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Background: Many medications used to treat schizophrenia and bipolar I disorder are linked to hyperprolactinemia. The effects of
cariprazine, a dopamine D;/D, receptor partial agonist, on prolactin levels in patients with schizophrenia or bipolar I disorder were
evaluated.

Methods: Effects on prolactin were evaluated using pooled data from randomized, double-blind, placebo-controlled studies in
patients with schizophrenia (4 studies; 6-week duration; cariprazine 1.5-3 mg/d, 4.5-6 mg/d, and 9-12 mg/d), bipolar mania
(3 studies; 3-week duration; cariprazine 3—6 and 9—12 mg/d), and bipolar depression (3 studies; 6- to 8-week duration; cariprazine
1.5 and 3 mg/d). Long-term effects were analyzed using open-label studies in patients with schizophrenia (2 studies; 48-week duration)
and patients with bipolar mania (1 study; 16-week duration). Change in prolactin levels (ng/mL) from baseline to study endpoint was
evaluated in subsets of sex and prior medication use.

Results: In patients with schizophrenia (male, n = 1377; female, n = 558), median prolactin changes were —1.2 for males and —7.4 for
females on placebo, and ranged from —4.2 to —3.6 for males and —12.4 to +0.2 for females in the cariprazine-treatment groups. In
patients with bipolar mania (male, n = 570; female, n = 395), median prolactin changes were —0.2 for males and —1.1 for females on
placebo and ranged from —2.1 to —3.0 for males and 0 to +1.8 for females in the cariprazine-treatment groups. Median decreases were
also seen in the long-term studies of schizophrenia (range, —14.6 to —2.0) and bipolar mania (range, —0.8 to +1.9). In patients with
bipolar depression (male, n = 485; female, n = 780), median prolactin changes were +0.3 for males and +0.7 for females on placebo
and ranged from +0.4 to +0.5 for males and +3.0 to +3.1 for females in the cariprazine-treatment groups.

Conclusion: Treatment with cariprazine for schizophrenia or bipolar I disorder was associated with minimal effects on prolactin
levels.
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Introduction
Schizophrenia and bipolar disorder are severe, chronic, and heterogeneous disorders that impact the health, social, and
economic well-being of patients, families, caregivers, and society. Pharmacotherapy can treat and manage these
disorders; however, many drugs used in the treatment of schizophrenia and bipolar disorder act as antagonists at
dopamine D, receptors, a mechanism that has been linked to hyperprolactinemia (elevated prolactin levels).'
Prolactin is a peptide hormone secreted by the pituitary gland based on a circadian pattern (eg, prolactin levels peak overnight
and are approximately 1.5- to 2-fold higher than those during the day).’ The secretion of prolactin is regulated through
dopaminergic transmission, as stimulation of dopamine D, receptors on lactotroph cells inhibits gene transcription, synthesis,
and release of prolactin and lactotroph proliferation.* In healthy adults, prolactin levels are generally less than 25 ng/mL;’
however, there is evidence that normal prolactin levels in men are likely lower (approximately 20 ng/mL),® which may be due to
the differences in physiology between males and females. In females, the main function of prolactin is the induction of lactation
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and maintenance of breast milk production; prolactin also plays a role in breast enlargement during pregnancy, inhibition of
hypothalamic gonadotrophin-releasing hormone (GnRH), and maintenance of ovarian function and progesterone secretion.
Prolactin is naturally elevated in pregnant and lactating women, where levels can increase up to 10- to 20-fold compared with
normal levels.” In males, the biological role of prolactin is limited; its effects are indirectly related to its regulation of GnRH,
which in turn affects spermatogenesis and testosterone levels.® Similarly, in developing adolescents, prolactin can indirectly
affect sexual development. As such, prolactin at biological concentrations plays an important role in human physiology and
accumulating evidence suggests that it plays a role in modulating the immune system.’

Medication-induced hyperprolactinemia has been estimated to affect up to 70% of patients on pharmacotherapy for
schizophrenia or bipolar disorder, although to varying degrees of severity.*'®!" Prevalence of hyperprolactinemia in an
unselected, normal adult population is believed to be low, at around 0.4%:® further, unmedicated patients with schizo-
phrenia are generally found to have normal prolactin levels." Rates and degrees of prolactin elevation differ widely
between the dopamine and serotonin receptor modulators (ie, atypical antipsychotics) used to treat schizophrenia and
bipolar disorder, and as a class, these drugs almost all cause prolactin elevation, though many newer agents elevate
prolactin to a lesser extent.* For example, risperidone, paliperidone (primary active metabolite of risperidone), and
amisulpride are also known to be “prolactin-elevating”, while aripiprazole, brexpiprazole, cariprazine, and quetiapine are
believed to be “prolactin-sparing” or pose little to no risk of hyperprolactinemia.'? Others, such as asenapine, clozapine,
iloperidone, lurasidone, olanzapine, and ziprasidone, are believed to pose some risk but do not elevate prolactin to levels
as high as those induced by risperidone and certain other drugs. While there is no algorithm that can predict if a certain
patient will develop hyperprolactinemia, certain risk factors have been identified, such as adolescence, high-dose
treatment with dopamine D, receptor antagonists, specific dopamine D, receptor gene variants, female sex, and the
reproductive age of females.*'*!13-14

Elevated levels of prolactin can occur within hours after oral administration of dopamine D, receptor antagonists.'?
Sexual and reproductive side effects of hyperprolactinemia associated with dopamine D, receptor antagonists can lead to
infertility, menstrual irregularities (eg, oligomenorrhea, amenorrhea), galactorrhea, and vaginal dryness in women and
decreased libido, impotence, infertility, gynecomastia, and erectile dysfunction in men,' although symptoms in men are
often more subtle.® In addition, significant bone loss, likely as a consequence of changes in estrogen in females and
testosterone levels in males, can occur."® Normal development in adolescents can also be affected as elevated prolactin
levels can delay puberty in addition to the above side effects.'® These adverse events (AEs) can lead to treatment
nonadherence, and this is an important consideration because all-cause nonadherence or partial adherence rates have been
reported to be as high as 50% in patients with schizophrenia,'”'® and up to 60% in patients with bipolar disorder.'” These
side effects are very undesirable, and drug-induced hyperprolactinemia is mitigated by either reducing the dose, which
can reduce efficacy, or adding or switching to a prolactin-sparing drug.”® A few studies have reported on the reduction of
elevated prolactin levels or reversal of hyperprolactinemia-related side effects after switching to medications not known
to elevate prolactin levels.?'*** Furthermore, one study reported that the adjunctive use of aripiprazole was associated
with a decrease in prolactin levels to the normal range and a reduction in prolactin-related adverse effects in women with
psychosis. These studies underscore the need for prolactin-neutral pharmacotherapy (ie, medications that result in
prolactin levels within the normal range).

Cariprazine, an oral dopamine Ds-preferring D3/D, receptor partial agonist and serotonin 5-HT,, receptor partial
agonist, is approved for the treatment of adults with schizophrenia (1.5-6 mg/d) and manic/mixed (3—6 mg/d) or
depressive episodes (1.5-3 mg/d) associated with bipolar I disorder. The objective of this pooled, post hoc study was
to evaluate the effect of cariprazine on prolactin levels by sex and prior medication status in patients with schizophrenia
or bipolar I disorder.

Methods

This post hoc study investigated the short- and long-term effects of cariprazine on prolactin levels in patients with
schizophrenia or bipolar I disorder. Phase II/IIl studies from the clinical development program of cariprazine for
schizophrenia, bipolar mania, and bipolar depression were included in the analysis. All participants provided written
informed consent after receiving a complete description of the studies. All component studies were conducted in
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compliance with the International Conference on Harmonisation Guidances on General Considerations for Clinical Trials
and Good Clinical Practice, and the Declaration of Helsinki. These studies were also approved by institutional review
boards or ethics committees, and government agencies. Since our study is a pooled analysis of data from previously
published studies, additional ethical approval was not required.

Study Designs

Schizophrenia

Detailed methods of studies in patients with schizophrenia have been previously published; the included studies were as
follows: 4 phase II/11I randomized, double-blind, placebo-controlled studies (RGH-MD-03, —04, —05, and —16; Supporting
Information Table 1),>>2° 2 long-term (48-week), open-label extension studies (RGH-MD-11 and MD-17),"*® and 1
relapse prevention study (RGH-MD-06).2%*° The treatment period in the 4 acute studies was 6 weeks. In the long-term

studies (RGH-MD-11, —17, and —06), the length of cariprazine treatment was substantial (Supporting Information Table 2).

For RGH-MD-11 and —17, some of the patients were on cariprazine for over a year (up to 54 weeks of treatment) since the
lead-in studies (RGH-MD-04, —05, and —16) had 6 weeks of treatment. For RGH-MD-06, patients were first stabilized on
open-label cariprazine treatment for up to 20 weeks, and if patients met stabilization criteria, then patients were randomized
to either continue cariprazine treatment or switched to placebo for up to an additional 72 weeks of double-blind treatment.
All of these studies required patients to discontinue previous medications for schizophrenia (or other psychiatric disorders)
and had a washout/screening period of up to 7 days. This is important to note as some patients were receiving prolactin-
elevating medications prior to study enrollment; however, the effects of these drugs are likely short term as most of the
common oral prolactin-elevating medications (eg, risperidone, paliperidone) have elimination half-lives that are less than
24 hours.

Bipolar Mania

Detailed methods of studies in patients with bipolar mania have been previously published; the included studies were as
follows: 3 phase II/III randomized, double-blind, placebo-controlled, 3-week studies (RGH-MD-31, —32, and —33;
Supporting Information Table 1)*'* and 1 long-term safety study (RGH-MD-36)** where patients were on open-label

cariprazine treatment for a maximum of 16 weeks (Supporting Information Table 2). Similar to the schizophrenia studies,

all bipolar mania studies required patients to discontinue previous medications for bipolar disorder (or other psychiatric
disorders) and had a washout/screening period of up to 4 to 7 days.

Bipolar Depression

Detailed methods of the 3 phase II/IIl randomized, double-blind, placebo-controlled studies in patients with bipolar
depression (RGH-MD-53, —54, and —56; Supporting Information Table 1) have been previously published;3 337 all 3
studies had a pre-specified endpoint at 6 weeks, although RGH-MD-53 and —54 had 6 weeks of treatment and RGH-MD-56
had 8 weeks of treatment. A smaller, Phase II cariprazine study of patients with bipolar depression (RGH-MD-52) was not

included in this bipolar depression analysis due to the inclusion of patients with bipolar II disorder in addition to those with
bipolar I disorder. In contrast, studies RGH-MD-53, —54, and —56 enrolled patients with bipolar I disorder only. Data from
the 0.75 mg/d dose group, present only in RGH-MD-56, was excluded. Like the schizophrenia and bipolar mania studies, all
bipolar depression studies also required patients to discontinue previous medication for bipolar disorder (or other
psychiatric disorders) and had a washout/screening period of 7 to 14 days.

Post Hoc Analyses

Data were pooled for studies within each patient population (schizophrenia, bipolar mania, and bipolar depression).
Pooling within each indication was done to provide a more stable and representative estimate for each patient population
(and for subgroups) than individual studies. For the schizophrenia and bipolar mania analyses, in order to assess the
effects of cariprazine dose, groups were analyzed by modal daily dose (most frequent dose) due to the inclusion of
flexible-dose studies; for bipolar depression, the pooled groups were based on randomized dose since all 3 studies had
fixed dosing. The treatment groups were placebo, cariprazine 1.5-3 mg/d, 4.5-6 mg/d, or 9—12 mg/d, risperidone 4 mg/d,
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or aripiprazole 10 mg/d for the schizophrenia studies; placebo, cariprazine 3—6 mg/d, or cariprazine 9-12 mg/d for the
bipolar mania studies; and placebo, cariprazine 1.5, or cariprazine 3 mg/d for the bipolar depression studies. In addition
to the pooling of data within each indication, studies were also pooled across all 3 indications (combined groups from the
schizophrenia, bipolar mania, and/or bipolar depression studies) to provide an overall estimate of prolactin changes for
the acute and long-term studies. For these analyses, cariprazine doses were also pooled (1.5-6 [the recommended dose
range] and 9-12 mg/d).

Patients included in this analysis were part of the safety population (eg, took at least 1 dose of the study medication)
and also had a baseline and a postbaseline prolactin serum value. In all studies, a central laboratory was used to evaluate
all serum prolactin samples, which were collected, processed, and stored according to the instructions provided by the
laboratory. Further, the normal reference range for each study was determined by the laboratory and presented in
Supporting Information Table 1. Samples were obtained at approximately the same time for each patient. Postbaseline

prolactin levels were also blinded.

Baseline was defined as the first assessment after the screening/washout period but before initiation of study
medication. For the acute studies, descriptive statistics for change in prolactin levels from baseline to endpoint (defined
as the last available double-blind assessment) were evaluated and presented as median and mean with standard deviation
(SD). Due to differences in physiology, results for male and female patients were analyzed separately. Prolactin levels
over time were presented using observed case data; change in prolactin levels from baseline to endpoint (defined as last
available assessment) for the open-label studies were also presented as median and mean with SD. Additional analyses
were conducted to determine the percentage of patients in each treatment group who shifted from having prolactin levels
in the normal range at baseline to greater than 2 times (2X) the upper limit of normal (ULN) and 4 times (4X) ULN at
endpoint. Additionally, the percentage of patients that had prolactin levels in the >ULN range at baseline but shifted to
the normal range at endpoint were also tabulated. The cutoff points of 2X and 4X ULN, which generally correspond to
>50 (moderate hyperprolactinemia) or >100 ng/mL (severe hyperprolactinemia), were used to determine clinical
relevance of prolactin elevation.® Changes in prolactin levels were also evaluated in subgroups based on medication
use prior to the start of the study. The 4 prior medication subgroups were based on their prolactin-elevating potential (no
prior medications, low risk, moderate risk, and high risk; see footnote in Table 2 for the list of medications).* Potentially

prolactin-related treatment-emergent adverse events (TEAEs) were summarized and analyzed descriptively.

Results

Demographic and Baseline Characteristics

Demographic information for the schizophrenia,”*2® bipolar mania,*'?

35-37

and bipolar depression studies has been

previously published and is briefly summarized in Supporting Information Table 3. The mean age was approximately 38

years in the schizophrenia studies, 40 years in the bipolar mania studies, and 43 years in the bipolar depression studies.
Across all studies, a notable proportion of patients were white (40% in the schizophrenia studies, >45% in the bipolar
mania studies, and ~75% in the bipolar depression studies). In the schizophrenia and bipolar mania studies, most patients
were male (~72% and 60%, respectively), while the majority were female in the bipolar depression studies (>60%).
Baseline prolactin levels for patients enrolled in the randomized, double-blind, placebo-controlled, short-term studies
are summarized in Table 1. Median prolactin levels at baseline were within the normal range (see Supporting Information

Table 1), although baseline prolactin levels were above the ULN for at least 10% of patients across all studies (34% of
patients with schizophrenia, 24% of patients with bipolar mania, and 12% of patients with bipolar depression).

Prior use of medications for the treatment of schizophrenia or bipolar disorder within 28 days of treatment initiation is
presented in Table 2. In the schizophrenia and bipolar mania studies, most patients had some prior medication use
compared with no prior medication use. In the bipolar depression studies, most patients did not have prior medication
use. Furthermore, the distribution of patients in each prior medication subgroup was similar between treatment groups
within each patient population.
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Table | Prolactin Levels at Baseline®

Prolactin Levels

Schizophrenia

Bipolar Mania

Bipolar Depression

Placebo Cariprazine | Risperidone | Aripiprazole Placebo Cariprazine Placebo Cariprazine Cariprazine
1.5-12 mg/d 4 mgl/d 10 mg/d 3-12 mg/d 1.5 mg/d 3 mg/d
Male
n 364 831 9l 9l 244 326 173 151 16l
Mean (SD), ng/mL | 13.96 (13.58) | 15.52 (14.63) | 17.70 (20.83) | 14.62 (12.23) 14.29 (13.95) 13.20 (12.45) 13.33 (14.63) 10.18 (7.92) 10.70 (10.56)
Median, ng/mL 8.60 10.00 10.50 10.40 9.10 8.30 9.20 7.80 7.50
>ULN, n (%) 93 (25.5) 246 (29.6) 29 (31.9) 27 (29.7) 53 (21.7) 68 (20.9) 22 (12.7) 9 (6.0) 17 (10.6)
Female
n 147 323 39 49 156 239 250 277 253
Mean (SD), ng/mL | 38.48 (41.65) | 4526 (58.64) | 37.08 (36.29) | 51.47 (48.70) 2522 (33.41) 27.59 (39.83) 13.41 (14.44) 18.23 (30.95) 15.22 (26.48)
Median, ng/mL 23.90 23.70 23.70 33.70 10.55 10.70 9.45 10.20 9.50
>ULN, n (%) 68 (46.3) 148 (45.8) 16 (41.0) 27 (55.1) 46 (29.5) 62 (25.9) 30 (12.0) 37 (134) 33 (13.0)

Note: *Analyzed population includes all patients who had a baseline and postbaseline prolactin serum value.

Abbreviations: SD, standard deviation; ULN, upper limit of normal.
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Table 2 Number of Patients Available for Analysis in Each Prior Medication Use Group® and Corresponding Prolactin Levels at Baseline®

817707 3uswnes.] pue aseasi dlyeiydAsdoanaN

Prior Medication Group Schizophrenia Bipolar Mania Bipolar Depression
Placebo | Cariprazine | Risperidone | Aripiprazole Placebo Cariprazine | Placebo | Cariprazine | Cariprazine
(n=512) | 1.5-12 mg/d 4 mg/d 10 mg/d (n =391) 3-12mg/d | (n = 423) 1.5 mg/d 3 mg/d
(n=1154) (n=130) (n = 140) (n = 556) (n = 428) (n =414)
n (%)
No medication use 194 (37.9) 406 (35.2) 29 (22.3) 31 (22.1) 184 (47.1) 249 (44.8) 324 (76.6) 321 (75.0) 306 (73.9)
Low risk 70 (13.7) 133 (11.5) 14 (10.8) 14 (10.0) 63 (l6.1) 89 (16.0) 61 (14.4) 53 (124) 54 (13.0)
Moderate risk 32 (6.3) 119 (10.3) 8 (6.2) 9 (6.4) 46 (11.8) 57 (10.3) 21 (5.0 39 (9.1) 36 (8.7)
High risk 216 (42.2) 496 (43.0) 79 (60.8) 86 (61.4) 98 (25.1) 161 (29.0) 17 (4.0) 15 (3.5) 18 (4.3)
Baseline, mean (SD), ng/mL
No medication use 15.1 (18.4) 17.6 (27.9) 19.6 (20.2) 15.7 (12.7) 15.3 (22.5) 13.5 (20.1) 12.1 (11.1) 13.4 (21.4) 11.5(10.2)
Low risk 7.6 (8.0) 9.3 (l6.1) 59 (2.7) 53 (3.7) 8.4 (8.6) 8.4 (8.4) 1.1 (10.1) 15.2 (19.2) 9.5 (7.4)
Moderate risk 152 (12.3) 16.2 (17.8) 13.2 (13.4) 10.0 (5.9) 17.1 (16.4) 17.6 (25.5) 12.3 (7.5) 16.6 (20.5) 19.4 (21.1)
High risk 31.4 (35.1) 34.6 (44.8) 29.1 31.7) 37.2 (41.0) 304 (31.4) 32.9 (36.6) 46.2 (37.6) 55.0 (72.6) 47.5 (84.7)
Baseline, median, ng/mL
No medication use 79 9.0 10.5 9.5 7.1 7.0 9.1 8.8 8.6
Low risk 54 5.7 5.8 4.6 6.4 6.4 9.2 10.1 7.3
Moderate risk 1.9 10.1 8.1 9.1 13.0 10.2 10.2 9.3 12.6
High risk 20.8 225 20.3 242 20.2 21.1 282 20.3 12.2

Notes: *Prior medication use was defined as having a stop date on or before treatment start date and less than 29 days before treatment start date. Patients were categorized if they took the following medications: aripiprazole,
brexpiprazole, quetiapine for the low-risk group, asenapine, clozapine, iloperidone, lurasidone, olanzapine, ziprasidone for the moderate risk group, and risperidone, amisulpride, paliperidone, chlorpromazine, droperidol, fluphenazine,
haloperidol, loxapine, perphenazine, pimozide, prochlorperazine, thiothixene, thioridazine, trifluoperazine for the high-risk group; ®Analyzed population includes all patients who had a baseline and postbaseline prolactin serum value.
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Randomized, Double-Blind, Placebo-Controlled Short-Term Studies

All patients included in the analysis had baseline and endpoint prolactin levels. For the acute studies, a total of 1377 male
and 558 female patients with schizophrenia, 570 male and 395 female patients with bipolar mania, and 485 male and 780
female patients with bipolar depression were included in the analysis dataset. In the acute studies of schizophrenia, when
considering the total sample of all prior medication groups combined, cariprazine treatment decreased the median
prolactin levels to within the normal range in both male and female subgroups, regardless of dose (Figure 1A). In
patients with bipolar mania and bipolar depression, median changes in prolactin levels were small in all treatment groups
of male and female patients (Figures 1B and 1C). For all acute studies, median prolactin levels in the cariprazine studies
fell within the normal range at study endpoint. In the schizophrenia studies, the effects of cariprazine were similar to
what was seen in the placebo and aripiprazole groups; in contrast, patients on risperidone saw a marked increase in
prolactin levels. Further, median changes in prolactin levels were higher for female compared with male patients; this
trend is not as striking in the bipolar mania and bipolar depression studies.

When considering the entire pooled population from all of the acute studies of schizophrenia, bipolar mania, and bipolar
depression, median changes in prolactin levels from baseline to study endpoint were also minimal, and these changes were
similar between the cariprazine (1.5-6 mg/d: median = —0.6; mean = —7.0, SD = 29.9; 9-12 mg/d: median = —2.2;
mean = —8.1, SD = 23.3) and placebo groups (median = —0.4; mean = —5.5, SD = 23.0).

Subgroup analysis of patients by prior medication use showed similar patterns to the pooled male and female
subgroups (Figure 2). In all 3 patient populations, there were substantial decreases in median prolactin levels in patients
who were taking prolactin-elevating medications (high-risk group) prior to initiation of cariprazine treatment, though the
difference was less striking in the bipolar depression studies. In the patients who were not in the high-risk group of all 3
patient populations, cariprazine treatment resulted in minimal changes.

Across both the schizophrenia and bipolar disorder populations, very few patients on placebo (0-6.3%) or cariprazine
(all <3%) shifted from having normal prolactin levels at baseline to levels of >2X or 4X ULN. In contrast, in the
risperidone-treatment group, 19.4% of male patients and 60.9% of female patients shifted from normal prolactin levels at
baseline to >2X ULN and 30.4% of female patients shifted to levels >4X ULN. Aripiprazole treatment did not lead to
any shifts to >2X or >4X ULN. Among patients with elevated prolactin levels (>ULN) at baseline, the majority of
patients on cariprazine treatment had their prolactin levels return to normal. In contrast, with risperidone treatment, no
female patients and only 13.8% of male patients had prolactin levels return to normal. These results are presented in
Supporting Information Tables 4 and 5.

Long-Term Studies

A total of 556 patients from the open-label schizophrenia studies, and a total of 659 patients in the open-label phase and
178 patients in the double-blind phase from the relapse prevention schizophrenia study were included. Based on the
open-label studies, the long-term effects of cariprazine on median prolactin levels in patients with schizophrenia were
minimal, and there also did not appear to be dose effects on prolactin levels (Figure 3A). There was a slight decrease in
median prolactin levels from week 0 to week 24, which may be due to 1 of the 2 studies enrolling new patients, who had
recently discontinued from other medications, and both studies enrolling patients from the lead-in studies, one of which
had a risperidone-treatment arm.

In the relapse prevention study, some patients were on cariprazine treatment (dose range of cariprazine was
3-9 mg/d) for up to 92 weeks; cariprazine resulted in decreased prolactin levels from baseline in the open-label phase
and the decreased prolactin levels were maintained during the double-blind treatment period in both the cariprazine and
placebo groups. Median prolactin levels at baseline, week 8, and week 20 during the open-label phase were 12.8, 6.3, and
6.3 ng/mL, respectively. At end of double-blind treatment (week 92; placebo, n = 15, cariprazine, n = 19), median
prolactin levels were 6.4 ng/mL for the placebo group and 6.3 ng/mL for the cariprazine group; levels were similar at
weeks 46 (placebo, n = 40; cariprazine, n = 55), 58 (placebo, n = 30; cariprazine, n = 46), and 74 (placebo, n = 22;
cariprazine, n = 34) during the double-blind treatment period (placebo = 6.6, 7.1, 6.0 ng/mL; cariprazine = 7.5, 8.2, 9.7
ng/mL, respectively). In addition, changes from open-label baseline to the end of double-blind treatment in median
prolactin levels were similar for both the placebo (2.1 ng/mL) and cariprazine groups (—1.4 ng/mL).
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Figure | Change from baseline prolactin levels in patients with (A) schizophrenia, (B) bipolar mania, or (C) bipolar depression.
Abbreviations: ARIP, aripiprazole; CAR, cariprazine; cFb, change from baseline; PBO, placebo; RISP, risperidone; SD, standard deviation.
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Figure 2 Change from baseline prolactin levels grouped by prior medication® use in patients® with (A) schizophrenia, (B) bipolar mania, or (C) bipolar depression. *Prior
medication use was defined as having a stop date on or before treatment start date and less than 29 days before treatment start date. Patients were categorized if they took
the following medications: aripiprazole, brexpiprazole, quetiapine for the low-risk group, asenapine, clozapine, iloperidone, lurasidone, olanzapine, ziprasidone for the
moderate risk group, and risperidone, amisulpride, paliperidone, chlorpromazine, droperidol, fluphenazine, haloperidol, loxapine, perphenazine, pimozide, prochlorperazine,
thiothixene, thioridazine, trifluoperazine for the high-risk group; bAnalyzed population includes all patients who had a baseline and postbaseline prolactin serum value.
Abbreviations: cFb, change from baseline; LS, least squares.
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Figure 3 Time profile of prolactin levels. (A) Schizophrenia: open-label, safety studies (MD-11, —17)* (B) Bipolar mania: open-label, safety study (MD-36)b."Week 48: male,

n = 176, female, n = 90; ®week 16: male, n = 75, female, n = 55.
Abbreviations: cFb, change from baseline; SD, standard deviation.

In the bipolar mania safety study, 228 male and 168 female patients were included. Long-term effects of cariprazine
on median prolactin levels in patients with bipolar mania were minimal and did not substantially change over the course
of the 16-week cariprazine treatment, and there also did not appear to be overall dose effects (Figure 3B). Since the
bipolar mania study enrolled new patients, there was an overall slight decrease in median prolactin levels within 1 week
of open-label treatment, which may be due to the recent discontinuation of other medications.

When pooled across the long-term studies in schizophrenia and bipolar mania where all patients received open-label
cariprazine treatment, median changes in prolactin levels from baseline to study endpoint were small for the recom-
mended dose range (1.5-6 mg/d: median = —2.2; mean = —11.3, SD = 36.0). Further, higher doses of cariprazine did not
lead to larger changes in prolactin levels (9—12 mg/d: median = —1.8; mean = —8.8, SD = 24.6).
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Prolactin-Related TEAEs

In the acute schizophrenia, bipolar mania, and bipolar depression studies, potentially prolactin-related TEAEs occurred
infrequently in all treatment groups, with no AE > 2% in any cariprazine group (Table 3 for schizophrenia and Table 4 for
bipolar disorder). For the schizophrenia and bipolar depression studies, all TEAEs in the cariprazine-treatment groups
were mild or moderate in severity. In the bipolar mania studies, there were 2 severe TEAEs (erectile dysfunction = 1;
ejaculation disorder = 1); both were also in the 9-12 mg/d cariprazine group, which is outside of the recommended dose
range for bipolar mania (3—6 mg/d).

Discussion

Hyperprolactinemia occurs when prolactin, a hormone involved in sexual and reproductive function, becomes elevated.
Drug-induced hyperprolactinemia is a common adverse effect that is associated with medications used to treat schizo-
phrenia and bipolar disorder.>® As many medications that treat schizophrenia and bipolar disorder are known to increase
prolactin levels, there is an unmet need for effective prolactin-neutral medications. The current study assessed the effects
of cariprazine, a dopamine Dj-preferring D;/D, receptor partial agonist, on prolactin levels in patients with schizophrenia
or bipolar I disorder. In patients with schizophrenia, cariprazine treatment was associated with decreases from baseline in
prolactin levels. Subgroup analyses suggested that the largest decreases in prolactin following cariprazine treatment were
observed in patients who were previously taking medications with a high risk of elevating prolactin, suggesting that
cariprazine treatment was associated with normalization of prolactin levels in these patients. Prolactin changes following
cariprazine treatment were smaller in patients who received no prior medication or medications with lower risk of
elevating prolactin. In general, changes in prolactin were much smaller in patients with bipolar mania and patients with
bipolar depression, but trends were similar to those observed in the schizophrenia studies as the largest decreases in

Table 3 Potentially Prolactin-Related TEAEs in Patients with Schizophrenia®

AE, n (%) PBO Cariprazine RISP 4 mg/d ARIP 10 mg/d
(n =584 1.5-3mg/d | 4.5-6 mg/d 9-12 mg/d (n = 140) (n=152)
(n =539) (n = 575) (n =203)
Amenorrhea 0 0 0 0 0 0
Anorgasmia 0 0 0 0 0 0
Orgasm abnormal 1(0.2) 0 0 0 0
Libido decreased 0 0 4(0.7) 0 2 (1.4) I (0.7)
Libido increased 0 1 (0.2) 0 0 0 0
Ejaculation failure® 0 0 0 1 (0.7) 0 0
Erectile dysfunction® 1(0.2) 2 (0.5) 2 (0.5) 1 (0.7) 0 1 (1.1)
Ejaculation disorder 0 0 0 0 0 0
Sexual dysfunction 0 0 0 0 0 1 (0.7)¢
Oligomenorrhea 0 0 0 0 0 0
Gynecomastia 0 0 0 0 0 0
Galactorrhea 0 0 0 0 0 0
Ejaculation delayed® 0 0 0 1 (0.7) 0 0
Menstruation 0 0 1 (0.7) 0 0 0
delayed®
Menstruation 0 0 0 0 0 1 (1.7)
irregularb
Breast mass 0 0 0 0 0 0
Breast engorgement 0 0 0 0 0 0
Breast tenderness 0 0 0 0 0 0

Notes: *Safety population (defined as patients who took at least | dose of study drug) from the randomized, placebo-controlled, double-blind studies; ®Percentages are
relative to the number of patients of the appropriate sex; °| patient experienced a severe TEAE.
Abbreviations: AE, adverse event; ARIP, aripiprazole; PBO, placebo; RISP, risperidone; TEAE, treatment-emergent AE.
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Table 4 Potentially Prolactin-Related TEAEs in Patients with Bipolar Disorder®

AE, n (%) Bipolar Mania Bipolar Depression
PBO Cariprazine PBO Cariprazine
(n = 442) (n = 468)

3-6 mg/d 9-12 mg/d 1.5 mg/d 3 mg/d

(n=263) (n = 360) (n = 470) (n = 469)
Amenorrhea 0 0 0 0 0 0
Anorgasmia 0 0 0 0 0 0
Orgasm abnormal 0 0 0 0 0 2 (0.4)
Libido decreased 0 0 I (0.3) 0 1 (0.2) 0
Libido increased 0 0 0 0 0 0
Ejaculation failure 0 0 0 0 0 0
Erectile dysfunction® 3(1.1) 0 4 (1.8)° 0 2(1.2) 3(l.6)
Ejaculation disorder® 0 0 I (0.5)¢ 0 0 0
Sexual dysfunction 0 0 0 0 0 0
Oligomenorrhea 0 0 0 0 0 0
Gynecomastia 0 0 0 0 0 0
Galactorrhea 1 (0.2) 0 0 0 0 0
Ejaculation delayed® 0 0 I (0.5) 0 0 0
Menstruation delayed® 0 0 0 1 (0.4) 0 0
Menstruation irregular 0 0 0 0 0 0
Breast mass 0 0 0 1 (0.2) 0 0
Breast engorgement 0 | (0.4) 0 0 0 0
Breast tenderness 0 0 0 1 (0.2) 0 0

Notes: *Safety population (defined as patients who took at least | dose of study drug) from the randomized, placebo-controlled, double-blind studies; ®Percentages are
relative to the number of patients of the appropriate sex; °| patient experienced a severe TEAE.
Abbreviations: AE, adverse event; TEAE, treatment-emergent AE.

prolactin were also observed in patients previously taking medications at high risk of elevating prolactin. There did not
appear to be dose-related differences in prolactin changes with respect to cariprazine. Changes in prolactin were
generally greater in females than males across all treatment groups; however, this finding is not surprising as prolactin
levels are generally higher in females compared with males due to normal physiological differences. In long-term studies,
prolactin decreased to normal levels following cariprazine treatment, which was maintained over time for patients with
schizophrenia or bipolar mania. In addition, the duration of cariprazine exposure did not seem to affect the prolactin
change from baseline, which is supported by the analysis of the acute versus long-term studies pooled across all
indications. These findings indicate that there was no overall increase in mean or median prolactin levels as a result of
acute or long-term cariprazine treatment. Very few patients on cariprazine treatment experienced potentially prolactin-
related sexual and reproductive TEAEs. Furthermore, higher doses of cariprazine (>6 mg/d, above the recommended
clinical dose range) did not result in greater incidences of AEs compared to lower doses. These findings suggest that
cariprazine may be a prolactin-neutral pharmacotherapy option in patients with schizophrenia, bipolar mania, or bipolar
depression.

While it is not exactly clear what drug properties cause hyperprolactinemia, there are mechanisms that have gained
traction as potential explanations.***** One such mechanism is dopamine D, antagonism. Dopamine exerts an inhibitory
action on prolactin secretion; thus, dopaminergic inhibition increases prolactin release, as corroborated by the fact that
most medications used to treat schizophrenia and bipolar disorder exhibit antagonism activity at dopamine D, receptors
and are associated with elevations in prolactin. Medication effects on prolactin levels can differ based on mechanism of
action, and hyperprolactinemia is generally more likely to be associated with certain potent dopamine D, receptor
antagonists, such as risperidone, than dopamine D, receptor partial agonists, such as aripiprazole. The prolactin-neutral
effects of cariprazine may be due to its pharmacological properties as a partial agonist (and not an antagonist) at
dopamine D, receptors.
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The idea that lesser effects are caused by partial agonism versus full antagonism is supported by the results of this
study. RGH-MD-16 included a risperidone-treatment arm, and in this study, mean prolactin changes for cariprazine and
risperidone trended in different directions,”® indicating that cariprazine does not elevate prolactin levels compared with
risperidone, a known prolactin-elevating drug. The different effects of cariprazine and risperidone, in addition to their
dopamine receptor pharmacology, may also be due to differences in their ability to penetrate the blood-brain barrier
(BBB; eg, drugs that have difficulty crossing the BBB are more likely to elevate prolactin levels). Prolactin secretion is
regulated through dopaminergic transmission in the tuberoinfundibular pathway, which connects the pituitary gland
(outside of the BBB) to the hypothalamus (inside of BBB, except the median eminence); as such, strong antagonist
activity at dopamine D, receptors at the pituitary gland could increase prolactin secretion. This hypothesis is consistent
with data from a recent PET study that found a positive correlation between prolactin serum levels and dopamine D,
receptor occupancy at the pituitary.*® Cariprazine should readily cross the BBB; in a preclinical study, the ratio of brain to
plasma cariprazine levels was 7.6, suggesting that over 80% of the drug is in the brain.*' Conversely, risperidone has
a lower brain-to-plasma ratio, which may be due to its involvement with P-glycoprotein, an efflux transporter that can
limit the access of drugs to the brain.** Therefore, at therapeutic doses, risperidone and its active metabolite paliperidone
(9-OH risperidone) likely accumulate at the pituitary gland, which may explain its propensity to induce hyperprolacti-
nemia. Given that cariprazine is a partial agonist and can readily cross the BBB, there may be advantages for cariprazine
over risperidone in treating patients who are at risk of developing hyperprolactinemia.

The hypothesis that partial agonism has lesser effects on prolactin elevation is also supported by results from study RGH-
MD-04, which included an aripiprazole-treatment arm. Mean prolactin changes for the cariprazine and aripiprazole groups
were similar with the 6 mg/d dose group having near identical changes to that of aripiprazole (cariprazine 3 mg/d =—15.9 ng/
mL; cariprazine 6 mg/d = —20.6 ng/mL; aripiprazole = —20.6 ng/mL),%* which supports the lack of prolactin elevation with
cariprazine. These results also corroborate a previously published meta-analysis, which found that aripiprazole and cariprazine
had smaller increases in prolactin levels versus placebo compared with other medications in patients with schizophrenia.** The
similarities on prolactin between cariprazine and aripiprazole are likely due to neither agent exhibiting potent D, receptor
antagonist activity but instead displaying partial agonist activity at dopamine D, receptors. Further, brexpiprazole, another
dopamine D, receptor partial agonist, also has minimal effects on prolactin levels in patients with schizophrenia,** although its
effect on prolactin levels was ranked less favorably than aripiprazole and cariprazine.** Based on this observation, cariprazine
appears to have a similar prolactin profile compared to aripiprazole, which has been used to reduce prolactin levels either by
switching medication or as an adjunctive treatment.?%*

The effect of cariprazine treatment on median prolactin levels differed between patient populations, with moderate-to-
small decreases in prolactin observed in patients with schizophrenia and bipolar mania and small-to-no changes in
patients with bipolar depression. In addition, the magnitude of change was 2- to 3-times as large in patients with
schizophrenia than in patients with bipolar mania. The most likely contributing factor was that baseline prolactin levels
were the highest in patients with schizophrenia, as patients with schizophrenia were more likely to be receiving prolactin-
elevating medications prior to study entry than patients with bipolar disorder. As such, patients who were treated with
cariprazine had a much more pronounced normalization effect in the schizophrenia studies and, to a lesser extent, in the
bipolar mania studies than those in the bipolar depression studies. This observation is supported by the analyses
evaluating shifts in prolactin—nearly one third of patients with schizophrenia had elevated prolactin levels at baseline,
compared with one quarter for bipolar mania and one eighth for bipolar depression. Regardless of disorder, the majority
of patients who had elevated prolactin levels at baseline ended up with levels in the normal range after cariprazine
treatment, and the percentage of patients in the placebo and cariprazine groups were also similar, indicating the potential
for cariprazine to normalize elevated prolactin levels. Further, of patients who began the study with normal prolactin
levels, very few patients exhibited hyperprolactinemia (greater than 2X or 4X ULN) after treatment with cariprazine in
the acute studies, suggesting that cariprazine generally does not result in increases in prolactin. The subgroup analyses
grouped by prior medication use also showed this normalization effect, as median changes in prolactin levels from
baseline were greater in patients who were on prolactin-elevating medications prior to enrollment. This suggests that
decreases in prolactin were likely driven by a subgroup of patients who were previously on prolactin-elevating
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medications, providing further support for cariprazine as a prolactin-neutral option for patients with schizophrenia or
bipolar I disorder.

The results of this post hoc study should be interpreted within its limitations. First, the included studies were not
designed to prospectively analyze the effects of prolactin as a result of cariprazine treatment. Second, baseline prolactin
levels may be confounded by previous medication use, and while the studies had a washout period, the length of which
differed between studies, it is possible that some patients had elevated prolactin levels at baseline. We attempted to take
this into account by stratifying by prior medication use. Third, the frequency of sampling varied between studies, and
serial sampling was not done to gauge whether the changed levels were at steady state or when the elevation (or decrease)
occurred. Lastly, sample collection, depending on the time of day samples were taken, could also be a potential limitation
of these results as the circadian rhythm of prolactin release may influence prolactin levels.

In post hoc analyses of patients with schizophrenia or bipolar I disorder with a current depressive or manic/mixed
episode, median prolactin changes were generally similar for placebo and cariprazine treatment in both male and female
subgroups undergoing short-term treatment. Further, the early decreases in prolactin levels due to cariprazine treatment
were also maintained long term; median prolactin levels were in the normal range throughout the long-term studies.
Sexual and reproductive TEAEs that are potentially related to prolactin occurred infrequently for all treatment groups.
These results suggest that cariprazine is a prolactin-neutral agent in male or female patients with schizophrenia or bipolar
I disorder and that it is associated with minimal prolactin-related adverse effects. As such, cariprazine may be a useful
treatment choice for patients with schizophrenia or bipolar I disorder who are concerned about elevated prolactin levels

or sexual or reproductive side effects.

Abbreviations

5-HT, 5-hydroxytryptamine; AEs, adverse events; ARIP, aripiprazole; BBB, blood-brain barrier; BMI, body mass index;
CAR, cariprazine; cFb, change from baseline; GnRH, gonadotrophin-releasing hormone; LS, least squares; PBO,
placebo; PET, positron emission tomography; RISP, risperidone; SD, standard deviation; TEAESs, treatment-emergent
adverse events; ULN, upper limit of normal.
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