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Purpose: This study was designed to validate that people with schizophrenia can correctly, 

safely, and effectively prepare doses of Versacloz™ using the Versacloz oral suspension kit and 

instructions for use (IFU).

Materials and methods: This was a prospective, open-label, simulated-use validation study 

of 61 people with schizophrenia who were stabilized on clozapine or were clozapine-naive 

and stabilized on another antipsychotic treatment. Participants were randomized to one of 

two groups: untrained (n=46) and trained (n=15). Participants were asked to select the proper 

syringe and prepare two test doses of 1, 3.5, or 5 mL, as randomly assigned. Participants in the 

untrained group did not receive any training on using the kit, but had access to kit materials, 

including packaging and the IFU; both test dose preparations were unaided. Participants in the 

trained group received brief training from the moderator, and then prepared one test dose dur-

ing training and one unaided test dose during the study period. Prepared placebo doses were 

not ingested. Performance and behavior were assessed in 14 critical tasks identified in the user 

failure mode and effects analysis. Test dose failures or dose errors (threshold ±0.1 mL) were 

assessed. Subjective participant assessments of usability were captured in interviews and IFU 

comprehension was probed.

Results: A total of 107 test doses were prepared: 92 and 15 by the untrained and trained groups, 

respectively. Overall success for unassisted dose preparation was 87.9%; all test failures (failure 

to shake the bottle or failure to obtain the correct test dose) occurred in the untrained group. All 

participants selected the correct syringe for their assigned dose.

Conclusion: This study shows that the Versacloz oral suspension kit and IFU can be correctly, 

safely, and effectively used to prepare doses by people with schizophrenia, with few instances 

of failure or errors observed.

Keywords: Versacloz, clozapine, test dose, oral suspension, treatment-resistant 

schizophrenia

Introduction
Schizophrenia is a chronic, severe mental illness characterized by delusions, halluci-

nations, and thought disorder. In the United States, the prevalence of schizophrenia 

is approximately 2.4 million adults, or approximately 1.1% of the population over 

18 years of age.1 At present, there is no cure for schizophrenia. Drug therapies are 

aimed at reducing the frequency or intensity of symptoms, maximizing quality of life 

and enhancing the patient’s adaptation to life in the community, and promoting and 

maintaining recovery.2

Treatments of schizophrenia approved by the US Food and Drug Administra-

tion (FDA) include antipsychotics (first generation) and atypical antipsychotics 
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 (second generation). However, despite treatment, up to 30% 

of people with schizophrenia still experience symptoms 

and are considered treatment-resistant.  Treatment-resistant 

schizophrenia is def ined as little or no symptomatic 

response to at least two trials at least 6 weeks in duration 

using antipsychotic medications from at least two different 

chemical classes within the therapeutic dose range.2 Studies 

have shown that clozapine, an atypical antipsychotic, is an 

effective treatment for treatment-resistant schizophrenia.3,4 

 However, people taking clozapine must be monitored regu-

larly for dose-related adverse effects, such as agranulocytosis, 

cardiomyopathy, myocarditis, and seizures.5

VersaclozTM (Jazz Pharmaceuticals, Inc., Palo Alto, CA, 

USA) is an oral clozapine suspension that is bioequivalent to 

marketed clozapine tablets and is the first and only approved 

antipsychotic oral suspension indicated for the treatment of 

severely ill people with schizophrenia who fail to respond 

adequately to standard antipsychotic treatment. Because of 

the significant risk of agranulocytosis and seizure associated 

with its use, Versacloz should be used only in those who 

have failed to respond adequately to standard antipsychotic 

treatment. Versacloz is also indicated for reducing the risk 

of recurrent suicidal behavior in people with schizophrenia 

or schizoaffective disorder who are judged to be at chronic 

risk for reexperiencing suicidal behavior, based on history 

and recent clinical state.5

Administration of an oral formulation may facilitate 

medically supervised titration to the minimum effective 

dose of clozapine because it involves a single vehicle for-

mulation of which doses can be adjusted by altering the 

volume ingested. Moreover, it involves a consistent dosing 

formulation and appearance over time for a patient popula-

tion that is sensitive to change.6 To fulfill the requirement 

by the FDA for a human factor engineering study needed 

for the registration of a drug–device combination,7 we con-

ducted validation testing of the Versacloz oral suspension 

kit.  Validation testing was requested to test the worst-case 

scenario of people with schizophrenia using the appropriately 

sized applicator (syringe) without being trained by their 

health care providers. The primary objective of this study 

was to validate that people with schizophrenia can correctly, 

safely, and effectively prepare doses using the Versacloz oral 

suspension kit and instructions for use (IFU) without patterns 

of preventable errors that would result in harm. Secondary 

objectives included validating that there were no aspects of 

the Versacloz oral suspension kit, IFU, or labeling that led 

to confusion, failures, or errors.

Methods
Design
This was a prospective, open-label, simulated-use validation 

study investigating potential errors by people with schizophre-

nia using the Versacloz oral suspension kit and its IFU. The 

study design conformed to existing FDA guidance for human 

factors validation testing and was approved by the FDA prior 

to conducting the study.8 Inclusion criteria were: United States 

citizenship; ability to understand, speak, and read English as 

the primary language; diagnosis of schizophrenia; stabilized 

on oral clozapine or other medications for schizophrenia; and 

normal or corrected vision. Those in the medical profession 

and those not meeting all criteria above were excluded from 

the study. All participants gave written informed consent.

Sixty-one people with schizophrenia who were stabilized 

on clozapine or were clozapine-naive and stabilized on another 

antipsychotic treatment were randomized to a group that was 

untrained (n=46) but with access to the IFU, or to a group that 

was trained (n=15) by a study moderator and had access to the 

IFU. The kit contained the following: one 100 mL amber glass 

bottle with a child-resistant closure; one bottleneck adaptor; 

and two oral dosing syringes, 1 and 9 mL. To test the Versa-

cloz oral suspension kit, each untrained or trained participant 

was randomly assigned to prepare one of three doses (1, 3.5, 

or 5 mL) using the IFU. All participants in both groups were 

instructed not to actually ingest the prepared placebo doses. 

Random volumetric doses were selected to ensure use of both 

sizes of oral syringes was tested. All test dose preparations in 

both groups were videotaped to facilitate poststudy analysis, 

and all prepared syringes were photographed. After the mod-

erator had left the room, participants in the untrained group 

prepared the first test dose. The moderator returned to debrief 

them on any errors and to ask follow-up questions about their 

experience. After a short break, participants prepared the sec-

ond test dose, and further follow-up questions were asked. For 

the trained group, moderators reviewed syringe preparation 

and explained the procedure using the kit components while 

following the IFU. Trained participants then prepared the first 

test dose under guidance and, if successful, the moderator 

certified that they had been successfully trained. After a break, 

this group prepared the second test dose without supervision. 

Including participants from the untrained and trained groups, 

a total of 107 unaided doses were prepared (Table 1).

Participants
Participants were recruited prospectively through displays 

and Web announcements from four walk-in clinics: HELP 
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Mental Health Parent Support Group, NAMI Support Group 

for Family and Friends North County, Schizophrenia for 

Family and Friends, and Grace Community Center. The 

validation study was performed at two US locations: San 

Jose and San Francisco, CA. A minimum of 45 untrained 

participants in the study was suggested by the FDA and the 

size of the trained group was selected based on FDA human 

factors guidance, which states that there needs to be at least 

15 participants in each group for validation testing. Within 

these constraints, participants were randomly assigned a dose 

for simulated delivery.

Performance measures
The measurement plan included the following  factors: 

 performance, behavioral, and subjective measures. Performance 

and behavior were assessed during the preparation of test 

doses. Comprehension questions were formulated to probe 

participants’ understanding of aspects of the IFU not covered 

by test dose preparation during the study follow-up debriefing. 

Participants were asked to comment on the IFU and invited 

to suggest any changes. Errors at each step of the instructions 

were recorded. The IFU user failure mode and effects analysis 

for the kit is described in Table 2. Analysis of the steps in the 

IFU identified 14 critical tasks rated as being at low, medium, 

or high risk for test dose failure. Noncritical errors were those 

involving tasks that impart a low or medium risk of test dose 

failure; critical errors were those involving high-risk tasks. 

Test dose failure was defined as preparation of an incomplete 

or wrong dose, where the threshold for an incorrect dose was 

set at ±0.1 mL.

All results are reported using descriptive statistics and 

written narratives of all test dose failures.

Results
Participants
A total of 61 participants with schizophrenia were recruited 

from four walk-in clinics; of these, 46 were randomly 

assigned to the untrained group with access to the IFU and 

15 to be trained on the IFU. Demographic data and schizo-

phrenia status are described in Table 3. Most participants 

were clozapine-naive (33/61, 54.1%) and stabilized on other 

antipsychotic treatments/medications; the most commonly 

used in the total population were risperidone (13/61, 21.3%), 

quetiapine (12/61, 19.7%), aripiprazole (11/61, 18.0%), and 

olanzapine (6/61, 9.8%). The rest of the participants were 

stabilized on clozapine, alone or in combination with other 

antipsychotic medications (28/61, 45.9%). There were no 

significant differences in any of the demographic parameters 

between those in the untrained and trained groups. All partici-

pants were naive to the IFU and kit being tested. Participants 

were randomly assigned to prepare 1 mL (n=20), 3.5 mL 

(n=21), or 5 mL (n=20) test doses (Table 4).

Performance, behavior, and subjective 
measures
Overall, the participants had a success rate of 87.9% (94/107) 

for all unassisted test doses. The important task of selecting 

the correct syringe was done successfully by all participants in 

the untrained (n=46) and trained (n=15) groups (total =107). 

In the untrained group, 85.9% (79/92) of test doses were 

Table 1 number of prepared doses

User group First dose, n Second dose, n

Untrained 46 (unaided) 46 (unaided)
Trained 15 (supervised) 15 (unaided)
Total 107 (unaided) 107 (unaided)

Table 2 User failure mode and effects analysis

Preparation task Risk Clinical impact

shake bottle for 10 seconds  
to mix medicine

Medium Clinically significant  
under- or overdose

remove bottle cap low Inability to remove cap 
and prepare dose

Insert bottleneck adaptor Medium Inability to prepare dose; 
spillage and contamination 
of medication

select oral dosing syringe Medium Clinically significant  
under- or overdose

Fill oral dosing syringe with air low Clinically significant  
under- or overdose

Insert oral dosing syringe tip  
into bottleneck adaptor

low spillage and contamination 
of medication

Draw medicine into the oral  
dosing syringe

high Clinically significant  
under- or overdose

remove air from the oral  
dosing syringe

low Clinically significant 
underdose

remove oral dosing syringe  
from bottleneck adaptor

low n/a

Insert tip of oral dosing syringe  
into mouth and close lips

Medium Clinically significant 
underdose

Push plunger to expel medicine  
into mouth and swallow

Medium Clinically significant 
underdose

replace bottle cap Medium spillage and contamination 
of medication

rinse oral dosing syringe  
with warm water

low contamination of 
oral dosing syringe or 
medication

storage of kit components high contamination or 
degradation of medicine

Abbreviation: n/a, not applicable.
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attempting to remove the filled syringe from the bottle, result-

ing in partial evacuation of the prepared dose from the syringe 

(n=1). All six participants who failed to shake the bottle before 

drawing their assigned test dose stated during debriefing that 

they did not use the IFU provided, did not read the packaging, 

and did not read the instructions on the bottle.

Across all participants, the most common noncritical 

errors not leading to trial failure involved not drawing air into 

the syringe before withdrawing medication (39/107 unaided 

doses; 36.4%), not evacuating air from the syringe while dosing 

(30/107 unaided doses; 28.0%), and not inserting the bottleneck 

adaptor (16/70 unaided doses; 22.9%). Only one trained partici-

pant committed an error: failure to draw air into the syringe. In 

the trained group, only one participant did not use the IFU, but 

still successfully prepared the assigned test dose.

subjective responses
Untrained participants stated that they were successful in 98.9% 

(91/92) of test dose attempts, reflecting a lack of awareness of 

the observed errors, as well as the importance of shaking the 

Table 3 Participant demographics

Characteristic Total  
(N=61)

Trained group  
(n=15)

Untrained group  
(n=46)

P-valuea

age (years) 
 Mean (sD) 
 Median 
 range (minimum, maximum)

 
40.6 (11.28) 
41.0 
(20, 62)

 
45.5 (10.74) 
50.0 
(24, 61)

 
39.1 (11.12) 
38.0 
(20, 62)

0.056

sex, n (%) 
 Male 
 Female

 
42 (68.9) 
19 (31.1)

 
10 (66.7) 
5 (33.3)

 
32 (69.6) 
14 (30.4)

0.833

race/ethnicity, n (%) 
 White 
 Black 
 hispanic 
 asian 
 native american 
 Pacific Islander 
 Other

 
31 (50.8) 
9 (14.8) 
9 (14.8) 
7 (11.5) 
3 (4.9) 
1 (1.6) 
1 (1.6)

 
9 (60.0) 
4 (26.7) 
1 (6.7) 
0 
0 
0 
1 (6.7)

 
22 (47.8) 
5 (10.9) 
8 (17.4) 
7 (15.2) 
3 (6.5) 
1 (2.2) 
0

0.134

current treatment, n (%) 
 stabilized on clozapineb 
 stabilized on another drug 
  risperidone 
  Quetiapine 
  aripiprazole 
  Olanzapine 
  Divalproex 
  Ziprasidone 
  hydroxyzine 
  Paliperidone 
  haloperidol 
  lurasidone

 
28 (45.9) 
33 (54.1) 
13 (21.3) 
12 (19.7) 
11 (18.0) 
6 (9.8) 
2 (3.3) 
2 (3.3) 
1 (1.6) 
1 (1.6) 
1 (1.6) 
1 (1.6)

 
8 (53.3) 
7 (46.7) 
5 (33.3) 
4 (26.7) 
3 (20.0) 
3 (20.0) 
0 
1 (6.7) 
0 
0 
0 
0

 
20 (43.5) 
26 (56.5) 
8 (17.4) 
8 (17.4) 
8 (17.4) 
3 (6.5) 
2 (4.3) 
1 (2.2) 
1 (2.2) 
1 (2.2) 
1 (2.2) 
1 (2.2)

0.506

Notes: aP-value is from two-sample t-test for numeric data and chi-square for categorical data; balone or in combination with other antipsychotic medications.
Abbreviation: sD, standard deviation.

Table 4 Dose assignments

Assigned  
dose

Untrained group, n (%) 
(n=46)

Trained group, n (%) 
(n=15)

1 ml 15 (32.6) 5 (33.3)
3.5 ml 16 (34.8) 5 (33.3)
5 ml 15 (32.6) 5 (33.3)

 successful; all 15 (100%) of the unassisted test dose attempts 

were successful in the trained group (Table 5).

All 13 trial failures occurred in the untrained group 

(Table 6); all would have resulted in doses lower than those 

assigned. There were no test dose failures resulting in an 

overdose. One participant committed two errors that led to a 

test dose failure: failure to draw the correct dose and failure to 

shake the bottle. Errors leading to failure were failing to draw 

out the correct test dose (n=8) and failing to shake the bottle 

before drawing the test dose (n=6). The eight participants who 

did not draw out the correct test dose left air in the syringe 

(n=3), used the wrong part of the plunger to measure their 

assigned dose (n=4), or placed a thumb on the plunger while 
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Table 5 summary of errors by risk level in trained participants

Observation/measure Risk  
level

Dose 1, n (%) 
(n=15)

Overall failure rate – 0 (0)
Participant uses IFU – 14 (93.3)
Failure to replace cap Medium 1 (6.7)
Failure to fill dosing syringe with air low 1 (6.7)

Abbreviation: IFU, instructions for use.

Table 6 summary of failures and most common errors ($10% for either dose) by risk level in untrained participants

Observation/measure Risk  
level

Dose 1, n (%) 
(n=46)

Dose 2, n (%) 
(n=46)

Overall, n (%) 
(n=92)

Overall failure rate – 3 (6.5) 10 (21.7) 13 (14.1)
Participant uses IFU – 40 (87.0) 38 (82.6) 78 (84.8)
Failure to obtain correct dose high 2 (4.3) 6 (13.0) 8 (8.7)
Failure to insert bottleneck adaptor Medium 15 (32.6) 1 (11.1)a 16 (29.1)b

 Did not attach bottleneck adaptor Medium 8 (17.4) 0 (0)a 8 (14.5)b

 Partially attached bottleneck adaptor Medium 7 (15.2) 1 (11.1)a 8 (14.5)b

Failure to fill dosing syringe with air low 22 (47.8) 16 (34.8) 38 (41.3)
Failure to remove air from dosing syringe low 17 (37.0) 13 (28.3) 30 (32.6)

Notes: anine evaluable samples; bfifty-five evaluable samples.
Abbreviation: IFU, instructions for use.

bottle before drawing the dose. When asked whether they expe-

rienced difficulty in preparing the assigned dose, 23.9% (11/46) 

of all untrained participants said they did on the first attempt, 

and 4.3% (2/46) said they did on the second test dose attempt. 

Of the untrained participants who used the IFU, 97% (76/78) 

reported that the IFU provided useful guidance, whereas only 

two participants (2/78; 3%) said the IFU was not helpful.

The trained group stated that they were successful in 

preparing the test doses in all cases. Only one participant 

reported having some difficulty; this participant volun-

teered that a learning disability, not the IFU, was responsible 

for the difficulty. All participants who used the IFU reported 

that it was helpful.

Across all participants in the study, only 9.8% (6/61) 

stated that they had difficulty with the IFU. Overall, 11.5% 

(7/61) of participants (all in the untrained group) suggested 

changes to the IFU, including more information about cor-

rectly inserting the bottleneck adaptor, an expanded expla-

nation as to why air needs to be added to the syringe prior 

to attaching it to the bottleneck adaptor, and use of larger 

images. All participants correctly answered knowledge probe 

questions related to proper ingestion of the medication, 

proper device cleaning, and proper device storage.

Discussion
Because people with schizophrenia who take clozapine must 

be closely monitored for potentially severe dose-related 

adverse effects, the ability to properly prepare the required 

test dose with the Versacloz oral suspension kit may be criti-

cal to successfully managing these individuals. The results 

of the current study show that people with schizophrenia 

should be able to correctly, safely, and effectively use the 

Versacloz oral suspension kit to prepare a clozapine dose, 

even without the aid of health care providers. Use of the kit 

did not produce any significant pattern of confusion, failures, 

errors, or user safety risks. Even untrained participants per-

formed relatively well, especially when they used the IFU. 

The procedural errors were a direct result of failure to read 

the IFU, and this ultimately had a minor or, in most cases, 

no impact on the measured dose. Therefore, even without 

training (the worst-case scenario), participants should be able 

to correctly, safely, and effectively use the Versacloz oral 

suspension kit and IFU to prepare and deliver a dose. The 

IFU proved to be sufficiently supportive of the procedure 

when it was used by the participants.

All dosing failures were due to one of two types of errors: 

failure to shake the bottle or failure to obtain the correct test 

dose, actions that imparted medium and high risk of failure, 

respectively. Among all unaided dose trials, untrained partici-

pants failed to shake the bottle on six of 92 trials. The IFU, 

writing on the packaging/carton, and writing on the bottle all 

explicitly state to shake the bottle prior to use. However, the 

six untrained participants did not utilize these resources dur-

ing the study and engaged in the process without any attempt 

to learn the required steps. Thus, these failures were associ-

ated with not using the resource materials, and not to any 

flaws or shortcomings of the IFU, Versacloz carton labeling, 

or Versacloz bottle labeling. All participants who read the 

IFU, packaging, or bottle label successfully shook the bottle; 

thus, no changes to the IFU are necessary. Because the trials 

were completed in a short amount of time, it is also possible 

that the participants did not shake the bottle on their second 

trial as they had previously during their first trial. They may 
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have been more likely to shake the bottle if they were using 

the bottle for the first time.

The second type of error was the failure to obtain the 

correct dose. All dosing errors were underdoses, most of 

which were by approximately 0.2–0.4 mL, committed by 

those in the untrained group. The two underlying causes of 

these underdoses were having too much air in the syringe and 

using the wrong part of the plunger head to measure the dose. 

The dosing error could be mapped to the syringe used, as all 

eight were committed by participants with a dose requiring 

the larger of the two syringes in the Versacloz oral suspension 

kit. Because of the width of the barrel of the larger syringe, 

any air left in the syringe or inaccurate measurement can 

have a greater impact on the amount of medication withdrawn 

into the syringe.

Conclusion
This study shows that the Versacloz oral suspension kit 

and IFU can be correctly, safely, and effectively used 

to prepare doses by people with schizophrenia with few 

instances of failure or errors observed. Even untrained 

participants performed relatively well, especially when 

they used the IFU.
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