and sustained changes in the personal
understanding of the voice, which were not observed in AV-BRF.

AVATAR therapy as delivered in this trial was safe. There were no
SAEs rated by the independent DMEC as related to treatment or the
medical device. There was alarger number of overall SAEs and adverse
events (AEs) reported in AV-EXT, across a diverse range of categories;
this is probably at least partially attributable to the opportunity for
increased monitoring and reporting provided by therapists over more
sessions in AV-EXT. In addition, the trauma focus within AV-EXT is a
possible factor in the higher recording of affective changes (as AEs)
that did not meet the threshold for SAEs (that s, transientincreasesin
distress or voice-hearing that resolved over time). The findings from
this multisite trial allied to those reported in the AVATARI1 trial provide
evidence supporting the safety of AVATAR therapy.

Despite the range of significant sustained secondary outcomes,
the lack of a significant effect on the primary outcome at 28 weeks in
AV-EXTistobeacknowledged and considered. Treatment completion
of just under 60% for AV-EXT (compared to just over 80% for AV-BRF)
may be plausibly linked to the increased direct trauma-focused work
withinsessions and suggests the need forimproved treatment engage-
ment, adherence and, consequently, efficacy, based onlearning from
the current trial. Consistent with this, the compliance-adjusted analy-
sis showed larger treatment effect estimates than the ITT findings
in the subgroup of participants who complied with their allocation
by fully completing treatment. Improved engagement may be deliv-
ered through use of a collaborative review around an optimal session
number to ensure that the person retains a strong sense of control,
particularly around trauma-focused work. Planned qualitative analysis,
which will explore the experience of direct dialoguing with voice
contentandincludesindividuals who did not complete treatment, will
informthis future optimization of treatment engagement. Another key
challenge is how to optimize and sustain the real-world impact from
the (often) powerful change in distress observed within dialogues.
The current method (provision of complete dialogue recordings to
listen to at home) was subject to variable engagement and could be
enhanced. Work is soon tocommence oninnovationin artificial intel-
ligence (Al)-powered virtual conversational agents capable of deliver-
ing avatar dialogues (Wellcome ref. no. 227721/Z/23/Z). In addition
to boosting future scalability, Al integration with mobile technol-
ogy would transform between-session practice, potentially boosting
long-termefficacy. Thereisalsointerestin the use ofimmersive virtual
reality to enhance AVATAR therapy delivery and effects. The evidence
is currently limited, but the results of AVATAR VRSocial in Germany
(ISRCTN35980117) and independent trialsin Denmark and Canada will
be informative* Finally, we plan to examine hypotheses concerning
the mechanisms of change in a future analysis, which will guide further
refinement of the approach. Candidate mechanisms include reduced
anxiety and sense of threat, and increased empowerment and voice
acceptance.

Although previous work found that duration of AVATAR voice dia-
logues and everyday behavioral engagement with voices were related
to more complex characterization'’, the moderation analysis did not
support our hypothesis that greater baseline complexity of voice
characterization would moderate treatment effects. Furthermore,
there were very few demographic variables that moderated treat-
ment effects; given the number of tests, we caution that these findings
may have occurred by chance. Overall, the results suggest no robust
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Fig.3 | Effect size estimates with 96.5% ClIs for primary and secondary
outcomes at 16 and 28 weeks. Week 16:16 weeks after baseline (post-treatment
follow-up). Week 28: follow-up 28 weeks after baseline. The effect sizes (center
points) with 96.5% Cls (error bars) for each outcome are shown. Effect sizes were

calculated by dividing the estimated treatment effects from the mixed model
and its 96.5% Cl by the baseline s.d. of that outcome. The sample size (n) for each
mixed-model outcomeis providedin Table 2.

evidence of differential effectiveness for either AV-BRF or AV-EXT
across clinical or demographic variables.

The design of this trial had some limitations. First, the use of a TAU
control meant that we could not determine the benefits of AVATAR
therapy compared to another psychological treatment. The current
frontline psychological therapy (CBTp), recommended by NICE as
a minimum of 16 sessions, is notably longer in duration than even
AV-EXT. In our previous trial, we adapted a form of brief supportive
counseling as a control of comparable duration, but thisisnot routinely

available and was outperformed by AVATAR therapy; therefore, a TAU
comparison was used for this larger, pragmatic, multisite study®. The
ICC for the therapist clustering effect indicated that around 5% of the
residual variance in primary outcome was at the therapist level. Based
onour previoustrial, which showed asmaller therapist ICC, we did not
account for therapist clustering effects in the sample size calculation;
however, this was considered within the analysis models. Finally, the
trial was not fully powered for a comparison of AV-BRF with AV-EXT
because the sample size required wasimpracticable. Health economic
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Table 3 | Serious adverse events according to treatment
type across the trial arms

TAUP, AV-BRFP,  AV-EXTP,
E(%)1414 E(%)14, E (%) 28,
(241%) 14(241%) 30 (51.7%)

Serious adverse events

Distress associated with - - -
completion of assessment
measures

Significant distress during - - -
AVATAR therapy

Admission to hospital for
psychological health event

8,8(571%) 8,8(571%) 8,9(30.0%)

Admission to hospital for 1,1(71%) 2,2(14.3%) 5,5 (16.7%)

physical health event

Referral to crisis team 2,2(14.3%) 1,1(71%) 6, 6 (20.0%)

Violent incident necessitating - - -
police involvement (victim)

Violent incident necessitating
police involvement (accused)

1,1(71%) - =

Deliberate self-harm - 2,2 (14.3%)
1,1(71%) -
1,1(71%) 1,1(71%)

Death - -

3,4(13.3%)
3,3(10.0%)
1,1(3.3%)
2,2(6.7%)

Other psychological health event

Other physical health event

P, E (%) represents participant and events (% of events).

analysis, to be reported separately, will offer relevant information on
the cost-effectiveness of both versions.

AVATAR therapy is one of several evidence-based digital health
interventions emerging for psychosis and schizophrenia®>*, AVATAR
therapy offers the experience of a powerful digital ‘sense of presence’ of
adistressing voice, shared with the therapist and enabling rapid change
andreduced frequency®. The delivery of the trial, across a geographi-
cally and demographically diverse sample and including therapists
from a range of disciplines in routine clinical settings, strengthens
the real-world relevance of these findings. In the context of adapta-
tion to the coronavirus disease 2019 (COVID-19) pandemic, remote
delivery of AVATAR therapy has been shown to be feasible and accept-
able, whichis promising for future scalability (see alsothe AMETHYST
trial; ClinicalTrials.gov registration: NCT05982158). A recently pub-
lished NICE-Early Value Assessment of digital therapies for psychosis
recommended AVATAR therapy for NHS deployment while further
real-world evidenceis generated”. The datareported inthisarticleon
efficacy and safety provide evidence to inform this ongoing evaluation.
Forthcoming trial outputs (to be reported separately) will provide
cost-effectiveness analysis and include qualitative studies of diverse
patientand clinician perspectives on AVATAR therapy. Building on the
AVATAR2 data, real-world evidence of clinical and cost-effectiveness,
safety and acceptability of AVATAR therapy when implemented in
routine care is now required to support a full NICE submission and
facilitate widespread NHS adoption.

In conclusion, this study has provided partial support for the
primary hypothesis, inthat there were superior effects on the primary
outcome of voice-related distress of AVATAR therapy over TAU alone
at16 weeks, inboth AV-BRF and AV-EXT versions, and that AV-EXT met
our threshold for clinically significant change; however, the effects
were no longer statistically significant at 28 weeks. Inaddition, we have
provided indications of a wider range of sustained improvements in
outcomes prioritized by voice-hearers, of the longer formulation-based
AV-EXT version, which connects dialogues to the person’slife history’.
Treatment completion of AV-BRF was high, while comparable rates for
AV-EXT suggested the need for refinement to improve engagement.

Based on these trial findings, we recommend that future development
and provision of AVATAR therapy is primarily guided by the AV-EXT
protocol.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author contri-
butions and competinginterests; and statements of dataand code avail-
ability are available at https://doi.org/10.1038/s41591-024-03252-8.
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Methods

Study design and oversight

This multisite, parallel-group, assessor-blinded, randomized con-
trolled trial assessed the efficacy and safety of two forms of AVATAR
therapy, AV-BRF (six sessions with a standardized focus on exposure,
assertiveness and self-esteem) plus TAU or AV-EXT (12 sessions, with
aninitial phase mirroring AV-BRF followed by a personalized, develop-
mentally focused second phase) plus TAU compared to TAU alone on
reducing voice-related distress (primary outcome), voice-related
frequency and severity (key secondary outcomes), and other mood,
well-being and voice-related outcomes. The study received ethical
approval (Camberwell St. Giles Research Ethics Committee: no. 20/
LO/0657; Integrated Research Application System no.277118) and was
prospectively registered with the ISRCTN registry at which the pub-
lished trial protocol and statistical analysis plan can also be accessed
(ISRCTN55682735). The trial complied with the International Confer-
ence on Harmonization Good Clinical Practice guidelines and the 2013
Declaration of Helsinki. The study was overseen by anindependent trial
steering committee and aseparateindependent data monitoring and
ethics committee. All participants provided writteninformed consent.

Trial protocol deviations. Before participant recruitment commenced,
the COVID-19 pandemic began. Face-to-face contact wasrestrictedinter-
mittently. The study start was delayed for 3 months, as mandated nation-
ally, and the protocol and procedures were adapted to allow for remote
delivery of the trial. The final trial protocol (v.1.2) was approved before
participant recruitment commenced and no changes were madeto the
protocol for the conduct of the trial subsequent to the start of the trial.

Participants

Between1January 2021 and 30 November 2022, we assessed 642 peo-
ple for eligibility, recruiting 345 participants. Participants were ran-
domized at four study sites, each recruiting from two mental health
service providers, in the United Kingdom (three in England: South
London, North London, Manchester; one in Scotland: Glasgow) and
were randomly allocated to three parallel arms: 116 to AV-BRF, 114 to
AV-EXT and 115 to TAU control (Fig. 1).

Participants were referred by aclinicianat the participating clinical
sites. Other routes to participation included contact through institu-
tional research registers or self-referral.

The inclusion criteria were as follows: (1) aged 18 years or over;
(2) currently under the care of a specialist mental health team;
(3) current frequent and distressing voices (as measured by a score of
at least one on each of the intensity of distress and frequency items
of the PSYRATS-AH (Voices) Scale), persisting for at least 6 months
and spoken in English; (4) speak and read English to a sufficient level
to provide consent and complete the assessment procedures; (5) a
clinical diagnosis of schizophrenia spectrum disorder (ICD-10 F20-29)
or affective disorder with psychotic symptoms (ICD-10 F30-39, sub-
categories with psychotic symptoms) as determined through clinical
records and additional consultation with the clinical team, if required.
Criteriafor exclusionincluded: (1) primary diagnosis of substance dis-
order, personality disorder or learning disability; (2) lacking capacity
to consent; (3) profound visual or hearing impairment or insufficient
comprehension of English to be able to engage in assessment or treat-
ment; (4) currently undertaking individual psychological treatment
for voices; (5) currently experiencing an acute mental health crisis.

Randomization and masking

After baseline assessment, we randomly assigned (1:1:1) eligible partici-
pantsviaasecureindependent web-based service hosted by the King’s
Clinical Trials Unit, using randomly varying sized blocks (three and six),
stratified according to site and baseline voice characterization (more or
less) as defined by meeting the threshold for more highly characterized
voices (score > 7) on the Voice Characterisation Checklist”.

Research assessors were masked to allocation and procedures
were followed to maintain their masking (assessors did not have access
toclinical records after the baseline (pre-randomization) assessment
oraccesstothetreatment database at any stage); allassessments were
done at sites remote from the clinic and participants were reminded
before eachassessmentnotto disclose theirallocation. Itis not possible
tomask psychological treatment participants or therapists to their allo-
cation; site coordinators were unmasked and informed participants.
Therapists were allocated at each site based on availability. Breaks in
assessor masking wererecorded; if unmasking occurred, reallocation
to another rater occurred. All primary and key secondary outcomes
(PSYRATS-AH Scale) were assessed by blinded assessors. Unmasking
occurredin29 assessments (8.4%) at 16 weeks and 15 assessments (4.3%)
at28 weeks. All assessments of these individuals were scored by blinded
assessors after these instances of unmasking.

Procedures
The intervention. AVATAR therapy is a digital treatment in which the
person engages in face-to-face dialogues with a personalized digital
embodiment of the voice (‘the avatar’). The avatar is presented to the
person on atwo-dimensional computer screen.

Inthe AVATAR2 trial, AVATAR therapy was delivered intwo versions,
according to the randomized condition, that is, AV-BRF and AV-EXT,
according to acomprehensive clinical manual.

Therapy structure. Both versions commence with an initial clinical
assessment session, which includes creation of the avatar. Approxi-
mately 20 min are dedicated to making the avatar of the person’s main
distressing voice. This is to create a tangible representation of the
voice, withaface, towhomthe person candirectly address their resist-
ance. The aimis to create a voice and an image that is a ‘good enough’
representation of the voice for the person; the created avatar tends
to achieve a surprisingly good match. However, in practice, there is a
balance between creating a workable representation of the voice while
ensuring that the person does not feel overburdened or pressured to
achieve ‘a perfect match’—in this context, as a rule of thumb, 70% is
considered agood match. Where possible the avatar should represent
the dominant persecutory voice as identified by the person. While
some may experience a rotating gallery of characters, the guiding
principleistocreate an avatar that best represents the group of voices
and recommend that the person tries out what works with the avatar
for other distressing voice(s) they experience.

AV-BRF consists of six individual, face-to-face sessions delivered
by trained therapists using the AVATAR therapy software. AV-BRF is
designed to include the core aspects of AVATAR therapy, specifically
the use of the avatar to deliver arealistic enactment of the voice (includ-
ing exposure to verbatim voice content) and a treatment focus on
increasing power and control and self-esteem. AV-EXT consists of 12
individual, face-to-face sessions and consists of two phases. The first
phase mirrors AV-BRF. The aim of phase 2isto develop anunderstand-
ing of the voice(s) within the broader context of the person’s life and
relationship history, informing a series of dialogues that flexibly target
awider range of treatment targets'® (Extended Data Fig. 1). For both
versions, sessions could be increased or reduced by a maximum of
two for treatment completion, guided by the clinical judgment of the
therapistandin collaboration with the participant.

Each session (in both versions) consists of three parts: (1) pre-
dialogue discussion; (2) active avatar dialogue; and (3) post-dialogue
debrief. The whole takes 45-60 min. Pre-dialogues involve a review of
the previous week (changes in the voice and other progress), identifi-
cation of the main themes to be tackled in the forthcoming dialogue
and, as necessary, practice role-play focused on the anticipated chal-
lenges within the dialogue. For AV-EXT, the pre-dialogue (particularly
from the mid-treatment review onward) is also used to explore and
formulate the possible contribution of previous traumatic experience

Nature Medicine


http://www.nature.com/naturemedicine
https://www.isrctn.com/ISRCTN55682735?q=ISRCTN55682735&filters=&sort=&offset=1&totalResults=1&page=1&pageSize=10

Article

https://doi.org/10.1038/s41591-024-03252-8

to the voice-hearing experience, including instances of abuse, bully-
ing, racial and sexual discrimination, or other forms of social exclu-
sion and marginalization. During active dialogues, the therapist and
the voice-hearer sit in separate rooms, communicating digitally, with
the therapist remotely viewing the participant using a webcam. The
post-dialogue session discusses the dialogue experience, commenting
onthestrengths shown by the person, discussing emerging content and
finally giving arecording of the dialogue session and encouragement
for the week ahead.

Therapy delivery. Therapy was intended to be delivered in person,
at a participant’s local mental health clinic. However, because of the
COVID-19 pandemic, the software was adapted to support remote
treatment delivery using video conferencing software. This allowed
participants to have treatment sessions from home, joining their thera-
pist viaremote web link. Eighty-seven percent of participants (n =200)
had treatment in person at the clinic (99 of 114 (87%) for AV-EXT and
101 of 116 (87%) for AV-BRF). Further data on face-to-face and remote
delivery can be found in Supplementary Tables 3 and 4.

Therapist training. Of the 19 therapists who participated in the trial,
12 were qualified clinical or counseling psychologists, five were psy-
chiatrists (three specialist trainee and two consultants) and two were
nurse therapists; 11 were female and eight were male. The mean years
of experiencein delivering psychological treatment before commenc-
ing AVATAR therapy was 11.6 years (s.d. =10.3, range =1-40); 18 of 19
had more than 6 months’ experience of psychosis intervention at
the start of their involvement in the trial. Two of the therapists were
expert AVATAR therapists and trainers and delivered treatmentin the
previous AVATARI trial®. All other therapists were trained for the study.
Training involved a combination of direct teaching and self-directed
learning (including access to live treatment reference material), fol-
lowed by closely supervised training cases. After the training period,
the treatment supervision model included 1:1 (typically weekly) and
group-based peer supervision (typically monthly). Sharing of live audio
was a crucial aspect of supervision to inform discussions around the
key treatment processes to be targeted (both in terms of enacting the
avatar and suggested consolidation work before and after dialogue).

Adherence, fidelity and competence. Treatment adherence was
assessed by the number of sessions attended. Fidelity to the clinical
manual was assessed by the therapist completing a session-by-session
checklist. Anapriorichecklist of therapist fidelity to protocolized com-
ponents of treatment was developed based on earlier AVATAR clinical
trials with specific additions for AV-EXT. Fidelity was predefined as com-
pletion of 80% of the specified components for each session. For both
AV-BRF and AV-EXT, the mean self-reported fidelity for each session
was more than 90%, with an overall mean rating (across all sessions)
for AV-BRF 0f 92.46 (s.d. = 9.57; minimum =19.64; maximum =100)
and for AV-EXT a mean of 93.38 (s.d. = 8.61; minimum = 17.31; maxi-
mum =100) for AV-EXT.

Therapist competence was assessed by an expert in AVATAR
therapy for both general and clinical and AVATAR-specific skills. Each
newly trained trial therapist was rated for competence based on the
review of early, mid and late session treatment delivery for at least
one completed intervention. Ratings were conducted for two cases
for therapists who delivered completed treatment with more than five
participants. Cases were selected at random for each therapist, but
excluding any cases where audio recordings were not available (for
example, because of technical issues or the participant not consent-
ing to a full recording). The rating tool was adapted from AVATAR1 to
allow for different skill requirements for each level of treatment. For
AVATAR-BRF, it included five items for session one and six (each) for
mid and later sessions (17 items). The AVATAR-EXT rating tool mirrored
thiswiththe key difference being one additional item rated at the mid

and last sessions to capture ‘promoting an understanding of voice
within broader autobiographical and person-specific context’ (total
items =19). Eachitemwas rated 1-5with atotal possible score acrossthe
three sessions of 85 for AVATAR-BRF (17 items) and 95 for AVATAR-EXT
(19items), with abenchmark of 3/5 peritem for competent delivery (or
60% for the total score across allitems). The mean competencerating
for AV-BRF (n =10 cases) was 79.8% (s.d. =13.5); for AV-EXT (n =13 cases),
itwas 76.8% (s.d. =13.5).

AVATAR hardware and software. The Avatar Therapy System facili-
tates the delivery of AVATAR therapy for voice-hearing through a mix
of commodity computer hardware and custom software. The soft-
ware supports both enrollment of an avatar for the voice-hearer and
real-time communication between the therapist and the voice-hearer
using the avatar asathird party inatreatment session. The computing
platform consists of two Windows laptops (or a laptop and desktop
and a tablet) connected over a network. These can either be located
within two rooms in the clinic (local delivery), or can be located at
the therapist’s office and the client’s home (remote delivery). The
key technical elements of the software include voice enrollment, face
enrollment, real-time voice conversion, real-time lip synchronization
and real-time animation.

Voice enrollment is the process by which the client chooses a voice
for the avatar. The therapist makes a recording of the client’s normal
voice and the software manipulates that voice along dimensions of
pitch, vocal tract size, spectral tilt and temporal roughness. Slider
controls ontheinterface allow the client to hear many different varia-
tions of the therapist’s voice until a good match to the ‘voice’is found
(Extended DataFig. 2). These control settings are chosen and saved.

Face enrollment is the process by which the client chooses a face
for theavatar. The underlying technology for creating and modifying
facesis called FaceGenandis licensed from Singular Inversions. In face
enrollment, a set of faces that match the basic attributes of the heard
voiceis generated and the closest one is chosen by the client. The soft-
ware then allows the manipulation of facial shape, color and texture,
aswell asthe addition of hair. The software supports different ethnici-
ties and some nonhuman characters, such as a devil, witch and robot.

Real-time voice conversion is a technology for converting the
therapist’s voice to the avatar’s voice within a live treatment session.
The stored voice transformation settings chosen during voice enroll-
ment are applied to the therapist’s voice recorded from a headset
microphone;the converted voice is then communicated to the client’s
computer over the network.

Real-time lip synchronizationis the process by which representa-
tive mouth shapes and jaw positions of the avatar are chosen from an
acoustic analysis of the speech signal being produced by the therapist
when speaking as the avatar. This mapping between acoustic signal and
visemes is performed by a neural network classifier.

Real-time animation is the process by which the three-dimensional
model of the avatar is animated during the treatment session to make
itlooklikethe avataris engagingin adialogue. Thisis achieved by mor-
phing the three-dimensional graphical model of the avatar according
to the viseme output of the lip synchronization component while it is
speaking.In addition, the avatar looks around and blinks occasionally
sothatitlooks more alive.

The Avatar Therapy System also acts as a database of therapists,
clients, avatarsand sessions. It keeps recordings of treatment sessions,
which can be shared with clients. Facilities also exist for backup and
synchronization between a group of laptops at one site. The Avatar
Therapy System has been registered as a class 1 medical device by
Avatar Therapy Ltd.

Patient and publicinvolvement
Patient and public involvement (PPI) in which experts by experience
supported the study, had amajor role at all stages of the AVATAR2 trial,
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including design, recruitment of staff and participants, analysis and
dissemination through supporting the development of accessible plain
English summaries and visual representations. An active and creative
group of people was established, including members from different
backgrounds, with lived experience of mental health conditions and
recovery, including carers. In total, the AVATAR2 PPl group included
over 20 members across the four sites, with at least four PPI consult-
ants at each site. The local groups met approximately every 2 months
for the duration of the trial, with specific activities planned between
meetings. There was also coordination of PPl input from sites to the
AVATAR2 whole-team events, which took place approximately every
6 months. Group members were reimbursed for their time at a rate
of GBP20 per hour; travel expenses were covered for attendance at
meetings. Individual members contributed to a wide range of activi-
ties: planning events, supporting recruitment, reviewing documents,
joininginterview and recruitment panels, training research assistants,
feeding back on content for the website, reviewing the results and their
importance and interpretation, involvement in other public-facing
work and attending wider team meetings. Each member was buddied
with a named research worker who facilitated flexible and tailored
involvement. Personal development plans were a helpful tool to
support learning and development within the role. In keeping with
principles of open and collaborative involvement, the activities of the
PPI group extended beyond those specified within the trial protocol.
For example, a creative space was identified as important during PPI
meetings and a creative writing workshop emerged organically over
time. While independent from the core deliverables of the trial, this
regular creative workshop became highly valued and impactful across
all aspects of the project (further details of this work will be the focus
of aseparate publication).

A formal facilitated series of meetings was held with our PPI
consultants concerning the outcomes they considered important
and reflections on the results. The outcomes considered important
are shown in Supplementary Table 6. These are set alongside the
mostrelevant trial outcome measures and whether significant effects
were found.

Concomitant care

Throughout the post-randomization period, participants in all three
arms continued with their usual care (TAU). TAU was delivered accord-
ing to UK national and local service guidelines, typically involving
antipsychotic medication, contact with a mental health worker and
outpatient psychiatric appointments. Participation did not alter
pharmacological or psychosocial treatment decisions. As expected,
the TAU-alone arm showed higher levels of other psychological inter-
ventions (further data are provided in Supplementary Table 10);
326 (94%) participants were prescribed antipsychotic medication of
whom a quarter were prescribed clozapine. Dosages were converted
to chlorpromazine equivalents and were broadly comparable between
the three arms of the study (Supplementary Table 11).

Assessment procedures

Assessments were conducted at O weeks (baseline) before randomiza-
tion, 16 weeks (after baseline; follow-up after treatment) and 28 weeks
(after baseline; follow-up after 28 weeks). Blinded assessors conducted
recruitment and consent procedures and assessments remotely, or
at clinics or the participants” homes. Unblinded site coordinators
reviewed electronic clinical notes for the period of participation to
collect health economic data.

Assessors were trained to administer the assessment battery by
the lead trial coordinator, completed practice assessments and were
observed by site coordinators before working independently. Scoring
fidelity meetings for the PSYRATS-AH were conducted repeatedly
and all assessors attended weekly supervision with coordinators to
maintain scoring accuracy and consistency.

Participants were invited to provide additional consent to take
partin the ESM assessments at their initial consent into the trial. If
they provided consent, they were invited to complete the assessments
at every time point (baseline, 16 and 28 weeks). The ESM assessment
week consisted of ten questionnaires a day for 6 days and was delivered
through the m-Path smartphone application (https://m-path.io/land-
ing/). This provides a self-report of mental state in the flow of daily life.
Participants could use their own phones or borrow one from the study
teamto complete the study. Theitems contributing to the anxiety score
were as follows: right now, I feel: relaxed: 1 not at all, 7 very much so;
safe: 1not at all, 7 very much so; stressed: 1 not at all, 7 very much so;
wound up:1notatall, 7verymuchso; scared:1notatall, 7 very much so.

Participantsinall threetrial arms were compensated GBP20, with
an additional GBP1S5 for the experience sampling assessment, at each
time point.

Study hypotheses
Thestudy investigated the following hypotheses: (1) AV-BRF willbe more
effectiveinreducing voice-related distress, total voice severity and voice
frequency than TAU after treatment (16 weeks) and at the follow-up
(28 weeks); (2) AV-EXT will be more effective in reducing voice-related
distress, total voice severity and voice frequency than TAU after treat-
ment (16 weeks) and at the follow-up (28 weeks); (3) greater baseline
complexity of voice characterization will moderate the treatment
effects of AV-BRF and AV-EXT compared to TAU. Other clinical charac-
teristics will be explored as potential moderators. The following addi-
tional study hypotheses will be reported in subsequent publications:
(1) AV-EXT will reduce perceived omnipotence and malevolence com-
pared to TAU and these improvements will mediate change in the
primary outcome; (2) in both AV-BRF and AV-EXT, the treatment effects
onthe primary outcome will be mediated by anxiety reduction, as meas-
ured by the ESMindaily life; (3) AV-BRF and AV-EXT will both have favora-
ble incremental cost-effectiveness ratios compared to routine care.
We prespecified the interpretation of our results as follows: for
each comparison of AVATAR-BRF versus TAU, and AVATAR-EXT versus
TAU, if the estimated between-group difference at 16 weeks is statisti-
cally significant, we will conclude that there is a treatment effect on
the outcome at the end of the intervention period. This will constitute
partial support for our hypothesis; if the estimated between-group
difference at 28 weeks is statistically significant, we will conclude that
thereis atreatment effect on the outcome at the follow-up. If thereisa
statistically significant between-group difference at 28 weeks but not
attheearlier 16-week time point, this will constitute partial support for
our hypothesis; if there is astatistically significant between-group dif-
ference at both time points, we will conclude that the treatment effect
is sustained and this will constitute full support for our hypothesis; for
the primary outcome of PSYRATS voice-related distress, we will assess
the magnitude of the between-group difference against the plausible
effect sizes in the sample size calculations.

Outcomes

The prespecified primary outcome for the study was reduction in
distress associated with voices at end of treatment (16 week) and at
the follow-up (28 weeks), as measured by the distress dimension of the
PSYRATS-AH (five items, distress (two items), negative content (two
items) and control”. The PSYRATS-AH is adimensional, semistructured,
assessor-rated clinicalinterview assessing AHs, consisting of 11items,
eachitemscored from zero (voices not present) to four®. Voice-related
distress was selected as the primary outcome because it is the central
target of the therapy approach and valued as an outcome by experts
by experience (Supplementary Table 9).

Key secondary outcomes, as specified in the primary hypotheses,
were reductions in the voice frequency scale score (three items:
frequency, duration and disruption) and the total severity score
(all11items) on the PSYRATS-AH Scale at 16 and 28 weeks.
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Other secondary outcomes were a mix of assessor-rated and
self-reported measures, with effects estimated at 16 and 28 weeks.
Theseincluded distressing beliefs (PSYRATS-Delusions®®), well-being
(WEMWBS*), psychological recovery (CHOICE®), fearful attach-
ment (Relationships Questionnaire item®°), VAAS®, measuring
acceptance-based attitudes and actions in relation to voice-hearing
experiences, mood (DASS* and BDI*?), anxiety in daily life (using the
ESM), voice power (VPDS item®*) and BAVQ (omnipotence, malevolence
and benevolence, total, BAVQ-R*), and trauma-related symptoms
(ITQ*) (16 weeks only).

The clinical characteristics of participants were further assessed at
baseline with the Clinical Assessment Interview for Negative Symptoms
(CAINS*) and Scale for Assessment of Positive Symptoms?® (further
details of all measures are provided in Supplementary Table 12).

Safety

AllAEs and SAEs were recorded according to the trial standard operat-
ing procedure for AEs, following CONSORT guidance, with the exten-
sion for social and psychological interventions, and the extension for
reporting of harms. The chief investigator reviewed all reports and
notified theindependent DMEC Chair of any SAEs as they occurred. The
DMEC Chair was responsible for reviewing all SAEs and determining
therelatedness, ifany, of SAEs to the trial procedures (rating as yes, no,
possibly related). AEs were recorded for the duration of each partici-
pant’sinvolvement in the trial, from the date on which they signed the
consent form until the date of the final assessment or contact with the
trial team if they withdrew before their final assessment. Monitoring
was conducted by therapists and research assistants, supervised by
trial coordinators throughout their contact with participants. After
the conclusion of the final assessment for each participant, the trial
coordinator reviewed the electronic clinical notes and logged any
AEs during their participationin the trial.

All AEs were discussed weekly in trial coordinator meetings and
monthly at clinical trial management committee meetings to ensure
accurate and consistent monitoring across sites. Where an event was
determined to be serious by the site trial coordinator and principal
investigator, this form was sent to the DMEC Chair for further review
and to determine the rating of the relatedness of the event to any trial
procedure.

The criteria for determining whether an incident should be con-
sidered aserious or nonserious AE are shown below and were included
within a standard operating procedure for AE reporting, followed by
all staff during the trial. An AE was defined as: any untoward medical
occurrence, unintended disease or injury, or untoward clinical signs
in participants that lead to significant increased distress and interfer-
ence with daily life such that intervention from the clinical team was
required.

Thisincluded AEsrelated to bothinterventionarms of the AVATAR2
trial and to the TAU group, and to all research procedures involved. It
was anticipated that participants might experience some distress in
relation to the assessment measures or treatment processes. If this
distress was managed by the trial team and did not require additional
support from clinical services, then this was not classified asan AE.

An AEwas defined as serious (that is, an SAE) by the IS0 14155:2011
guidelines for medical device trials if it: resulted in death OR was a
life-threatening illness or injury OR required (voluntary or involun-
tary) hospitalization or prolongation of existing hospitalization OR
resulted in persistent or significant disability orincapacity OR medical
or surgical intervention was required to prevent any of the above OR
led to fetal distress, fetal death or consisted of a congenital anomaly
or birth defect OR was otherwise considered medically significant by
theinvestigator.

Life-threatening in the definition of an SAE refers to an eventin
which theindividual was at risk of death at the time of the event; it does
not refer to an event that might hypothetically have caused deathiif it

were more severe. Events that are not immediately life-threatening
or do not result in death or hospitalization but may jeopardize the
individual or may require intervention to prevent one or the other
outcomes listed, should be considered serious.

A planned hospitalization for a preexisting condition, without a
serious deterioration in health, is not considered an SAE.

Statistical analysis and sample size calculations

We powered the study to detect plausible effect sizes based on our
previous AVATAR therapy trial®. There we found a clinically meaningful
reduction in PSYRATS-AH distress of 4.8 points, with an effect size of
approximately d = 0.8, but we reduced this for the current trial to take
into consideration the increase in number of centers, the follow-up
comparison (notonly the end of treatment) and a more pragmatic trial
design. We are accounting for two formal comparisons: AV-EXT versus
TAU—-plausible effect size = 0.6; and AV-BRF versus TAU—plausible
effect size = 0.5. The study was powered for an overall treatment effect
ata5%significancelevel, accounting for two multiple group compari-
sons in which the tests are correlated because of shared control data
(atr=0.5), giving an alpha level for each group-specific test of 0.035.
Accordingly, asample size of 92 per group or 276 in total in the analysis
dataset had 90% power to detect aminimum clinically significant dif-
ference (effect size) of 0.5 standard deviations. We sought to recruit
345 participants at baseline (87 per site), with n =115 per treatment
arm, allowing for a conservative attrition rate of 20%.

Wereport the findings in line with the most recent relevant CON-
SORT guidelines, the 2018 extension for reporting social and psycho-
logical intervention trials*. No interim analysis was performed. All
analyses were conducted in Statav.18.1(ref. 40). To visualize the data,
Rv.4.33 (ref. 41) and ggplot2 v.3.5.0 (ref. 42) were used. The senior
statistician (R.E.) was unblinded only after completion of the initial
analyses and presentation of these results to our external advisory com-
mittees. The junior statistician (H.J.) was unblinded during the study
after preparing the first closed DMEC report; the statistical analysis
was performed unblinded owing to the need to account for therapist
effectsin the AVATAR arms.

The primary estimand is the treatment policy estimand. The
primary analyses were carried out using the ITT sample: participants
were analyzed in the group they were randomized to; available data
from all participants are included, including those who did not com-
plete treatment.

The primary analyses of the hypotheses of between-group differ-
encesinthe AV-EXT versus TAU and AV-BRF versus TAU in voice distress
asmeasured using the PSYRATS-AH distress score were analyzed using
amixed-effects (random) model at all post-randomization time points
(weeks 16 and 28). Fixed effects were the center, baseline assessment
for the outcome under investigation, voice characterization (low or /
high), treatment, time (categorical, 16 or 28 weeks) and time x treat-
mentinteractions. Marginal treatment effects were estimated for the
outcomes at each time point and reported separately as adjusted mean
differences in scores between the randomized groups with 96.5% Cls
and two-sided Pvalues.

To account for the partial nested design, we included a random
intercept for therapist in the treatment arms only, with the participants
in the TAU arm considered as being in individual clusters of size one.
The same therapists delivered both AV-EXT and AV-BRF. Participantsin
theinterventionarms who did not attend any sessions with atherapist
were nominally allocated to asingle therapist ID for ITT purposes. Par-
ticipant wasincluded as arandomintercept nested within therapist to
account for repeated measures of outcomes.

For the continuous secondary outcomes we followed the same
model as the primary analysis: linear mixed models, including the
outcome measures at all post-randomization time points, with atime
by treatment interaction to allow the estimation of the between-arm
difference at each time point.
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All statistical models were estimated using maximum likelihood
estimation, which allows for missing outcome data under the missing
atrandom assumption. In addition, we report estimates for Cohen’s d
effect sizes at 16 and 28 weeks as the adjusted mean difference of the
outcomedivided by the sample s.d. of the outcome at baseline. Cls for
Cohen’sdwere calculated by dividing the 96.5% confidence limits by the
samples.d. of the outcome at baseline. These are displayed in a forest
plot with the primary outcome at the top, followed by key secondary
and other outcomes, with aseparate plot for each time point.

The moderation analysis investigated how a prespecified set of
putative baseline moderators affected the efficacy of the treatment
interventions (TAU, AV-BRF, AV-EXT) in reducing the distress associ-
ated with AHs over time at 16 and 28 weeks. Specifically, the interaction
effectsbetween treatment groups, time and moderator were analyzed
to understand the differential influence of moderator on the treatment
effects between TAU versus AV-EXT and TAU versus AV-BRF. We investi-
gated the specific hypothesis that greater baseline complexity of voice
characterization would moderate the treatment effects of AVATAR-BRF
and AVATAR-EXT compared to TAU. The following measures of base-
line clinical and cognitive characteristics were also considered as
potential moderators of treatment effects: PSYRATS-AH-Distress,
trauma-related symptoms: PTSD, DSO, negative symptoms (CAINS
for motivation and pleasure, and CAINS for expressiveness), duration
of mental health services (early versus not early), duration of hearing
voices, age voices started and attachment (Relationship Question-
naire). We also examined demographic variables as moderators: age,
gender and self-defined ethnicity.

For a continuous moderator, the difference in treatment effect
between the unit levels of the moderator can be interpreted as the
difference in the estimated treatment effect between a participant
with a moderator value at baseline of a +1and a participant with a
moderator value at baseline of a. For abinary moderator (for example,
low versus high voice characterization), the difference in treatment
effect can be interpreted as the difference in the estimated treat-
ment effect between participants with low and those with high voice
characterization.

CACE compares the average outcome betweenthose inthe AV-EXT
and AV-BRF groups who meet the definition of receiving a minimal
treatment dose and the latent subgroup of people in the control group
who would have received this dose had they been randomized to the
respective interventiongroup (thatis, thisisahidden counterfactual).
For each outcome, we would expect to see an increased effect esti-
mate for CACE relative to the ITT effect because we are systematically
excluding people who do not receive the treatment dose of AV-EXT
or AV-BRF. However, the statistical significance does not necessarily
increase because the instrumental variable method used to calculate
the CACE estimates produces larger standard errors as a consequence
ofaccounting for the selection effects between those whoreceive and
those who donotreceive atreatmentdose intheinterventionarm. As
such, this is best seen as a bias correction that answers the question
‘what is the effect of offering AVATAR compared to TAU in those who
would receive a treatment dose of AVATAR if offered?’

We estimated the CACE for each comparison of AV-EXT versus
TAU, and AV-BRF versus TAU, separately; this means that we excluded
from the model the AVATAR intervention group not being used in the
comparison. We used aninstrumental variable method with two-stage
least squares estimation and robust standard errors to account for clus-
tering by therapist. We estimated the effect for each time point using
separate analyses. Randomization was used as the instrument; receipt
of aminimal treatment dose was the endogenous (treatment received)
variable. Weincluded the same set of covariates as the primary analysis
modelsinboth stage regressions.

Further details of the statistical methods, including the treatment
of missing data, are provided in the statistical analysis plan (published
inthe ISRCTN registry with the identifier ISRCTN55682735). A post hoc

sensitivity analysis for missing datain the primary outcomeis provided
inSupplementary Table 13 and Supplementary Fig.1).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Open access information on the AVATAR2 trial, such as the trial pro-
tocol and statistical analysis plan, including the example analysis
code, has been published in the ISRCTN registry with the identifier
ISRCTN55682735; the final trial protocol (v.1.2) was also published in
Trials". Individual participant data have been deposited in the King’s
OpenResearch DataSystem, butaccessisrestricted due to privacy rea-
sons and general data protection regulations, and can only be accessed
after review. Data will be made accessible after the publication of this
paper. A request can be made by academic or clinical researchers to
research.data@kcl.ac.uk for the purpose of conducting noncommer-
cial, ethically approved research. The research datateamwill review the
request against the conditions set out in the Data Access Agreement.
An initial response to requests will be formulated within a month. A
Data Access Agreement will be drawn up before data can be shared.

Code availability
In accordance with the data availability protocol, the corresponding
statistical code will be provided as part of the Data Access Agreement.
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Extended Data Fig. 1| Illustration of AV-BRF and AV-EXT and typical structure for an active dialogue session. Treatment foci and session structure.
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Extended Data Table 1| Descriptive statistics for primary and other secondary voice-related outcomes across three
treatment groups at each time point

TAU AV-BRF AV-EXT
Outcome Time N Mean sD N Mean SD N Mean SD
PSYRATS-AH-Distress Baseline 115 15.70 2.785 116 15.72 2.721 114 15.89 2.768
Range: 0-20 Week 16 103 15.28 3.835 98 13.98 4.863 98 13.81 4.757
Week 28 104 14.09 5.063 101 13.35 5.292 93 13.33 5.265
PSYRATS-AH-Total Baseline 115 30.64 4.420 116 30.09 4.658 114 30.11 4.423
Range: 0-44 Week 16 103 29.46 6.751 98 26.78 8.419 98 26.48 8.274
Week 28 104 27.85 8.836 101 25.84 9.503 93 25.67 8.987
PSYRATS-AH-Frequency Baseline 115 7.87 1.949 116 7.39 2.113 114 7.06 2.023
Range: 0-12 Week 16 103 7.09 2.210 98 6.31 2.522 98 6.00 2.479
Week 28 104 7.06 2.562 101 6.19 2.763 93 5.75 2.600
BAVQ Omnipotence Baseline 114 6.71 3.485 116 6.89 3.451 113 6.99 3.853
Range: 0-18 Week 16 94 7.46 3.988 94 8.34 4.403 88 8.36 4.289
Week 28 95 7.62 3.912 92 8.53 4.364 83 8.94 4.511
BAVQ Malevolence Baseline 114 6.24 4.231 116 6.74 4.229 113 6.71 4.529
Range: 0-18 Week 16 94 7.06 4.979 94 7.79 4.996 88 7.91 4.484
Week 28 95 7.68 4.783 92 7.54 4.386 83 7.98 4.362
BAVQ Benevolence Baseline 114 3.52 4.260 116 3.32 3.666 113 3.02 3.787
Range: 0-18 Week 16 94 3.01 3.542 94 3.04 3.821 88 3.48 4.288
Week 28 95 3.43 4.184 92 3.18 4.038 83 3.58 4.208
BAVQ Total Baseline 114 34.13 12.225 116 33.97 12.109 113 34.38 10.671
Range: 0-105 Week 16 94 34.55 11.994 93 37.74 13.576 88 38.43 11.506
Week 28 95 36.72 13.713 92 37.97 12.942 83 39.35 12.480
VAAS Acceptance Baseline 114 47.55 6.885 116 47.07 6.544 112 48.28 7.329
Range: 16-80 Week 16 94 48.15 6.952 92 50.84 8.435 88 52.46 8.503
Week 28 95 48.87 7.916 92 51.48 8.281 83 53.12 7.774
VAAS Action Baseline 114 46.43 7.846 116 46.17 9.539 112 48.09 9.458
Range: 15-75 Week 16 94 47.75 8.914 92 49.09 9.460 88 51.95 10.116
Week 28 95 47.92 8.816 92 50.02 10.067 83 51.69 9.657
VAAS Full Scale Baseline 114 93.99 12.810 116 93.25 14.363 112 96.38 14.935
Range: 31-155 Week 16 94 95.90 14.197 92 99.92 16.830 88 104.41 17.006
Week 28 95 96.79 15.066 92 101.50 16.698 83 104.81 15.681
Voice Power Differential Scale Baseline 112 3.36 1.222 114 3.40 1.287 113 3.31 1.247
Range: 1-5 Week 16 98 3.29 1.324 94 3.02 1.328 91 2.87 1.222
Week 28 99 3.18 1.265 93 3.09 1.248 86 2.81 1.101
Hallucinations Remission Score Baseline 115 3.61 0.541 116 3.66 0.527 114 3.66 0.477
Range: 0-4 Week 16 104 3.49 0.848 99 3.38 0.804 97 3.28 0.875
Week 28 104 3.26 1.052 101 3.27 1.019 93 3.20 1.099

AH, auditory hallucinations; AV-BRF, Brief AVATAR therapy; AV-EXT, Extended AVATAR Therapy; BAVQ, Beliefs About Voices Questionnaire; N: Number, PSYRATS: Psychotic Symptom Rating
Scales; TAU, treatment as usual; VAAS, Voices Acceptance And Action Scale. Time points: 16, 16 weeks after baseline (after-treatment follow-up); 28, 28 weeks after the baseline follow-up.
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Extended Data Table 2 | Descriptive statistics for other secondary outcomes across three treatment groups at each time
point

TAU AV-BRF AV-EXT

Outcome Time N Mean SD N Mean SD N Mean sb
PSYRATS Delusions Baseline 109 14.86 4.900 105 14.03 5.740 108 15.02 4.386
Range: 0-24 Week 16 95 13.01 6.213 86 10.55 7.184 88 10.68 6.617

Week 28 95 13.04 6.145 83 10.86 7.050 84 10.11 7.051
WEMWBS Baseline 112 35.90 11.030 115 37.37 10.360 112 37.05  10.983
Range: 14-70 Week 16 93 34.35 10.827 93 37.60 10.930 87 4113 11.849

Week 28 93 34.80 11.141 91 39.04 12.860 82 40.23  12.667
CHOICE Baseline 113 45.96 23.321 115 51.18 21.456 110 46.99  21.756
Range: 0-100 Week 16 93 43.83 21.492 93 54.21 24.144 87 55.76 24.459

Week 28 93 48.45 23.491 91 58.47 25.352 81 57.10 21.400
DASS Anxiety Baseline 114 20.50 10.390 115 18.78 10.152 112 19.21 10.294
Range: 0-42 Week 16 93 22.74 10.263 93 16.99 10.235 87 17.54 10.044

Week 28 94 20.06 10.414 91 15.83 9.450 82 17.58 10.784
DASS Depression Baseline 114 24.04 10.630 115 22.10 11.754 112 22.57 11.536
Range: 0-42 Week 16 93 25.05 11.122 93 19.84 10.290 87 19.40 11.147

Week 28 94 23.64 11.031 91 18.99 11.689 82 20.10 11.537
DASS Stress Baseline 114 24.07 9.567 115 22.22 10.399 112 22.55 10.614
Range: 0-42 Week 16 93 25.34 9.169 93 19.76 9.380 87 20.34  10.500

Week 28 94 23.98 9.479 91 19.16 9.629 82 21.65 11.144
BDI Baseline 113 32.29 14.595 115 27.72 13.965 112 30.61 15.489
Range: 0-63 Week 16 94 31.68 14.415 91 25.50 15.428 89 25.98  14.580

Week 28 94 30.63 15.295 91 24.51 15.097 83 27.11 15.462
Anxiety (ESM) Baseline 68 15.00 3.688 67 14.12 4.293 74 13.83 4.592
Range: 4-32 Week 16 40 15.44 5.101 35 13.08 4.907 49 11.77 4.388

Week 28 38 13.83 4.645 30 13.28 5.557 38 12.50 5.256
ITQ DSO Baseline 104 14.91 5.910 112 13.75 6.580 108 14.46 6.330
Range: 0-24 Week 16 87 14.51 6.200 89 12.13 6.420 82 12.44 6.510
ITQ PTSD Baseline 105 11.80 7.060 112 10.45 6.950 106 11.65 7.240
Range: 0-24 Week 16 88 11.19 6.960 89 9.77 6.440 83 10.44 6.680

AV-BRF, Brief AVATAR therapy; AV-EXT, Extended AVATAR Therapy; BDI, Beck Depression Inventory; CHOICE, CHoice of Outcome In Cbt for PsychosEs; DASS, Depression Anxiety Stress Scales;
DSO, Disturbances in self-organization; ESM, Experience Sampling Method; ITQ, International Trauma Questionnaire; PTSD, Post-Traumatic Stress Disorder; TAU, treatment as usual; WEMWBS,
Warwick-Edinburgh Mental Well-being Scale. Time points: 16, 16 weeks after baseline (after-treatment follow-up); 28, 28 weeks after the baseline follow-up.
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Extended Data Table 3 | Moderation analysis for demographic variables: estimated margins of interaction effect between
moderator variable and treatment group, including 96.5% confidence intervals

Moderator Comparison Time Treatment B SE z P 96.5% ClI

Age Continuous 16 AV-BRF vs TAU -0.052 0.033 -1.571 0.116 -0.1208 0.0176
Continuous 16 AV-EXT vs TAU -0.041 0.056 -0.733 0.463 -0.1582 0.0766
Continuous 28 AV-BRF vs TAU -0.042 0.041 -1.022 0.307 -0.1276 0.0443
Continuous 28 AV-EXT vs TAU -0.008 0.073 -0.110 0.912 -0.1617 0.1457

Gender Female vs Male 16 AV-BRF vs TAU 0.704 1.174 0.600 0.549 -1.7705 3.1789
Female vs Male 16 AV-EXT vs TAU 0.791 0.940 0.842 0.400 -1.1899 2.7717
Female vs Male 28 AV-BRF vs TAU -1.884 1.627 -1.158 0.247 -5.3141 1.5452
Female vs Male 28 AV-EXT vs TAU -1.093 1.358 -0.805 0.421 -3.9552 1.7700

Ethnicity Black vs White 16 AV-BRF vs TAU 0.447 1.499 0.298 0.765 -2.7141 3.6087
Black vs White 16 AV-EXT vs TAU -1.895 1.623 -1.167 0.243 -5.3171 1.5275
Asian vs White 16 AV-BRF vs TAU 2.730 1.301 2.098 0.036 -0.0138 5.4728
Asian vs White 16 AV-EXT vs TAU 2.259 1.436 1.573 0.116 -0.7684 5.2866
Other vs White 16 AV-BRF vs TAU 0.881 1.626 0.542 0.588 -2.5466 4.3091
Other vs White 16 AV-EXT vs TAU -0.040 1.628 -0.025 0.980 -3.4722 3.3920
Black vs White 28 AV-BRF vs TAU 0.804 1.818 0.442 0.658 -3.0298 4.6371
Black vs White 28 AV-EXT vs TAU -3.391 1.622 -2.090 0.037 -6.8113 0.0290
Asian vs White 28 AV-BRF vs TAU 2.359 1.683 1.401 0.161 -1.1901 5.9088
Asian vs White 28 AV-EXT vs TAU 2.575 1.809 1.424 0.154 -1.2380 6.3884
Other vs White 28 AV-BRF vs TAU 2.678 2.112 1.268 0.205 -1.7757 7.1315
Other vs White 28 AV-EXT vs TAU 2.068 1.914 1.080 0.280 -1.9684 6.1040

IMD Quintile Q2vs Q1 16 AV-BRF vs TAU 2.033 1.297 1.567 0.117 -0.7019 4.7681
Q2vs Q1 16 AV-EXT vs TAU 2.404 1.108 2.169 0.030 0.0671 4.7402
Q3vs Q1 16 AV-BRF vs TAU 0.540 0.983 0.549 0.583 -1.5331 2.6132
Q3vs Q1 16 AV-EXT vs TAU 0.494 1.517 0.325 0.745 -2.7048 3.6925
Q4vs Q1 16 AV-BRF vs TAU 1.624 4.136 0.393 0.695 -7.0967 10.3448
Q4vs Q1 16 AV-EXT vs TAU 9.023 3.395 2.657 0.008 1.8641 16.1814
Q5vs Q1 16 AV-BRF vs TAU 1.409 1.451 0.971 0.331 -1.6495 4.4675
Q5vs Q1 16 AV-EXT vs TAU 2.061 1.764 1.168 0.243 -1.6588 5.7805
Q2vs Q1 28 AV-BRF vs TAU 2.142 1.494 1.434 0.152 -1.0083 5.2926
Q2vs Q1 28 AV-EXT vs TAU 3.274 1.323 2.474 0.013 0.4839 6.0642
Q3vs Q1 28 AV-BRF vs TAU 1.576 1.176 1.340 0.180 -0.9033 4.0547
Q3vs Q1 28 AV-EXT vs TAU -2.333 1.718 -1.358 0.174 -5.9555 1.2891
Q4vs Q1 28 AV-BRF vs TAU 5.476 4.294 1.275 0.202 -3.5764 14.5291
Q4vs Q1 28 AV-EXT vs TAU 1.418 3.870 0.367 0.714 -6.7410 9.5778
Q5vs Q1 28 AV-BRF vs TAU 2.033 1.627 1.250 0.211 -1.3966 5.4630
Q5vs Q1 28 AV-EXT vs TAU -1.488 3.723 -0.400 0.689 -9.3367 6.3601

AV-BRF, Brief AVATAR therapy; AV-EXT, Extended AVATAR therapy; IMD, Index of Multiple Deprivation; TAU, treatment as usual. Time points: 16, 16 weeks after baseline (after-treatment
follow-up); 28, 28 weeks after the baseline follow-up. Mixed-effects regression models were used for the moderation analysis, with robust standard error estimation. Two-sided tests were
applied, with adjustments for multiple comparisons using a significance level of 0.035 and 96.5% confidence intervals reported. The 8 coefficients represent the difference in treatment effect
estimates attributable to changes between the levels of the moderator, as specified in the ‘Comparison’ column, for each treatment condition shown in the ‘Treatment’ column. Bold denotes
P<0.035.
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Extended Data Table 4 | Moderation analysis for clinical variables: estimated margins of interaction effect between
moderator variable and treatment group, including 96.5% confidence intervals

Moderator Comparison Time  Treatment B SE z P 96.5% CI
VoCC Low vs High 16 AV-BRF vs TAU -0.597 1.181 -0.506 0.613 -3.0870 1.8920
Low vs High 16 AV-EXT vs TAU 0.189 1.091 0.173 0.863 -2.1122 2.4895
Low vs High 28 AV-BRF vs TAU -1.067 1.194 -0.894 0.371 -3.5836 1.4499
Low vs High 28 AV-EXT vs TAU -2.067 1.192 -1.733 0.083 -4.5801 0.4469
PSYRATS AH Distress Continuous 16 AV-BRF vs TAU 0.103 0.131 0.783 0.434 -0.1738 0.3791
Continuous 16 AV-EXT vs TAU -0.450 0.226 -1.990 0.047 -0.9270 0.0267
Continuous 28 AV-BRF vs TAU 0.152 0.207 0.732 0.464 -0.2855 0.5893
Continuous 28 AV-EXT vs TAU -0.093 0.258 -0.362 0.717 -0.6363 0.4497
PSYRATS AH Total Continuous 16 AV-BRF vs TAU 0.007 0.090 0.074 0.941 -0.1840 0.1975
Continuous 16 AV-EXT vs TAU -0.184 0.132 -1.395 0.163 -0.4609 0.0938
Continuous 28 AV-BRF vs TAU 0.062 0.148 0.417 0.676 -0.2507 0.3744
Continuous 28 AV-EXT vs TAU -0.095 0.150 -0.634 0.526 -0.4120 0.2216
ITQ-PTSD Continuous 16 AV-BRF vs TAU 0.085 0.078 1.083 0.279 -0.0804 0.2503
Continuous 16 AV-EXT vs TAU -0.125 0.089 -1.401 0.161 -0.3120 0.0629
Continuous 28 AV-BRF vs TAU 0.014 0.121 0.117 0.907 -0.2406 0.2688
Continuous 28 AV-EXT vs TAU -0.074 0.106 -0.692 0.489 -0.2981 0.1508
ITQ-DSO Continuous 16 AV-BRF vs TAU 0.100 0.084 1.193 0.233 -0.0771 0.2780
Continuous 16 AV-EXT vs TAU -0.018 0.100 -0.181 0.857 -0.2290 0.1929
Continuous 28 AV-BRF vs TAU -0.005 0.133 -0.041 0.968 -0.2860 0.2752
Continuous 28 AV-EXT vs TAU -0.003 0.114 -0.030 0.976 -0.2446 0.2376
CAINS MAP Continuous 16 AV-BRF vs TAU 0.021 0.058 0.357 0.721 -0.1015 0.1430
Continuous 16 AV-EXT vs TAU 0.002 0.058 0.041 0.968 -0.1194 0.1241
Continuous 28 AV-BRF vs TAU -0.109 0.090 -1.202 0.229 -0.2994 0.0819
Continuous 28 AV-EXT vs TAU -0.040 0.079 -0.499 0.618 -0.2069 0.1277
CAINS EXP Continuous 16 AV-BRF vs TAU 0.000 0.187 0.001 0.999 -0.3941 0.3944
Continuous 16 AV-EXT vs TAU 0.233 0.216 1.080 0.280 -0.2218 0.6880
Continuous 28 AV-BRF vs TAU -0.049 0.202 -0.242 0.808 -0.4745 0.3766
Continuous 28 AV-EXT vs TAU 0.308 0.177 1.742 0.082 -0.0648 0.6801
Duration MH service Early vs Not Early 16 AV-BRF vs TAU -0.617 1.014 -0.608 0.543 -2.7539 1.5204
Early vs Not Early 16 AV-EXT vs TAU -0.472 1.562 -0.302 0.763 -3.7651 2.8220
Early vs Not Early 28 AV-BRF vs TAU 1.546 1.013 1.526 0.127 -0.5903 3.6817
Early vs Not Early 28 AV-EXT vs TAU 1.301 1.573 0.827 0.408 -2.0160 4.6173
Relationship Q Continuous 16 AV-BRF vs TAU 0.255 0.358 0.713 0.476 -0.4991 1.0093
Continuous 16 AV-EXT vs TAU -0.368 0.232 -1.585 0.113 -0.8580 0.1216
Continuous 28 AV-BRF vs TAU 0.056 0.369 0.151 0.880 -0.7214 0.8329
Continuous 28 AV-EXT vs TAU -0.292 0.324 -0.902 0.367 -0.9759 0.3911
Age voice started Continuous 16 AV-BRF vs TAU -0.081 0.036 -2.250 0.024 -0.1580 -0.0050
Continuous 16 AV-EXT vs TAU -0.078 0.042 -1.860 0.063 -0.1660 0.0100
Continuous 28 AV-BRF vs TAU -0.117 0.058 -2.020 0.043 -0.2390 0.0050
Continuous 28 AV-EXT vs TAU -0.096 0.052 -1.842 0.065 -0.2060 0.0140
Duration of hearing voices Continuous 16 AV-BRF vs TAU 0.011 0.038 0.281 0.779 -0.0700 0.0920
Continuous 16 AV-EXT vs TAU 0.017 0.040 0.426 0.670 -0.0680 0.1020
Continuous 28 AV-BRF vs TAU 0.049 0.056 0.888 0.374 -0.0680 0.1660
Continuous 28 AV-EXT vs TAU 0.073 0.068 1.073 0.283 -0.0700 0.2160

AH, auditory hallucinations; AV-BRF, Brief AVATAR therapy; AV-EXT, Extended AVATAR therapy; DSO, Disturbances in self-organization; ITQ, International Trauma Questionnaire; MH, mental
health; PSYRATS, Psychotic Symptom Rating Scales; PTSD, Post-Traumatic Stress Disorder; TAU, treatment as usual; VoCC, Voice Characterization Checklist. Time points: 16, 16 weeks after
baseline (after-treatment follow-up); 28, 28 weeks after the baseline follow-up. Mixed-effects regression models were used for the analysis, with robust standard error estimation. Two-sided
tests were applied, with adjustments for multiple comparisons using a significance level of 0.035 and 96.5% confidence intervals reported. The 8 coefficients represent the difference in
treatment effect estimates attributable to changes between the levels of the moderator, as specified in the ‘Comparison’ column, for each treatment condition shown in the ‘Treatment’
column. Bold denotes P<0.035.
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Extended Data Table 5 | Compliance-adjusted analysis

Compliance Outcome AV-BRF vs TAU AV-EXT vs TAU
definition
CACE (SE); CACE (SE);
PSYRATS-AH p-value (96.5% CI) p-value (95% CI)
No therapy vs. 16 Weeks -1.23 (0.56); 0.029 -1.61(0.63); 0.010
some therapy + (-2.42,-0.04) (-2.94, -0.29)
full therapy
28 Weeks -0.67 (0.71); 0.347 -0.85(0.77); 0.271
(-2.17,0.83) (-2.48,0.78)
No therapy + 16 Weeks -1.26 (0.57); 0.029 -2.20 (0.85); 0.009
some vs. full (-2.47,-0.05) (-3.98, -0.42)
therapy
28 Weeks -0.70 (0.74); 0.347 -1.17 (1.05); 0.268
(-2.26, 0.87) (-3.39, 1.05)

AH, auditory hallucinations; AV-BRF, Brief AVATAR therapy; AV-EXT, Extended AVATAR Therapy; CACE, Compliance Adjusted Causal Effects; PSYRATS, Psychotic Symptom Rating Scales; TAU,

treatment as usual.
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Data collection  An online data collection system for clinical trials (MACRO; InferMed Ltd, Version 4.0) was used for data entry and storage. This is hosted on a
dedicated server at King's College London (KCL) and managed by the KCL Clinical Trial Unit.

Data analysis Data description and the inferential analysis were performed using Stata version 18.0. For visualising the data, R version 4.3.3 and the ggplot2
package version 3.5.0 were utilised.
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Open access information on the AVATAR?2 trial such as the trial protocol and statistical analysis plan, including example analysis code, is published in the ISRCTN
registry with the identifier ISRCTN55682735; the final trial protocol (V1.2) was also published in Trials 11. Individual participant data have been deposited in King’s




Open Research Data System (KORDS), but access is restricted due to privacy reasons and general data protection regulations and can only be accessed after review.
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Reporting on sex and gender In compliance with the reporting requirements for sex and gender in clinical trials, this trial collected gender data based on
self-reporting from participants, ensuring an inclusive approach to gender identity. Therapy completion rates have been
reported in a disaggregated manner by gender. Furthermore, we conducted a moderation analysis to assess the impact of
gender as a moderating variable on the effectiveness of the therapy.

Reporting on race, ethnicityl or Inline with the standards for reporting on demographics in clinical trials, this study has collected data on participants'
other socially relevant ethnicity and assessed socio-economic status using the Index of Multiple Deprivation (IMD). We have reported outcomes
groupings related to therapy completion rates in a disaggregated manner by ethnicity. Additionally, a moderation analysis was
performed, with ethnicity and IMD Quintile serving as moderators.

Population characteristics Our study systematically collected demographic population characteristics as presented in Table1 within the manuscript. We
investigated the specific hypothesis that greater baseline complexity of voice characterisation will moderate the treatment
effects of AVATAR-Brief and AVATAR-Extended compared to TAU. The following measures of baseline clinical and cognitive
characteristics were also considered as potential moderators of treatment effects: PSYRATS-AH distress, Trama related
symptoms: PTSD (Post-Traumatic Stress Disorder), DSO (Disturbances in Self-Organisation), Negative Symptoms (Clinical
Assessment Interview for Negative Symptoms - motivation and pleasure, and expressive, CAINS MAP, CAINS EXP), duration of
mental health services (early vs. not early), duration of hearing voices, age voice started, attachment (Relationship
Questionnaire). We also examined demographic variables as moderators: age, gender and self-defined ethnicity.

Recruitment Participants were recruited between 1st January 2021 and 30th November 2022, across four UK main University trial sites:
the Institute of Psychiatry, Psychology & Neuroscience (King’s College London), University College London, the University of
Manchester and the University of Glasgow. Recruitment was conducted via referrals from clinicians at mental health services
based within two (National Health Service (NHS)) providers per site, ensuring a diverse sample with respect to demography
and geography. The four main NHS recruitment sites were South London and Maudsley NHS, North East London NHS
Foundation Trust, Greater Manchester Mental Health NHS Foundation Trust and NHS Greater Glasgow & Clyde. The four
additional NHS trusts were: Oxleas NHS Foundation Trust, Camden & Islington NHS Foundation Trust, Pennine Care NHS
Foundation Trust and NHS Lanarkshire. The recruitment process was as follows: Participants were identified through close
liaison with clinical staff based across specialist mental health services (inpatient and outpatient settings) in the NHS Trusts.
Settings (and how these were named) varied across sites but included Early Intervention Psychosis Teams, Community
Mental Health Teams (CMHTs), Rehabilitation and Recovery teams etc. After clinical staff had confirmed that a potential
participant was suitable to be approached (i.e. meets study criteria and no clinical contra-indications), research workers met
each potential participant to discuss the study, provide written information and time to consider it, respond to questions and
seek written informed consent. Other routes to participation included contact through institutional research registers, or
self-referral.

With 642 individuals assessed for eligibility and 345 successfully enrolled and randomized into three parallel study arms, our
recruitment strategy was designed to minimize any potential self-selection or other biases. We have thoroughly reviewed our
recruitment process and do not identify any self-selection biases or other biases that could impact the findings.

Ethics oversight The study received ethical approval (Camberwell St. Giles Research Ethics Committee: (20/LO/0657; IRAS (Integrated
Research Application System) 277118) and was prospectively registered with the ISRCTN registry at which the published trial
protocol (11) and statistical analysis plan can also be accessed (ISRCTN55682735).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Sample size We powered the study to detect plausible effect sizes based on our previous AVATAR therapy trial (8) There we found a clinically meaningful
reduction in PSYRATS-AH distress of 4.8 points, with an effect size of approximately d=0.8, but we conservatively reduced this for the current
trial, to take into consideration the increase in number of centres, the follow-up comparison (not only end of treatment) and a more
pragmatic trial design. We are accounting for two formal comparisons: AV-EXT vs. TAU — plausible effect size 0.6; and AV-BRF vs. TAU —
plausible effect size 0.5. The study was powered for an overall treatment effect at a 5% significance level, accounting for 2 multiple
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comparisons in which the tests are correlated (at r=0.5), giving an alpha level for each test of 0.035. Accordingly, a sample size of 92 per group
or 276 in total in the analysis set had 90% power to detect a minimum clinically significant difference (effect size) of 0.5 standard deviations.
We sought to recruit 345 participants in total at baseline (87 per site), with n=115 per treatment arm, allowing for conservative attrition rates
of 20%.

Data exclusions  The primary analyses were carried out using the intention to treat sample: participants were analysed in the group they are randomised to,
and available data from all participants is included, including those who do not complete therapy.

Replication This clinical trial was not a replication study. However it was designed and delivered using an approach which supports future replication.

Randomization  After baseline assessment, we randomly assigned (1:1:1) eligible participants, via a secure independent web-based service hosted by King's
Clinical Trials Unit, using randomly varying sized blocks (3 and 6), stratified by site and baseline voice characterisation (more/less) as defined
by meeting the threshold for more highly characterised voices (score>7) on the Voice Characterisation Checklist (27).

Blinding Research assessors were masked to allocation, and procedures were followed to maintain their masking (assessors did not have access to
clinical records after the baseline (pre-randomisation) assessment or access to the therapy database at any stage), all assessments were done
at sites remote from the clinic, and participants were reminded before each assessment not to disclose their allocation. It is not possible to
mask psychological therapy participants or therapists to their allocation; site co-ordinators were unmasked and informed participants.
Therapists were allocated at each site based on availability. Breaks in assessor masking were recorded, and if unmasking occurred, re-
allocation to another rater occurred. All primary and key secondary outcomes (PSYRATS-AH scale) were assessed by blinded assessors.
Unmasking occurred in 29 people (8.4%) at 16-weeks and 15 people (4.3%) at 28-weeks. All assessments of these people were scored by
blinded assessors following these instances of unmasking.
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All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  ISRCTN55682735

Study protocol The trial protocol is published in the ISRCTN registry with the identifier ISRCTN55682735; the final trial protocol prior to recruitment
(V1.2) was also published in Trials journal.

Data collection Between 1st January 2021 and 30th November 2022, we assessed 642 people for eligibility, recruiting 345 participants. Participants
were randomised at four study sites, each recruiting from two mental health service providers, in the United Kingdom (3 England:
South London, North London, Manchester; one Scotland: Glasgow) and were randomly allocated to three parallel arms: 116 to AV-
BRF, 114 to AV-EXT and 115 to TAU control. Participants were referred by a clinician in the participating clinical sites. Other routes to
participation included contact through institutional research registers, or self-referral.

The four UK main University trial sites: the Institute of Psychiatry, Psychology & Neuroscience (King’s College London), University
College London, the University of Manchester and the University of Glasgow. The four main NHS recruitment sites were South
London and Maudsley NHS, North East London NHS Foundation Trust, Greater Manchester Mental Health NHS Foundation Trust and
NHS Greater Glasgow & Clyde. The four additional NHS trusts were: Oxleas NHS Foundation Trust, Camden & Islington NHS
Foundation Trust, Pennine Care NHS Foundation Trust and NHS Lanarkshire.

Participants were identified through close liaison with clinical staff based across specialist mental health services (inpatient and
outpatient settings) in the NHS Trusts. Settings (and how these were named) varied across sites but included Early Intervention
Psychosis Teams, Community Mental Health Teams (CMHTs), Rehabilitation and Recovery teams etc.

Outcomes The pre-specified primary outcome for the study was reduction in distress associated with voices at end of treatment (16 weeks) and
follow up (28 weeks), as measured by the distress dimension of the Psychotic Symptoms Rating Scale (PSYRATS-AH) (5 items, distress
(2 items), negative content (2 items) and control. The PSYRATS-AH is a dimensional semi-structured assessor-rated clinical interview
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assessing auditory hallucinations, comprising in total 11 items, each item scored from 0O (voices not present) to 4.

Key secondary outcomes, as specified in the primary hypotheses, were reductions in the voice frequency scale score (3 items:
frequency, duration, and disruption items) and the total severity score (all 11 items) on the PSYRATS-AH scale at 16 and 28 weeks.
Other secondary outcomes were a mix of assessor-rated and self-reported measures, with effects estimated at 16 and 28 weeks.
These included distressing beliefs (PSYRATS-Delusions), Wellbeing (Warwick-Edinburgh Mental Wellbeing Scale (WEMWBS),
Psychological recovery (Choice of Outcome in CBT for Psychosis (CHOICE),Fearful attachment (Relationships Questionnaire Item),
Voices Action and Acceptance Scales (VAAS), measuring acceptance-based attitudes and actions in relation to voice-hearing
experiences, Mood (Depression, Anxiety and Stress Scales (DASS), and Beck Depression Inventory, Anxiety in daily life (using
Experience Sampling Measure), Voice power (Voice Power Differential Scale item) and Beliefs about Voices Questionnaire
(omnipotence, malevolence and benevolence, total , BAVQ-R), and Trauma-related symptoms (International Trauma Questionnaire)
(16 weeks only).

Clinical characteristics of participants were further assessed at baseline with the Clinical Assessment Interview for Negative
Symptoms (CAINS) and Scale for Assessment of Positive Symptoms (SAPS). (Further details of all measures are provided in
Supplementary Materials)
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