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Cognitive impairment is a core feature of 
schizophrenia and a major determinant of poor 
functional outcome; however, no 
pharmacological treatment is currently approved 
for this aspect of the disease1,2

N-methyl-D-aspartate (NMDA) receptor 
hypofunction is believed to be the underlying 
pathophysiology leading to cognitive impairment 
associated with schizophrenia (CIAS)3

BI 425809, a glycine transporter-1 inhibitor, in 
development for treatment of CIAS, elevates the 
concentration of glycine (NMDA co-activator) in 
the synaptic cleft4,5, and may therefore lead to 
improvement of cognitive and negative 
symptoms in patients with schizophrenia. 
Preclinical and clinical studies suggest that this 
mechanism of action may also enhance 
motivational deficits that often accompany CIAS6

To evaluate this possibility, the BI 425809 Phase II 
trial (NCT02832037) assessed two aspects of 
motivation, effort valuation, and reward learning, 
using the balloon effort task (BET)7 and 
probabilistic reversal learning task (PRLT)8, 
respectively, which are rarely used outside of 
academic research
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STUDY ENDPOINTS
Primary, secondary, and novel endpoints 

Primary endpoint
• Change from baseline in cognitive function as measured by the

Measurement and Treatment Research to Improve Cognition in 
Schizophrenia (MATRICS) Consensus Cognitive Battery (MCCB)
composite score after 12 weeks of treatment

Secondary endpoints
• Change from baseline in the Schizophrenia Cognitive Rating Scale (SCoRS)

to assess daily functioning after 12 weeks of treatment

• Percentage of patients with adverse events (AEs) and serious AEs (including 
clinically relevant abnormalities of physical examination, vital signs, 
electrocardiogram, and laboratory tests)

Novel endpoints (US sites only)
• Change from baseline in PRLT scores after 12 weeks of treatment
• Change from baseline in BET scores after 12 weeks of treatment

Balloon Effort Task (BET)7

CHOOSE:

TO POP THE BALLOON

• A computerized, objective task that assesses reward-based decision-making and 
addresses how much effort a participant is willing to put forth to receive a monetary 
reward of variable certainty

• Patients completing the BET chose whether to complete an easy or hard task for a low-
or high-potential reward, respectively. Patients were shown the potential reward 
associated with each task at the start of each trial and chose which to complete

• To date, the BET has not been used in drug interventional clinical trials8, 9

The easy and hard tasks both require the participant to respond with alternating 
keypresses to inflate a balloon that appears on the computer screen

The easy task 
requires only 20 
alternating presses 

20 The hard task 
requires 100 
alternating presses 

To complete for a
AN EASY
TASK

LOW-POTENTIAL
REWARD

100

To complete for a
A HARD
TASK

HIGH-POTENTIAL
REWARD

On half of all trials,
the reward was certain

(100%) (50%)

The balloon is inflated until it 
reaches a pin located at the top of 
the screen. Once contact with the 
pin is made, the balloon pops and 
the task is complete. Upon 
popping, a message appears 
indicating the monetary reward

You win 
$3

whereas on the other half
the reward was uncertain

Motivation to exert effort for reward was quantified
according to:
• Proportion of hard choices made in relation to the

potential reward value ($3, $5 or $7) 
• Reward probability  (50% or 100%)

Key outcome
measures

Probabilistic Reversal Learning Task (PRLT)8

• The PRLT is a computerized task that assesses the patient’s ability to learn shifting rules
and adapt to them

• Patients completing the PRLT chose between two stimuli (one commonly and one rarely rewarded).
Once the patients learned the more frequently rewarded stimulus, the reward contingencies
reversed, and patients had to modify their  value representations through feedback8 

• 3 blocks of trials
• Identical format
• Phase achieved when 9/10 correct

• Choice 1 = ‘win’ 20% ‘lose’ 80%
• Choice 2 = ‘win’ 80% ‘lose’ 20%

• Choice 1 = ‘win’ 80% ‘lose’ 20%
• Choice 2 = ‘win’ 20% ‘lose’ 80%

• Total number of discrimination phases completed (out of 3)
• Total number of reversals (out of 6)
• Proportions of errors (choice of least endorsed stimulus)

within the phases

Key outcome
measures

Patient moves on to next block

Patient moves on to next block with
new stimuli and discrimination to learn

• Choice 1 = ‘lose’ 80% ‘win’ 20%
• Choice 2 = ‘win’ 80% ‘lose’ 20%

Discrimination Phase
50 trials maximum

1 2

Reversal 2 Phase
50 trials maximum

1 2

If achieved

If achieved

Feedback given on every trial
Correct or Incorrect

Reversal 1 Phase
50 trials maximum

1 2

Discrimination phase achieved Patient progresses to reversal 1

If patient reaches the end of the 3 phases Patient progresses to next block

Discrimination phase not achieved
(after 50 tests)

If criterion not achieved in any phase move
on to next block with new stimuli and
discrimination to learn

Table 2.

Table 1. Patient demographics Overall population 
N=509

US population 
N=215

Age, years, mean (SD) 37.1 (7.7) 37.6 (7.9)

18–40 years 311 (61.1) 126 (58.6)

41–50 years 198 (38.9) 89 (41.4)

Male, n (%) 329 (64.6) 153 (71.2)

Race, n (%)
Black or African American 119 (23.4) 117 (54.4)

American Indian or Alaska Native 1 (0.2) 0 (0)

Asian 145 (28.5) 7 (3.3)

Native Hawaiian or other Pacific Islander 1 (0.2) 1 (0.5)

White 237 (46.6) 84 (39.1)

Multiple race 6 (1.2) 6 (2.8)

Region, n (%)
North America 221 (43.4) 215 (100)

Europe 152 (29.9) 0 (0)
Asia 136 (26.7) 0 (0)

SD, standard deviation

509 patients were 
randomized

11
across

countries

between

and25 APR
2018

4 OCT
2019

Proportion of difficult choices

Model Reward probability Reward level Mean (SD)

BET 
(n=194)

100%
$3
$5
$7

0.516 (0.332)
0.622 (0.342)
0.680 (0.314)

50%
$3
$5
$7

0.405 (0.355)
0.475 (0.350)
0.514 (0.336)

PRLT
(n=200)

Outcome measure Mean (SD)

Total number of discrimination phases 
completed (out of 3) 1.8 (1.1)

Total number of reversals (out of 6) 1.9 (2.1)

Proportion of errors 42.5 (10.3)

BET, balloon effort task; PRLT, probabilistic reversal learning task; SD, standard deviation

All data are presented as mean (SD)
CGI-S, Clinical Global Impressions-Severity; MCCB, Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS) Consensus Cognitive 
Battery; PANSS, Positive and Negative Syndrome Scale; SCoRS, Schizophrenia Cognition Rating Scale; SD, standard deviation

CONCLUSIONS
Motivation may play an 
important role in patients 
with schizophrenia, 
particularly in studies 
assessing cognition

The difficulty level of 
the PRLT raises some 
concerns about this 
measure

Inclusion of these novel 
measures in the BI 425809 
Phase II trial (ongoing) 
will enable us to further 
evaluate their reliabilities 
and sensitivity to treatment

The BET shows promise for 
clinical trial use; however, 
the countries it can be used 
in are limited given the 
financial reward

1 3 42

BET Always selects hardest 
choice (n = 17)

Varies choice 
(n = 177)

Age, years 39.4 (7.3) 37.7 (7.5)
MCCB baseline total score 29.9 (12.9) 29.0 (12.6)
MCCB neurocognitive score 31.7 (12.9) 30.3 (11.8)
SCoRS total score 40.6 (11.5) 38.6 (8.8)
PANSS total score 69.9 (14.4) 67.3 (12.5)
PANSS negative scale score 17.2 (4.1) 18.0 (4.4)
PANSS general 
psychopathology score 34.6 (7.7) 32.6 (6.9)

CGI-S score 3.8 (0.9) 3.6 (0.8)

PRLT Non-learners (n = 35) Learners (n = 165)

Age 38.4 (5.9) 37.9 (7.9)
MCCB baseline total score 21.8 (12.1) 30.2 (12.0)
MCCB neurocognitive score 24.5 (11.7) 31.4 (11.4)
SCoRS total score 37.1 (7.5) 39.0 (9.2)
PANSS total score 68.1 (12.0) 67.2 (12.9)
PANSS negative scale score 19.7 (4.6) 17.6 (4.3)
PANSS general 
psychopathology score 32.2 (6.9) 32.9 (7.1)

CGI-S score 3.7 (0.8) 3.6 (0.7)

Patients who completed 
0 initial discriminations 

(non-learners) in the PRLT 
demonstrated worse 

cognition on the MCCB than 
those who completed ≥1 
discriminations (learners)

Patients selected difficult 
choices more frequently for 

100% reward probability trials 
than for 50% reward probability 

trials. The task did not 
demonstrate a ceiling effect

There were no significant 
clinical symptom 

differences between 
patients who selected all 
difficult tasks compared 

with those who varied 
their choice

There were minimal 
differences in clinical 

symptom severity 
between subgroups

Mean proportions of difficult 
choices across the three reward 

values in the BET were 
comparable to prior studies7, 9

Scores on the PRLT were 
somewhat worse compared to 

prior academic studies
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Inhibition of GlyT1 by BI 425809 increases the concentration of glycine in the synaptic cleft
Figure adapted from Moschetti et al., 20164

Ca2+, calcium; AMPA-R, α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor; GlyT1, Glycine transporter 1;
NMDA-R, N-methyl-D-aspartate receptor

Table 3. Baseline Data

DSM-5, Diagnostic and Statistical Manual of Mental Disorders, 5th Edition

Male or Female

18–50 years
of age

DSM-5 diagnosis
of schizophrenia

Clinically stable
on standard of care

Baseline scores 
are shown in 
Table 2. Both 

tasks were well 
tolerated

Key inclusion criteria

To explore the feasibility and validity 
of the BET and PRLT in the context of a 
large, multicenter trial in patients with 
schizophrenia


