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* Author for correspondence: bertalan.nemeth@syreon.eu

Aim: Our study aimed at estimating differences in quality-adjusted life year (QALY) gain for patients with
predominant negative symptoms of schizophrenia treated with cariprazine compared with risperidone.
Materials & methods: A Markov model was built, based on the Mohr–Lenert approach and data derived
from clinical trials, to estimate potential QALY gains of patients. Results: Patients had higher probability
of reaching better health states treated with cariprazine compared with risperidone. In the model, this
resulted in an estimated QALY gain of 0.029 per patient, after 1 year of treatment. Conclusion: Cariprazine,
which showed clinically meaningful improvement in the symptoms, and personal and social performance,
can also provide significant QALY gain in the treatment of patients with predominant negative symptoms
of schizophrenia compared with risperidone.
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Schizophrenia is a chronic mental disorder that affects more than 21 million people worldwide [1]. It is characterized
by hallucinations, abnormal social behavior and other cognitive difficulties. Patients with schizophrenia may have
difficulties making distinction between reality and delusions; may be unresponsive and have difficulty expressing
emotions properly in social situations [1]. The health, social and economic burden of schizophrenia is tremendous,
not only for patients but also for families, caregivers and the wider society. Recent estimations for annual costs for
the schizophrenia population in the USA alone varied between US$25 billion [2] and US$156 billion [3].

Schizophrenia is characterized by a diverse set of symptoms based on the presence of positive or negative symptoms
of the disease [4]. Positive symptoms can include delusions, hallucinations and other phenomena that individuals
did not experience before the onset of the condition. Negative symptoms, such as lack of motivation, lack of need
for human relationships and absence or deficit of normal emotional responses, reflect that the condition removes
aspects of life that the patient previously experienced [5]. In the case of negative symptoms, patients’ response to
medications is usually limited compared with positive symptoms [6].

Cariprazine is an orally active and potent dopamine D2 (DRD2) and D3 receptor (DRD3) partial agonist with
preferential binding to DRD3, which has demonstrated efficacy in treating various symptoms of schizophrenia in
short- and long-term treatment trials. Cariprazine is approved in the USA for the treatment of schizophrenia and
manic or mixed episodes associated with bipolar I disorder in adults. In a clinical trial, cariprazine has been shown
significant improvement both in the symptoms and social performance of patients with predominant negative
symptoms (PNS) of schizophrenia compared with a representative of second-generation antipsychotics [7–9].

Cariprazine was tested against risperidone in a randomized, double-blind, active controlled, monotherapy
treatment clinical trial (EudraCT 2012–005485–36) conducted by Gedeon Richter Plc. on a subpopulation of
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Table 1. Definition of Positive and Negative Syndrome Scale factor scores.
Name of factor score Positive factor score Negative factor score Cognitive factor score Mood factor score Hostility factor score

Abbreviation PFS NFS CFS MFS HFS

Positive symptom
subscale items included

P1, P3, P5, P6 – P2 – P4, P7

Negative symptom
subscale items included

– N1–N4, N6 N5, N7 – –

General psychopathology
symptoms included

G9 G7, G16 G5, G10, G11, G12, G13,
G15

G1, G2, G3, G4, G6 G8, G14

P1, P2, P7: items of the positive symptom subscale of the Positive and Negative Syndromes Scale.
N1, N2, N7: items of the negative symptom subscale of the Positive and Negative Syndromes Scale.
G1, G2, G16: items of the general symptom subscale of the Positive and Negative Syndromes Scale.

patients with schizophrenia showing PNS. The study was a two-arm superiority trial. Details of study design,
inclusions and exclusions criteria were described in detail by Németh et al. [8]. The study had a sufficiently long
treatment period (26 weeks) to judge and score patients’ symptoms severity after a cross-titration period of 2 weeks
and randomized 231 patients into the risperidone and 230 patients into the cariprazine treatment arms. Change
from baseline in the primary efficacy parameter, the positive and negative syndrome scale (PANSS) factor score
for negative symptoms was statistically significant greater in the cariprazine group than in the risperidone group at
week 26. Based on data derived from the clinical trial, patients also showed greater improvement in the personal
and social performance total score as well as in three of the four personal and social performance subdomains with
cariprazine compared with risperidone.

The purpose of the analysis reported in this paper was to estimate the gain in quality-adjusted life years (QALYs)
that could be achieved over 54 weeks by the use of cariprazine in the treatment of schizophrenia for patients with
PNS compared with the widely used second-generation antipsychotic drug, risperidone, based on the PANSS data
from the Németh et al. clinical trial [8]. The approach has been taken to use trial results to identify how patients move
from initial PANSS states to other states over time, dependent on whether they are being treated with risperidone
or cariprazine and to use a previously developed algorithm for converting PANSS scores to utility estimates to allow
the calculation of QALYs. This information is combined together in a Markov state transition model with states
defined by PANSS scores to facilitate determining the added value of cariprazine.

Methods
Comparator
In accordance with the comparator treatment assessed in the Németh et al. clinical trial [8], the Markov state
transition model compares cariprazine with risperidone.

Cycle length
Considering the pharmacokinetic properties of cariprazine [10–12], transition probabilities and clinical efficacy in
the first 4–6 weeks of cariprazine treatment may not be fully representative for the consecutive time period. In
accordance with this, the model was constructed with weekly cycles in the initial 6-week time period and 12-week
long cycles for the latter periods, therefore the use of different transition probabilities was necessary for the first 6
weeks and for the subsequent model time period.

The model is able to run on different time horizons from 54 to 522 weeks (in concordance with the 12-week
cycle length used in the model), that are approximately equivalent to 1–10 years. The results presented here are for
54 weeks.

Health states & quality of life data
PANSS is a 30-item scale to categorize patients with schizophrenia [13]. It has 7 positive symptom subscale items, 7
negative symptom subscale items and 16 general psychopathology items. The 7 items of positive symptom subscale
are marked as P1–P7; the 7 negative symptom subscale items are marked as N1 to N7; and the remaining 16 items
are referred to as G1 to G16. PANSS scores can also be divided into five factors based on Mohr et al. [14] (Table 1).

Mohr et al. defined eight health states for schizophrenia in 2004 [14] based on the positive factor score, negative
factor score and cognitive factor score subscales of the PANSS scale. Lenert et al. [15] defined the thresholds of the
three factor scores to determine health states. After reviewing the thresholds, Lenert and his co-authors issued a
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Table 2. Corrected thresholds for health states used in the base-case analysis.
Health state Negative factor score Positive factor score Cognitive factor score

Mohr–Lenert health state 1 �2.1 �2.7 �2.9

Mohr–Lenert health state 2 2.1–3.4 �2.7 �2.9

Mohr–Lenert health state 3 �3.4 2.7–3.9 �2.9

Mohr–Lenert health state 4 �3.4 �3.9 �2.9

Mohr–Lenert health state 5 �3.4 �3.9 �2.9

Mohr–Lenert health state 6 �3.4 �3.9 �2.9

Mohr–Lenert health state 7 �3.4 �3.9 Any value

Mohr–Lenert health state 8 �3.4 �3.9 Any value

Note: This table is based on Lenert et al. [16] Table 1, and was corrected based on the analysis of related publications [14,15] and a corrigendum issued by the authors [17].

Death

Mohr–Lenert
state 1

Mohr–Lenert
state 8

Mohr–Lenert
state 7

Mohr–Lenert
state 2

Mohr–Lenert
state 3

Mohr–Lenert
state 4

Mohr–Lenert
state 5

Mohr–Lenert
state 6

Figure 1. Structure of the cost–effectiveness model. Patients can move from any health states to the ‘Death’ health state.

corrigendum [16] to the definitions of the original health states by Mohr et al. [14]. The final set of cut-off values to
define the health states used in our analysis is included in Table 2. The eight Mohr–Lenert health states were the
basis of the model structure with the addition of the health state ‘Death’ (Figure 1).

The authors calculated and assigned utility values to the previously defined eight Mohr–Lenert health states based
on data gathered from an internet survey panel’s standard gamble and visual analog scale ratings. The weighted
means of the utility values associated with Mohr–Lenert health states range from 0.88 to 0.42 [15]. The utility value
associated with the health state of ‘Death’ is zero.

Transition probabilities
The weekly transition probabilities (i.e., the numerical likelihoods of patients moving from one PANSS state to
another) for both the cariprazine and the risperidone arm were acquired from the first 4 weeks of the Németh et al.
clinical trial [8]. For the latter periods, transition probabilities were acquired from the cases where the time period
between any two PANSS assessments was between 11 and 13 weeks (77–93 days). All the transition probability
matrices are included in the Supplementary Appendix.

The transition probability matrices acquired from the clinical trial were not adequately populated for all possible
transitions between health states, as the number of observations was considered to be too low in many cases. In
order to complete the transition probability matrices, expert interviews were conducted with three experts from
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Table 3. Adverse event incidence rates used in the model.
Adverse event full name 28-day incidence

Cariprazine arm Risperidone arm

Dyskinesia 0.40% 0.54%

Pseudo-Parkinsonism 0.87% 1.54%

Akathisia 2.07% 1.07%

Orthostatic hypotension 0.20% 0.07%

Sedation and somnolence 1.20% 2.34%

Clinically significant weight gain 0.38% 1.02%

Hungary who had decades of experience in treating patients with schizophrenia. One of the experts is a leading
psychiatrist in Hungary, one is from a university psychiatry clinic and one treats patients with schizophrenia at a
day care service having many years of experience. Their estimates were not cross-checked with empirical data.

Experts were asked to give their opinion about the probabilities of patients with PNS of schizophrenia moving
from a certain Mohr–Lenert health state to another when treated with a second-generation antipsychotic drug, like
risperidone. Data from the expert interviews were gathered using the Prior Elicitation Graphical Software which
is capable of modeling opinions about multinomial probabilities by a Dirichlet prior distribution, implementing
methodology for assessing a subjective (personal opinion) distribution for the parameters of a multinomial model [18]

using Bayesian mathematics.
During the Bayesian analysis, the influence of the prior probabilities on the posterior probabilities was kept

minimal in order to ensure that the empirical data would determine mostly the estimated value of the transitional
probability in case of transitions which occurred in the clinical trial. The same weights were assigned to the matrices
obtained from the three expert interviews. The number of subjects moving from a state to the seven others or
staying in the current one was set at the value of 1 in case of the priors. Consequently, when clinical trial data were
available, the posterior was mainly influenced by the likelihood and not by the prior. The same priors were used
for both the cariprazine and risperidone arms of the model.

Adverse events
The analysis of adverse events (AEs) in the Németh et al. clinical trial [8] were done based on the patients reported
AEs at the visits. In the trial, the number of reported cases of all examined AEs was low on both arms (Table 3).
Differences between the cariprazine and risperidone arms could be observed but none of those were statistically
significant.

The AE incidence rates for the second-generation antipsychotics after switching were calculated from the AE
rates of risperidone using the relative AE rates of second-generation antipsychotics published by Glick et al. [19].
The calculation was based on a conservative approach using the relative safety and tolerability profiles compared
with risperidone.

Utility decrements were assigned to the AEs based on published analyses [15]. The mean disutilities associated with
orthostatic hypotension, weight gain, tardive dyskinesia, pseudo-Parkinsonism and akathisia were 0.058, 0.031,
0.095, 0.074 and 0.059, respectively in a subtractive model.

Switching possibility analysis
Local experts strongly suggested that the model should include the possibility of switching between therapies,
because in real life, patients with schizophrenia are not treated by the same antipsychotic drug for many years. This
is in concordance with other published models of schizophrenia [20–22].

The model allows one-way switching from both treatment arms to second-generation antipsychotics. It is assumed
that they have the same efficacy (transition probabilities between health states) as risperidone, but have different
AE profiles.

Patients switch was analyzed in relation of two factors in the model. In the first case, switching is tied to AEs
and is intended to model patients’ real-life therapy switching patterns driven by intolerability or safety problems.
In the second case, it is linked to the health states and includes all other reasons of real-life therapy switch, such as
switching due to lack of efficacy, personal decision, other reasons and AEs not captured by the model.
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To capture the importance of switching due to lack of efficacy, higher switching probabilities are attributed to
more severe health states (health states 7 and 8); that means that patients switch to another therapy when the current
treatment becomes ineffective. Lieberman et al. [23] published discontinuation rates for risperidone. The health
state related switching rates of risperidone were applied on the cariprazine arm as well. Combining switching due
to patient’s decision, AEs other than extrapyramidal symptoms or clinically significant weight gain or sedation and
switching due to other causes resulted in a base-case value of annual switching rate of 32%, thereby encompassing
two of the four reasons listed in the Lieberman study. In the case of the two most severe Mohr–Lenert health states
(7 and 8), the switching rate was estimated to be 54%, as a result of considering switching due to lack of efficacy, in
addition to switching due to patient’s decision, AEs other than extrapyramidal symptoms or weight gain or sedation
and other causes, thereby encompassing three out of the four reasons listed in the Lieberman study. The reason of
intolerability from the Lieberman study was linked to the occurrence of AEs directly, as explained above. Internal
checks were applied to assess the face validity of the switching rates.

Model settings
The analysis was conducted assuming that 50% of patients start from Mohr–Lenert health state 4, and 50% of
patients start from Mohr–Lenert health state 6, in accordance with the characteristics of the patient population of
the Németh et al. clinical trial [8]. The average starting age of patients was set to 40 years, and the proportion of
males was set to 50%. These base-case settings were evaluated during the sensitivity analyses.

The time horizon of the model was set to 54 weeks (∼1 year) that is the combination of the 6-week initial
titration period and four 12-week cycles. The annual discount rate for health outcomes was set to 5% as this value
is among the generally accepted discount rates [24]. For an analysis conducted on a longer time horizon, the local
discount rates will be used in the model. Results were calculated and presented both with and without allowing
switching in the model. Mortality rates were gathered from the data published by the Hungarian Central Statistical
Office [25].

Results
Based on the transition relative frequency matrices derived from the Németh et al. clinical trial [8], patients had a
higher probability of reaching better health states on the cariprazine arm compared with the risperidone arm of the
trial.

The highest quality of life value is associated with Mohr–Lenert health state 1. In the model, 43% of patients
were in Mohr–Lenert health state 1 on the cariprazine arm and 23% of patients were in this health state on the
risperidone arm after the first modeled year (54 weeks) when switching was not considered. When switching was
allowed, 38% of patients were in Mohr–Lenert health state 1 on the cariprazine arm and 23% of patients were in
this health state on the risperidone arm after the first modeled year (54 weeks). These changes can be attributed
to the fact that patients were more likely to move to health states with higher quality of life values when treated
with cariprazine. After switching, the utility is affected in two ways: the person gets rid of the disutility of the side
effect but will not gain the relative efficacy of cariprazine anymore. As the utility decrements associated with the
side effects are relatively small compared with the utility gain due to being in a better health state, this explains that
when switching is considered, there is less QALY gain over a longer time horizon.

Patients on the cariprazine arm of the model gained 0.758 QALYs throughout the first year without therapy
switching and 0.754 QALYs when therapy switch was considered. Patients on the risperidone arm of the model
gained 0.729 QALYs throughout the first year without therapy switching and 0.729 QALYs when therapy switch
was considered.

In the Markov model, the final results showed an estimated QALY gain of 0.029 per patient comparing cariprazine
with risperidone after 1 year of treatment when therapy switch was not considered. The model showed an estimated
QALY gain of 0.025 per patient comparing cariprazine with risperidone after 1 year of treatment when therapy
switch was allowed.

To assess the robustness of these findings, deterministic and probabilistic sensitivity analyses (DSA and PSA)
were conducted. Transition probabilities, utility values associated with health states, utility decrements associated
with AEs, AE occurrence rates and switching rates were included in the analysis.

The DSA were conducted by changing the values of each input parameter listed above with ±10%. The DSA
was performed both with and without therapy switching. According to the results of the DSA, the model was most
sensitive to the changes in the utility values associated with Mohr–Lenert health states 1, 2 and 4 (Figures 2 & 3).
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Difference in QALY differences between the two arms,
compared to the base-case result
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Figure 2. Results of a deterministic sensitivity analysis after one modeled year with switching.
QALY: Quality-adjusted life year.

Difference in QALY differences between the two arms,
compared to the base-case results
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Figure 3. Results of a deterministic sensitivity analysis after one modeled year without switching.
QALY: Quality-adjusted life year.

Histograms were compiled to visualize the results of 1000 model runs of the PSA (Figures 4 & 5).
When switching was considered, the probabilistic sensitivity analysis showed that cariprazine treatment resulted

in more QALYs than risperidone in 99.5% of all model runs. The mean of these QALY differences between the
two treatment arms was 0.026 with a standard deviation of 0.011 after 1000 model runs.

When switching was not allowed, the probabilistic sensitivity analysis showed that cariprazine resulted in more
QALYs than risperidone in 97.7% of all model runs. The mean of the incremental QALYs was 0.029 with a
standard deviation of 0.014 after 1000 model runs.
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Figure 4. Results of a probabilistic sensitivity analysis after one modeled year with switching.
QALY: Quality-adjusted life year.
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Figure 5. Results of a probabilistic sensitivity analysis after one modeled year without switching.
QALY: Quality-adjusted life year.

Discussion
The differences in efficacy in the primary and secondary end points in the Németh et al. clinical trial [8] can be
attributed to the fact that previous clinical studies with cariprazine were not focusing on patients with PNS and
that most of the earlier clinical trials had a time horizon of only 6 weeks, thus not exceeding the initial titration
period. It is also the first large randomized controlled trial that reports significant difference between two compared
antipsychotics.

Our analysis demonstrated that cariprazine provides additional QALY gains for PNS patients compared with
risperidone. These findings are important as many health technology assessment agencies, like the National Institute
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for Health and Care Excellence in England, require health benefits to be translated to QALYs for the evaluation of
cost–effectiveness [26]. The findings are in line with the results of the Németh et al. clinical trial [8]. The importance
of this QALY gain can be thoroughly evaluated after assessing cost and resource utilization data, and calculating an
incremental cost–effectiveness ratio.

Switching was built into the model in order to make it suitable for reflecting to the real-life treatment patterns
of patients with schizophrenia. When switching was allowed, it slightly decreased the added QALY benefit of
cariprazine, however the results still showed higher values on the cariprazine arm compared with the risperidone
arm. Applying switching changed the QALYs gained on the risperidone arm to a lesser extent than on the cariprazine
arm. It was assumed that other second-generation antipsychotics have the same efficacy as risperidone, therefore
the same transition probability matrices were used after a therapy switch on the risperidone arm. After switching
occurs on the cariprazine arm, patients move according to the same transition probabilities as on the risperidone
arm. The different safety profiles of these pharmaceuticals were taken into account which led to a marginal increase
in QALYs on the risperidone arm after therapy switching.

In the DSA, even the most influential input parameters did not change the difference of QALYs between the
two arms by more than 0.01, thereby confirming the robustness of the results.

The PSA confirmed the robustness of the base-case analysis results, as the overwhelming majority of model runs
resulted in positive incremental QALY values comparing cariprazine with risperidone.

The modeling process was in accordance with standard methodology, data were obtained from the Németh et al.
clinical trial [8], all necessary assumptions were of conservative nature and the sensitivity of the results was tested
in DSA and PSA. Therefore, this methodology was suitable for providing evidence that the patients with PNS of
schizophrenia can have a higher quality of life with cariprazine compared with risperidone.

Potential further steps include analyzing cost–effectiveness of cariprazine treatment after gathering cost and
resource utilization data from a specific country and development of an individual-level simulation model based
on the structure and the inputs of the Markov state transition model.

Limitations of the study include the following:

� As no literature is available describing switching rates related to Mohr–Lenert health states, the switching feature
of the model is based on the comprehensive data published by Lieberman [23] on reasons of discontinuation of
risperidone treatment. These data were used for estimating the switching rates for both treatment arms, as similar
data are not available for cariprazine;

� The transition probability matrices derived from the Németh et al. clinical trial [8] lacked transitions between
many health states in an extent that it was considered unrealistic to apply the transition probability matrices
without adjustment. Additional data were gathered from three expert interviews and were combined with the
clinical trial data in a Bayesian analysis;

� AEs were assumed not to be dependent on health state, which is a conservative assumption as more patients tend
to be in better health states on the cariprazine arm, therefore the occurrence of AEs can be overestimated on this
arm;

� The Németh et al. clinical trial provided no data on mortality [8] in connection with the eight Mohr–Lenert
health states. Therefore, as a conservative assumption, the mortality rates of the general population were used
in the model; it was assumed that there is no significant difference in the mortality between the two treatment
groups. Neither disease-specific nor health state specific mortality was assumed;

� The estimations based on expert interviews, that were conducted to fill the gaps of the transition probability
matrices, were not cross-checked with empirical data.

Conclusion
Cariprazine can provide additional QALY gain in the treatment of patients with PNS of schizophrenia compared
with risperidone. The robustness of the results was tested and confirmed by deterministic and PSA.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at:

www.futuremedicine.com/doi/suppl/10.2217/cer-2017-0024
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Summary points

� Our study aimed at estimating differences in quality-adjusted life year (QALY) gain for schizophrenic patients
with predominant negative symptoms treated with cariprazine compared with risperidone.

� A data analysis was conducted on individual patient level data derived from the RGH-188–005 clinical trial.
� The 30 items of the positive and negative syndrome scale were used to categorize patients into eight different

health states.
� A Markov state transition model was built with eight health states, to estimate the potential gains in QALYs of

patients for 1 year.
� The option of therapy switching was also considered in the model.
� Patients had higher probability of reaching better health states treated with cariprazine compared with

risperidone.
� The Markov model showed an estimated QALY gain of 0.029 per patient when therapy switch was not

considered and a QALY gain of 0.025 per patient when therapy switch was considered, comparing cariprazine
with risperidone after 1 year of treatment.

� Cariprazine can provide additional QALY gain in the treatment of schizophrenia for patients with predominant
negative symptoms compared with risperidone.

Authors’ contributions
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