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Cost-effectiveness analysis of paricalcitol versus calcitriol 
for the treatment of SHPT in dialytic patients from the SUS 
perspective

Análise de custo-efetividade de paricalcitol versus calcitriol no 
tratamento do HPTS em pacientes do SUS dialíticos, da perspectiva

Introdução: O hiperparatireoidismo se-
cundário (HPTS) é uma consequência 
da doença renal crônica. O tratamento 
no SUS é realizado com calcitriol, que 
favorece a hipercalcemia e/ou hiper-
fosfatemia, dificultando o controle do 
HPTS. Uma opção clinicamente rele-
vante é o paricalcitol, que ocasiona a 
supressão do paratormônio (PTH) de 
forma mais rápida que o calcitriol e 
com menores alterações nas taxas sé-
ricas de cálcio, fósforo e do produto 
cálcio-fósforo. Objetivo: Este trabalho 
tem como objetivo desenvolver uma 
análise de custo-efetividade de parical-
citol versus calcitriol para pacientes em 
diálise com HPTS, perspectiva do SUS. 
Métodos: Foi desenvolvido um modelo 
de decisão de Markov para a população 
≥ 50 anos, com DRC em diálise e HPTS. 
Foram considerados ciclos trimestrais e 
um horizonte temporal lifetime. O des-
fecho clínico avaliado foram os anos 
de vida ganhos. Dados foram obtidos a 
partir de revisão sistemática da literatu-
ra e bases de dados oficiais. Custos em 
reais (R$), ano de 2014. Resultados: No 
caso base: paricalcitol gerou benefício 
clínico de 16,28 anos de vida ganhos 
versus 14,11 anos de vida ganhos com 
calcitriol, custos totais de R$ 131.064 e 
R$ 114.262, respectivamente. A razão 
de custo-efetividade incremental de R$ 
7.740 por ano de vida salvo. Dados ro-
bustos confirmados pela análise de sen-
sibilidade. Conclusão: De acordo com o 
limiar de custo-efetividade recomenda-
do pela Organização Mundial de Saúde 
para o ano de 2013, o tratamento de 
pacientes com HPTS em diálise com pa-
ricalcitol é custo-efetivo, comparado ao 
calcitriol, perspectiva SUS.

Resumo

Palavras-chave: avaliação de custo-efeti-
vidade; hiperparatireoidismo secundário; 
insuficiência renal crônica.

Introduction: Secondary hyperpara-
thyroidism (SHPT) is a consequence of 
chronic kidney disease. The treatment 
at the Brazilian Unified Heath System 
(SUS) is performed with calcitriol, a drug 
which favors hypercalcemia and/or hy-
perphosphatemia, hindering the control 
of SHPT. Another option is paricalcitol, 
which causes parathormone (PTH) sup-
pression faster than calcitriol, with minor 
changes in calcium-phosphorus product 
and calcium and phosphorus serum lev-
els. Objective: This study aims to develop 
a cost-effectiveness analysis of paricalcitol 
versus calcitriol for patients in dialytic 
treatment with SHPT, from the SUS per-
spective. Methods: A Markov decision 
model was developed for patients ≥ 50 
years old with end stage renal disease in 
dialytic treatment and SHPT. Quarterly 
cycles and a lifetime time horizon were 
considered. Life years (LY) gained were 
assessed as clinical outcome. Clinical and 
economic inputs were obtained from sys-
tematic literature review and official da-
tabases. Costs are presented in Brazilian 
real (BRL), for the year 2014. Results: 
In the base case: paricalcitol generated a 
clinical benefit of 16.28 LY gained versus 
14.11 LY gained with calcitriol, total 
costs of BRL 131,064 and BRL 114,262, 
respectively, determining an incremen-
tal cost-effectiveness ratio of BRL 7,740 
per LY gained. The data robustness was 
confirmed by the sensitivity analysis. 
Conclusions: According to cost-effec-
tiveness threshold recommended by the 
World Health Organization for 2013, the 
treatment of SHPT in patients on dialy-
sis with paricalcitol is cost-effective when 
compared to calcitriol, from the public 
healthcare system perspective, in Brazil.
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IntRoductIon

Secondary hyperparathyroidism (SHPT) is characte-
rized by the increased serum level of parathormone 
(PTH) and is frequently related to chronic kidney di-
sease (CKD). CKD is currently considered a serious 
world public health problem. It starts as a kidney in-
jury that evolves into the slow and progressive loss of 
this organ function, causing, in its end stage (glome-
rular filtration rate below 15 ml/min), the need for 
artificial blood clearance methods (hemodialysis or 
peritoneal dialysis).1,2

According to the Sociedade Brasileira de 
Nefrologia [Brazilian Society of Nephrology] (SBN)3 
survey, in 2012, 97,586 patients were on dialysis in 
Brazil, with 84% of these patients performing the 
procedure in the Sistema Único de Saúde [Brazilian 
Unified Heath System] (“SUS”). Sesso et al. published 
a study analyzing 200 patients with end stage renal 
disease, on chronic hemodialysis, and showed 
that the mean global cost, per patient-year for this 
therapy was US$ 7,980 and US$ 13,428, under SUS 
and the Supplementary Health System perspectives, 
respectively. In Brazilian real, the mean cost was BRL 
19,499.93 and BRL 32,812.66, respectively (exchange 
rate of November 2014, US$ 1=BRL 2.4436).4,5

In CKD, there is a decrease in the renal production 
of calcitriol (1-alpha-25-dihydroxivitamin D3), 
hypocalcemia due to the decrease of tubular 
reabsorption and hyperphosphatemia due to the 
decrease of its renal clearance. These changes 
in metabolism are the main responsible for the 
development of SHPT, virtually present in all patients 
with end stage chronic kidney failure.2,6

The treatment goals are to decrease PTH levels and 
to normalize the calcium and phosphorus serum levels, 
and primarily involve the administration of activated 
vitamin D.7 Currently, calcitriol is the standard of care 
employed by SUS; however, it is responsible for the 
subsequent hypercalcemia, hyperphosphatemia and 
increase in calcium x phosphorus (CaxP) product, 
making it difficult to manage SHPT.8 These mineral 
disorders may lead to vascular and soft tissues 
calcifications, contributing for the cardiovascular 
morbidity and mortality (coronary disease, acute 
myocardial infarction, heart failure).9-11

New generations of vitamin D analogues have 
been developed in order to decrease PTH levels 
with minimized effects on calcium and phosphorus 

absorption. Sprague et al.12 evaluated the efficacy and 
safety of paricalcitol, a selective activation of vitamin 
D receptor versus calcitriol, in a randomized, double-
blind, Phase III study with 236 patients with SHPT 
and on hemodialysis; the patients on paricalcitol 
group had a faster decrease in PTH levels and 
remained more days with these appropriate levels.

Still, patients treated with paricalcitol had 
significantly less episodes of hypercalcemia and/or 
CaxP product increase compared to patients treated 
with calcitriol. The faster PTH suppression and 
the association with lower changes in calcium and 
phosphorus blood rates and CaxP product, potentially 
led to the prevention of their associated complications 
and, consequently, to the decrease of the morbidity 
and mortality related to SHPT, making the treatment 
with paricalcitol a clinically relevant option in the 
management of this clinical condition.9-11

Thus, the objective of this study is to perform 
a cost-effectiveness analysis of paricalcitol versus 
calcitriol for patients with SHPT on dialysis, under 
SUS perspective.

methods

Decision moDel

A cost-effectiveness analysis was performed using a 
Markov model to simulate SHPT treatment with two 
different strategies: paricalcitol (5.0 mcg/mL) or cal-
citriol (1.0 mcg/mL). Adult subjects, both male and 
female, with CKD on dialysis and with SHPT were 
considered eligible to the treatment. The age of 50 
years old was used for the entry in the model.

The following health states were included: patients 
on dialysis with SHPT, cardiovascular hospitalization, 
non-cardiovascular hospitalization, post-
hospitalization and death. All the patients started as 
“dialysis with SHPT” status, where they could remain 
or migrate to “cardiovascular hospitalization”, “non-
cardiovascular hospitalization” and/or “death”. 
After a hospitalization, the return to the initial status 
was no longer allowed, with migration to the “post-
hospitalization” or “death” status (Fig. 1). Patients 
in “post-hospitalization” could remain in this status, 
be re-hospitalized and/or evolve to death. A lifetime 
time horizon and 3-month cycles were considered. 
Discount rates of 1.27% per trimester were applied 
to costs and clinical benefits.13 Life years (LY) gained 
were considered as health outcome.
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Figure 1. Decision model structure for patients with secondary hyperparathyroidism treated with paricalcitol or calcitriol.

input Data

Input data were searched in the literature in order to 
feed the model. The electronic searches were conduc-
ted until January 2014 in the databases MEDLINE 
via PubMed and LILACS using the following terms 
combined in a variety of strategies: paricalcitol, cal-
citriol, zemplar, and secondary hyperparathyroidism. 
Search engines included additionally Google® and 
other online tools. Electronic searches were supple-
mented by manual searches of bibliographic referen-
ces. Information extracted from abstracts were not 
considered.

Dobrez et al.14 showed a decrease in the risk of 
first hospitalization for cardiovascular and other 
causes, due to the use of paricalcitol (Table 1). In 
order to estimate the impact of paricalcitol in the 
reduction of hospitalizations, the decrease of relative 
risk and number of hospitalizations per year were 
considered. This way, patients on paricalcitol showed 
2.4 hospitalizations per year, while those on calcitriol, 
2.61 per year. A hospitalization rate for cardiovascular 
cause of 4.51% and 7.53% for other causes were 
considered.4 Regarding mortality, the mean 3-month 
rate for patients on dialysis is 5.4%, and the 3-month 
mortality rate after a cardiovascular event is 19.98%. 
For patients on paricalcitol, a decrease of 16% was 
applied to the mortality rate.15,16

The model has four possible dose settings: 
calcitriol-paricalcitol dose ratio of 1:2, according 
to the daily dose defined by the World Health 
Organization (WHO);17 calcitriol-paricalcitol dose 
ratio of 1:3; calcitriol-paricalcitol dose ratio of 
1:4, both used in randomized clinical trials (RCT) 
published previously; 7,12 and the setting used by 
Sharma et al.18 Also, there is the possibility to add 
the reduction ratio proposed by Sharma et al.18 to 
the analysis, where after the first trimester, with a 
load dose, the patient remains in a maintenance dose 
31% lower than the load dose.

cost Data

The model considered only the direct medical costs, 
under the perspective of the SUS. A BRL 36.82 and 
BRL 11.78 cost per vial was considered for pari-
calcitol and calcitriol, respectively (manufacturing 
price for paricalcitol without CAP (Price Adequacy 
Coefficient) and with 18% ICMS (Tax on Circulation 
of Goods and Services) and calcitriol with CAP and 
0% ICMS - according to CMED (Drugs Market 
Regulation Chamber) and CONFAZ (National 
Council of Finance Policy).

Cardiovascular and non-cardiovascular hospital-
ization costs were included, calculated considering a 
hospitalization day cost (data obtained at Tabwin) 
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tAble 1 paricalcitol effect in Decreasing the risk of first hospitalization

Paricalcitol effect Rate

Decrease of risk of first hospitalization: all causes 13.70%*

Decrease of risk of first hospitalization: related to PTH 12.20%*

Infection 11.80%*

Cardiovascular (all) 12.10%*

Cardiovascular (without hypertension) 18.30%*

Non-infectious inflammation 11.80%†

Complication in the IV line site 10.50%‡

Other non-cardiovascular reasons 10.50%‡

PTH: parathormone; * p < 0.0001;† p < 0.01; ‡ p < 0.05.

multiplied by the mean time of hospitalization, in 
days, for calcitriol and paricalcitol.4,14

For the dialysis 3-month cost, the cost per dialysis 
obtained at SIGTAP (Table of Procedures Management 
System) and a total of 12 dialysis performed in a 
month were considered. Post-hospitalization was 
calculated through microcosting, with materials cost 
obtained at SIGTAP, and finally, for the calculation of 
death cost, Tabwin was used (data in 2011).

sensitivity analysis

The univariate sensitivity analysis was performed wi-
th the following variables: paricalcitol cost, hazard 
ratio (12-month survival) and hospitalization cost. 
In the probabilistic sensitivity analysis, a distribution 
was attributed to any of the analyzed parameters. 
Gamma distribution was used for the number of hos-
pitalizations per year and drug dose, for paricalcitol 
and calcitriol, as well as for the dialysis, hospitaliza-
tion and paricalcitol costs. Beta distribution was used 
for dialytic patients mortality, reduction’s percentage 
in the risk of mortality with the use of paricalcitol and 
risk of first hospitalization (for different causes).

Results

The calcitriol-paricalcitol dose ratio setting of 1:2 was 
considered as the base case, according to the daily do-
se defined by WHO.17 The use of paricalcitol in this 
setting generated a clinical benefit of 16.28 LY gained 
versus 14.11 LY gained with the use of calcitriol, with 
total costs of BRL 131,064.58 and BRL 114,262.07, 
respectively, generating an incremental cost-effective-
ness ratio (ICER) of BRL 7,740.31, per LY gained. 
Costs per patient, for each health status, are described 
on Table 2. Table 3 shows ICER (with discount rate 
in costs and benefits) in all possible model settings. It 

ranged from BRL 7,740.31 to BRL 17,683.21, accor-
ding to the chosen setting.

The cost, per patient, with the acquisition of 
paricalcitol in a lifetime time horizon was BRL 
21,583.85 in five years, versus BRL 17,956.86 for 
calcitriol. Additionally, medical direct costs included 
dialysis, with a cost of BRL 106,310.41 for paricalcitol 
and BRL 92,125.73 for calcitriol, and cardiovascular 
versus non-cardiovascular hospitalizations, with a 
cost of BRL 551.89 and BRL 773.46 for paricalcitol 
and BRL 948.06 and BRL 1,316.06 for calcitriol, 
respectively. Despite the cost of dialysis have been 
higher for the group treated with paricalcitol, this was 
due to lower mortality of these patients compared to 
calcitriol.

The following variables were evaluated in the 
univariate sensitivity analysis: cost reduction of 
paricalcitol, hazard ratio and hospitalization cost. The 
cost reduction of paricalcitol was the parameter with 
the higher impact on ICER per LY, as seen on Fig. 2. 
With a 35% discount in the cost of the drug, paricalcitol 
became dominant compared to calcitriol. A probabilistic 
sensitivity analysis with 1000 iterations was performed 
and it was seen that 100% of simulations showed results 
in quadrant 1, meaning that paricalcitol, compared 
to calcitriol, characterizes as a higher incremental 
effectiveness and cost in all the simulations, evidencing 
the model’s robustness (Fig. 3).

dIscussIon

In this study, patients with chronic kidney disease 
and SHPT were evaluated with the objective of per-
forming a cost-effectiveness analysis of paricalcitol 
versus calcitriol, under the SUS perspective. This way, 
a Markov decision model was developed, where pa-
tients were followed in a lifetime time horizon.
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tAble 2 costs Distribution, by health status per patient, in lifetime time horizon

Paricalcitol Calcitriol Incremental

CKD on dialysis BRL 64,267.18 BRL 56,914.75 BRL 7,352.43

Overall hospitalization BRL 14,016.38 BRL 13,835.05 BRL 181.32

Post-hospitalization BRL 50,936.06 BRL 41,596.90 BRL 9,339.15

Death BRL 1,844.97 BRL 1,915.36 -BRL 70.40

Total BRL 131,064.58 BRL 114,262.07 BRL 16,802.51
CKD: chronic kidney disease.

tAble 3 incremental cost-effectiveness ratio (icer) (paricalcitol vs. calcitriol), accorDing to the Dose   
 setting useD

Setting ICER (BRL per life year gained)

Dose 1:2 with dose decrease proposed by Sharma et al.18 (2013) BRL 7,740.31

Dose 1:2 without dose decrease proposed by Sharma et al.18 (2013) BRL 7,740.31

Dose 1:3 with dose decrease proposed by Sharma et al.18 (2013) BRL 8,358.74

Dose 1:3 without dose decrease proposed by Sharma et al.18 (2013) BRL 17,683.21

Dose 1:4 with dose decrease proposed by Sharma et al.18 (2013) BRL 17,683.21

Dose 1:4 without dose decrease proposed by Sharma et al.18 (2013) BRL 17,683.21

Dose proposed by Sharma et al.18 (2013) BRL 8,358.74

Figure 2. Tornado Diagram illustrating univariate sensitivity analysis of the effects of different parameters on the cost-effectiveness of paricalcitol 
versus calcitriol.

The analysis was made with a dose setting of 1:2, as it 
represents the Daily Defined Dose (DDD) for paricalcitol, 
defined by WHO.17 The dose settings of 1:3 and 1:4 
were used in randomized clinical trials.7,12. In the Sprague 
et al.12 study, treatment with paricalcitol decreased 
PTH concentrations faster and with less sustained 
hypercalcemia episodes and increased Ca x P product 
than in the treatment with calcitriol. Ong et al.7 found 
similar efficacy between the drugs. As these studies do not 
comprise maintenance doses and are far from the clinical 
practice, the DDD was used for the baseline case analysis.

Also, a 31% reduction was applied in the dose 
from month 6 on, as discussed by Sharma et al.18 In 
this study, paricalcitol was administered orally or 
intravenously, three times a week. It was seen that the 
mean dose of paricalcitol decreased during the study 
period. The overall mean dose for the total study 
period was 6.0 mcg (SD=2.8), while the paricalcitol 
mean dose during the evaluation period (21–28 
weeks) was 4.5 mcg (SD=3.7). Despite the decrease of 
the mean dose, there was a clinical improvement for 
patients on paricalcitol.
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Figure 3. Probabilistic sensitivity analysis of the effects of different parameters on the cost-effectiveness of paricalcitol versus calcitriol.

The use of paricalcitol led to a clinical gain 
for the patients, with a decrease in the risk of first 
hospitalization for cardiovascular causes and other 
causes, according to Dobrez et al.14 In this analysis, 
the use of paricalcitol implied in an incremental 
gain of 2.17 LY, when compared to calcitriol. In 
the United States, a cost-effectiveness analysis of 
paricalcitol versus calcitriol under the perspective of 
the outsourced multiple payer concluded that, in a 
10-year time horizon, the use of paricalcitol leads to 
a 0.47 increase in gained years and 0.43 QALY, with 
an economy of US$ 1,941.19

Also, Teng et al.15 has seen that the mortality rate 
was 16% lower (95% confidence interval, 10%-21%) 
among patients treated with paricalcitol than among 
patients treated with calcitriol. Thus, the costs related 
to dialysis and the acquisition of drugs are higher in 
patients on paricalcitol due to the increased number 
of live patients in this treatment arm.

According to WHO, the recommended cost-
effectiveness threshold is of up to 3 times the Gross 
Domestic Product (GDP) per capita of the country 
where the analysis were performed per quality 
adjusted life year gained.20 In Brazil, with the 2013 
GDP per capita of BRL 24,065, the threshold is 
considered as BRL 72,195.21 In this analysis, ICER 
was BRL 7,740.31 per LY gained.

Among the model limitations, the dosages used 
for calcitriol and paricalcitol and the price of the 
drugs must be highlighted. Paricalcitol cost had an 
important impact on ICER per LY. In spite of the 

limitations, the probabilistic sensitivity analysis has 
confirmed the model robustness.

conclusIons

The results presented in this study show that, in SUS 
perspective, the treatment of patients with SHPT on 
dialysis with paricalcitol is cost-effective, compared to 
calcitriol, with an ICER of BRL 7,740.31 per life year 
gained, according to the cost-effectiveness threshold 
recommended by WHO. Similarly, when other 
alternative dose settings are considered, paricalcitol 
remained cost-effective.
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