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Abstract

Objective:

In Finland, regional rates of schizophrenia exceed those in most countries, impacting the healthcare burden.

This study determined the cost-effectiveness of long-acting antipsychotic (LAI) drugs paliperidone palmitate

(PP-LAI), olanzapine pamoate (OLZ-LAI), and risperidone (RIS-LAI) for chronic schizophrenia.

Method:

This study adapted a decision tree analysis from Norway for the Finnish National Health Service. Country-

specific data were sought from the literature and public documents, guided by clinical experts. Costs of

health services and products were retrieved from literature sources and current price lists. This simulation

study estimated average 1-year costs for treating patients with each LAI, average remission days, rates of

hospitalization and emergency room visits and quality-adjusted life-years (QALY).

Results:

PP-LAI was dominant. Its estimated annual average cost was E10,380/patient and was associated with

0.817 QALY; OLZ-LAI cost E12,145 with 0.810 QALY; RIS-LAI cost E12,074 with 0.809 QALY. PP-LAI had

the lowest rates of hospitalization, emergency room visits, and relapse days. This analysis was robust

against most variations in input values except adherence rates. PP-LAI was dominant over OLZ-LAI and

RIS-LAI in 77.8% and 85.9% of simulations, respectively. Limitations include the 1-year time horizon (as

opposed to lifetime costs), omission of the costs of adverse events, and the assumption of universal

accessibility.

Conclusion:

In Finland, PP-LAI dominated the other LAIs as it was associated with a lower cost and better clinical

outcomes.

Introduction

Schizophrenia is a life-long disease which exerts a huge impact on the afflicted
individuals, their families, and caregivers1. It affects people in every country,
creating a worldwide burden that ranks in the top 10 of the World Health
Organization2. The burden is extensive in terms of both costs and resource
utilization, which must be managed appropriately to optimize healthcare3,4.

Finland is no exception; the lifetime prevalence of schizophrenia in this
country is 0.87%5, and the incidence of new cases is 0.56 per 10,000 or 272
new cases each year6. Studies have determined that some areas of the country
have rates of schizophrenia that are very high7. The highest was in the cohort
born in 1940–1944, which had a rate of 3.67%7. However, despite Finland’s
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comprehensive healthcare system8, it has recently been
criticized in an OECD report which stated that ‘that
those suffering mental illness get insufficient treatment
at a high cost for the rest of society’9. As well, the report
stated that ‘Schizophrenia was . . . Finland’s most expen-
sive disease, incurring costs that vary considerably from
one region to another’.

Therefore, new cost-effective approaches would be wel-
come to mitigate such problems. The introduction of long-
acting antipsychotics (LAIs) was intended to do precisely
that; namely, to improve symptom control and reduce
overall costs of care, thereby improving the patient’s
quality-of-life10,11. These depot forms were introduced in
the 1960s and have been used extensively ever since. They
have been especially useful for managing patients with
chronic schizophrenia who have difficulty in adhering to
their medications and appointments, whether intentional
or unintentional.

The addition of atypical antipsychotics such as risper-
idone and olanzapine was another improvement, in that
these drugs have enhanced effects against the negative
symptoms of schizophrenia12. A decade ago, the first atyp-
ical depot antipsychotic, risperidone (RIS-LAI; Risperdal
Consta�) was introduced13. Injections are administered
biweekly, which serves to decrease patient non-adherence,
at least in part. Further research resulted in the develop-
ment of depots that could be administered every 4 weeks,
which decreased administration costs and further
enhanced adherence14. These more recent additions
have included olanzapine pamoate (Zypadhera�)15,16

and paliperidone palmitate (Xeplion�)17,18. The three
available LAIs may differ somewhat with respect to their
adverse event profiles which could potentially affect clin-
ical effectiveness and associated costs. A notable example
is that 1.4% of patients receiving OLZ-LAI suffer from
post-injection delirium/sedation syndrome which requires
close monitoring19,20, whereas RIS-LAI and PP-LAI have
not been associated with that drug reaction21.

Aim of the study

The cost-effectiveness of these three atypical depots in
Finland is currently unknown; therefore, we undertook
the present economic analysis.

Methods

A similar research question was examined in Norway22.
We adjusted that model for use in Finland, with the assist-
ance of local clinical experts. In the simulation model, we
inserted country-specific data whenever possible. Some of
the changes made include local costs for all resources, fre-
quency of visits to psychiatrists, primary care physicians,
day care, etc., duration of stay in hospital, day hospital,

long-term care, etc. Patients examined in the Finland and
Norway models were the same; they all had stable chronic
schizophrenia and were receiving LAIs because of frequent
problems adhering to their drug regimens. In this analysis,
we compared PP-LAI, RIS-LAI, and OLZ-LAI (see
Figure 1).

The decision tree was populated with rates derived from
clinical trials and observational studies of these drugs in
clinical practice. We previously observed that standard
recommended doses often varied from actual doses used
and we wished to reflect the costs in actual use18.
The literature-based doses used to treat patients with
each drug under each treatment scenario are presented
in Table 113,16,18,23–39 and the probabilities used in the
decision tree arms are listed in Table 214,24,31,35,36,40–43.
The doses and rates are weighted averages; thus, they rep-
resent how the average patient is treated, which is a hall-
mark of economic analyses. Patients begin with one
treatment and progress through the model based on the
probabilities in Table 2. In the event of failure to the
primary drug or inability to tolerate it, patients would be
switched to another atypical LAI. Those receiving
either PP-LAI or RIS-LAI would be switched to OLZ-
LAI and those on OLZ-LAI would receive PP-LAI. In
the event of failure with two LAIs, patients are switched
to clozapine44,45.

The analysis was conducted for a 1-year period from the
point of view of the Finnish National Health Service. It
was carried out pursuant to the Finnish government’s sub-
mission guidelines for pharmacoeconomic analyses46.
Costs were extracted from available price lists or published
articles and were input in 2011 euros. Prices from other
years were extrapolated to 2011 currency using the con-
sumer price index for Finland47. Costs used in the calcu-
lations appear in Table 348–50.

The model produced a set of clinical outcomes (days
with stable disease, quality-adjusted life-years [QALYs],
rates of hospitalization and emergency room visits) and
economic outcomes (i.e., average cost per patient treated)
for each drug. To estimate QALYs, we used literature
derived utility weights that were based on either standard
gamble or time trade-off methods. A simple average weight
was used for each of the three model states. Stable disease
had a utility of 0.89051–55, relapse was 0.65951–53, and
hospitalization was 0.49054,55.

Costs and outcomes were then compared in an incre-
mental analysis. One-way sensitivity analyses were applied
to drug costs, adherence rates, hospitalization rates, and
rates of stable disease. All inputs were then varied across
plausible ranges in a probabilistic sensitivity analysis using
10,000 iterations. For rates, we used their 95% confidence
intervals and a normal distribution, for costs we used
gamma distributions and 10% ranges. In that manner,
the sensitivity of input estimates could be tested to deter-
mine the robustness of the results from the model.
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Figure 1. Pharmacoeconomic decision tree model comparing PP-LAI (paliperidone palmitate; Xeplion�), OLZ-LAI (olanzapine pamoate; Zypadhera�), and
RIS-LAI (risperidone; Risperdal Consta�) for chronic schizophrenia in Finland.

Table 1. Doses used to treat patients (source of data).

Drug Stable disease Relapsed (treated as out-patient) Relapsed (treated as in-patient)

PP-LAI 69.3 mg monthly (Gopal et al.24,
Fleischhacker et al.25)

84.9 mg every 4 weeks (Gopal et al.26,
Pandina et al.27, Hough et al.28,
Nasrallah et al.29, Pandina et al.30)

150 mg week 1, 100 mg week 2, then
82.8 mg every 4 weeks maintenance
(Xeplion� Product monograph18,
Hough et al.31)

RIS-LAI 40.3 mg every 2 weeks
(Fleischhacker et al.25, Kissling et al.32,
Lee et al.33,
Lindenmayer et al.34, Olivares et al.35)

50 mg every 2 weeks (Risperdal Consta�

Product monograph14 maximum
dose*)

50 mg every 2 weeks (Risperdal Consta�

Product monograph23 maximum
dose*)

OLZ-LAI 432 mg every 4 weeks (Kane et al.36) 473 mg every 4 weeks (Lauriello et al.37) 300 mg every 2 weeks� 3 doses (as per
Zypadhera� Product Monograph16),
then 473 mg every 4 weeks mainten-
ance (Lauriello et al.37)

LAI, long-acting injection; OLZ, olanzapine pamoate (Zypadhera�); PP, paliperidone palmitate (Xeplion�); RIS, risperidone microspheres (Risperdl Consta�).
*Three trials by Chue et al.38, Eerdekens et al.39, and Kane et al.13 had an average dose of 58.2 mg; however, those trials also included a dose of 75 mg, which is
not commercially available and exceeds the maximum dose of 50 mg recommended in the Risperdal Consta� Product monograph23.
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The final step was to estimate the approximate impact
to the Finnish National Health Service over the following
3 years if they were to adopt PP-LAI to replace existing
LAIs. We first obtained sales data from IMS summarizing
the number of units of LAIs sold in Finland as well as total
daily defined doses (DDDs)56 and expenditures in euros.
To determine cost impact, we considered only PP-LAI as
the drug entering the market which was already composed
on RIS-LAI and the traditional depots. In the calculations,

we did not consider OLZ-LAI, which has also been
recently introduced and would likely be competing for
the same patients. We then calculated the cost/DDD for
PP-LAI, RIS-LAI, and traditional LAIs as a group. Then
the difference was found between PP-LAI and the other
LAIs. Those differences were then multiplied by 365
to obtain the total difference per patient over 1 year. It
was assumed that patients would be fully adherent (i.e., the
best case scenario), receiving 365 DDDs per year.

Table 2. Probability rates used in the model and sources of information.

Drug Clinical rate or
proportion

Rate—adherent (Source) Rate—not adherent (Source)

PP-LAI Adherence rate 0.872 (Assumption: RIS-LAI rate from Olivares et al.40,
adjusted via Mehnert and Diels14)

0.128 (Calculation: 1 – adherence rate)

Disease in remission 0.803 (Calculation [1 – sum of ERþ hospital relapse
rates])

0.148 (weighted average placebo rate from Hough
et al.31 and Kane et al.36)

Relapse treated in ER 0.059 (Calculation: hospitalization rate� ratio of ER
visits: hospitalizations, per Ascher-Svanum
et al.41)

0.299 (Calculation: 1 – [sum of ERþ hospital relapse
rates])

Relapse–hospitalized 0.138 (Gopal et al.24, Hough et al.31, adjusted for
adherence as per Weidenet al.42)

0.553 (Morken et al.43)

RIS-LAI Adherence rate 0.823 (Olivares et al.40) 0.177 (Calculation: 1 – adherence rate)
Disease in remission 0.763 (Calculation [1 – sum of (relapse rateþ ER

relapse rate)])
0.140 (Kane et al.36)

Relapse treated in ER 0.071 (Ratio of ER visits: hospitalizations41) 0.274 (Calculation [1 – sum of relapse rates])
Relapse–hospitalized 0.166 (Olivares et al.35) 0.586 (Assumption; PP rate was adjusted based on

calculations by Mehnert and Diels14)

OLZ-LAI Adherence rate 0.803 (Ascher-Svanum et al.41) 0.197 (Calculation: 1 – adherence rate)
Disease in remission 0.793 (Kane et al.36) 0.148 (weighted average placebo rate from Hough

et al.31 and Kane et al.36)
Relapse treated in ER 0.062 (Kane et al.36) 0.299 (Calculation: 1 – [sum of ER relapseþ hospital

relapse rates])
Relapse–hospitalized 0.145 (Calculation: 1 – [remission rateþ ER relapse

rate])
0.553 (Assume equal to PP-LAI)

ER, emergency room; LAI, long-acting injection; OLZ-LAI, olanzapine pamoate (Zypadhera�); PP-LAI, paliperdone palmitate (Xeplion�); RIS-LAI, risperidone
microshperes (Risperdal Consta�).

Table 3. Costs (in 2011 euros) used in the model.

Resource Item Cost Data source

Pharmacotherapy Clozapine tablets E0.004/mg SLD Price list48

OLZ-LAI E0.89/mg SLD Price list48

PP-LAI E4.31/mg SLD Price list48

RIS-LAI E4.69/mg SLD Price list48

Healthcare professionals Psychiatrist: out-patient (per visit) E144.96 Hujanen et al.49

Psychiatrist: in-patient (per visit) E260.00 Hus Palveluhinnasto50

Primary care physician (per visit) E100.80 Hujanen et al.49

Psychiatric nurse (per visit) E38.19 Hujanen et al.49

Institutional care Hospital: emergency room (per visit) E191.04 Hujanen et al.49

Hospital: acute psychiatric (per day) E623.57 Hujanen et al.49

Hospital: psychiatric rehab (per day) E283.63 Hujanen et al.49

Hospital: long-term ward (per day) E120.11 Hujanen et al.49

General hospital ward (per day) E150.61 Hujanen et al.49

Day hospital (per day) E197.65 Hujanen et al.49

Day care centre visit E120.32 Hujanen et al.49

LAI, long-acting injection; OLZ-LAI, olanzapine pamoate (Zypadhera�); PP-LAI, paliperdone palmitate (Xeplion�); RIS-LAI, risperidone
microshperes (Risperdal Consta�).
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The numbers of patients receiving LAIs was then esti-
mated using literature-based values applied to the
Finnish population57. Data were summed and multiplied
by plausible rates of market penetration of 2% in the first
year, followed by 13% in the second and 20% in the third
year.

Results

The primary results of the pharmacoeconomic analysis
appear in Table 4. In the initial scenario (i.e., base case),
PP-LAI dominated the other two alternatives, as it was
associated with a lower overall cost to treat each patient
and a higher quality-of-life. The remaining clinical out-
comes are also presented in Table 4. All results favoured
PP-LAI.

The major cost was hospitalization (including all forms
of institutional care), which was responsible for �48% of
the total cost for PP-LAI, 46% for OLZ-LAI, and 52% for
RIS-LAI. Drug costs were next highest, with 35% for PP-
LAI, 32% for OLZ-LAI and 29% for RIS-LAI. In each
case, the primary drugs made up the majority of those
expenses (i.e., 79% for PP-LAI, 86% for OLZ-LAI and
82% for RIS-LAI), with secondary treatments adding
very little. Medical care, including outpatient care pro-
vided by physicians and other healthcare professionals,
was responsible for the lowest amount.

In one-way sensitivity analyses, results were robust
against changes to most input variables, including drug
price, rates of stable disease and hospitalization. PP-LAI
would maintain its dominance over OLZ-LAI up to a price
of E6.95/mg (i.e., an increase of 61%) and over RIS-LAI
up to E6.84/mg (a 59% increase). If we convert the NICE
threshold of £20,000/QALY58, it would be equivalent to
�E23,00059. Using that value, PP-LAI would be cost-
effective compared to OLZ-LAI up to a cost of E7.16/mg
(66% increase) and E7.10/mg (65% increase) compared
with RIS-LAI. Similarly, OLZ-LAI and RIS-LAI prices
would have to decrease to E0.27/mg (70% lower) and
E2.37/mg (59% lower), respectively, to reach the thresh-
old for dominance, and PP-LAI would remain cost-

effective at prices as low as E0.22/mg (76% lower) and
E2.16/mg (51% lower), respectively. However, they
were sensitive to very small changes in adherence rates.
PP-LAI no longer dominates OLZ-LAI when its adherence
rate decreased by 11% or if that of OLZ-LAI increased by
15.5%. Similarly, when the adherence rate of PP-LAI
decreases by 32% or that of RIS-LAI increases by 17.8%,
it no longer dominates. Results were relatively insensitive
to changes in hospitalization rates.

In the multivariate sensitivity analysis, PP-LAI domi-
nated OLZ-LAI in 77.8% of the 10,000 simulations. In
88.7%, it had a lower cost and was associated with more
QALYs in 85.5%. Compared with RIS-LAI, PP-LAI domi-
nated in 85.9% of the simulations; in 94.6% it had a lower
cost and in 89.8% it provided more QALYs. Overall, PP-
LAI was dominated in 2.6% of the 20,000 simulations (i.e.,
10,000 against each of the two comparison drugs).
Tornado diagrams appear in Figures 2 and 3 showing the
impact on costs of variations in the 20 most influential
variables.

Budget impact

This analysis found that the overall cost of treatment
would be lower if patients were started on PP-LAI rather
than OLZ-LAI or RIS-LAI. During 2010, RIS-LAI had the
largest proportion of the market for LAIs in Finland, com-
prising�59% of the units consumed, with traditional LAIs
making up the remainder. We assumed that PP-LAI would
be adopted under the scenario presented above in the
Methods section. The expected impact of PP-LAI would
be E164,698 in the first year, E1.1 million in the second,
and E1.7 million in the third year. The maximum
expected impact was E12.1 million for a 100% share,
which would be a highly unlikely scenario.

Discussion

A Medline search for pharmacoeconomic analyses
or related analyses identified only two studies that quanti-
fied costs associated with schizophrenia in Finland.

Table 4. Results of the economic analysis.

Clinical outcomes

Drug sequence Relapse
days

Emergency
room visits

Hospitali-zations Cost*/
patient

QALYs/
patient

Incremental
costy

Incremental
QALYsy

Cost/
QALY

Economic
outcome

PP-LAI $ OLZ-LAI 34.5 0.127 0.252 E10,380 0.817 E12,701 dominant
OLZ-LAI $ PP-LAI 39.4 0.142 0.291 E12,145 0.810 �E1765 �0.0071 E14,992 dominated
RIS-LAI $ OLZ-LAI 39.3 0.134 0.298 E12,074 0.809 �E1694 �0.0085 E14,929 dominated

LAI, long acting injection; PP, paliperidone palmitate (Xeplion�); OLZ-LAI, olanzapine pamoate (Zypadhera�); RIS, risperidone microspheres (Risperdal Consta�);
QALY, quality adjusted life years.
*All costs are in 2011 euros.
yDue to the dominance of PP-LAI, all increments are subtracted from those of PP-LAI.
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Koskinen et al.60 examined the utilization of antipsychotic
drugs in Finland over the 5-year period 1999–2005. They
reported a dramatic increase in cost, even though the
number of patients had remained relatively constant.
The major reason appeared to be a large increase in the
use of the newer atypical drugs as opposed to the trad-
itional agents. In the other study from 1971, Niskanen
and Pihkanen61 compared hospital care with home care
for 102 persons with chronic schizophrenia in a rando-
mized trial. They found that, after 1 year, hospital care
costs were triple those for home care, while clinical out-
comes were equal. In effect, they conducted a cost mini-
mization study long before the era of pharmacoeconomics.

Therefore, we believe that this is the first pharmacoe-
conomic study of schizophrenia in Finland. The results are
comparable to those we previously found in Norway, that

is, PP-LAI dominated other LAIs22. We also found similar
results when this model was applied in Greece62, despite
having a much different healthcare system and costing
patterns. The most probable reason is that these models
are driven by rates of adherence and hospitalization, while
local variations make a comparatively minor contribution
to the overall cost.

PP-LAI has advantages over RIS-LAI due to its
monthly dosing as opposed to biweekly administration.
Fewer administration times mean not only lower adminis-
tration costs but also less chance for non-adherence. Such
clinical advantages appear to translate into savings for the
healthcare system.

We were conservative in dosing OLZ-LAI every
4 weeks. In the clinical trials from which the data were
derived, 43% of the patients were dosed every 2 weeks and
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Figure 2. Tornado diagram for incremental cost (PP-LAI vs OLZ-LAI), top 20 values.
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only 57% were dosed every 4 weeks13. Each dose is asso-
ciated with additional costs for administration and
monitoring.

The budget impact analysis revealed a modest effect
on the drug budget. If OLZ-LAI were to have an equal
proportion of that market penetration, these estimates
for PP-LAI would be halved, but the total impact of the
two drugs (PP-LAI and OLZ-LAI) would be similar or

slightly higher due to the use of OLZ-LAI. These calcula-
tions were based on DDDs. However, the expert panel
indicated that they customarily dosed most antipsychotics,
including risperidone, at�1 DDD, but they used 1.5 DDD
of olanzapine. The same pattern of dosing was reported in
the long-term clinical trials for these two drugs. In the two
trials24,25 using PP-LAI in 667 patients, the average dose
was 69.3 mg, or 0.99 DDD, whereas the OLZ-LAI trial36 in
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PP-LAI adherent, stable disease

PP-LAI Adherence

RIS-LAI Adherent, hospitaliza�on

PP-LAI Adherent, hospitaliza�on

RIS-LAI Adherence

PP-LAI discon�nua�on rate

RIS-LAI Non-adherent, stable disease

RIS-LAI discon�nua�on rate

PP-LAI Non-adherent, exacerba�on (ER)

RIS-LAI Non-adherent, exacerba�on (ER)

RIS-LAI non-adherent, stable disease

PP-LAI Non-adherent, stable disease

PP-LAI non-adherent, stable disease

RIS-LAI exacerba�on (ER)

PP-LAI exacerba�on (ER)

Switch to alterna�ve therapy probability, post
exacerba�on (ER)

OLZ-LAI hospitaliza�on

Incremental Cost (PP-LAI vs. RIS-LAI)

Downside

Upside

−€4,000 −€3,000 −€2,000 −€1,000 −€0

Figure 3. Tornado diagram for incremental cost (PP-LAI vs RIS-LAI), top 20 values.
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599 patients used a weighted average dose of 432 mg,
which is 1.54 DDDs. Therefore, calculations would have
to be adjusted accordingly.

Adverse effects were not included in the cost analysis
because PP-LAI is a metabolite of RIS-LAI and would,
therefore, be expected to have a similar profile with respect
to adverse events. In addition, official reports from autho-
rities have concluded that adverse events have little influ-
ence on pharmacoeconomic analyses63,64. Problems that
do arise from the use of these drugs have been captured in
this analysis through the rates of discontinuation and
switching to other products. Therefore, omission of
adverse event costs can be considered reasonable.

There are limitations to this simulation study. We
attempted to populate the decision tree with data specific
for Finland, which may have a different profile than other
countries. It was not always possible to locate such coun-
try-specific information (e.g., duration of hospitalization,
complete accounting for all resources consumed in treat-
ment, etc.); therefore, we used the best available estimates.
We examined only out-patients with stable chronic schizo-
phrenia who required LAIs. Results would probably differ
with other clinical situations, such as relapsed inpatients
requiring acute care or patients suffering their first psych-
otic episode. Other patient groups not assessed included
persons with schizoaffective disorder or other forms of psy-
choses or mixed syndromes. Finally, head-to-head trials
that reported all of the required information were not
available, so we were forced to rely on indirect data.
However, the selected studies were all performed in a simi-
lar manner on the same population of patients, so the data
should be comparable. This approach has been taken in
previous research of this nature65. Nonetheless, further
research would be required to address those issues.

This study excluded indirect costs of the disease and its
consequences, such as time lost from productive work or
reduced ability to work and caregiver burden. Many indi-
viduals in this population are unable to work or to persist at
a meaningful occupation. They often require sheltered
accommodation and supervision. We also did not address
the risk of suicide, which is not infrequent in this patient
population66,67. Another omitted aspect was violence,
which exerts a costly toll on victims (e.g., hospitalization
or death) and on perpetrators68,69.

Conclusions

In this analysis, due to its lower overall cost of treatment
and better clinical results, PP-LAI dominated both OLZ-
LAI and RIS-LAI. Because of these favourable attributes,
PP-LAI appears to be a favourable addition to the formu-
lary of antipsychotics in Finland as a cost-effective option
for treating patients with chronic schizophrenia.
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